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EXECUTIVE SUMMARY -
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f

This report presents a generic summary of the analysis methods and results of
a reliability study of Auxiliary Feedwater Systems (AFWS) at operating plants
with Babcock & Wilcox designed Nuclear Steam Supply Systens.

The objectives of this report were:

1) To identify, through reliability based insights, dominant
contributors to AFWS unreliability.- -

2) To assess the relative reliability of B&W operating plant
Auxiliary Feedwater Systems.

Dominant contributors to unreliability are identified in Table 2. These con-

tributors vary widely in significance, ranging from the relatively unavoidable
contribution of preventive maintenance to AC dependencies which preclude system
operation on loss of AC power. In every case where significant contributors
were identified, improvements by design and/or procedural changes snould be
acnievable. These contributors provide a rationa,1 basis for design changes
to improve AFWS reliability.,

A comparative perspective on the range of reliabilities which can be expected
from B&W operating plant Auxiliary Feecwater Systems is snown in Figure 1.
The relationship of these values to the NRC-calculated reliabilities for

plants of Westingnouse and Combustion Engineering design is not straight
forward in that certain assumptions appear to be more conservative in the B&W
analyses than in the NRC analyses; the basis for this belief is explained
in Appendix B.
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1.0 INTRODUCTION
.

This report presents a generic summary of the analysis methods and results
of a reliability study of Auxiliary Feedwater Systens at operating picnts
with Babcock & Wilcox (B&W) designed Nuclear Steam Supply Systems.

The Auxiliary Feedwater System functions as an emergency system for the
removal of heat from the primary system when main feedwater is not ,

available. Some B&W operating plants refer to this system as an Emergency
Feedwater System; however, througnout this report, 'tne term Auxiliary
Feedwater System ( AFWS) will be used.

Also contained in this report is an overview of AFWS designs at the B&W
operating plants, a description of assumptions used during this study
and appropriate limitations which should be observed wnen considering the
results of the study.

.

1.1 Back around

As one outgrowth of the incident at Three Mile Islanc-2, the NRC requested
all operating plants to consider means for upgrading the reliability
of their Auxiliary Feecwater Systems. As a part of the response to tnis

request, the B&W Owners Group utilities asked B&W to perform reliability
analyses of the existing Auxiliary Feedwater Systems at each B&W operating
plant. The ultimate objective of this work is to determine wnat enanges,
if any, will improve AFWS reliability.

,

' The NRC has conducted similar analyses for Westingnouse and Combustion

Engineering plants; descriptions of those analyses and the results are in
References 1 and 2. The NRC requested that the B&W analyses be performed

within a time frame and on a basis consistent with the NRC's own analyses.
Accordingly, the scope of B&W's study and arrangement of tne scnedule were
made in agreement with the NRC's request.

B&W performed tne requested analyses and has issued to eacn of the utilities
a report containing a plant specific AFWS reliability evaluation. A ceneric
suntary of the analysis methods and results contained in these plant
specific reports are cresented herein.

90008189
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1.2 Objectives
.

The objectives of this study were:
o To perform simplified analyses to assess tne relative reliability

of B&W operating plant Auxiliary Feedwater Systems. It was intended
that these analyses would be performed on a basis consistent with that
used by the NRC in analyses for Westinghouse and Combustion Engineer-
ing plants. It was further intended that such consistency would be
achieved by use of the same evaluative technique, event scenarios,
assumptions and reliability data used by the NRC.

o To identify, through the development of reliability-based insignt,
dominant contributors to AFWS unreliability.

1.3 Scoce

Auxiliary Feedwater Systems at the following B&W operating plants were
analyzed:

Rancho Seco

Oconee Units I, II & III

Crystal River-3
Davis-Besse-1-

Arkansas Nuclear One-1

Three Mile Island-1

The analysis for each plant was based on the configuration of the
Auxiliary Feedwater System as it existed on August 1,1979, but also
included were any near-term changes which were already in process and
wnicn would be in place by December 3,1979. An exception was made for

the Three Mile Island-1 plant; a configuration date of early 1980,
corresponding to the earliest anticipated startup of this plant was used.

