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ABSTRACT

An aging assessment of Component Cooling Water (CCW) systems in Pressur-
ized Water Reactors (PWRs) was performed as part of the Nuclear Plant Aging
Research (NPAR) prggram. The objectives of the NPAR program are to provide &
technical basis £or the identification and evaluation of degradation caused by
age in nuclear power plant applications. The information generated will be
used to assess the impact of aging on plant safety and to develop effective

mitigating actions.

Aging in the CCW system was characterized using the Aging and Life Exten-

gion Assessment Program (ALEAP) Systems Level Plan developed by Brookhaven
National Laboratory. Fallure date from various national dsata bases were
reviewed and analyzed to identify predominant failure modes, causes and mech-
anisms in CCW systems. Time~dependent failure rates for major components were
calculated to identify aging trends. Plant specific data were obtsined and
evaluated to supplement data base results.

A computer program (PRAAGE) was developed and implemented to model & typ-
ical CCW system design and perform Probabilistic Risk Assessment (PRA) calcu-
lations. Time-dependent failure rates were input to the program to evaluate

the effects of aging on component 4importance and system unavailability.
Changes in component importance and system unavailability with age were

observed and are discussed.
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L SUMMARY
This report presents an aging assessment of the Component cooling Water
(CCW) system. ‘The CCW system was selected as one:.of .the f£first systems, for
analysis undeér the “Nucleat Plant Aging Research .(NPAR)- program since. it  is
important to plant™ safety and is vulnerable to aging degradation. D

""" To perforu the cotiplex’task of-analyzing an-entire system, the Aging and
‘Life Exténsion Asgessment Program' (ALEAP): System:level :Plan was. developed . by

‘Brookhaven ‘National Laboratory. “The :work presented herein was performed using :
‘two parallel work paths, ‘as described-in the-ALEAP-plan. : One path used deter=- .

ministic techniqies’to assess the-impact iof aging.on CCW system performance,
while the second path used probabilistic methods. ‘Results from ‘both paths
then were used to characterize aging in the ccw system.
The major conclusions from this work are highlighted in the following
paragraphs. Some of the conclusions have application beyond the ccwW . system.
s JERNR TR
-« This study has’identified aging trends inxcomponent failure rates, com-
pornent relative importances and system unavailability that could have
_adverse impacts on plant safety in later years. Passive components,
- such as piping and heat.exchangers ‘were ‘found to have a potentially
B 'significant increase in failures during later years. \ .

N 'i" et

*lﬂfThe systems level approach (ALEAP) which uses probabilistic as well as'

deterministic -techniques -is -an -e¢ffective method of.performing systems
_ level aging analyses. ' '
TEVe T Ad TENI ARCER Y S S T Mz a Sy W N B rer
"« Baged: on*the preliminary‘findings of this study, current PRAB could be
~-:-underpredicting long-term plant risk. St BIPREY L

) "7*~ijxisting national’ databases,are useful for: performing aging 83817998 1f
e -wappropriate review techniques are: employed. T : ,

ARt 2 '_ -.._-'_‘-.- ,_.- : . " ;

'IThe more- redundant 8 system i8; the’ faster its relative aging rate,.

~because aging is a common ‘cause effect.~

: ﬁ-PThe nmdority of ccw failnres.are not detected umtil an operational
*fﬁ“abnormality occurs or~until a teat is performed. Gl Sy

e ™ .
f ‘.-iv-r s -J- ] A-, e - -.'. i

The following paragraphs provide information from therwork which anpporta
theae concluaions and aummarize other important results.

*~as part of the deterministic work CCU aystem fsilure data from varioua .

-national data bases:were ‘reviewed and: -analyzed. . The data showed that over 70%
of the failures reported were related to aging. The dominant cause of failure
wvas “normal service” while the major mechanism was “wear.” These findings
show that aging is a eignificant factor in failures of CCW systems.

!
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Fifty percent of the failures resulted in degraded performance of the CCW
system, while 27% caused a loss of redundancy. Complete loss of CCW system -
fmict:l.on -occurred:only once’ and was not. related to-aging. This shows, that CCW
failures “typically ‘are detected: before . they -become serious enough to cause a
complete loss’ of syeten funct:l.on. but not always before eystem performance has
been affected. =~ - . T 4 L

Por eupplement and -validate the-information obtained from the data. bases,
mainténance ‘records from ‘the :Indian Point-2:(IP-2) nuclear power plant were
revieweds As with the' industry wide data,:IP-2 had.a large percentage of age
related failures (80X to 100%);:.with pumps:and valves providing -the. predomi-
nant ‘nunbar. The aging characterietics lead:lng to failu;e were also found to
be simfilar. = - fooae by e s

Component failure rates were calculated fron the data base information
and from the' actuil ‘plant:datas: Results..showed good agreement, with failure
rates used in PRA studidés.. Also, there:was: a:trend.toward. 1ncreasing« failure
increases with age. It should be noted that current PRA techniques assume
constant ‘fallure ‘ratés -and,: therefore, predict constant eysten unavailabil:l—
tieo throughout plent life.~- . = R T S _

'l'he probabﬂist:lc work :I.ncluded the: development of a PRA type model based
on the IP~2 CCW system, and:'a PC .based. computer program-.called FPRAAGE to
perform PRA calculations as a function of age. Time-dependent failure rates
developed: from the! ‘data+bases were input ‘to .the.program, and. system;: unavail-
‘ability and component importance were calculated for var:l.oue ages. cety

When the time dependent effects of aging from the date analysie ‘were
‘included 4n" the ‘PRA" calculations,  two: :gignificant..results: emergeds: 1) ccw
system unavailability increased with:--age,.and:2) the.relative. 1mportance of
components changed with time. Using the time dependent failure rates calcu-
lated from the data; ‘pumps. became- more -important: than:valves after..the first
20 years of plant life because: pump failure rate .increased: more rapidly with
age than valve failure rate. Therefore, improvements ian maintenance and/or
monitoring - methods ‘may ibe required to prevent . system.unavailability from
reaching an unacceptable level during -the..later years. of plant .1ife. More
attention may need to be focussed on pumps as they age. However, heat
exchangers and piping appear-to have the . potential.to become very. important to
system unavailability during: later years of! plant 1life. This: fact, should be
considered in assessing monitorlng and maintenance practlces and 1n evalueting
plant: 11fe extensions,: = 7 5 - v, sl : . S

JF

With the findinge presented 1n thie report, the ﬁ.rot step in underetand-
“ing “and ‘managing aging in CCW systems 1is completas: - The asging phenomenon- has
been - characterized, and a soand technical baoio for future work has. been
eetablished. *_* DR R AR e R T .
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1 INTRODUCTION

1.1 Background

As nuclear - power plants age, 1it hecomes increasingly important for the
nuclear community to understand and be sble to manage aging phenomena. As &
first step in addressing the issue of aging, the NRC Office of Nuclear Regula~
tory Research, Division of Engineering has initiated a comprehensive long~
range research program for assessing the aging effects on equipment and
systems in nuclear power plants. The program, entitled, “Nuclear Plent Aging
Research (NPAR)," seeks to improve the operatiornal readiness of plant systems
and components that are wvital to nuclear power generation and safety by
understanding and managing aging degradation. Initial work under the NPAR
program fgc%sed on the evaluation of aging effects for selected plant
components As- 8 follow-on to the ecomponent .level evaluations, plant
systens wsll be studied. The NPAR -program is described. in detail in
NUREG—II& :

A system in a Nnclear Power Plant (NPP) performs speeific functions and
comprises various mechanical and electricel .components. - The components are
located in various buildings and ‘are interconnected by pipes and cables. The
components together uith the piping and cables, are supported from the various
building structures. System functions are diverse and can. either .aid in gen=-
erating poner, -Or assure safety of the plant. : .

The aging assessment of a system is complicated by the fact that, (1)
-ege-related deterioration of componente and subcomponents occurs at varying
rates, and (2) dynamic interaction of components 1ig. inherent . in  any .system
design, - Besides ‘normal wear, other aging factors which may affect . system per-
formance -‘are transients, environmental stresses and human €rrorse.

As nuclear power plants age, the likelihood of common cause failures due
to age~-related degradation increases. Therefore, steps must be taken to as-
sure that the level of safety on which a plant was designed has not fallen to
an unacceptable level. L T .

- An assessment at the system level has several advantages .over  component
level studies. -The effect .of individual components within -a system on its
overall performance can be assessed. Design redundancies and interfaces with
other systems and components’ can be included to make more ‘objective decisions
on their {mportance. Hence, the priorities in testing, mainteining, and oper~-
ating the system can be developed or altered as the: plant beeomes older.

Several sﬁpdéfs have identified the component eooling water (CCW) system
as important. NRC Generic Issue 65 relates to the high probability of
-coresmelt :due to CCW system failures.. 'Studies performed -for the- NPAR progrsm
1isted CCW as a system that is important and subject to aging degradation. .
literature search revealed that very little work has been completed on the C qg
system. The recent study by the Electric Power Research Imstitute (EPRI)
concludes that the reliability centered maintenance (RCM) approach can be
effectively applied to the CCW system.



This report describes an aging assessment of the cew system at PWRs, pri-

marily based on design, plant operating experience, and risk assessment. The
study also considers accidents such as seismic eveuts, fires, and logs of

coolant, and Jdiscusses their effects on the performance of the- systeu ‘as the
plant ages - Particular emphasis was .given to the predominant causes of compo-
nent degradatiorn and the:effects of failure of ‘these eomponents on overall
reliability and availability. o e §

.2‘ Objectives

- In accordance with the NRC-NPAR Program Plan .. the primary goals of the
CCW system study are: o . - ..

-

. To identify and characterize aging and service wear effeets which,
. - 1f unchecked, could -cause degradation of structures, componenta& and
" gystems and thereby impair plant safety. ... ..

2. To identify methods of inspection, surveillance and monitoring: or
*"  of-evaluating the residual life of structures, components,.and sys-
. temss which will-assure timely  detection of significant aging ef-
A fects before losa of safety function. Pst o f B,

B THTo evaluate the effectivenesa of storage, maintenance, repair, and~
replacement practices in mitigating. the effects of aging and. dimin-

_ ishing the rate and extent of degradation caused by aging ‘and ser-
i’-viee'wezn.-..'-,_' Dovegem S £ N m-..,»ffr

Tb achieve these goals. TWO preliminary tasks were firat completed: 1)
the :8ySten to ba’ ‘studied was defined and. its interfaces were.identified, and
2) a methodology for performing the -system analysis in a. structured_manngr"waB’
developed. These itema are discussed in the following eectiona.

1.3 System Definition

1.3. l Description of CCW Syaten

~ Thé - Cosponent Cooling: Water System in pressurized.water.reactors is a

common system: used to ‘remove heat from various plant components: and. transfer‘ ‘

it to-an'-open-loop cooling-system-such as Service Water.- The.CCW:system is-a
non-radioactive, ‘closed~loop-cooling water:.system, which:.gerves .as a barrier
between radicactive:-components and ‘the open: loop cooling systems.: : The. basic
CCW systenm -geinierally consists:of several pumps; heat exchangers,:a surge tank,
and piping supplying the loads in a variety of header arrangementa. Figure
l-l functionally shoﬁe the CCW system. - I e
~'The -CCW" systen funetion 48 eometimes served by 2. or 3 aeparate'
aystems.will not:” be counted as CCW systen failures. The various interfaces
and boundaries -aret- Sl e A Ceriaes b merap it
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. This: system 1e the open loop cooling ystem wh:l.ch coole the CCW heat

- exchangers.: The boundary:will' be :at the point -where SW enters the

- CCW. heat iexchangers. Failures, or: plugging of the tubes within the

- heat exchanger ‘will be 4ncluded, -but . faflures of the -SW pipe or

valves outside the heat exchanger will not. Any failure outside of

the heat exchanger will be treated as a "loss .of Service Water.”

However, “"Loss of Service Water” is an important way :ln which the
: -'CCW system 1tae1£ can’ faﬂ.. S T :

2. AC Electric Power

AC electric power at various voltages 1s:needed to :supply the CCW
pumps, valves, and i.nstrmnentetion. The boundaries are as follows:

*0 Power to Pumps and Valves -~ The boundary w;lll be at the circuit
breaker, and will include the breaker and the breaker log:le.

' 'j‘ Power to Instrumentat:lon and other CCW Items - The boundary will

3.

‘be -at the. first .circult breaker. or :fuse. from the equipment, and
will include the breaker .or fuse.;;,i R

DC Electric Power
‘DC electric power 1is .needed - for circuit breaker controle.

instrumentation, and control logic. The boundary will be at the
first circuit breaker or fuse from the equipment supplied.'



4.

5.

6.

7.

9,

Control or Service Air. -

Some CCW systems use air-operated valves or instrumentation. Also,
some systems have surge tanks pressurized with. air. The boundary
11 be at the first air system valve leading to the CCW valve oper~
ator, surge tank, or other component. The air system valve is in-
cluded. ."'2:_..\'—_ . ) . R

Rormal Hhkcopuihter

The typical system supplying. normal ;. makeup water "to the CCW surge
tank 1s the Demineralized Water Systen. The boundary is at the last
normally closed valve going to the CCW systeme This valve 1s not
included. Any logic associated with automatic makeup 1s included.

Energency Hakeup Hhter |

Some CCW systems have cross-connections with other systems, such as
Essential Service Water, which allow an emergency makeup of non~pure
water to the CCW system. .The. boundary will be at the last normally
closed valve leading to the CCW system. The valve is not included.

Cross~Connection Between Units - . . -

At dual unit sites, there are usuhllyfcross-connecrionsabetween ccu
systems. These vary from completely shared systems to a swing pump.

" “or heatexchanger which could be:used' by.:either unit, :to cross con-
" nections- only at certain selected loads. Shared systems:are treated
- “together. ' Separate systems with cross-connections will have the

boundary at the first normally closed valva.

Systens ntains

Valves exist which drain the CCH systems to: varlous waste water sys~
tems. This boundary is at the first normally closed valve, which 18
included in the system definition.

: Strnctures and Bnildinga o

,"z..‘ "

The CCW systen usually runs through a large portion of the plant,

.~ including the. Auxiliary Building-and Primary Containment. The sys~
‘tem 18 normally safety related and: hence,. typically is mounted or

supported so that it will withstand seismic shocks. The structures

- and buildings to which CCW components are attached are not included,
~+.but -the .attaching hardware 1s included, such as bolts, bedplates,

brackets, snubbers, and pipe supports. Hence, ‘the boundary is just
beyond the supporting hardware.



10. Lloads

The loade cooled or supplied by the ccw system vary from plant to
plant. Typlcal loads arer -

"l'ypical Safety ‘Related Loads: o

: Westinghouse: Residual Heat’ Removal (RHR) Eeat Exchangers (HX), RHR
7" “pump seals, Safety Injection (SI) Pumps, Containment
Spray- Pumps, COntainment Coolers.

Combustion . Shutdown HXs, - Low Pressure SI Pumps, High Pressure SI
Engineering: Pumps, ‘Containment Spray Pumps, Chillers, Conta:lnment

" Alr COolers.
Babcock & Decay Beat Removal (DHR) HXs, DHR Pumps, High Pres-
Wilcox. . . sure . .Injection . (HPI) Pumps, Reactor ' Building Fan

- Ooolere .

Typical Non-Safety Related loads:

Reactor Coolant -Pump motor, Letdown HX, Excess Letdown HX, Seal
Water HX, Spent.Fuel Pool HX, Charging or Makeup Pumps, Control Rod
.Drive_ or Control ‘Element Drive Hechanism Cooling s Miscellaneous
Loads. : : ; ' :

-The ccw piping to end through the loads is. included, but the loads
" or equipment serviced by. CCW are mot included within the system
~ boundary. However, it is important to keep track of loade, since
" - the effect on the overall plant of loss of CCW or loss of portions
- of CCW depends on which loads are lost (i.e., not - cooled).