Three event scenarios were considered in this study:
1

o Case 1 - Loss of Main Feecwater with Reactor Trip (LMFW)

o Case 2 - LMFW coincident with Loss of Offsite Power (LMFW/LOCP) |
I

o Case 3 - LMFW coincident with Loss of all AC Power (LMFW/LOAC).

1
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These event scenarios were taken as given; that is, postulated causes for
,

these scenarios and the associated probabilities of their occurrences were
.

not considered. Additionally, external common mode events (earthquakes,
fires, etc.) and their effects were excluded from consideration.

For each of the three cases, system reliability as a function of time was
evaluated. Three times were considered: 5,.15 and 30 minutes following

LMFW (Refer to Sect'on 2.2). A total of 54 detailed fault tree analyses
were performed covering the six AFWS designs with three event scenarios and
at three times for each event. Each plant's specific event tree can be found
in the respective plant specific report (References 4-9).

1.4 Summary and Conclusions

The principal result of this study is the identification of dominant
contributors to AFWS unavailability for each plant. Pending further
evaluation by the utilities, these contributors may provide a rational
basis for the selection of design changes to improve AFWS reliability.

The dominant contributors itientified in Table 2 vary widely in
significance, ranging from the relatively unavoidable contribution of
preventive maintenance, to AC dependencies which will preclude system
operation on loss of AC power. In every case where significant contrib-
utors were identified, improvements by design and/or procedural changes
snould be achievable. If appropriate modifications are accomplished, B&W
operating plant AFW Systems will exhibit, as a group, reliabilities close
to the maximum reliability attainable for real, two-train systems.

1
'

The quantitative results of these analyses, shown in Figure 1, provide a
general comparative perspective on the range of reliabilities which can
be expected from S&W operating plant Auxiliary Feedwater Systems.
Althougn it was intended that this study closely match the NRC study for
Westinghouse and Combustion Engineering Auxiliary Feedwater Systems, the

results of the two studies should not be directly compared; see Appendix B.

|
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1.5 Limi tations
|

Careful consideration must be given to the validity and applicability of !
the results of this study, these results could be misleading if taken out j
of context. Appropriate limitations on the use of these results include:

(1) Relative reliability standinas. This report presents (Figure 1) the
,

relative reliability standings of all the B&W plants, and while these
results can show major differences, small differences between plants
are not significant. Further, no direct comparison of the quanti- |
tative results for the B&W plants to the NRC calculated results for |
Westinghouse and C-E plants should be made without a thorough under-

|standing of the analyses. Even though a concerted effort was made to
maintain uniformity with analysis methods and assumptions used by
the NRC, B&W believes that certain inconsistencies exist. (See

Appendix B.)

(2) Absolute values of availability. This analysis resulted in only
relative reliabilities and not absolute values of AFWS unavailability.
Any inference of realis. tic AFAS reliability must address tne probability
of occurrence of the three event scenarios in addition to' consicering
other defects which may accompany the conditions producing nese
scenarios.

(3) Dominant failure contributors. This analysis identified the dominant
contributors to system unavailability; however, this report did not
explore possible modifications to those contributors. While in some
cases a simple change appears feasible, other cases are obviously
complex situations with many possible solutions. Each utility must
decide if cost-effective modifications are available for their
dominant contributors. (Dominant contributors are discussed in
Section 4.2. )

90008192
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2.0 DESCRIPTION OF ANALYSIS

2.1 Analysis Metnod

The analysis method used to evaluate the reliability of Auxiliary Feed-
water Systems in operating B&W plants involved the construction and
analysis of fault trees. The techniques used in this effort were

consistent with those described in the Reactor Safety Study, WASH-1400
- (Feference 3).

The result of this analysis is the point unavailability of the AFWS, under
three scenario conditions and at three points in time following tne i

initial existence of conditions requiring AFWS initiation. Point |

unavailability is equivalent to the probability that the system will be
unavailable at the point in time at which a demand is placed on it. ;

To support this analysis, eacn utility with a B&W NSSS furnished to S&W the
plant specific system drewings, electrical schematic diagrams, operating,
test and maintenance procedures and technical specifications for tne |
Auxiliary Feedwater System and pertinent support systems. From tnis !

systems data, B&W extracted information necessary to prepare a detailed
AFW system description (References 4 thru 9). This description was reviewed

for accuracy by the utility to ensure that the system analyzed was, indeed,
the system tnat pnysically exists at the site.