1.4 Analysie Hethodology

Recognizing that the characterization of aging in a8 system in & nuclear
power plant is a complex task, a system level program plan was f‘eveloped, en-
titled "Aging and- Life Extension Asgessment  Program (ALEAP).” This plan
presents a structured strategy for assessing the aging effecte on nuclear
power systems during the normal 40 year life 'and perhaps for extension of
plant operation. beyond the original license. - S o

The ALEAP plan ie consistent with the NPAR progrem plan end has two
phases. Phase I focuses on characterizing the aging effects on the gystem in
terms of the predominant modes end mechanisms of faiflure, as well as their
impact on system performance (Task A). Also included in Phase I is & preli-
minary review of current test, maintenanee, “and inspection practices (Task
B). The second phase of the: work stresses the assessment of monitoring and
mnaintenance practices and the development of techniques to mitigate aging
effects. The specific tasks to be performed im each phase are outlined in

Figure 1-2. This report includes the Phase I (Task A) work.
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Figure 1~3 presents the overall strategy employed in this system study.
This involves a two~pronged approach which sssesses aging impact on systenm
performance through both deterministic and probabilistic techniques.

The determintstic approach included a review of the various CCW system
designs in use. The scope of the design review encompassed all operating PWR
plants in the United States. A selected number of BWR plaents were included to
determine their similarity to the PWR systems.

In addition to the system design review, e detailed analysis was per~
formed of the variocus failure data bases summarizing the actual operating
experience of the CCW system. These data bases included:

Nuclear Plsnt Beliability Date’ System (NPRDS),
Licensee Event Reports (LER),

In~plant Reliability Data System (IPRDS),
Plant Specific Psilure Date Bases.

Each data base was analyzed to determine the pmedomlnant failure wmodes,
causes, and mechanisms contributing to system failure.  The operational stres~
ses and other parameters contributing to the eging of “components were consi-~ .
dered in assessing their functional characteristics.”™ “Othér" relevant factors
such as failure rates, aging fractions, and time to feiiure were extracted for
use in the probabilistic models for predicting the importsnce of particular
components snd system unavailability 88 & function -of: sge.

Plant specific data for the system was obtained ‘to supplement the para~-
meters mentioned ebove fot component failure from:- the individual failure his~
tories. .- These' data were then compared with those from other data bases as a
check on the database: r?ngts. Information also was used from various NPAR
component level studies o ,*“i

In parallel with the deterministic effort, a probabilistic approach on &
specific plant Probabilistic Risk Assessment (PRA) model was performed to
study the impact of aging on the system availability. ' This assessment deter—-
nined the components:which have the dominant effect on. gystem availebility.
Because of the: complexity of the plant and ‘system, it was not feasible to ap~
ply aging analyses or to perform a failure mode and effects analysis (FMEA)
for all components -and suhcomponents. " Therefore, those predominant components
that are Vulnetsble to degradetion with age and: important to system operation
were analyzed. ‘ :4 : o

A plant with a completed PRA was chosen for the analysis. A PRA model
and a computer program (PRAAGE) were developed to reflect the essential fea~
tures of the CCW system design and to accommodate age~related failure rates.
The time~dependency of the aging phenomena was modeled to assign priorities to
the possible component failures with the age of the plant.
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Section 2 of this report describes the design review of the CCW system |

for 211 PWRs in the United States. The operational stresses and their corre-
lation with accidents are discussed in Section 3. Section 4 provides the re-
sults of all detg bases and identifies the predominant CCW system failures
from the operating experience at nuclear plants. The detailed review of the
CCW system at the Indian Point Nuclear Station 2 (IP2) is summarized in Sec~
tion 5. Section 6 discusses the PRA model of the CCW system &t IP2 and ap~-
plies the statistical datas taken from the CCW system operating experience to
rank the importance of components within the system. Section 7 discusses the
sensitivity studies, while the conclusions of this work are summarized in
Section 8. Several appendices give detailed information on the specific areas
discussed.
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2. CCW DESIGN REVIEW
2 1 Overview

This section‘of the report describes the design review of all CCW systems“
in U.S. nuclear power plants. Functionally, the CCW system 18 quite straight-
forward, however, .the details of the design can be complex and vary consider~
ably - between plants. - This review was performed to determine the extent to
which results of this study could be generalized. B Information élso was
needed: to fully understand the system's design and operation; to provide in-
sights for analysis of the failure data; to aid in later determination of ap~
propriate system functional indicators; to determine the effects of variations
in system design on its reliability and availability; to assure the applica~
.bility of the work to all the PWRs in the United States; and;, to provide the
population data necessary for normalization of the failure data. The CCW de~
sign information was obtained prinarily from the Final Safety’ Analysis Report
(FSAR) for each plant. - )

The design of each plant's aystem'was eataloged and then summary: analyses
were performed to determine the overall status -of CCW system design in United
States PWRs. Appendix A presents the type of Teview performed and the results
of the summary analyses, along with charta and tablea. :

. .The. basic functionsal design and arrangement of ccw systems was ‘found to
be the game at all’ plants, although individual design details varied consider~
',ably. The few unique arrangements are discussed in Appendix A.

2.2 igypical Design

_ Figure 2~-1 shows a typical CCVW system design for one unit which has three
CCW pumps arranged in psrallel. The pumps are motor~driven centrifugal pumps
powered from Class lE buses. Downstream of the pumps are pressure gauges for
monitoring pump operation and two parallel heat exchangers (HXs) cooled by the
Plant Service Water System. Downstream of the EXs are temperature detectors
and flow meterse.

‘Normal. operation requires two pumps and one heat exchanger. The valves
fin the cross-connect line downstream of the HXs normally would be left open,
so that one operating HX could aupply flow to all three loops of loads. 1If
there is an accident and an Engineered Safety Feature (ESF) actuation occurs,
‘the -headers would be.eplit by asutomatic closure of the motor-operated valves
(MOVs).' In this situation, the non-safety related loads are tripped and their
:CCW .flow :4s secured. ..The Train I and the Train 1I safety-related headers are
-isolated - from each other and one “pump and one Hx ‘are aligned to supply each
header. _ :
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There is one surge tank which is internally baffled to provide a separate
water volume for two CCW pump trains. Thus, should a leak occur in the surge
tank, only one train of CCW would be lost. The surge tank provides net
positive sugtion head (NPSH) for the CCW pumps and a surge volume for the
overall CCW system. "It i3 normally vented to atmosphere through a: valved
line. If high radiation i3 detected in the system (e.gs, due to a.leak at a
radioactive load) .an’ alarm ‘1s sounded and ‘the vent valve will automatically
close. In this mode the CCW System provides two trains of reliable cooling to
the safety related reactor plant loads.’ :

RADlATION MONITOR

B —&——»vsm
T . —TRAIN I""S"AI"-‘E'TY.'RELA]’ED LOADS —a
T —%
S gy MOV
L ,HX; o ¢ NON SAFETY RELATED LOADS-—*
-'bcw = “esF MOV o
=1 X -PSW LTRAIN T SAFETY RELATED 1,LQADs_ .

PUMPS

& . .
“*< -

<€

" Pigure 271 Typlcal CCW System oo i

2.3 Design Variations

. Using the typicsl design shown in’ Fignre 2-1, a few of the major design
variations will de discussed here. These are cataloged and discussed 1n more'"
detail 1u Appendix A., g :
oL The overall layout or’ arrangement of ths systen vsries'  gome” plants use
two or. three systems rather than one to fulfill CCW functions;: some dual:unit
sites use a shared systen, while other such sites have separate systems but
with gelective cross comnect features; “soma ‘pldnts "have -emergency' back-p
water supplies to CCW; and there are .a number of different pipe header
‘arrangements. The number of pumps, heat exchangers, and surge tanks also
varies. The actual loads supplied by CCW vary somewhat as well. Table 2-1
summarizes the design variations encountered and 1ists some typical operating
parameters for CCW systems. Charts of these variations are included in Appen-
dix A, as Pigures A-8 through A-ll. Additionally, the appendix discusses the
advantages and disadvantages of the different designs. ’
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Table 2~1 CCW Design Variations and Operating Parameters

Number of Pumps: _ 2 to 8

Pump Flow: e 25 gpm to 17,500 gpm per pump
Pump Head: 54' to 275' (Total Developed Head)
Number of HXs: ' 1 1/2* to 8

Number of Surge Tanks: 1/2% to &
Operating'PresSure: <100 psig
Opersting Temperature: 75°F to 150°F
Working Fluid: Purified water with coftosion inhibitors
Electriéal Power: | 4160 volt or 480 volt AC for pumps
480 volt AC for MOVs

125 volt DC &and 15 volt AC for instrumentation
and control

% 1/2 indicates 1 component shared between 2 units.

2.4 Conclusions

As a result of the design review, a number of insights have been obtain~
ed, described in Appendix A, Section A.3, which relate to shared systems, mul~
tiple systems, header arrangements, and components. The information gleaned
was useful in the feilure analyses that were performed. It is concluded that
Indian Point-2 is acceptable as a representative plant to use as a baseline in
the PRA~type system analysis and for the analysis of plant specific exper~
fence. The results of this etudy are applicable to other individual plants,
however, specific differences in design in key areas must be considered. For
example, when establishing programs for their individual CCW system, a plant
with wmore than one surge tank would place less importance on them than Indian
Point~2, which has only one. Also, different pipe header arrangements that
increase redundsncy of the cooling water supply, would decrease the importance
of certain critical supply valves. These issues will 'be covered in more
deteil in leter sections of this report.



3.' OPERAIIONAL STRESSES AND CORRELAlION WITH ACCIDENT SCENARIOS

Aging degradation occurs when a- material is aubjected or exposed to e
stress condition fgr a period of time. Typical aging mechanisms which cause a
material's mechanfcal strength or physical properties. to degrade include fati-
gue stress cycles (thermal, mechanical, or: electrical), wear, corrosion, ero-,
sion, embrittlement, - diffusion, .chemical reaction, cracking or fracture, and
surface contamination. ' Each wechanism can. occur -in various. materials when
they are exposed to particular operating and environmental conditions. - Abnor-
mal conditions or sccidents accelerate the aging process, thus weakening the
material faster ‘than normal,  These abnormal -conditions include plant mechani~
cal and electrical transients, pipe:bresks,. exposure to harsh environment, and
other abnormal and accident scenarios. v . o _

This section discusses the operational, environmental, and accident para~
meters whic¢h can degrade the mechanical .etrength or electrical/chemical pro~
perties of components in the CCW system. -These . parameters -iaclude system and
component level stresses such as those induced..by testing, human factors,
environmental parameters and their synergistic effects. They &lso included
external loads imposed on the system by earthquakes, floods, and fires. The
correlation with accident conditions when the function of the CCW system
becomea vital for plant aafe shutdown also- is discussed..: ce e

Sagie

3 l <§yatem and Com onent Level Stresses

During normal operation, the component cooling water system accommodates
~the heat loads from various -plant  auxiliary -components.. During. an:accident,
other heat loads are added to the system while eome.are removed or..reduced.
The CCW.system can accommodate any single failure of an active component . and
still operate in a manner to avoid undue risk to the public health and plant
safety. : The CCW system s8lso .can detect and isolate. radioactivity entering
from reactor coolant aystens and its auxiliaries. . .

Since the CCW is a fluid ayatem, the operating eondition of the fluid and
the external-loads govern the level of stress. The normal operating tempera~
ture of the 'fluid ranges between 90°F and ‘130°F while the operating -pressure
1€ less than 100 psig. : The pressure boundary components are typically design~
ed for a pressure of 150 psig and a temperature of 200°F. The effects of
‘these ‘relatively low operating conditions.on:pressure.boundary components are
ninimal. -However, normal-wear: and degradation can cause leaks at:-the welds in
flange connections. and in aeala. RIS o E . y

The flow rate of fluid in the eystem<dependa on the plant design and num~
ber 'of loads being cooled at any one time, which generally varies.. _Therefore;
CCW pump flow capacity varies between plants. -from 25 gpm.to 17,500 gpme The
fluid- flow can contribute to -erosion of the. insides .of ‘pipes.and pipe .fit-
- ‘tings. -Although the CCW fluid is chemically treated this does not completely
eliminate corrosion. The presence of oxygen in the water can cause corrosion
of metal surfaces.



3=2

The main components of the CCW system and-the piping header arrangements
usually are located in the auxiliary building. These components are exposed
to uncontrolled room conditions with a very: low level  of, .radiation. The
equipment, therefore, may be exposed to extremes of- temperature, humidity and
dust. “Electrical ‘and mechanical- ‘components may also -be; affected by adverse
weather conditions or by humidity and salty air in coaetal areas. The loads
of ‘the CCW system are located throughout the plant and may be. exposed to quite
different environments; thie includes valves inside the..reactor building in
high radiation areas. : RN r.:ﬁ.ru4 e .

Table 3-1 summarizes the operational and environmental stresses caueing
the various CCW components to age. - Theioperational stresses. include fluid_
temperature and pressure, flow, fluid contaminants,, flow and machine induced
vihratione, and electrical transients caused by breaker tripa or degraded
voltages. The environmental parameters. include:. temperature, -hunidity, -radia~
tion, dust, and other adverse atmospheric conditions. ..The components. also. .may
be affected by ‘heat dissipation from electrical devicee such .as. tranaformere,
rectifiers, and ateamloil leake. S 23 : . N

3.2 Streasee Induced bz Testing : ~; l ,'.¢-fff,ff : ‘:? "jl}“gr

Componente are periodically tested to-. monitor and maintain their condi-
tion during the life of the plant. Plant technical specificationa require
that certain safety-related equipment be tested- regularly fqt ‘operational
readiness. If the tests are performed too frequently, unnecessary stresses
could’bae induced -4n the‘component. Algo,-certdin tests-such:as-highmpotential
teating ‘of - electric motors -or" emergency. diesel. generator. tests requiring: fast
statts; ‘could impart a larger stress than the component is expected to exper-
ience normally. . . SEY . R . e

‘Mechanical tests include vibration, temperature. valve;atrokiag,Fleak
tests and measurements, functional tests, and crack detection tests. Electri~
cal tests are insulation resistance or dielectric strength tests, contact
resistance ‘tests, and ¢ertain high potential :tests. 'These tests ‘affect mostly
contact pointd, nonmetallic ‘components such as insulating systems, .and other
electronic devices gensitive to high temperature and humidity.  Chemical.tests
of lubricante to detect wear in the component, might not affect the component.

Certain pieces of safety equipmeut, such as CCW ‘pumps, remain ‘on etandby
and “are’ required to become operational anytime -the: safety "of - the plant- is
challenged. The technical specifications may- require periodic-.start/stop
testing of this equipment to assure their operational readiness. This
requirement could 'involve cold -starts -of the equipment, which.'introduces a
higher” etreea than is’usually experienced during normal.operation.- Similarly,
valve: teete ‘may subject the valve motor :or other moving parts to .abnormal
"stregses. In- general, the amount of testing required for CCW systems 1is.-less
than mést standby, safety-related systems so that atresaea caused by teeting
are 'not expected to be a serious coancern.- NI
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- - Table 3~1 . Aging Effects on CCW System Components

- Components Affected'

Stress S S _ N Inst. &
Conditions Aging Effects - Mechanical [Electrical |Control
Normal s Erosion, wesr,
.Operating - corrosion, crack,
Conditions- |- leakage R X

. Clogging,-blocking, : E .
" reduced flow: - - X. -

'-v1brations, nisaliénménts, 1.
1 crack growth, loose or. . R ‘ ,

- dislodged pieces -~ . X . X . X

¢ Mechanical binding, | o
-{ distortion, rupture = . | . X
« Set point drift, ‘5&: of’.i;.. -
o calibration, loose v 3 . : S
.z .. connections BRI . R 4 X

A‘;Inectrical shorts, grounds | I
surface pittings, erratic

signalslindicators X X
Normal * Corrosion, cracks, TR R S B SRR
Environment. |  surface damage (e.g. , AR IR - :
.} Conditions ' _wpitting) :
. o 9.Burning, shorta, grounds - ;A~ rf,vn'f - ‘x '," 'x ’

o Embrittlement, hardening ) x|, x

3.3 Human Factors/Maintenance

. To maintain and-operate a system, hnman activities are involved. These
-activities can be in design or manufacturing, shipping, 1nsta111ng, operating,
ma:lntaini.ng and test:l.ng. - .From past experience, it is evident that human
_errorg contribute to thenfailure of CCW system: components. . These failures are
attributed . to  imcorrect - imnstallations, improper. operation 1leading to
overloading of components, and errors in testing and maintenance. '
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Inadvertent actions, such as stepping -on’ pipe 'supports or snubbers, have
caused damage and failure. Other incidental human errors include inadvertent
spraying of water into electrical components, use of the wrong replacement
parts, 1mpropet tightening of bolts or screws, improper lubrication of moving
components, and leaving protective components .open - to hostile environments.
Most human errors are 1likely to occur during activities such as testing, moni-‘
toting, inspection, maintenance or repair of componenta. :

Typical maintenance errors include 1ncorrect calibration of set points,
wrong wiring of test equipment and improper adjustment of the test equipment
itself. These may result in erroneous test data indicating the wrong state of
the equipment condition. Since most equipment 1is a complex' arrangement. of
" many subcomponents, plant maintenance personnel usually follow a particular
test and .maintenance procedure and perform the :activities in a specified
order. If properly performed, the equipment will be kept in operating condi~
tion. A large number of equipment failures ‘may be due to people using wrong
procedures or incorrectly following the- set procedure. in performing the main- -
tenance. -Improper maintenance is indicated where there are repeated failures) -
for example, leaks in’ ‘pump seals shortly nfter 1nit1al failure and repair.