A fault tree was constructed for eacn utility based on this detailed
system description. The top level event in the fault tree was failure ;

to acnieve mission success (defined in Section 2.2). Top level sub- I

branches of the tree generally involved multiple failures resulting in
the unavailability of all feedwater trains and included unavailability
arising from preventive maintenance activities. Examples of multiple
failures leading to system unavailability of a two-train system include:
failure of the pumos in both trains; or combination failures sucn as
failure of one pump coupled with a disenarge path failure in tne opposite
train and no available discharge cross-tie.

90008193
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From the top level event, fault tree branches were expanded downward to
"

a level of detail corresponding to unavailability data which was supplied
,

by the NRC. This level of detail was typically that associated with
component failure cause (valve plugging, pump control circuit failure,' etc.)

The NRC-supplied unavailability data consisted of expected unavailability
| numbers for typical fluid and control system hardware, human failure

probabilities as a function of time, and unavailability associated with
preventive maintenance. This data was obtained 'as a part of Reference 1,.

and is shown in Appendix A. The data was supplemented when necessary

by direct consultation with the NRC staff and by engineering judgment.
(The NRC has emphasized that these input data are largely unverified
estimates of human and component reliability. According to the NRC,
errors as large as an order of magnitude up or down may exist in this
data. In spite of this uncertainty, such data can provide a uniform basis
for obtaining reliability results for plants with substantially different
system designs. Because of this uncertainty, absolute values of calculated
reliability must be strongly de-emphasized, and even relative reliability
standings are subject to . uncertainty.)

After construction of the fault tree, unavailability analyses were
performed. These analyses were accomplished by inserting tne NRC-suppliec
data at the bottom-level basic events of the fault tree and then working
upward with hand calculations to assess the cumulation of unavailability.
Each tree was analyzed a total of nine times; this was necessary to
incorporate appropriate modifications for the three event scenarios at

1eacn of three times following the initial demand. '

Performing the analyses, at the level of detail described above, provided
insights into the relative importance of various contributors to overall
system reliability. Thus, the analysis approach used permitted the'

identification of major failure contributors which was a major objective
of the study.

90008194
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2.2 General Assumotions and Criteria
1

Agreement was reached with the NRC staff regarding the assumptions and
'

.

criteria used'in this study, with the goal of obtaining results which were
on a consistent basis with those produced by the NRC in its Westingnouse
and Combustion Engineering analyses. The assumotions and criteria which )
were used in this study and wnich have general applicability are described
below. Other, plant specific, assumptions were used and these are con-
tained in the reliability reports for each utility (Peferences 4-9).

1) Definition of Mission Success - In order to evaluate the contribution I

of system components to overall reliability, it was necessary to |

detennine to what extent failure of those components might prevent
successful accomplishment of the AFWS mission. This in turn requires
an explicit definition of mission success. The definition adopted
for this study was tne attainment of flow from at least one full

capacity pump (or from at least two half-capacity pumps) to at least
one' steam generator. Attainment of flow from only one half-capacity
pump was not considered system success.

.

System reliability was calculat.ed at times of 5,15, and 30 minutes
following the existence of initiating conditions to allow for a
range of operator action. These times were specifically chosen
because NRC-supplied operator reliability data for these times was
available; these times are reasonable and consistent with LMFW mitiga-
tion for B&W plants. In their study, the NRC staff has used steam
generator dryout time as a criterion for successful AFWS initiation,
and the 5-minute case represents a comparable result for B&W plants
with anticipatory reactor trips on LMFW. However, steam generator
dryout itself does not imply serious consequences; a more appropriate
criteria is the maintenance of adequate core cooling. Recent ECCS

analyses (Reference 10) have shown that adequate core cooling can be
maintained for times in excess of 20 minutes witnout AFWS operation,
providing that at least one Hign Pressure Injection Pumo is operated.
(For Davis-Besse-1, the reouirements are contained in References 7 and 11.)

90008195
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In general, the loss of flow, resulting from random component'

failures after successful AFWS ini.tiation, was not *

considered within the scope of this study. However, system charac- '

teristics or component limitations which were known to potentially
restrict the duration of system operation (to less than 2 hours) were
considered in accordance with NRC guidance. Such limitations were
included by assuming that they resulted in instantaneous unavailability
of the affected components unless the underlying causes were correct-
able within 5,15 or 30 minutes. It must be emphasized that this

method for accounting for latent failures results in a very conserva-
tive analysis. It may not take credit for successful AFWS operation
until failure, nor does it allow for the possibility that corrective

or mitigating measures can be used (such at restoring power or cycling
components on and off).

2) Power Availability - The following assumptions were made regarding
power availability:

LMFW - All AC and DC power was assumed available with a probability I

of 1.0.

LMFW/ LOOP - All DC power was assumed available witn a probability
o f 1. 0, Where applicable, one diesel generator was assumed
available with a probability of 1.0 and the other was assumed
unavailable witn a probability of 10-2 ,

LMFW/LOAC - DC and battery-backed AC were assumed available witn a

orobabili ty of 1.0.

'

3) Interconnections with Other Units - In general, no credit was taken nor
any penalty assigned for steam, electric power or auxiliary feedwater I

supplied from, or diverted to, other adjacent plants. |

4) NRC-Sucolied Data - NRC-supplied unreliability data for narcware, |
operator actions and preventive maintenance were assumed valid and
directly applicable.

5) Coucled Manual Actions - Manual initiation of valves with identical
function and the same physical loc.ation was considered coupled. Such
valves were assumed to be both opened manually or both not opened.
The case in wnich one valve was opened and the other valve was left
closed was not consicered.

90008196
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6) Decrated Failures - This was a binary type analysis as defined in'

iReference 3. Degraded failures were not considered; that is,
components were assumed to operate properly or were treated as failed.

7) Small Lines Icnored - Typically, lines on tne order of 1-inch were'

ignored as possible flow diversion paths.

8) Steam Sucoly for AFWS Turb4qas - Adecuate steam to tne turoine-
driven. pump turbines was assumed for tne 15 and 30 minute cases. These

*

turbines and pumps are designed to deliver water to the steam
generators using steam remaining in the steam lines after generator
dryout.

90008197
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3.0 OVERVIEW OF B&W AUXILIARY FEEDWATER SYSTEMS
.

A summary description of the major characteristics of Auxiliary Feedwater
_

Systems at B&W operating plants is contained in Table 1. This information
was extracted from plant specific reliability reports which were

- prepared for eacn utili ty (References 4-9). As indicated in the table, ther'3
are many functional similarities between the AFWS analyzed. These

similarities and some exceptions are summari:ed below.

All AFWS are capable of providing auxiliary feedwater to one or
both steam generators under automatic (or manual) initiation and control.

Each system consists of multiple feedwater trains with a combined capacity
of twice the flow of a nominal full capacity pump. This capacity is achieved
by the use of at least one full-capacity turbine-driven Dumo and, with tne

exception of Davis-Besse-1, which has two turbine-dri /en pumps, each has
either one full-capacity or two half-capacity motor-driven pumps, Wi th

the exception of Crystal River-3 and the Oconee Units, all AFW turbines,
motors and pumps are self-sufficient entities without dependence on
secondary support systems. *

Eacn AFWS has multiple suction sources available, including the
condenser hotwell or other backup water supply. Switchover to the backup
water supply requires manual action except for Davis-Besse-1 for which
this action is automatic.

Motive power for the motor-driven pumo(s) is obtained from one (or two,
as applicable) nuclear service busses. These busses are backed by diesel
generators or, at Oconee, hydro generators. Manual loading of the pump
motors onto the diesel generators is required at Rancho Seco and Crystal
Ri ve r- 3. In each system, steam for the AFWS turbine (s)' may be obtained

from either steam generator.

Conditions which will cause AFWS initiation vary between plants with
the only comron initiating condition being loss of botn main feedwater
purps. Every system will be initiated by at least one otner condition;
examples incluce: loss of all four reactor coolant pumps or low steam
generator level . All AFWS pump initiation circuitry is battery-backed
and, except for Arkansas Nuclear One-1, is inoependent of the Integrated
Control System (ICS).

90008198
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All AFWS but Davis-Besse-1 and the Oconee Units contsel the flow of
auxiliary feedwater to the steam generators by flow control valves under
ICS control. Oconee uses separate steam generator level control circuits
and Davis-Besse-1 controls steam generator level by varying turbine speed.