An incorrect operating procedure can- adversely streas the equipment'
subcomponénts and may accelerate the aging process. For example, frequent
starting of certain electrical equipment “before:cooling -them could age the
insulation and cause premature electrical “shorts or grounds. Certain equip~
ment such as pumps, valves, and switchgears requira -a. definite sequence of
operations (i.e. starts or stops) to run them. These sequences are documented
in operating manuals or procedures for reﬁerence, and should be properly fol-
lowed. .

3 4 External Effecta (EarthquakeelfFloods Firea)

The design of a nuclear facility accounts for'the effects of earthquakea,
floods (both internal and external), and fires in its design basis accident
(DBA) loads. Since the CCW system is vital for plant normal operation and for
safe shutdown in an accident, the entire system 1is designed to withstand these
loads specific to the plant site. The seismic design levels for operating
and for safe shutdowm are determined by:the location and' the geological survey
of the site. External flood 1s.considered in the structural .design if there
18° a ‘potential of fallure at nearby dams on -a ‘river - or reservoir. --Internal -
flood and fire typically are included in the deslgn for locating the equipment
inside the plant. AT N s

‘ None “of ' these’'‘loads  contribute directly to 'the ‘aging: process- of—compo—
nents or: subcomponents.- ‘Rather; after being aged under -the stresses discussed
earlier,” the components ‘become more vulnerable to aceident ‘loads which:.could
‘affect the ‘capability of the plant to shutdown' ‘safeély. Thus, the. design mar-
gins “for ‘the CCW .components ‘must account for: aging to prevent a common cauee
fallure in the system during an accident. - GO
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- A1l components including piping, .pumps,. motors,- heat.exchangers, tanks,
and ‘electrical cabinets are supported with . restraints...to . withstand . earth~
quakes. The components are. slso qualified to seisnmic levels. specific to the

site. Since seismic loads are transmitted to. the equipment via the_ plant“

buildings housing‘Ehe gystem; selsmic demage could affect the. entire system.

The three types of supports that are typically used are rigid restraints,
spring hangers, and snubbers. The rigid restrainte are made out of- carbon
steel and -are -vulnerable to. corrosion,. stress .relaxation of bolts, distortion
and degradation from fatigue. . The. spring hangers are not & concern for the
seismnic load since :they :support -the -dead weight .of the component. However,

changes - in the:.characteristics of the  spring caused: by corrosion or other’

mechanical - deterioration- could alter. the . overall. dynamic characteristics
(1.e. natural frequency):of: the system: and result .in_increased vulnetability
to lower seismic loads than allowed for in the design basis for the component.

Snubbers are the seismic restraints and they must remain operational for
the system’s life. Since the CCW system is & low temperature system, there:
should not be many of this type of restraint (systems with small amounts of

thermal growth can use rigid restrainte in place of snubbers). Hydraulic

snubbers are vulmerable to reservoir oil leaks or oil contamination. Mechani-~
cal enubbers, asre fragile end are easily damaged and distorted by human error.
Snubbers which freeze during normal operation and do not allow normal thermal

expansion of the system's piping can impose abnormally high -stresses on the _

system.

Relays and circuit breakers are vulnerable to trip during earthquakes.
This might lead to & change in the state of operating or standby equipment.
Electrical components are primarily vulnerable. to high humidity due to steam
leaks or water leaks, causing short circuits.

Floods can be either external or internal. Generally the plant s built
to withstand any external flooding that 1s 1likely in the area. Internal
floods are caused by pipe breaks or storage tank failures within the CCW sys~
ten or other nearby systems. For example, fun one nuclear station all three
CCW pumps were failed by a pipe break which shorted the pump motors and dis-
abled the entire CCW system.

Fire ie always considered to be hazardous to electrical components finside
a nuclear plant. Typically, fire barriers are built to protect vital compo~-
nents from such damage. Electrical cables and other nonmetallic components
are vulnerable to fire and could cause complete or partial failure of the CCW
system. Fire sometimes is caused by burning of cables due to short circuits
or electrical heat. Degradation of the cable's Insulation increases this vule-
nerability.

A loss of offsite power should also be considered as an externsl event
which can stress the CCW system, primarily due to the effects of a loss of
instrument air. Generally, air compressors for the instruments are not power-
ed from the emergency electrical bus, therefore when the diesel generators
provide power to the plant following a loss of offsite power, instrument air
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will not be’ available.' The ‘air-operated temperature-control:valves typically
employed in ‘the" CCV systen for modulating cooling water flow to the various
loads, are designed to either fail ‘open- or -fail -as~is. - In -either case,
depending upop ‘the plant ‘configuration, a high flow demand may result w:lth the
potential to stress the CCW pump’ or -other loads supplied by CCW. - :

" To sv.mmarize, the CCW system is exposed to a variety of streeses that can.;
contribute to' degradation with age. ' The potential effects which:can result.
are shown in 'l‘able 3~). This 1nformation provides . insight into the failure
mechanisms ‘and ‘modes which can be -éxpected  ‘in' the ‘CCW system. - The. -aging
effects’ 1dent1f:led from this review were used as..a baseline for eompatison of
the reeults from the data analysis discussed in Seet:lon 6. s

Y

T

S L.
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“As part of the aging assessment of. ccw systems, failure data and operat-'.
ing ‘experience’ from ‘various ‘'national data .bases.were- analyzed. ‘l‘his section,ﬁ'
. briefly discusses the data.sources used and presents: the results of the analy-
S8€6.

l; 1 Data Bases

4 l 1 Descriptions and I.imitations Lo » ‘
AL A ’

'l'he data bases used include the Nuclear Plant Reliability Data System.
(NPRDS), the “In-Plant: Reliability: Data .System. (IPRDS); .and. Licensee Event
Reports (LERS).- All ‘of :ithe information obtained from: these sources was re-
viewed and analyzed to obtain insights into the effects of aging on.- ccw system
performance. A

N T I b S s . . .

" The national data ‘basés bave several virtues that ,make them suitable as.
sources of failire: information. . They contain .a.large amount .of data repref
senting a broad cross=section of -nuclear power :plants.: The data is access—
ible, - although eometimes difficult to obtain,. .Much of: ‘the data includes suf~ .
ficlent information to identify basic fnilure characteristics, such as' the
component failed and the reason for failure. With proper review and evalua-
tion, -the data ‘can also be nsed to identify prevailing trends. . .. . -

- 1. '*l . 1 ,.._‘.“: -

Although a great deal of -useful rinfomationuis available xfrom the data
bases, there ere limitations and wesknesses to it which must be recognized.
In genetal;-'the-data bases vdotnot-contain a complete .record of . 8ll. failures.
This is partly due to the nature of the data bases and the failures required
to-be reported. The result is that .failure frequencies: -determined directly
from the data base information will probably .be..lower- than - actual. However,
it must be noted that & large cross-section of plants is represented in the
data’ bases. :-Using -the data-:for -analyzing ‘failure characteristics, such as
causeés; " modes and  mechanisms,::should mnot be. severely -affected by thie defi-
ciency. Using the date bases for evaluating aging effects is, therefore, a
valid uge of the data.

An gdditional concern with the data base information is the inconsistency
in 1) the interpretation -of-codes. used.to. report. events, and. 2)..the under-
standing of the events associated with the failure. For example, when a fail-
ure :is ‘reported; the-failed component. .may be-incorrectly identified or the

effect of the failure on system performance may.uot be.consistent . with other
~ interpretations. This can be attributed to several reasons including & lack
of standardized-definitions, terminology.and.reportability. for .the data bases,
as well: as:differences in.experience and knowledge between personnel. filing
the reports.: This is.;a-valid concern.in using _data base information.: . How=
ever, its .effect: ‘on_analysis .results..can be mitigated by 1). performing .a thor-
ough.review of. the-data, and 2) valfdating the results by comparison with ac~
tual “plant .data, as .was .done for this analysis.. By performing en independent
‘review using consistent. definitions:.and. 'interpretations, the data base infor-
-wation can’ provide meaningt'ul results. l‘he results ahould then be compared ,

PO I HE L 4 4._;2*.' _-’3.{3" & R -.,!‘"»- ' _..,.1_,-_;;-.-.. SR
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with findings from actual plant data to ensure that erroneous:trends- or fail-
ure characteristics are not identified by the data base. Uncertainties in
data base results can-bé addressed by formal uncertainty analyses or; by sensi-
tivity studiep. The later approach was:-taken for -this study. The. data baaea
and their 1imitations are discussed in more detail in Appendix. E. -

4.12 Methods of Analysis

The information obtained from the NPRDS data base was the most extensive,
consequently, the majority of the effort spent. on data analysis .focused on
this data. A total of 1179 failure records related to CCW systems were
obtained from the NPRDS. These were individually reviewed -by.a team of engi-
neers and then encoded into a computerized data base developed by BNL (utiliz-
ing d-BASE II1 software) epecifically to aort and count large amounts of. data
for the NPAR program.' . R « _ : P

G-

As part of the NPRDS data review, each failure record was categorized as

to whéether ‘'or not it was related to aging. Since .the detarmipations found in. -

the 'data records “iwere inc¢onsistent, :a definition -was:.establ ;hed of “aging -
related™ based on the NPAR definition presented in NUREG-1144 ° .which was ap~
plied to each event. The following two criteria had to be-met in.order for a
failure to be considered aging-related' - _ S S

1. The failure must- be ‘the- result of cumulative changea with passage Qf time
which, if unchecked, may result in loss of function and impairment of
. safety. Faetore causihg agingacan inelude: T Radueoo L@ Tl
Tl natural internal chemical or phyaieal proeessee during operetion,»:
. . 4 A.!.‘ - .o
Te external stressors. (e.g., radiation, humidity) caused by the etorage
' or operating environment, ! ‘sj o I RS

. aervice ‘wear,’ including changee in dimenaiona and/or relative poei—
‘tions of individual parta or: sub—aesembliee caused by operational
cycling, S A . A _ .

. ”exceaaive testing, and

e Limproper inetalIation, application, or maintenance.:

-

S

2.=» The component must have' been in aerVice for at leeet 6 months before the
failure (to eliminate infant mortality failuree). A »
‘1b illustrate ‘the data review-proeees, F!gurea 4-1 and 4=2" present aample
NPRDS faflure ‘records.” In ‘Figure §~1, ‘failure-of:a CCW:isolation valve to
'pass-a leak rate test is reported. Since the failure was due.to.wear on .the
valve disc and seat, and the valve was-over six months- -0ld,'the two. aging eri-
teria were mat and-this filure was classified as aging-related. . ‘The-fallure -
mode is “leakage,” ‘the ‘ fallure mechanism :is “wear”: .and -the failure causé 1s
normal service.” - Since the failure degraded-the: ‘capability of the CCW systenm
to provide isolation ‘from containment, which is‘one’'of its: .functions; the
effect of the falure was classified as 'degraded operation.”
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Figure 4-1 Sample NPRDS Record for Aging Related Failure
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Figure 4-2 Sample NPRDS Record for Non-aging Related Fai:]::pte
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An NPRDS component.failure report for a CCW pump is shown in Figure 4-2.
Since the failure of a CCW pump is reported. Since the failure was due to the
pump casing threads being stripped, and not by any aging mechanism, this
failure did not meet the aging criteria .and was classified ‘as “non-aging
related.” The failure cause was. classified ‘as - 'human-error,. and the failure
mechanism was “otHer,” since no- aging mechanism ‘was present. ‘Since the pump
was taken out of service, theneffect of the failure was categorized as & "loss
of redundancy.” B S ; R A

' After ell the data were encoded and entered into the BNL date base, the
records were checked to verify that- they were edtered’ correctly and that the
code interpretations were consistent. The dats also: were? “checked to verify
that the components reported were in the.CCW: system bou;faries defined in Sec-
tion l. Once the data base was complete, the. computer f rted ‘the date in var-
ious ways to obtain the fnforwation for this -analysis, . The'database findings
were then checked against actual plant data (diacussed nﬁSection 5) to verify
the results. : : o G

Tbe IPRDS dats base contains information on pumps and valves from only a
few nuclear power plants. These data were not computerized and had to be hand
sorted. Also,. the date were not. in current use and were not actively main-
tained. Consequently, data on CCW system valve failure from IPRDS were avail-
able for only three plents with & reported population of 326 vslves; for
pumps, failure date were obtained for two plants, with a reported population
of 12 pumps. The valve data included 88 failures reported from February 1975
to June 1981; for pumps,:there.were 92 failures.from;uay1197k to June 1981.

It 1ie believed that the data obtained from IPRDS are incomplete since

some -records did not reflect. realistic. -component populations._ _However, the
records were individually: reviewed and analyzed to determine if they showed
any -gignificant differences to the results obtained ‘from the 'NPRDS data. Each
of the failure records was reviewed to- determine if the failure wvas aging re~
lated. The same definition.of aging applied to the NPRDS data was used as the
criterion, but due to the limited .amount of. information available, many were
categorized as unknown. . .

There were 478 reporta in the LER data baae that were related to the CCW
system. As for the IPRDS data, each LER record was individually reviewed and
categorized as to whether or not it was aging related. The various failure
modes;, failure causes, .and -component types were also fdentified and analyzed.
Many. of the LERs did not contain sufficient information to classify the fail~
ure: characterictics, hence, & number of them wvere categorized as unknown.

4 2 Dominant Failure Trends ..5,,~_v,; oo

~4.z.1 Aging Fraction. - ~l(;,i?:'4_-: -

: In performing any aging asaessment, the primary concern ia to determine
lif there -1 aging degradation and 1f it 1s adversely’ affecting the performance
or relisbility of the system. One method of doing this is to examine past
operating experience and determine the fraction of feilures which are aging-
related. If the fraction i¢ large, aging-related degradation is eignificant,
and appropriate measures ghould be taken to mitigate it.

!

Sraw
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‘Figure 4~3 Aging fraction ~ NPRDS data -

An analysis of the failure data (Figure 4~3) shows that the CCW system:is
susceptible to . aging~related degradation, and - that  72% of - the- failures
reported were aging related: Results obtained from IPRDS data and LER data,
which are shown in Pigures 4~4 ‘and 4~5, respectively, also show  large saging
fractions. One réason for ‘the large number of ‘age~related fallures 1s- that
the CCW system s normally operating at' all times, and the components
accumulate a large number of operating hours. These résults demonstrate that
aging is a concern for CCW systems. The ability to monitor and control the
aging phenomena, therefore, is important and should lead to increased system
reliability. ' e R o : SRR

As shown in Figures 4-4 and 4~5, the aging fraction from the' IPRDS: and
LER data are smaller than the aging fraction from the NPRDS data. For the
IPRDS result, this 1s believed to be due to the limited amount of information
which resulted in a large number of failures being classified as unknown.

The LER aging fraction is believed to be lower than NPRDS due to the
~large number of reports in the LERs dealing with human errors. These include
failures to perform various tests or failures to have certain procedures
avatlable. Events of this type are not reportable to NPRDS. These events are
clearly not sging~related and therefore the LER data give a lower aging

fraction.
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Figure 4-6 -CCW system status during failure defeciion
4.2.2 Failure Detection

The CCW system is a normally operating system, consequently, most fail-
ures should occur when the system is operating. This is verified by the data,
as shown in Pigure 4.6.. Since failures most frequently occur when the system
is operating, the need' for* ‘good  functional “indfcdtors” to detect and monitor
aging effects becomes more important. The functional indicators should be
capable of detecting failures in the incipient stage to ensure no loss of
function of the CCW system. These will be developed and addressed in the
second phase of the CCW system stndy.

The methods by which CCW system failures are detected were determined and
are presented in Pigure 4-7. - As shown, operational abnormalities identified
34Z of all CCW system failures. Operational abnormalities include events such
as a pump failing to start on demand or a valve failing to open. Inspections
while the system was operating detected 29% of the failures, while testing
detected 30X. This is consistent with the resnlts shown in Pigure 4-6 for the
status of the CCW aysten during"* .

Considering testing, alarms, 1nspeetions and maintenance to be parts of
monitoring and surveillance methods, ‘then: QSZ‘Of -all failures are detected by
the methods currently in use." Of the. remaining fallures, 341 are not detected
until system operation is affected. - “However; the effect on the performance of
the system at the time of detection should be_examined to assess the overall
effectiveness of the monitoring methods. . If system performance is degraded to
an unacceptable level before failures are detected, improvements in monitoring
may be required and should certainly be considered. This conclusion is sup~
ported by the small number of plants reviewed which show that monitoring of
the CCW system i3 routine but not extensive. There are areas for improvement
without the expenditure of large Tesources: this subject will be developed in
the second phase of the CCW system study.’
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ABNORMAL OPERATION 34%

TEST 30% e
'ALARM 2%
" MAINTENANCE 4%

INSPECTION 20% -

Figure 4-7 ccw cystem fatlure detection methods
‘b0203 Effects of Failute : N B . .

: An additional aspect of failure which must be considered s its effect on
the performance -of the CCW.system. The NPRDS results presented in Figure 4~8,
show that over half of: all:failures.degrade. the operation of the oystem. De~
graded operation implies that the system can still perform its- function, but’
it cannot continue indefinitely without some corrective action being taken.
If left uncorrected, the failure would get progressively worse until there was
a complete loss of function or an 1myairment of safety.

. The results presented 1n Flgure &-8 also ehow that 27% of the feilures
resulted in .a loss of. redundancy in the -:CCW system. This would occur, for
example, 1f a heat exchanger which is normally used for standby service failed
and had to be taken ocut of service for repair. The system could still oper-
ate, but if another heat exchanger failed, there would be no backup to replace
it, -and the system's function could be lost. From a PRA standpoint, & loss of
redundancy in the system would result 4n en increase in unavailsbility and a
decreage in reliability. . Therefore, it is important to reduce the number of
failures that could cause a loss of redundancy.ﬁp,,_ -

Only one failure out of 1179 reported to NPRDS resulted in e complete
loes of CCW eystem function. This failure was due to the fnadvertent spraying
of water during maintenance into the CCW pump area, which shorted the motors
of all three CCW pumps. The event was caused by human error and was not aging
related. .
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Figure 4-8 Peilure effect on ccw system performance
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Total loss of CCW eyetem function rarely occurs due to the redundancy de-
signed into the systems. If a complete loss of function should occur. at .the
component level, a backup component is available to replace the failed one and
prevent the system's ‘function from- being interrupted. "This demonstrates that
current designs have sufficient redundanéy to ‘provide a satisfactory level of
reliability, however, it may be poseible to make improvemente to increase the
sYstem'e availability. ' : ,

42,4 Ceusee of Failure

To identify the reason for the varions ccw system failnree, the data were
categorized according to’ the ‘cause. For this analysis; the cause was defined
" to 'be the general condition ‘or ‘event ‘which ‘fesulted in component failure.
The true "root cause” of failure could not be determined in most ceses, due to
the lack of information. R o

In Fignre.6-9, the causés of ccw eysten failures .are ehown as ‘a fnnction
of plant ‘agé. ~ Normal service is the predomindnt cause ‘of fallure: wliichiis
consistent with the large aging fractions seen previocusly. - Normal serviée:in-
cludes any function or process which the comporient 18 expected to encounter
during its life. As plants age, the percentage of failures caused by normal
service increasee. “This indicates that the degradntion due to aging increases
with time, ao wonld be expected. e
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The human error failures shown in Figure 4~9 include errors in the design
and manufacturing of the systems and components as well as errors in their
operation and maintenance. The failure causes in the category classified as
“other” include fa;lures of other components and systems outside CCW boun~
daries, operation® in a harsh environment, and operation during accidents
requiring service outside normal limits.

100% | 92% ..
F 80% H
L 60%Hf
u
E

20%Hl -
4% 4%
0% “’-M’////‘Zf.

0TO 6 67010  NTO1B 1670 20
SYSTEM AGE (YEARS)

-NORMAL ssnwce -OTHER EZ HUMAN ERROR

Figure 4~9 CCW system failure .causes vs, plant age ~ NPRDS

Similar results were obtalned from analys:ls of the IPRDS and the LER data
(Figures 4~10 and 4~11): both sources - showed e’ high percentage of failures
caused by normal service. . As" “digcussed previously, ‘the IPRDS data was
incomplete and, therefore, a ].arge number: of" ‘failure "causes were classified as
unknown. The LER data base included:ia - large mumber: of failures caused by
human error as & result of which there -was :a '!smaller percentage of failures

caused by’ nomal service. -
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FPigure 4-11 CCW system failure causes — LERs
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The second largest cause of failures was human error. To identify areas
where improvements could be made, the data  were analyzed to determine the
types of human errors.: Excluding manufacturing and design errors, the re-
sults, shown in Eigure 4~12, indicate that problems related to maintenance
account -for more than 60 of .all human error failures. Any efforts made to
nitigate human errors could most productively be focused in the area of nmain-
tenance of the ccw eystem. ’

_'MAINTENANCE
818

PROCEDURAL
6?5 |

‘INSTALLATION : R
kT T

Figure 4-12 Types of human errors

It is noted from Figure.&-Q that failures releted to human error tend to
decrease with age. In early years, they account for 16X of the faflures; in
later years, they account for only 4%. This decrease probably can be attri-
" buted ‘to the personnel becoming more familiar with operating and maintenance
procedures -and, therefore, performing them more efficiently (i.e., learning-
curve effect). This finding demonstrates the impottance and benefit of having'
experienced pereonnel available.

C .

4.2.5 Hodes of Failure A

B The effect by uhich a failure is detected is usually referred to as the
failure mode. For a pump, this could be Jeakage or excessive vibratfon, among
others. Valve failure modes include faflure to openlclose, or leakage. Fail-
ure mode identification is useful in assessing surveillance and monitoring
methods since it focuses attention on the proper areas to inspect or test.
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The predominant failure modes for the CCW system are quite diverse., As
shown in Figure 4~13, leakage (37X) was the most common‘mode of failure in the
NPRDS data. °~ The IPRDS data and LER data also- show leakage - to be a common
failure mode’ srigures 4~14 and 4~15). This is ‘a typical failure mode associ~.
ated with both pump “and valve failures and suggests that inspeeting and test~ .
ing for leakage is an important monitoring method..

It should be noted from Figure 4~13 that a nunber of different failure
modes occur in the CCW system. The failure modes classified as "other” in~
clude disengaged, engaged, opened, closed, opened circuit, overloaded, rup~
tured, and tank level changed. Several different monitoring techniques would
be required to detect all failures. For example, visual inspections could
only be expected to detect a portion of the CCW system failures. A good sur-
veillance and monitoring plan-should, therefore, be diverse and include suffi-
cient tests and inspections to cover all-the significant failure modes.

It is noted from Pignre 4~15 that in the LER data were .a large number of
events which were classified as. failure .to meet- speeificatione or loss of
function. Those events’ which fatled to meat. specifications .included 1items
such as not performing a test required. by the” technical epecifications, for
example. The large nunber of these events reportable as LERs account for the
high overall percentage of failure: to meat: specifiéation events. The loss of
function categoty is large due to.the lack: of "detafled information available-
from the LERs. This resulted in a number: of failure modes being placed in the
broad "loss of function category. :

4.2.6 Mechanisms of Failure

A fallure mechanisn is the physical, chemical, or other process by which
a component or system degrades or fails. For the CCW system, a number of dif-
ferent failure mechanisms are present (Figure 4~16).  The predominant failure
mechanism was wear, which accounted for 37X of the failures reported to NPRDS.
In this analysis, wear représented an exposure to stresses encountered during
operation, as described in Section 3, which resulted in some portion of the
component being worn away. This is typically associated with an aging phenom-
enon. The large number of failures due- to wear is consistent with the 1arge
aging fractions seen previously. g : :
"The other 632 of ‘fallures were fairly evenly dietributed among the other
mechanisms, as shown in Figure 4~16. The failure mechanisms categorized as
"fracture™ include those where fracture or crack growth lead to failure. - The
“contamination™ category includes failures where a foreign material was intro-
duced into the system/component causing a buildup or blockage. The "calibra-
tion” category includes failures where calibration or set point drift of a
device occurred, resulting in a violation of specifications. The failure
nechanisms categorized ‘as "other” include embrittlement, fatigue and abnormal
etreases. Mbst of these mechanisms may be aging-related.
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LEAKAGE 87%

LOSS OF FUNCTION 12% &

'SHORT CIRCUIT 2%
OTHER 1% NOISE/VIBRATION 3%
PLUGGED 4%
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Figure 4~13 CCW .system failure modes =~ NPRDS
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Figure 4-14 CCW system failure modes =~ IPRDS
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SHORT CIRCUIT 1%
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DOES NOT OPEN 6%

Figure 4~15 ''CCH system failure ‘modes = LER data
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CORROSION/EROSION 8% UNKNOWN 7%

Figure 4~16 CCW system failure mechanisms
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4.3 Analysis of Component Failure

4.3.1 Predominant Component Faflures

The failure €rends discussed in the previous section are characteristic
of the CCW system at & system level. To provide more specific information on
the sging phenomena taking place in the CCW system, the data were analyzed at
a component level. .

The number of failures attributed to each of the componcmts in the CCW
system is shown in Figure 4-17, together with the aging fraction.for each com-~
ponent. The results indicate that valve-related failures ‘are the dominant
types This is expected since the number of valves is much larger than the
number of other components (e.g., for IP2 there are 283 valves, 3 pumps, and 2
HX's)s The failure date were normalized and tesults :are discussed later in
this section. Pumps, instrumentation/controls, and heat’ exchangers also con-
tribute to a significant portion of the CCW system“failures. The aging frac~
tion for each component ranged from 42X to BAZ, showing that aging degradation
occurs .for all- CCW system components and accounts for the majority of faile
urese. . . e . )

Similar results were obtained ftom an analysis of the LER data. As shown
in Figure 4-18, valves were the component most frequently reported as failing.

Pumps, heat exchangerse, and radiation monitors also made eignificant contribu~-

tions. It should be noted that only those LERs related to component failures
were included in the data in Figure 4~18. LERs dealing with violations of
specifications were not included, :

Since valves constitute the highest percentage of CCW system failures,
the data were sorted further to identify the types of valves which :failed most
frequently. The results, in Figure 4-19, indicate that %air-operated valves
(AOVs) and motor-operated valves (MOVs) experience the most failures, followed
by relief valves, manual valves, and check valves. This 1s:.understandable
since AOVs and MOVe include actuators which make them more - complex components
than the other valve types. As can be seen from Figure 4-19, aging is a sig~
nificant factor in failure for each type of valve.

Figure 4-19 shows only the relative frequency of failure for the various
types of valves. It does not indicate the importance of each, nor the signif-
icance of & failure for any specific type of valve. Manual valves. for exam-
ple, do not fail as frequently as air-operated: valves, but ‘this does not imply
that the monitoring of AOVs in; geueral should be stressed fu’ monitoring pro-
grams, more than that for. manual ‘'valves. " In somé system designs, failure of
certain manual valves: could ‘have .a. much-more significant 1mpact .on system per~
formance than’ the failure of 'an AOV.:. This c6uld be the case in a system which
uses manual valves in critical portions of the main flow path where valve
failure could result in 8 .loss of flow, as is shown in the Indian Point=2
analysis fn Section 6. The PRA .analyses discussed in Sectfons 6 and 7 show
that main header and main flowpath valves (motor-operated, air-operated or
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manual) are very important . and should receive more attention than they cur~
rently do. Therefore, the information presented here must be used in conjunc-'
tion with specific . design . information -to determine the importance - of
components in the surveillance and monitoring plan for particularv plants.

For each component showing & eignificant number of failures, the data
were examined ‘to identify the specific subcomponents which failed. Figure
4-20 shows that pump failures were dominated .by failures of the seals and
bearings. - This is important, -since it suggests that any 1mprovements in moni=
toring or maintenance of pumps should be focused on these parts. _Similarly s
valve operators and valve seats were shown to be the.predominant areas causing
valves to fail. Tubes were the predominant subcomponent failing in heat
exchangers. ' . ‘

4.3.2 COmponent 'rest I?requencies L

An additional factor which must be considered 1n evaluating component
failures {s the frequency with which the components are tested. Some must be
tested at specific intervals by.technical specifications, while others are
tested at the discretion of plant management.. .Component test frequencies are
commonly based on past experience and. manufecturer '8 recommendations. -
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Component testing is used to verify functional ability and readiness for
operation and is particularly important for safety-related components. How-
ever, testing has disadvantages.- It -can:be very time: consuming and costly,
depending on the component or system to be testede Too frequent testing can

also lead to premature ‘wearout of components. - In addition, -more. frequent.

teeting Increases the poteﬂtial for human-error in not restoring-the system or

component to ‘its normal ‘status. It is- important, therefore, to choose the.

optimum frequency for component tests. -

Using the ccw syeten failure data, the check-test frequency and function-

al test frequency of the various components were -examined. -A check-test :is an
iuepection performed during normal operation -0of -the :component to- verify the:
component. 18 operating- properly. ~ ‘No special ‘procedures are: required: for-

check-tests. ‘A ‘functional test 1s one in which the component is-taken out.of
service and operated gpecifically to verify -performance.  of: its deaign func=-
tion. It 1s usually done according to a formal- procedure. :

v"'i.v )

Figure 4-21 shows that ‘the majority of the components that failed were

either check-tested very frequently (at least once per-month) or they were not
check-tested at all. 1In Figure 4-22, the check-test frequency for specific
components is shown. All components show 'the: same basic trend, where most

failures occur for thiose comporients which are frequently-tested or not tested

at all,’ "With the exception of ‘pumps;’“all ‘of the components:examined showed
the most failures for componente which "are not: check-tested. . However, the

number of failures occurring for components which- are frequently checked also °

is significant.
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As previously. mentioned, data on pumps indicate that most failures occur
for pumps which are  frequently check-tested. Pumps are recognized to be
costly and important. pieces of equipment; consequently, they receive the most
attention of all components, regardless of whether they are considered safety
or non-safety related. The majority of .pumps, -therefore, -are check-tested
frequently. This may .account for the large-percentage of failures occuring
for frequently tested pumps, and not -the frequency of testing-itself. 1t is
noted, however, that the data shown in Figure 4-22 indicate that a significant
number of pumps are not check-tested. Since pumps have been shown to have a
significant nunber of failures, check—testing gshould be considered for these
punmps.’ . e . o

To investigat heck-test frequency further, the data were sorted to show
the distribution of ‘causes of failure and effects on the systen for the two
predominant frequencles. The resulting. distributions were ‘similar to those
found previously,’nameiy theﬂpredominant failure cause for each ‘test frequency
was norial .service while :th ﬁpredominant effect was’ degraded ‘operation. No
correlation between: check-test frequency and’ failure cause’ or ‘effect was seen
from these results. :

From the check-test frequency results shown, there appears to be no cor—
relation between check testing and component failures. One possible reason is
that there is not much:uniformity in CCW: system monitoring programs between
plants. Some plants may check components very frequently while others may
not. An additional contributing factor is the diversity of components in the
system. It 1is,.therefore, believed that the data presented here reflect the
distribution of checking frequencies performed in the plants rather than any
correlation with fiflure rate. To draw any firm conclusions,- the .data should
be. normalized ﬂith informstion on which plants perforn a particular type of
checking. S

Punctional test frequency for CCW system components is shown in Pigure
4~23.' Again, thé predominant number of failures occur in. components which are
not functionalletested. The remainder of.the failures are fairly evenly dis-
tributed amongéﬁthe -other functional - test- - frequencies. Functional : test
frequencies for Sp'cific components are shown in Figure 4—24. Lg

The functional test £frequency results show no correlation to failure
rate. As for clieck-test frequency, the distribution of failures for. the func=-
tional test frequencies 18 believed to bé related to the distribntion of test~-
ing frequencies at".the plants. Since there is a fairly even distribution of
failures for functionsl tests that are performed, further investigation may be
warraunted. by normalizing ‘this data with' the number of: -plants ‘performing tests
at each of the various frequencies. ““This 18 recommended as part: of future
work to be performed for CCW systems.