With correct system alignment and no component failures, none of the
plants require manual action to acnieve mission success for Case 1 (LMFW).
In Case 2 (LMFW/ LOOP), none of the plants except the Oconee Units require
manual action to obtain flow from the turbine-driven pump (s), but manual
actions described earlier are required to energize the motor-driven pumps
at Rancho Seco and Crystal River-3. In Case 3 (LMFW/LOAC), only Rancho

Seco and Three Mile Island-1 will achieve sustained auxiliary feedwater
flow from the turbine-driven pump without manual actions.

90008199
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4.0 RELIABILITY EVALUATION

4.1 Quantitative Analysis Results

The quantitative results of the fault tree analyses are presented in
Figures 1A, B and C. Indicated in these figures are the Auxiliary
Feecwater System unavailabilities for each B&W coerating plant for each
of the three scenario cases and at each time 5,15 and 30 minutes. These

figures provide a general comparative PE *spective on tne range of relia-
bilities wnich can be expected from B&W operating plant Auxiliary Feed-
water Systems. Limitations described in Section 1.5, should be observed

when considering data presented in these figures.

Shown in each figure is an approximate upper limit for the reliability j
|of a two-train AFW system in which the pump in one train is electric-

powered from a diesel generator during loss of offsite power. This limit
is calculated for a two train system in which each train consists of one |

pump with drive, one check valve and one nomally open flow control valve.
'Pumo disenarges are interconnected witn a crosstie and pumo suctions are

c:nnected to a " perfect" source. The system has no common moce vulners ' i

lbilities or human dependencies. This ubper limit, wnien does not apply i

to Davis-Besse 1 in Cases 2 and 3 because of their two-turbine system,
reoreserts tne reliability of an icealized system using only tne nuncer
of components needed to approximate optimum reliability; this limit is
calculated from NRC-supplied component failure data. The minimum

reliability in each case represents unavailability of tne system (i.e.,
probability of unavailability is 1.0). The presentation of reliability
results in the format of Figure 1 demonstrates tne range of reliabilities
against a frame of reference which has physically meaningful limits for
each case.

Consistent with the results reported by the NRC for Westinghouse and
Combustion Engineering Plants (References 1 and 2), B&W operating plant
AFWS designs exhibit more than an order of magnitude variability in the
calculated reliability for eacn of the three event scenarios consicered.

90008200
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' The effect of degraded power availability is indicated clearly by the
differences in the results for each of the three cases. Except for the

Oconee '.Mits, the loss of offsite power results in a relatively small
decrease in system availability (typically one order of magnitude or less),
primarily resulting from the assumed unavailability of one of the two
diesel generators (with a probability of 10-2). However, as indicated
by the Case 3 results, a loss of all AC power will have significant
consequences for all units. In Case 3, all but two of the units nave AC

dependencies whien would inhibit system operabilit:

The effect of corrective operator actions is also shown in Figure 1. As

the time allowed for operator action increases from 5 to 15 and 30 minutes,
system unavailability usually improves because human reliability improves
and because the range of possible operator action increases (to include
for example, manual actions outside the control room). Reflecting the
NRC-supplied human reliability data, this improvement is much more pro-
nounced in the interval between 5 and 15 minutes tnan in the interval
between 15 and 30 minutes. This improvement is also somewhat more pro-

nounced in Case 1 tnan in Ca,ses 2 and 3 where degraded power availability
tends to reduce the number of available options for operator action.

In atypical cases, system reliability may decrease with time, even allow-
ing for increased probability for operator corrective actions. This I

results from the treatment of latent failures discussed in Section 2.2.

4.2 Dominant Failure Contributors

A summary tabulation of dominant failure contributors revealed during the
fault tree analyses is presented in Table 2. It appears that improvement
of AFWS reliability, based on modifications of hardware-related failure
contributors, should be achievable for all B&W plants. In no case are the
contributors so extensive in nature that the inherent AFWS design is
unaccep tabl e . Improvement in AFWS reliability with the removal of cominant
contributors is expected to be dramatic in some cases. For example, the
addition of a valve position indicator may result in a calculated system
reliability improvement of nearly an order of maanitude.

|

90008201
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The most comron dominant contributor for Case 1 is outage for preventive
raintenance-related activities. Such outages reduce system redundancy and
increase the likelihood of unavailability if AFWS use is required. Other
typical contributors affecting more than one plant include: flow diversion
tnrougn normally-closed manually-operated recirculation test valves wnich
may be lef t open inadvertently, and failure to obtain pump initiation
and/or control valve opening because both AFWS trains rely on common
initiation / control circuit components. .