4.6 Failure Rate Analzsis

The previous sections presented a qualitative snalysis of the failure
data which provided insights into the effect of aging on CCW system perfor-
mance. This- ‘section-discusses the results of a quantitative analysis to
identify aging effects on failure rates. The objective was to determine the
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effect of aging on component failure rates and then use these rates to
quantitatively evaluate the aging effect on current.PRA analyses. Detailed
analyses and calculations yielded time-dependent failure rates, which were not
available previously.

To estimate tim‘-gependent failure rates, the:data were firet ‘gsorted to
determine the number 6f failures as a function of ‘age for pumps, heat exchan-
gers, motor operated valves (MOVs), check: valvee, ‘and manual valves. The
NPRDS data were the sole source of information because they were the most com-
prehensive. . v .

To normalize thitfailure data, an estimate~was made of. the component pop-
ulation for each-plant. . The. methods used* o' 'determining the: _populations are
discussed in Appendix D. Tbgether with the: ent agé“ and“'he -date .each plant
started reporting io NPRDS, -this information a8’ 18 "o de ermine the number
of operating hours falling' ‘{n’ the NPRDS Tepo! ing }
a function of agé. . Since: the CCW.system 1aw'“ ’ ya,“
was assumed that all components except pumps operated continuously. For
pumps, the most common design includes three pumps with two normally operating
and one in standby. Therefore, it was estimated that each pump operates 65%
of the time.

Failure rates:were then calculated from the equation A L
n _
i

. P e e e\ S —— 8 e et e et 8a e -

where:

Ay = Failure'rate in time interval 1 (failures/hr)

ny = Numbe¥ of failures in time interval i  .::

Ty = Numbet: .of component operating hours in?time\interval 1

i = One-year interval ending at age i years (i.e., for age ‘1.1 to

2. 0 i-2) T S B

It should be pointed out that the failure’ rates calculated in this manner
are oaly estimates ‘for the purpose of identifying trends with age. The data
used in the calculatione include the effects of maintenance, testing, inspec-
tion and other: periods of down~-time. Information is not available .to separate
out these effects, therefore, effective failure rates (sometimes termed fail-
ure frequencies):were calculated and used; - There. is, uncertainty in the num=
bers caused by such factors ‘as- component down-time duejto maintenance, testing
or refueling outages, component replacement wlth new’ quipment ‘(believed to be
a small effect),’ inaccurate or incomplete reporting,' and ‘degraded versus
failed components. Also, no attempt was made to characterize the quality of
maintenance. Despite these ;shortcomings, however, the data base 1s large
enough, and the effect of the deficiencies 1is small enough, to yield reason-
able, ususble results. Sensitivity studies were, perforiied to address uncer-
tainties in the data. They identified areas where the results are particular-
ly sensitive to the failure rates. In general, results were not especially
sengitive to variations in the calculated numbere. These studies are discus- .
sed in detail in Section 7. =~ 7 - T et T R
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It sliould ‘be noted that if the effects of test and maintenance in the
data are .considered, the resulting component failure rates may be ‘higher than
shown here. .:This could occur, for example, 1if a component f¢ refurbished at

some point in 1its life making it "good-as-new.” The operating hours used in ,
calculating a faildre rate then would have to start when the component was-re~
furbished, resulting in a smaller number of operating hours than if the compo-

nent's entire life was used, . If, however, the.test and maintenance activitiea

returned the component to a good-as-old" condition (i.e., component returns.
to -same-.point on-:its fallure rate curve), there would be. no change to the,

failure rates calculated here. )

In fnture work,rthe feasibility of removing testing and maintenance ef—_'

fects from the feilure date should be investigated. .. This would allow a. more

detailed analysis of their effecte on component failure rate. Since this was

not the primary goal in this study, the test and maintenance effects were in-
cluded in..the: failure dsta.: Although the:resulting.failure rates are appro-

priate for: investigatinguaging effects..on . system unavailability and ‘component . .

importance, they should be uaed with caution for other, applications.

' The time-dependent NPRDS failure rates are ahown in Figures 4—25 through
4-29 for pumps, heat exchangers, MOVs, check valves, and manual valves, Te~
spectively.. . The. figures. also ghow constant failure .rates from various other

gources. The curyves .used.-in the figures. to repreaept the failure rates calcu-ﬂ
lated from NPRDS data are. curve fits generated by -the .computer software pro- .

gran..(Haryard . Graphics)*. . These -curves &re -shown ;only .as-.an .eid .in vis-

valizing. and.interpreting . the. data. and .are -not meantkto indicate any.. apecificj.
relationship ‘between. :the -data pointa.~ Application of thege failure rates s .

based on models, .which .are. discussed latter in this section.,iﬁi GE

Although -there 1s uncertainty:-and scatter in the. seen .from the 'NPRDS

data, some components.show & trend toward increasing failure rate with advanc~.
ing age.. - This. indicates the posaibility that as components age, the chance of
a failure. occurring in any. given -period of time increases., The result is that -
component, and . therefore -system unreliability will also. increase wvith age. .

This 1is a aignificant ‘result gince. current riek analyses assume .& constant

failure rate with time. With an increasing faflure rate, reliability could’

reach an. unacceptable level as a-plant approaches the, end .of .its design 1ife.

Various humps and’ valleya exist in the failure rate curvea.z These can be'”

attributed to.numerous causes including errors in determining or reporting the

component'a age, incompleteneas of -the .data, -or uncertaintfes. 1n -the popule~

tion estinates.u They could. also. be dne to periodic maintenance which. improves
the condition of. the .component. . Since there are many uncertainties :dn the
data, no. firm conclusiona .can .be . drawn regarding -the . local variations._ The
overall trends, ‘however, are expected to .be repreaentative of . actual condi-~

tions. - The .effects .of the local variations are accounted for by .the aenaitiv-_p

ity studies discussed .in Section 7. .

'* Harvard Graphics, Version A, Copyright 1986 Software Publishing Corporation

;d
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" As a check on the failure rates calculated from the: database information,
actual plant data from Indian Point-2 was: used. The amount of .data was not
large enough to determine fallire rates as a . function of time;. however,

average valuea were’ obtained. The Indian Point data- is diacu'ased .in.-mor-e.

detail in Section 5.

' In Pigure® 4~25,: the pump failure rate calculated from the NPRDS data ie':--
compared with fallure rates obtained from . the Indian Point plant -data: -

(discussed in Section 5), the WASH-1400 report, -and a" typical plant: PRA

analysis. All values show good agreement and are within an.order: of magnitude -

of each other. It is noted, however, that the value used in the plant PRA was
the lowest of 'dll the failure rates and probably represents a very -optimistic

estimate. 'The same ie true for the manual valve failure rate, aa shown in ,

Pigure 4-29. ‘ o : DT T S

To apply the failure ratea calculated fron the data to a PRA: analyeis,
failure ‘rate models using-one- or two-line- approximatione forithefailure rate-
curves were established for-each of thé components.: These models:-ware used:as-
input to the PRAAGE computer program to analyze the eff.ects of aging on ayaten
unavailability and component importance vereua time. S

In modeling the failure-rate curves; only the data from agea two’ ’through'.
fourteén ‘were used. The data for oné-year 0ld ‘components‘were not used:to:

assure ‘that ‘infant 'mortality would: not be - includeds ~: Failure™ data’ for+:
components older than fourteen-years were not used since ‘théta: were data only

.on ‘six™plants. - It''was felt that-this data’wasinsuffiCfent for! ‘statigticals” -
purposes  and could be biased by plant reporting ‘characteristics Someioffthie— :

data from older plants was’ exanided in the sensitivity studieés (Sectidd 7). -

“Not all failures are reported to NPRDS," therefore‘, the ' faflure” rates
calculated from these' data ‘are non-conservativé: - An- attempt “was ‘made-to
account ‘for this by -adjusting ‘the nunber of failures reported by dividing by a’
“reporting factor.” Comparison of the 'Indian Péint data (Sectiod5) with the -
NPRDS records showed that on average, "31% ‘of all failures "were reported to -
KPRDg. A reporting “factor of 0. 31, therefore, was used to ‘obtain ‘a "best
estimate” failure rate’ vs. age curve for each component. ‘As will be’ discussed
in Section 7; 'sensitivity studies showed that the results are not particularly
eenaitive to the correction for the reporting fector used.

La S cTelU T

The "best estimate *failure rate curves were then examined 0+ determine

the best ‘model for -eachs - For heat exchangers, check valves ‘and MOVa, a eingle '

straight*line was' fitted -tlirough the data -points by ' least “squares: ‘analysis.

The -one-line ‘model “was ‘selected based on ‘Bubjectivé’ judgement of ‘the data.

With the variations in’‘the failure rates and ‘the uncertainties ‘in the ddta, 1t -
was félt that:a more’ complex ‘model was not- juetified and would not- provide any
additional “accuracy. *Sensitivity studies were performed to verify - this. The "
failure rate models for heat exchangers, cheeck valves, and ‘MOVs are presented
in Pigures 4-30 through 4-32.
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The acceleration rates indicated on each figure represent the rate at
which the failure rate increases with component age, or the slope of the
failure rate curve. An acceleration rate of zero would indicate no change in
failure rate with time. Another way of expressing the acceleration rate is
the Aging Fractional Increase (AFI), which is the ratio of the slope of the
failure rate curve to the initial, constant failure rate:

Aging Fractional _  Slope of Failure Rate Curve (4 ob=2)
_ Increase (AFI). ‘Initial Constant Failure Rate -

The relation between the two parameters ig: .

Accéleration Rate (1/hr?) ~ - ” '(4 4-3)
Initial Constant Failure Rate (1/hr) i

AFI =

- The AFI was used as input to the PRAAGE code for the PRA calculations.
Table 4~1 shows the acceleration rate and AFI for the various CCW system com-
ponents. o : R

Table 4-1 Component Aging Acceleration Rates and Aging Fractional Increases

Component Aging Acceleration Rate Aging Fractional Increase
Heat Exchangers |  7.3x 100 Uhe2 | 1.9 x 10-¢ 1/hr
Check Valves 8.8 x 107 5 llhr2 1 2.0'1”10‘7*llhr
MOV - 4.8 x lO‘lz,l/hr2 - 2.0 x 10‘5 1/hr
Manual Valve - - Sk x 10 llhr2 . 2.5x lO‘s;llhr
Pump . 2.9 x 10" 1/br 3.2 x 10~ 1/hr

The failure rate curves for pumps and manual valves (Figures 4-25 and &4~
29) show that failure rate remained relatively constant for some period prior
to increasing. - ‘For these two components it was felt that a two-line model
would best represent the failure rate. The model was patternmed after the tra-
ditional bathtub curve which includes an initially decreasing failure rate,
representing infant mortality, followed -by & constant failure rate and then an
increase in failure rate during the wearout period. Since infant mortelity
failures were effectively eliminated from the dats, only the constant failure
rate and wearout:portions of the bathtub curve were modeled.

To construct -the -two-line models, an estimate was made for the age at
which the failure rate began to increase with time (estimated aging gtart
time): All failure rates prior to the Aging Start Time (AST) were then aver-
aged to obtain a constant feilure rate line. After the AST a least squares
analysie of the failure rates was applied to obtain the best straight line.
The intersectfon of the two lines (actual AST) was then determined end com-
pared to the initial estimate. An iteration process was then performed until
the estimated and actual AST's converged. The results for manual valves and
pumps are shown in Figures°4~33 and 4-34, respectively. C
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Each of the failure rate models was input to the PRAAGE program to
evaluate ‘the effects -of the increase in failure rate with" age on system
unavailability. Since the models have. significant uncertainties, _parametric
studies were performed relative to. the acceleration rates and the AST's
obtained. The meffiods used for developing models for the patametric studies
were the same as those previously discussed, with the exception of piping.

Since there were only four piping failnres in the data, failure rates
conld not be calculated on a year-by-year basis. As & more meaningful indica~
tion of . aging effects, the. failure rate for piping was calculated for five-
year ‘intervals. Each failure rate was assumed to occur at ‘the midpoint of the
interval. A least squares analysis was then performed to fit the best line
through the failure rates. To avoid having & zero failure rate until the mid-
point of the;firis interval (2 1/2 years), a baseline constant piping feilure
rate of 8 x 10 failures per hour, taken from the Indian Point=2 PRA, was
‘used. .The resulting model is shown in’ Section 7 of this report. Results from
the PRAAGE runs, using various parametric models, are discnssed in Sections 6
and 7 of this reporte. : - - :

.4.5 Summary of COnclusions 2L e S . '

_ Analysis of the failure data provided a great degl of information on

aging of CCW. systems. The following conclusions were drawn from the data
analysis., . R R

(1) At the system level, 721 of all failures in the NPRDS data base were

.- .. . -related to.aging, indicating that the CCW system is susceptible to

" aging degradation. . This finding i aupported ‘by ‘the’ PRA-type

.. -analyses, which are discussed in Sections 6 and 7. Iherefore, it is

important to monitor and control aging phenomena. o "'f

..{2) CCW system failures are most often detected when the system is in
cnL service. as. expected for @& normally operating system. This result
. . confirms the need for good functional indicators to detect and moni-

tor aging effecta. —_

f_rga)» current monitoring methods detect approximately 652 of all failures

.7 before the operation of the system 1is affected. ‘However, improve-

_ ments_ to current: monitoring methods should ‘be' considered so that

_ they can ‘detect failures that result in operational abnormalities or
unacceptable levels of performance.

- (4) . The majority of the .CCW system failures resulted in degraded opera~
. tiom of the system or in a loss of redundancy. A reduction ‘fn the
.;fnumber of failures resulting in a loss of redundancy would improve

.. system availability. Cbmplete loss of CCW system function occurred
rarely "(there was only one imcident in the data bases) ‘indicating

" that current system designs have sufficient redundancy to provide
good reliasbility. This data backs up the PRA calcnlations, which

,_also indicate good reliability._

.

|
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. (5) . The . predominant cause of failures was shown to be normal service
" which. suppotts the ‘large fraction of faillures due to aging. " The
‘jsecond largest cause of failure ‘was’ human error, most of which were .
related to maintenance. Efforts to lower the number of failuras
caqsed hy human error should he‘directed toward this area. B
(8) Leakage was the’ predominant wode of failure.' Inspections for 1eak~
age should be congidered an important part of surveillance, inspec~
. tion and monitoring. © Aside from*leakage, ‘iumerois- other’ failure
‘,,modes are present.' Mbnitoring programa, thereforex'must ‘be diverse -
. to detect all failures.: This™ concluaion 13 supported from:examina« :
;A;tion of the failure mechanisms. Wear was the predominant: failure
___"mechanism, hut other mechanisms occur in the CCW system. E ,-- R
T oAb
) ,On a component level valves wére the most commonly reported ‘compo-=-
- "nent to fail. ?umpa, instrumentation/controls, and heat exchangers
_also provided a aignificant nunher of 'CCW system failures. All com=:
ponents had a large aging fraction, indicating that aging occura in
all components of the CCW system. L

(8) Llooking at the subcomponents, valve failures were: dominated by the%
. failure of valve operators, followed by wear of the valve seats.
© . Pump’ ‘failures were "dominated hy aeal dnd bearing failnres, ‘while

‘heat exchanger’ failarés most freqhently involved the tubés.  Thésé
subcomponents are areas where surveillance and monitoring should:be-

AAwatreased.?r .

rj(a)w.Component test fréquency was’ alab reviewed as part of tﬁia analyaia.

" . Results’ showed that components failed where’ there 'was o ‘testing and
also where teating was frequent.‘ ‘There ‘was no’ direct>correlation
between frequency of testing and" failure ‘rate. S :

(10) As a final part of the analyais, failure ratea were” calculated as a
'function of age for several components. 0 general, failure rates
tended to increase with component age. “Three co onents showed in=-
creases beginning immediately, while two had "a constant failure rate

.. period before the rate increased. . An increasing failure rate is
L:_aignificant aince it ahows that system unavailahility’will increase
. as. the plant agea, a fact which 18 not ‘modeled’ by current ‘PRA anal-

. yses.’ 'Also, since the failure rates of dffferént - ‘comporients do not
" increase at the same rate, the relative imﬁortance of the componenta
varies with age. P

(11) There is good agreement between the calculated failure ratea ‘and

oo ‘other sources of failure data., However, ccw‘ayatem failure rates

77 "used In a typical plant PRA analysia are lower ‘than those calculated

: from the data.. “This is partially accbuntedffor by “the” increaaing

failure ,rate with time effect. Ihia dia pancy may have inplica- _
tiona for _many PRA atudies." o

Models were constructed for each;of‘the“failuregrate'eurveagfor use in-
the PRAAGE computer code. Results showing the effect of aging on system un=-
availability are discussed in Sections 6 and 7 of this report.
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5 INDIAN POINT UNIT 2: CCW SYSTEM ANALYSIS

5. l Bacggroun

- This section ef the report describes the. detailed analysis performed on’

the CCW System at Indian Point Unit 2 (IP-2). The anslysis consisted of a re-
view of the CCW System design, failure dats, maintensnce recorde, testing, op-
eration, procedures, and hardware. The analysis was conducted to understand
in-depth: the: operations of a typical CCW System, to correct deficiencies in
the various industry-wide data bases, to. identify any, developing problems in
CCW : Systems .and ‘to document the actions . being . taken by utilities to ensure
proper operation .of..the system. By reviewing actual site records, “walking~

down™ the equipment- while in operation, snd discussing the _system’” with site'
personnel; .a more, complete picture could. be obtained” than by reviewing ‘the -

nationwide -data bases. - . Also, the complete site failure snd maintenance ‘hig~

tory was . compared. to .the information. in the national ‘data bases, to obtain
correctiou.factors .to be applied when utilizing these ddta’ bases and to vali~
date the datebase. findings. IP~2 was' selected because it has a typical ccw

system and it is more than 14 years old._

' The IP-Z ccw System is a normally operating, ssfety-related system 'with
three main CCW pumps and two CCW heat exchangers cooled by Service Water.

Figure A-2 of Appendix A gives .2 brief. description of the IP-2 CCW System;
Appendix B describes it in full.

The data presedted ‘in this section was collected on 'two site visits to
Indian Point-2.:: Personnel from the following -departments within IP-2 were
interviewed: management, maintenance, sdministration, test performance, qual-

ity assurance, operations, and instrumentation and control. A detailed walk-

down of the CCW System was performed with utility personnel. Areas of -parti-
cular {aterest.were the CCW pumps, heat. exchangers, surge tank, piping,
valves, motor control centers, instrumentation, pipe supports and selected
loads. Copies of the procedures, P&IDs, maintenance records, test results and
various computer listings were obtained for analysis.

5.2 CCW Failnre Data

5 2.1 Discussion

A faflure of a component 1is considered to be & loss of function, either
directly due to the circumstances of the failure, or because the component had
to be taken out of service for repair. The faflures of CCW System components
were determined from maintenance records, test records, and the NPRDS date
base for IP-2. ' Failures were sorted by component and arranged ‘chronological=-
1y. Comparisons were made between the data bases.to determine typically which

items and what percent of items are reported to the different data bases. The.
nost complete data .came’ from. site . maintenance ‘records, - as the reporting]
requirements and time frames for the other - dats basés varfed and did,
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not require that all items be reporteds The site maintenance’ recorda became"
more complete after 1984 when they were computerized. Determinations were
also made of the predominant failure modes and causes for each component.
Failure ratgs were calculated for each component for comparison to the
industry wide data of Section 4 and for use in the PRA analysis of Section 6.

Y -

5,2 2. Pumps

The three CCW pumps at IP-2 are horizontal, S-line pumps made by Inger+
soll. Rand, rated ‘at’ 3500 gpm‘ and 220 feet TDPH. = The pumps -are driven by:
Westinghouse, Life ‘Line A motors rated at 250 horsepowérand “480 volts. Fail :
ure data was obtained fot about 14 yeara, from early 1973 to early-1987. ::The
predominant failures were water leakage at the mechanicel seal- and,failure of
the pump beariug (Table 5.1).  In the case of pumps, ‘pump ‘motors, and .circuit-.
breekcrs, a single event sometimes included the failure -(and: replacement)..of:
more than one itém; for example, the inboard- mechenical seal and: iaboard:bear~
ing. 1In most cases, the severity of a particular'failure ‘was undiscernabley..
due to the brevity of the descriptions on the Maintenance Work: Requestsei-
Hence, it was assumed (for example) that a leak large enocigh to require re=
placement of the mechanical seal constituted failure. In ectuality, the pump
may have been able to continue operation with this leakage. N

L,

 Table 5-1 ‘Indian Point-2 CCW Pump F‘ailures

‘ Comgon ent A Number of Pailures**
V . ) - " . - . .h__‘ .,A‘ .. T . e ‘\ R j XD -3 - '. K ,._,H» g :
T Hechanical Seala - 11155_'81'&!* S LA gzt R R
Lo J - - Otitlgoard ~.‘ : € ‘ A . :',,:":.’.‘",V': 7 P SRR BN
~ ‘Pump 'Be'aringe ‘= Inboard v O -
’ 7 'Outboard 6 .
Pump ~ = "Element 2 r
: - Alignment 2
- Coupling 2.
= Packing 1
- Vibration 1
. | = General 1
'Circuit Breaker A A |

NIRRT S r B el AN LN T Al LY R A s B Y . N oe
k Ll 8 I

‘*Three of the: five motor failures constituted ‘onae" “common” node failure of all

" three motors. This failure is" included because’ it-was reported ‘to the data~ ~
base, however, it occurred during a refueling outagc when maintenance was'
being performed. - ' :

**The total of this table is larger than the total number of actual failures
due to multiple items failing in one event.



 Figure 5-1 illustrates the number of pump faflures versus plant age. The
nunber 1{s generally quite low and calculation of failure rates is somewhat un-
certain. . The single faflure events (aee below for nult:lple events) appear to
occur in three time frames:

'_V ‘The firet two years (burn~in) with 8 failure rate of 1.9 x 10"' pump
failures per operating hour. - : -

. *  The middle seven yeare (mid~life) with e failure rate of 4.4 x lO"5
' 'pump failures per operating hour. and e

¢ The final five years (aged) with a- fallure rate’ of 1.3 x 10" ump
. failures pet operatlug hour. ?

-8
A
g 2
R
8
o 1 [ l. L 1 A = 1 1 1 L i

1.2 3 4 6 6 7 8 © 10 1 12 18 U
" PLANT AGE (YEARS)
Pigure 5~1 Indisn Point-2 CCW system pump feflures -

Due to ‘the difﬁculty in collecting the maintenance’ data before 1982,
there may be some uiesing data in the middle years. If 80, then the pumps
could be exhibiting a relatively constant failure rate with time. Taking the
data at face value, we see & higher initial failure rate (or burn~in period),
a lower rate for- about seven years, and then a higher failure rate as the
pumps age. The failure rate does not appear to increase continuously. This
seems reasonable in that, as faflures occur iIn the dominant subcomponents
(mechanical seals and bearings), they are replaced. Thus, the feflure rate
may be held at a relatively constant level by effective maintenance.
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. - The .average failure rate, about 10‘" pump failutes/operating hour, com-
pares reasonaﬁ}y well to, the general rate for centrifugal pumps given in JASH~
1400 gf 3X10™ failureslhout with upper and lower error bounds of 3X10™ and
3X10~° respectively. The Indian Point Probabilistic Sa gety Study (PRA) used a
lover value»¥or CCW pump failure-to~run of 2.76X10"° failures/hour. This
value was -derived .from the LER data base, which did not contain most of the
failures in the maintenance records since failure of one CCW pump wae general-
ly not reportable via an LER.

One event, noted ‘in Table 5-1, had multiple ‘failures. Through an opera-
tional/maintenance error, Service Water was sprayed into the three' CCW pump
motors, causing all three to fail. .This was a common-cause failure of the
full ccw Systemg Utilizing this one event, a ccw System common cause faflure
rate of 6.7X10~° failures/operating hour was calculated. This value is simi~
lar to common-cause failure probabilities used in some PRAs. However, it
should be noted that this event occurred during a refueling outage while main-
tenance was being performed. This common-cause failure rate, therefore, is
not expected to be the same as when full system functionality is required. It
is included in this analysis because it was reported to the database.

One should note that the failure to start on demand of a standby pump ig
typically quite large. For example, the IP-2 PRA uses a value of 6.4X10"
failures per demand for CCW pumps should they be in standby and required to
start. No data was available on the number of pump starts so a new value of
failure to start on demand could not be calculated. .

Two other items were determined from the data on pump'failute. ;jm h .
failure was evaluated using the aging definition from the NPAR program plan °,
and. 89X were found to be aging-related.. Rach failure occurring during the
period when IP-2 was reporting to NPRDS was compared with the NPRDS data and
572 were found to be in the NPRDS data.

Table 5~2 summarizes the data for the IP-2 ccw pumps.

Table 5-2 ccu. Pump Pailure Data |

Failure to run (failures per operating hour)

_WASH~1400 upper bound . ... . . 3.0 E~4 Righest
. IP=2 Burn=-in data , . . 149 E~4 : _
IP-2 Aged Data © . . . 13 E-4 -
IP=2 Mid life data .. .7 4.4 E~5 ) o
WASH~1400 mean L B . 3.0 E=5. '
,WASH-IAOO lower bound | . .. .3.0B~6. . =~
A2 PRA - T T 2,76 56 - Lovest.
‘Agin&-‘nented Faflures: . 8oy
Percent Reported to NPRDS: - 572

Dominant Failures: Mechanical Seals and Bearings
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5.2.3 Valves et miltey

Indian Point=~2 primatily uses wanual” valves “in -its CCW-System (Figure
5-2). However, the 'system ‘also ‘has" four; Alr-Operated :Valves (A0Ve)  and six
Motor~Operated Valves {(MOVs) && Containment isolation valves. -In addition,
two MOVe initiate CCW flow to the Residual Heat. Exchangers (HX) and one AOV
acts as a temperature control valve for the non-regenerative HX:  Check valves
are used at each CCW pump and in the cooling loop to the Safety Injection
Pumps. Relief valves are in the loops to. many loads, but not &lls

MANUAL 230 4

AlR-OPERATED 5

MOTOR-OPERATED 8
CHECK 9

- RELIEF 22

Figure 5~2 ‘I'ndiain Point-=2 CCW systeﬁ valves -

Table 5-3 summarizes the failure data for the valves at IP-2. The fail-
ures are plotted against the plant‘'s age in Figure 5-3. ~The failures tend to
follow the typical bathtub sghape, showing a wear-in period of four years, a
low failure rate for four years, .followed by an aging or wear-out period.
From eight years on, there appears to be an increasing rate of faflure, but
(as with pumps) the amount of data 1s not sufficient to reliably quantify this
{ncrease. However, & rough aging acceleration rate 'can be determined by tak- -
ing & linear approximation to the increase in faflures. If this {s done gver
the final eight yearg, an aging ascceleration rate of 1.75 E~3 failures/yr” or
2.3 E-11 failures/hr is obtained.
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Table 5~3 Indian Point-2 Valve Failure Data

Valz;.tyﬁé:~

MOV ..

AOV

‘Manual/RV

- Total

Nuhber
# in PﬁA~'
Failure Rate

used in PRA
(per hour)

# Pailures
IP-2 Data

IP-2 Data
Failure Rate
(per hour)

261
£ 20

7 043"8

203 -
23

25

OMIDCrr -7

1

— i I

e e e

R - N -
P IIEITIE S T

- ;-TilﬂllgﬁiewsfﬁV;indiaﬁi?oint;iﬂqu3§Yst§Q‘§§iye“f;ilurgﬁgfrJ'_2 S

T 2 a 458 6. 7 8.9 1. M 2 1B
i ... . PLANT AGE (YEARS) "=~

14
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As with pumps, the aging fraction and percent;tepottgd to NPRDS were
calculated as follows: .

.aging—télétéd valve fqilﬁ:es-z 922

»

valve failures in NPRDS: 152

The types of failures varied in their mode (Figure 5-4). There were also
certain valves that failed more than once. For manual valves, the failures
were usually caused by broken components such as the valve stem, gate, yoke
and handwheel. The check valves failed by seat or flange leakage. Failures
of the MOV's generally involved the valve operator due to torque switch fail-
ures, limit switch out. of adjustment, worn gears and ghorted wires. Stem
wear, a clutch problem and one stuck valve, were glso noted. The AOV-failures
were due to & limit switch, a broken wire on the transducer, and & stuck
valve. - ‘

LOSS OF FUNCTION
20%

'DOES NOT CLOSE
DOES NOT OPEN

. Figure 5+4 . Indian Point~2 CCW system valve failure modes

5.2.4 Heat Exchangers (HX)

. In fourteen years of operation there has only been one HX failure, which
occurred at 10.5 years. This was a pinhole leak in the HX head on the Service
Water side, resulting in & spray of Service Water. Although operation could
have continued with this minor leak, it was considered to be a faflure for
this study since the HX was teken out of service for repair. This one event
translates to a failure rate of 4E-6 failures per HX per year assuming a con-
stant failure rate. There is not enough data to establish a trend of the
fatlure rate with .age, although the mechanisms involved (corrosion end wear)
and the component's age at the time of failure would imply an increasing fail-
ure rate with age. o '
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5.2.5 Miscellaneous Failures

In addition to the fallure of pumps, valves and HXs, 15 other componeﬁt

failures ocgurred between 1981 and 1987, as followss

Instrumentation - 8§

Pipe supports/restraints - 4
Circuit breakers -~ 2

Pipe -~ 1 (at age 11)

No data was available priot to 1981 for these components.

Of the above failures, twelve out of the 15 (802) were aging-related and

two out of the 15 (13%) were reported to NPRDS.

Failure rates were computed as follows:

Component _ Failures per component year
Instrumentation R 5.4 E=6

Circuit Breakers = ' . 1.4 E=5

n Failures'ger'szstqn year

Pipe Supports/restraints . 8 B~
Pipe , i . 2 E=5

5.2.6 Summary of Componénif?#iiﬁfeai

This subsection summériieﬁ ‘the 'dat; given in the pteceding

four

subsections. Table 5-4 summarizes the percent of failures at Indian Point

that were related to age according to the NPAR definition of aging.

Table 5-4 IP-2 Aging-Related Faflures

#Aging-Related

Component '# Pailures " Zaging-Related

Pumps 27 2% 39

HXs . 1l 1 100 |

Valves | =~ 25 23 o2 o
|Totals 68 60 T8

The aging~related fraction 1s consistently in the 80 - 100% range.
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Table 5~5 summarizes the failures that were reported to NPRDS:

Table 5~5 IP-2 NPRDS Summary

‘.-

Total # Failures f Failures

in NPRDS Time Reported to % Reported
Components Frame NPRDS to NPRDS
Pumps 23 13 57
Valves 20 3 15
HX 1 ' 0 0
Misc. 15 2 13
‘Total: 59 18 k3

As discussed before, the low percent of failures reported to NPRDS is
probably due to several reasons including the difference in the definition of
failure and the variability in reporting over the years. This percentage was
uséd as a correction factor for the data in Section 4. Table 5-6 summarizes
the average failure rates of components determined from the Indian Point site
data and, where it was possible to establish, it indicates the trend in
faflure rate with time.