.

In general, the loss of offsite power does not impose significant new
conditions on the AFWS such that new and substantially different failure
contributors become dominant. Thus, Case 2 major failure contributors
tend to be identical with those identified during the Case 1 analyses.
Specific exceptions to this rule include: human failures associated witn

:ne manual loading of the motor-driven pumps onto diesel generator-backed busses
at Rancho Seco and Crystal River-3; and human failure to perform actions
necessitated by automatic load shedding at Oconee.

Witn the exception of Three Mile Island-1 and Rancho Seco, tne Case 3
analyses indicate significant AC dependencies for Auxiliary Feecwater
Systems. These dependencies may be direct as is one case for Davis-Besse-1
and Arkansas Nuclear One-1 where certain valves required for AFAS mission
success are AC powered; or the dependencies may be indirect, as is tne
case for Crystal River-3 and the Oconee Units, wnere AFAS support systems
require AC power for continued AFAS operation.

The significance of failure contributors must be carefully evaluated before
design and/or procedural changes are recommended. Such evaluation is
required because even the significance for the same contributor varies
widely between plants. Such variation exists because the importance of

failure contributors is distributed differently for different AFWS designs.
A dominant failure contributor for a plant like Davis-Besse-1, wnien has a
relatively uniform distribution of potential failure importance, may be
almost insignificant by comparison to a dominant contributor for a plant
with salient failure contributors. It is necessary to consider such factors
in orcer to determine tne most effective utili;:ation of resources for
reliability improvement.

90008202
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4.3 Single Point Vulnerabilities
,

A review of Table 2 reveals that two of the AFWS designs (Davis-Besse and
Oconee) do not have single point vulnerabilities in Case 1. In Case 2 only
one AFWS (Davis-Besse) has no single point vulnerabilities. In Case 3,

all plants have single point vulnerabilities.

.

90008203
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APPENDIX A,
.

.

NRC-SUPPLIED CATA USED FOR PURPOSES OF CONDUCTING

A COMPARATIVE ASSESSMENT OF EXISTING

AFWS DESIGNS & THEIR POTENTI AL RELI ABILITIES

Point Value Estimate -
of Probability of*
Failure on Demand

I. Comoonent (Hardware) Failure Data

a. Val ves :

Manual Valves (Plugged) s1x10-i
Check Valves 11 x 10''
Motor Operated Valves

Mechanical Components s1 x 10-3
'

-

Plugging Contribution s1 x 10"#-

Control Circuit (Local to Valve)-
.

w/Qua rterly * Tes ts .6 x 10~f
w/ Monthly Tests s2 x 10~'

b. Pumos: (1 Pumo)

.vecnanical Comconents .1 x 10-3
Control Circuit

3w/ Quarterly Tests s7 x 10 3
-

w/ Monthly Tests A x 10--

c. Actuation Locic $7 x 10-3

_ _____

* Error factors of 3-10 (up and down) about such values are not unexpected
for basic data uncertainties.

90008210
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APPendin A
|

II. Ilunian Ac ts & E rrors - fai lure Da ta :
,

|
-

t

1 Estimated fluinan Error / failure Probabilities *
| thdifying factors & Situations *4

Wi th Local Walk-
With Valve Position Around & Double-

| IndicaLion in Control Rooni Check Procedures w/o Either

Point Es t on Point Est on Point Est on
Value Error Value Errur Value Error

Es tima te factor Es tima te fac tor Es timate factor

A) Acts & Errurs of a Pre-
Accident Nature _
l. VaIves mispasitioned

during test /niaintenance.
.

a) Specific single I -2 I I -2
y valve wrongly selected 20 X-

20 - - x 10 x1 10 10- xI 1010 x
20 X X

out of a population ofN

valves during conduct
of a tes t or maintenance
ac t ("X" no. of valves
in population at choice).

-4 -2b) Inadvertently leaves m5 x 10 20 sS x 10- 10 +10 10
correct valve in
wrong pos i tion.