Table 5~6 IP-2 Failure Rate Summary

Average Failure Rate
(failures per component ’ '
Component operating hour) Trend
Pumps : 1E~4 Steady with age
MOVe 1E~5 Bathtub curve
AOVe ' SE-6 -
Check Valves ' 2E-6 -
Manual Valves 3E~7 Increasing with age
Total Valves ' 7E~7 Bathtub curve
‘HX8 ' 4E-6 Probably increasing
' with age
Instrumentation ‘SE~6 -
Circuit Breakers 1E-5 -

The CCW test, maintenance and calibration programs for IP—Z are discussed
in Appendix B, along with additional details of the system design and
operation. '
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6. PRA MODEL OF CCW. SYSTEM

In this section of the réport; the probabilistic work will be discussed.
This work included the use of & computer program to perform PRA calculations
at various plant ages. The effects of aging on system unavailability and com~
pounent relative importance were investigated using this program.

Section 6.1 describes the theory used in modeling eging. 1In Section
6.2, the PRA model of the Indian Point-2 CCW system used in this study is
discussed. The computer program developed for this study is described in
Section 6.3, while Section 6.4 presents the baseline results obtained. Sec~
tion 6.5 discusses the projections of system unavailability to 40 year plant
life and component prioritization. '

6.1 Mathematical Models of Aging

6.1.1 Definition of Aging

Ag:lng 1s universally famil:lar but laeks an operat:lonal ‘deéfinition for
use in a mathematical model. A common definition of eging, which relates to
the aging of equipment, is the length of time during which & being or thing
has existed; this refers to the total life of the equipment but not to life~
shortening processes. Another definition of age 15 the latter period of a
natural term of existence. DTS

F:I.gnre 6~1 shows 'a curve commonly used  to represent.the: failure rate of

equipment.' +xThis ‘e scharacterized :by-:a region . of early. -failures called =

“burn-in” or “infant mortality” followed by a region 1in which the probability
of failing per-year is relatively constent called “"wid-life" and then an end -
of life region often called “"wearcut®. The wearout region is of primary"
concern since aging can cause significant increases in failure rate. For
large equipment, the sparseness and heterogeneity of data result in large
uncertainties and the form of these distributions are poorly knmown, but it is
.generally assumed to be of approximately the same form. Electronic failure
rate data, based on many faflures, exhibit a region of constant failure rate,
but mechanical data, elthough sparse, seem to show & much shortened mid-life
region. In nuclear power plants, the burn-in region may ‘be difficult to
discern because. of the extensive preoperational testing.

... The aging curve may be better understood by a simple model for which the
rate of " components failing, dN(t)Idt, :l.s related to the number. N, that can.
fail through a parameter l(t). L .

e eeee P v . PP L

ane) | '_
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INFANT MIDLIFE T WEAROUT
B MORT, Y <‘-----------.--.---------q-!-.>

m—>»>0D MDBICr-=>m
T

X TR

.TlhAEii/ N  _'>J v';:‘ffiﬁfhf

Figure 6~1 Representation of Failufé RaéeA. ;'ﬁ-lrw¥<ﬁf«sn};ﬂ

If A(t) is constant, i.e., no: aging,. A:is. a proportionality parameter.
To. solve the.differential equation, assume Ny is :the. number of- components at .
the beginning. Then divide through by Ny -and take ‘the limit as’ N, goes tO'
1nf1n1ty, so that the ratio N/N, 1is the probability of -success (p).-_ .

B e S o 22y
g < _"“"_’, R I ‘,‘".?’_
Tﬁgtrgsdltinkleguation may heyin;egratéa_ﬁp‘givgﬁ

- =f Me)de S
p=e o . - . e . -(631-3)

The basic queption of concern 13 what is the probability that this type.
of component will ~fail during the critical time in which it is needed (nis="
sion time), usually designated as "tau” (7). In this CCW study, tau s taken
to be 24 hours, which is much shorter than the time scale in which aging takes
place.

The boundary conditions for Equation (6.1~3) are p=l at t-O: I.é., that
it is initially working at the beginning of the mission time and at the end of
the mission time it is restored good as it was at the beginning of the mis-
sion. Because the mission time is much less than the aging time (t<<t), the
failure rate (A) may be taken to be the average value (),) over the mission.



With these understandings, and using the fact that the probability of feiling
is one minus the probability of success, the integration.of Equation (6.1-3)
may be performed to give the probability of compounent failore as:

. - T
1-p =g=l-e ° = A(t)s L 1'4)

where the average failure rate ();) over the mission. time (t) is indicated
as being slowly time dependent. ,

Equation (6.1-4) shows that the unavailability (q) 1s a function of both
the failure rate and the time. Thus, & piece of equipment .is more likely to.
fail during a long time period than & short time period, and this likelihood
is an exponential function of time. This is the nature of normally working
equipment, not regarded as failing ‘due to aging. Thus, it would- seem that

normal, i.e., expected wear, is mot an aging phenomenon, but aging beginms
when' A5(t) - begins to- increase above its value in mid-life when it 1s
'relatively eonstant.~ : LI R A S .

Assigning the cause of failure to’ eging or- non-aging causes by iuspection;
depends on" the ability to distinguieh between .normal random causes. of:failure
and those causes indicative of departure:from.a constant faflure rate. A
safety' concern related to ‘plant operation is whether or not the time-dependent
effects of aging on the components result:in significant increases in failure.
rates. Similerly, life extension addresses whether the increases in failure
rates due to- aging are accepteble and.whether the-aging mitigation procedurea
allow safe operation beyond the age limit«of the original deeign. : e

6ele2 Aging Hodel

Precice data on wearout are generally unavaileble and may be diigerent
for different components and types of components. Rothbart et al, 1981 con-~
structed 'a reliability simulator ifiwhieh "burn=-in"-.and “wearout” were modeled
as exponentfals. Vesely, 1987 modeled wearout as a faflure rate that
linearly incresases with time based on & statistical rationale and on the fact
that the-spértege of data will not support a more complex representation.

Another approach is to note that any well<behaved function may be
expanded in a Taylor's series ~ the second term of which ie the linear depen—-
dency suggested by Vesely. The disadvantage of a power series is ite general-
ity which provides no physical insight (a priori information) into the expect-~
ed form of aging. . .

For geoerality, the power series expansion of the failure rate A(t) 1is:

A (t) = Z aiti g tagttagie s (6.1-5)

1=

This may be substituted into equation 6.1=3 Aha integrated to give:
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pat ait1+;~ A
q = l-e qmp 11 ' : (6.1~6)

The data presented in Section 5 lacks the statistical accuracy to justi~
fy more than a linear model. The model used in the PRAAGE code for modeling
the .aging effect 1is . _ -

A (t) = A (1l+at) | ' o (5-1*7)'

where '\ is the constant failure rate and a ia the rate of change of l with
age.‘ ' ‘ : : :

6.1.3 Repaired Good-as~01d“ or ”Good-as-New

Vesely, 1987 ;l presents two modele for the probability of a cowponent_
failure. The "good-as-new” model assumes that when a component is repaired,.
it is essentially replaced, i.e. time i3 set back to zero, to start a new path .
through its lifetime curve without the period of “burn-in”. The "good~as~old”
.model assumes that a component 1is restored.to. operation without: replacement 8o
the component is at the same place on the wearout curve as it was. before fail=-
ure.. The reality of an actual repair is someplace between tbese extreme,
models, but precisely where. ie unknown.-'- - : - - .

~“For a better underetanding ofiaging, the age-dependent and age-indepenr;
dent parts may: be separated’in equation §.1~6 by ignoring the_ first, non~aging.
term (ap), and terms higher than the second to give the contribution to the
probability of failure by aging alone as: ,

R =1 T (6.1-8)

For "good-as~new,” time (ty) is the time of the last good as new test
or maintenance. .The probability of failure is then:

q(t) = 1~e 2 “good~-as-new" (6.1~9)

For ”good~ae-old,"the time interralvis encomoesoedvio thehiimite of the
‘integral from the beginning ty to give:

=2 (s%1?)

> “good-as-01d" (6.1-10)

q(t) = 1§e
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.where only the aging aspect of the failure process is being modeled.

The PRAAGE code, used in this work assumes the latte: nodel ( good-as-
0ld") by restoring the failure rate to the value it had at the beginning of
the mission time'theteby allowing aging to continue according to the aging
model.

6.1.4 Applicability of the Linear Approximation of an Aging Curve

Figure 6~2 is the wearout curve previously presented as Figure 6~1, with
two simplified models superimposed on it. Line A approximates the aging curve
in the wearout region &nd line B approximates the full curve. Line A is a
reasonably good approximation of wearout but it must start at.a retarded time,
therefore, it must be specified by at least two parameters: the time at which
wearout begins and the slope of the line.. Line B requires only. one parameter:
the slope of the linme,-however, this-model does not. closely ‘match the ectuals
curve over most of the plant's life.: . _

oo |-moRTALITY | .

~-.fINMT~Y4 . MIDUFE . .. _ ‘WEAROUT. ..

PR

-
e
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This work began with.a ‘one-parameter model. When the field data were.
analyzed (Section 4) it was found that there was a region of constant failure
rate followed by linear aging for:some. components, thus requiring two; para-
meters (Line A). " These. parameters are in addition to the non-wearout failure_
rate; With'these considerations, the aging model (6.1-7) becomes: .- -

ko(t) -' A for t < '_:o (6. l-ll)
A (tj‘- xu'n'i:) for t'>‘-':o R (6.1~12)"
where t° is the time- of aging onset.,

6».!.5 Test and Maintenance

“The work presented here uses the eperating hietory of CCW componentp, ratt
nuclear power plants. : As- such, the effect.of 'test-and maintenance (T&M), prac~.

tices 1s reflected in the data. 1In this sense,’'the’.failure rates: obtai_ned .
from the field data are the effective failure rates and include the effect: O

T&M when used in the previously presented models of aging.

It may be possible to mitigate the effects of aging through improved T&M

procedures and practices. To study this possibility, it would be necessary to
remove the effects of T&M from the failure rate data, and use the sgsulting'
“purified” data in reliﬁbility -codes such -as FRANTIC (\Yez;elyl,B 1980-"; Ginz~
burg and Powers, ’1984° *’) or SOCRATES (Wagnér ‘et al., 1985: )*with the T&M
model that is proposed for accornpl:lahingﬁthe aging mitigetionsmﬂ%ie ‘process
is made “difficuit by the fact that T&M practices are not uniform . ghroughout
the industry, so this purification must be done on a piant-by-plant basis or
by categories, if the plants may be so grouped or approximated by a generic
M model. The theoretical T&M model used in the selected reliability code
similarly will not be generally applicable to the industry. It may be noted
that in the. work repprted here, there has been no attempt to remove: T&M from
the data and thea reintroduce it into the PRA model. This is due to several
reasons: 1) the complexitiee just cited, 2) the effects of removal and rein-
sertion are at'least partially compeneating, and 3) for our purposee the
effecte are considered aecondary.

Y

6.2 PRA Model of the CCH System at Indian Point-z

A major use of ?R.A is in the identification and ranking of the many com~
ponents in power plants eccording -to.their importance. tmsafety. An objective
of this work “is “to rank ‘components according- to “their-importance to the un~
availability of the CCW system with consideration given to their age. PFirst,
it is necessary to review measures’ of importance for their applicability to
- aging, and then obtain the information necessary .to calculate the importances,
namely the cutset models and the nominal failure rates, as used in the IPPSS.

6.2.1 Measures SE'Aglid Importance

Pullwood, 1987 19 presents seven measures used in assessing the impor=-
tance of nuclear plant components to gsafety. To use these for aging, it is
necesgary only to use time-dependent failure rates in the CCW model and the
results will be the aging importance of the components. Not all of these

3
- -



6~7

imﬁortance measures need be calculated because Fullwood showed -that the meas~
ures ‘are’ interrélated and two fundamental neasures are sufficient. These are
the Birnbaum and Inspection importances. The Birnbaum Importance (BI) is the
fractional change in risk for a fractional change in the failure rate of. the':
component: ' i

Bl =~ L (6a2=D),

whene R is risk. and p; 1s the probability of . the.jrth component failingg
For ; aging analysis at the aystem level, risk. is not the measure of conccrn.(
Instead it is«systen unavailability. ;.;__2

Fullwood showed that the linearity of Py cutset model 1eads to ‘the Birn-
baum Importance being -the sum of the cutset probabilities invelving the parti-
‘cular component with.that component in the failed state. This may be inter~
preted as the conditional probability of system failure, given that component
1 has failed. The disadvantage of this' importance measure ' is that it may
enphasize important but highly reliable components while the less religble
components may be more important to the system's unavailability. This problenm
may be circumvented by multiplying the Birmbaum Importance by the probability
to give a measure called Inspection Importance (II):

II = px %%; (6.2~1)

It may be shown (op. cit.) that this is the sum of the cutset probabili-
ties involving the component of. interest. It is clear that 1f the system
unavailability is repreaented by 2 model having only single cutsets, the pro~-
bability of failure of a component is 1its Inspection Importance. Its
fractional contribution to the system unreliability is:

I1

Fractional Contrihntioniy -1££ e e ﬁ i,v,(6-2f3)

where the denominator (U) is the system unavailability determined hy combining '
the cutset probabilities in union. It is desirable to measure the component's
contribution to the’ unavailability as in equation 6.2~3 for components that
appear in redundant . trains.? JInspection Importance is a measure of . this, but
the sum of all Inspection Inportancea does not add up to the gystem unavail-
ability because of double counting. :This problem is circumvented by defining
a new importance measure called Normalized Inspection Importence (NII) as

NII o — et e (6.2~8) .
, Inx T
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where the denominator is:the sum of Inspection Importances for all components._

The sum of the Normalized Inspection Importances of all. components adds up to
*“1". They can also be expressed in percentages. - The percentage reprqsenta-'
tion is used in the PRAAGE program. .If the Normalized Inspection Impottance
for a componént i3 multiplied by the system unavailability, the result 18 the
component's contribution to the system's unavailability.

6.2.2 Cutsét Model of the CCW system

As a demonstration of the methodology for prioritizing the safety significance
of component aging, the process begins with the CCW system cutsets. Table:6~1
presents the first, second and third order cutsets of the Compotient Cooling
Water system from the Indian Point Probabilistic Safety Study (IPPSS= chapter-
1.5.2.3.7) using the component identifiers used in the IPPSS (see Table 6-3).

Table 6~1 Cutsets for the CCW System in a Matrix Format:- - 7~

UXV734AC+

) UTKO021L+ | T
First Order UXV734BC+ | - T e e
‘ UPPFAILS+ o L T e
TSW1NOFL+ - : - o
TXV32~~C+
TXV35~-1C+
TXV34~=C+ | UXV766BC+ |
o | TXV35<~c+ “'UHE0022L+ 1 - .
~ Second Order UXV766ACH UXV765BCF |
i ' “UHEOO21L+ | TXV34~1CF |
‘UXV765AC+ - TXV33-~C+
TXV3I~1C+
JBS~25AD+ JBS~22AD+ JBS=23AD+ ) T
UXV760CC+ UXV760BC+ UXV760AC+
Third UM00021S+ UM000225+ | UM00023s+
order - | UPMOO021S+ UPMO021S+ | vep023s+ |
‘ ‘vev76icer UCV761BO+ | ucvrsiagr |
BCCO021F+ '] vceoo22r+ - ‘| vccoo23r+ |-
UXV762CC+ UXV762BC+ © UXW62Ac+
'4BS=25AD '4BS-22AD 433-23@

By expansion of the matrices according to the operations in Table 6-1,
all 554 cutsets of the IPPSS model are represented, i.e. no truncation has

taken place. Furthermore, there was no truncation in the IPPSS model to
represent the CCW system.



This work departs from the conventional manner of presentation of the
cutsets and the manner in which IPPSS presents the cutsets, through the use of
a matrix grouping. The reasons for using the matrices are that presentation
of the 554 cutsets in the conventional form would take considerable space and
would convey less“information. Another reason is that matrix manipulation
greatly simplifies the mathematics of the importance calculations.

6.2.3 Importance Calculations

The base—case calculations of Iimportance were performed using the IPPSS
probabilities presented in Table 6~2 as the initial non-aged fallure rates
(Ao) to which the 1linear aging model is applied, as described in Section
6.1. When the field data became available reflecting actual performance, the
importances were recalculated and the piece-wise linear aging curve was used.
Results from these calculations are presented in Section 6.4.