-4
2. thre than one valve is ml x 10 20 ml x 10-3 10 %3 x 10-3 10

at fected (coupled errors).

<
O
O
O
CD
N
-

enmue

6
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II. Human Acts & Errors - Failure Data (Cont'd): -

..

- Estimated Human Error / Failure Probabilities -

Estimated Failure
P rob. fo r P rima ry

Tire Actuation Operator to Actuate
Needed AFWS Comoonents

B) Acts & Errors of a Post-
Accicent Nature

1. Manual actuation of N5 min. %5 x 10-2
AFWS from Control s15 min. s1 x 10-2
Room. Considering N30 min. s5 x 10-3
"non-dedicated"
operator to actuate
AFWS and possible
backup actuation of

AFWS.

III. Maintenance Outace Contribution
.

Maintenance outage for pumps and EMOVS:

0.22 (= hours / maintenance act), 3
* Maintenance 720*

90008212
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APPENDIX B
,

'

.

COMPARABILITY WITH NRC ANALYSES
FOR THE RELI ABILITY OF AUXILI ARY

FEEDWATER SYSTEMS

3.1 Back;round

A major objective, established at the outset of S&W's Auxiliary Feecwater
System Reliability Study, was the production of reliability results which
could be compared with the results obtained by the NRC in its analyses of
Westinghouse (W) and Combustion Engineering (CE) plants (References 1 and

2). The desired comparability was to be achieved by ma'intaining consist-
ency with the NRC analyses; this consistency was to involve use of the
same three event scenarios, the same fault tree analysis method, and the
same assumptions, levels of detail and data employed by the NRC. Ques tions
regarding the NRC's approacn were to be resolved by direct consultation

i

with NRC staff personnel who had participated in the W and CE analyses.

B&W did not nave access to tne fault trees used in :ne NRC study and -

tnerefore nad to rely on telephone consultations with the NRC and independ-
ent engineering judgment in many cases. It is new evident to B&W that
some inconsistencies have occurred whicn may invalidate a direct compari-
son between the B&W and NRC results. In particular, tne NRC calculated

reliabilities reported for some W plants are higher tnan would be possible ;

using the B&W approacn. This implies that systematic differences in tne
calculated reliabilities may reflect differences in tne B&W and NRC |

,

'

approacnes, and do not necessarily signify actual differences in system
reliabilities.

B.2 Examoles of Evaluation Accroach Differences and Their Effects

One important area of difference between the NRC and the B&W approacn

involves an assumption concerning the nurber of operating pumos required
to acnieve mission success. It appears tnat, in some cases, the NRC

gave credit for mission success upon successful coeration of a single
"hal f-capaci ty" pump. The effect of this on system reliability, depencing
on other areas of redundancy, is to shift reliability toward tnat of a
tnree-train system.

90008213
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Two of the AFA systems analyzed by B&W also emoloyed half-capacity pumps;.

however, B&W assumed that mission success could not be achieved by operation
of one half-capacity pump by itself. An example of the effect of this
assumption is shown in Figure B1 for the Oconee Units. As indicated in
the figure, the assumption of mission success upon operation of a single
nalf-capacity cump improves the calculated system reliability by more than
an order of magnitude. An estimated reciprocal effect on one of the W
plants analyzed by the NRC is also shown in Figure Bl. As expected, ne

quoted reliability decreases by over an order of magnitude.*

The use of different pump operation assumptions described above is a
readily detectable difference between the B&W and NRC approaches; other
differences may also exist. One such area of concern is the scope and

level of detail of the fault tree analyses. The level of detail (fault
tree failure rate data input level) used by B&W appears to be generally
consistent with that used by the NRC; however, the scope (number of fault
tree branches) of B&W's analyses may be greater. It is likely tnat, witn

more time available, B&W concutted a more comorenensive analysis; and
a more comprenensive analysis frequently results in a lower calculated
reliability. |

B.3 Comoarison of Reliability Results

Figure B2 shows a comparison of calculated reliabilities for the B&W
operating plants with results obtained by tne NRC for W and CE. Tne

format for this figure was cerived from References 1 and 2.

The figure demonstrates tnat, with allowances for analysis differences,
the range of expected AF45 reliabilities for B&W plants is similar to
that obtained by the NRC for W and CE.

90008214
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