6.2.4 Unavailability Calculations

System unavailability is the probability that the system will be inoper~
able when required and is calculated as the sum of the probability for failing
in a first, second or third order cutset. This involves the probabilistic
summation of the matrix elements shown in Table 6~1, and is done using deMor-
gan's theorem as the product of the success probabilities for the elements in
a matrix. If the sums are combined as shown for the matrices, then the proba-
bility of failing in that order of cutset is obtained, thus the total proba~
bility of failure is the sum of the probability of faillng in any of the three
orders. This final combination is the unavailability.

If. probabilities are small, they may be added instead of summed proba~
bilistically. PRAAGE was designed for answering “what 1f"” studies of plant
availability which often involves setting the probability of failure of one or
more systems to "one” to represent the failed condition. This would lead to
erroneous results if the approximation of simple addition were used.

6.3 Interactive Computer Model of Aging

6.3.1 Purpose

The computer code PRAAGE (PRA + AGE) was developed to provide a mathematical
model for studying the effects of aging in a complex system. While it was
written explicitly for the Indian Point~2 CCW, using the model in the IPPSS,
it can be modified for studying the aging and unreliability of other systems
at Indian Point~2 or other plants.

PRAAGE was designed to interact in real-time so an operator can readily
assess the aging importance of components, correct preassigned parameters from
values determined from plant specific data or better, generic data, and study
methods for mitigating aging without redesign of the system. Details of the
PRAAGE code and how to use it are presented in Appendix C.
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:Table 6~2 Component Identifier, Non-Aged Failure Rate and .Description

Identifier

JBS-25AD
JBS—ZZAD

JBS-23AD T

'rswmon."i

TXVS 1-1c
TXV32~~C
TXV33-—C

m34-1c '.- :-f

_-Failure Rate )

- of rhe Component and Failure !Iode From IPPss

Oomponent and Description of Failure
T Hode

4 lE‘S
4. lE—S
nlE‘S

2.5 .
742—8/3 e

7.4E~8/H

. TeAE-8/H .
. Fe4E~8/H

;&3‘;‘ o
TXV35—C -

UCC0022X

UCV761AQ
UCV761BQ

UMGIBQ~ _.‘ R

UPMOO21S .

TeME-8/E

FRTXY, S

7 OOE'SI D
7 OOE-SI D

Te0E=5/D .+,

-422-7/ H

2.8E~6/H ..,
6 068-3/ D

o ;,ﬁ-’sw inle;: to heat exchanger 22 transfers
-closed. .. .. .. .. . el

.. sw(outlet from heat exchanger 22 transfers";

capability (leak or. rupture) R

No power at ev'rit'ich'ge'ar bus SA

No power at switchgear busZA

. No power at switchgear bus 3A

L SW availability

C oyt

. SW supply ;_tsqla.t.ieniiiisi_-'fi_'trénsf,é%sf,,.‘éi’«'iéééi."f"’“:" -

SW supply isolation, 32, trensf,_e_r_t_s _clo_e'ed; L

sW supply i.solation, 33 transfers closed"*f

i - \"ﬁ'..‘.
[ EFORoT

v.-“-;'SW ozutlet from heat exchanger 21 transfers"
A_..;.__..closed oL A

closed

,..sw outlet from heat exchanger 21 transfersv, ch

'f...;--'-f,xnclude in URMDO2?S L

Pump 23 discharge .check .valve .fails to open.__
Pump 22 discharge check valve fails to -open

- Pump 21 discharge. check -valve. fails. .t0. open L

":“_‘cctheat exchanger f21 “loss of cooling_, S
~capabilit.y (lesk or mpture) ’

cc heat exchanger 22, loss of cooung-;.h s

.CC.pump 21 does not.start/does not continue .
to run
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Table 6~2 (continued)

Identlflcr',

UPMD022S

UPM00238

UPPFAILS
UTK0021L
UXVI34AC

UXV734BC

URV760AC
UXV760BC

DXV760CC

URVI624C
UXVI62BC
4nxv762cc

UXV766AC

UXV766BC

UXV765BC -

UXV765AC

4BS-ZZAD

Fa;lure rate

2088‘6/H
634E-3/D'

2.8E‘6/H

6.4E~3/D

8-6E?10/H

8.6E~10/H
7.4E-8/H
7.&5—8/8ﬂ"
7.4E~8/H
‘7.4E-8/H

7042'8,H

T.AE~8/H

7c‘E‘8/H
7 .4E~8/H

7.4E~8/H
70&E’8/H
 7.AE~B/H -

z.nz-sln"
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Component gnd Description of Failure

Mode

CC pump 22 does not start/does not continue

to run

CC pump 23 does not stert/does not continue:

to run

CC pipe failure

CC gurge tank, leak or rupture
' Valve 734A transfers closed

| Valve“l3§8itreesfer8uclbseda

Pump 23 suction valve transfers closed

" Pump 22 suction valve transfers closed
Pump 21 suctfon valve transfers closed

'APump.23'discharge'velve transfers closed

Pump 22 discharge*velve=trensfers“closed

' Pump 21 discharge velve transfers closed -

Heat exchange 21 inlet valve transfer

7 closed

Heat exchange 22 1ulet valve transfer
closed

’Tfneat exchange 22 outlet valve transfer
.closed '

' * Heat exchange 21 1nlet valve transfer
’closed :

Included in JBS-Z?AD

Note: For‘? substitute 1, 2, or 3.

6e3e 2 Hbdeling Details

Attention ehould be celled ‘to certain modeling details which are impor-
tant for interpreting results from the PRAAGE code.
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" The rtatio (R) “of tHe unavailability after aging begins to the .
unavailability before aging begins is a measure of the affect ‘of aging. For
the three levels of tedundancy this is-

>

' q1(w1th asins)

=r+at - (63D

A'gl q1 (ﬁithout agingf
q2 (with aging) S é ) G o
k2 = ., 92 (without aging) = (1+at)"=(R1) (6.3-8)
. -.q3 (with aging) o
R3 = (1+8t) B(Rl)a S (663=9)

XE (without aging)

I

" As stated a triply redundant systen ages as the cube of ‘a singly- redundant
system with the same aging paramsters. ' Similarly, a doubly redundant system:-
- ages as the square of a singly redundant system.

- The physical reaaon why in redundant systéms the ratio “(R) of the
unavailabflities increasas faster than in’ systems of less redundancy;: 13 that "
age acts as a common cause affecting the systems in a - redundanﬁ *‘This
conclusion is not original. Vesely has reported similar results. Figure
6~3 presents the percent contribution to unavailability caused' by aging which,
in addition to the fact that this is a semi-logarithmic plot, causes the roll
over in the curves around 20 years. The reason for the drop in the percentage
'conttibution from pipe is because check valves and pumps are coming into
dominance. The rapid ‘rise in check ‘'valves and~ pumps in the region’ around 10 to
18 years is caused “by a combination of the cubic nature of .aging when it is
affecting a triple redundancy and because of the significant slope of aging
for these components, as shown 1in Figures 4-31 and 4-34; respectively.
However, in this case the latter cause predominantly affects the total system
unavailability.

In conclusion, although redundancy results in a system of’ relatively .
small unavailability. the common cause effect of aging causes ‘a redundant sys-'
tem to age faster than 1f the sub-systems/componenta making up the redundancy
were considered separately. This is not intended as a eriticism of the prin=- -
ciple of redundancy but to call attention to the need for additional attention
as aging takes place. Because a redundant system was highly reliable at the
beginning of life is no reason for complacency in assuming it will remain so
when subjected to aging.
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6.3.3 Characteristics of PRAAGE

A convenient summary of the characteristics of PRAAGE are presented in
Table 6-3. P‘BAAGE is designed to be an 1ndependent stand-alone program that
contains the models and information needed to study aging effects, while
requiring no special training in operating the code.

6.4 Baseline PRAAGE Results

The 1nteractive computer model, PRAAGE, developed for this study calcu~-
lates, CCW system unavailability and the relative importance of CCW system con-
ponents. This model also computes baseline results by turning the aging fea~
ture off, or by utilizing the aging feature, the model can project system per~
formance to 40 years. This section describes the baseline CCW system results
with the aging feature turned off. - Baseline results are presented for several
different cases, as described below. -~

Table 6=3 Characteristics of PRAAGE

 Characteristic: _ . Comments

40 year aging analysis May Be extended but set primarily by
S ‘ : tablef-ormat.
Generic default data The data from the IPPSS is provided as a
default option with complete freedom for
. modification.
Data modification *Aging menu: aging _-'fract:loh, | aging annual

increase, Vesely algorithm. #*Qutage time
‘menu: outage. time for the generic classes:
valves, pipe and tanks, heat exchanger, CC
pump. *Generic¢ failure rate menu for the
classes: pipe and :tank, service water,
electrical bus, valves: motor operated,
valves: manual, valves: check, CC pump =~
~ fatlure to run, CC pump failnre to start
and - heat exchanger. * Individual
"~ components -~ 33 components in 2 tables.



Table’G-S (cont.) - -

Characteristic

L 3

System model
Lineaf-aging model

No small-grobability
approximation e

Importance measures

Tabular data presentation: . -

Printed ootoﬁtv'

Plotted outpot.fw.»

Typo trapping

6-17.

Comments

‘A1l of the 554 cutsets in the IPPSS CCW

model ere implemented by using the matrix

-~method,; and there is: no need. to. truncate

cutsets:to:accommodate the code.

‘PRAAGE -uses; the linear model but the time

of aging: onset may be: specified.. A non=-

linear model may be implemented if the data
~support it. A S . A

Ayoidance of probability approximations
"allows deterministically: failing components
~-to  determine the effects of opetation in

these degraded states. -

- PRAAGE presents ‘Birnbaum and.a newly defin~
ed Normalized Imspection Importance. -.The

normalization allows the interpretation in
terms of unavailability contributiocn.

- Three "generic menus allow theAselection of:
fractional contributfon to unavailability,

fractional unavailebility contribution per
component and incremental contribution to
unavailability. - . Individual component
fmportances are presented by Birnbaum and
Normaligzed Inspection . Importeance
(fractional unavailability contribution).

Each of the output menus may be printed.

The- generic output may be plotted on an

- -automatically . adjusted log~log scale, 6
- {tems at a -time with different 1lines and
- pypbolse.’ Cubic .spline fitting is used to

show the curvature. Paper copies of the
graphs nay be plotted ‘on an Epsom or

. Epsomlike printer.

PRAAGE uses typo-trapping to avoid or
reduce system crash from this cause.
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Since PRAAGE has the capability to easily change the component's failure
rate data on which system unavailability is computed, PRAAGE results were
obtained using three different sets of component failure rate data: :

>

l. Constant failure rates from the Indian Point~2 PRA,

2. Constant failure rates computed ‘from the review of actual Indian
Point plant data, described in Section 5.2.

"~ 3. Time~dependent failure rates computed from the industry~wide NPRDS -
’ ‘review, described in Section by

The results of PRAAGE calculations using -failure rate data from 1 and 2 above
are discussed in this section. These failure rates were fixed numbers and
were not time~dependent. They were computed by averaging failures over time -
and ‘hence represent CCW system experience ‘to date; about 10 years. for the .
Indian Point~2 PRA data and about 14 years for the Indian Point~2 plant data
analyzed for this study. The 'failure rate data derived from NPRDS is time-
dependent and is discussed in Section 6.5.

‘Figure 6~4 lists the failure rate input .data from PRAAGE corresponding to
the Indian Point~2 PRA. - .

#3 Henu of Generic Failure Rates -

‘No. Generic Cmnponent o Value

1 Pipe and Surge 'l'ank 8.6E~10/hr
-2 Service Water o T 2.5E~04
3 Electrical ‘Bus T Al 4+1E~05

4 ""Valve:s Manual CCW =~ .- - 7 .4E~08/hr

5 Valve: Manual SW 7.4E~08/hr

6 - Valve: Check . o 7.0E~05/hr

7 CC Pump: Failure to Run 2.8E~06/hr
.8 ‘* CC Pump: Failure to Start - ' 6.4E~03 -

‘9 - “Heat Exchanger: Leak or Rupture 8.4E~07/hr
10 ‘Pump Maintenance Unavail. Contribution 8.5E~02
1

Comon Cause:Unavail. Contribution 0.0E+00

Pigure 6~4 Fallure Rates From Indian Point-2 Input to PRAAGE
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Most'_ of the failure rates are given in failures per hour. Pump failure
to start is per demand. Failure of the supporting systems (service water and
electrical power) were converted to failures in 24 hours, and the contribution
of pump maintenance ,to unavailability is a fractionm. .. Using:this data, PRAAGE
computes & system ‘unavailability of 2.56 x 10~'. . Thie matches closely with
the value calculated in the Indian Point~2 PRA using the .same . failure rate

data but different methods of. computation.

. Table 6~4 lists the percent

contribution of each major component to system unavailebility.

- Table 6~4 component Importance IP-Z PRA Data B

(':omponent ‘I’ype

'Service Water (SW)
CCW ~ Manual Vsalves
' SW ~ Manual Valves
Pumps
Pipe :
Check Valves
Electrical Power
Heat Exchangers

‘Failure of the
unavailability for Indien Point.
{Table 6~5).

-gervice water
This was true for all the cases  analyzed
The dependence of plants other than Indian Point on the service

Percent Contribution ‘

.97011
b

7
o5
2 -
.l
<0.1
<0.1

(=== =

systen dominates the 'v‘ccw"-,eystem

water system would depend on:the reliability of their specific systems, whose
designs vary:even more than the CCW systems. Therefore; in the -majority of
the following analyses the probability of failure .of the service. water system
was set equal to zero, thus allowing an analysis of CCW system component
effects. The specific SW system manual valves to the CCW Heat Exchangers were
‘kept in the analysis (aee Figure B~3 in Appendix B).

'l‘able 6-5 Comparison of Unavailability Calculations

.Caae*‘ cc.w sZatem Unavailability_
Unavailability due to SW system e
.failure ‘alone S 2.50 E-4
XIP 2-PRA Baseline Model cev it enye 2656 Eed
-NPRDS‘DataT(Age-O) R P -,2068 E‘4
IP-Z‘-’Plant -'Spe'cific Data - . i .

273 E=&

eerafia o i

Excluding the effect of service water,

:hé'iﬁi;ottaziée of ”the components appear
as ghown.in Table 6~6. - S :

ar
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‘The dominant components are CCW manual valves. This is an aggregate of
all manual valves included in the PRA model, however, it is dominated by fail-
ure of two manual valves, 734A and 734B, in the header to the Safety Injection
Pumps and Resjidual ‘Heat Removal Pumps (see Figure B-l, Appendix B). . Failure .
of either of these two valves causes a total loss of CCW to these loads. The
SW manual valves are dominated by failure of one valve, SWN-32, which would
result in a loss of SW to both CCW heat  exchangers and a failure of the CCW
system. It should be noted that the Indian Point~2 CCW system has no
motor-operated valves (MOVs) in crucial portions of the CCW system whose
failure could disable the entire system. Hence, MOVs do not appear in the
importance rankings.Other NPPs have MOVs in key positions; hence, some of the
conclusions concerning the critical IP-2 manual valves would apply to MOVs
that are located in critical positions (i.e., such that one valve failure
would disable the system).

Table 6~6 Component Importance - IP-2 PRA Data, SW=0

Component . Percent Contribution
CCW - Manual Valves 48
SW -~ Manual Valves - 24
Pumps - - 18
Pipe . 5.3
Check Valves 4.6
Electrical B 0.1
Heat B:changers : ' o o <0.l

Figure 6—5 illustrates the input data for ‘PRAAGE derived from the IP-2
plant analysis of Section  5.2. ‘Pigure 6-6 illustrates the component.
importances based on this inpu: data. - - : - :

3 Menu of Generic Failure Rates

No. Generic Component Value

1 ‘Pipe and Surge Tank . 8.6E=10/hr
2 Service Water 2.5B~04

3 Eléctrical Bus 4.1E~05

4 Valve: Manual CCW 3.0E-07/hr
5 Valve: Manual SW e 3.08~-07/hr -
6 Valve: Check 2.0B~06/hr
7 -CC ‘Pump: Failure to Run 1.0E-04/hr*
8 CC Pump: Failure to Start "644E-03 -
9 ‘Heat ‘Exchanger: leak or Rupture = . 4.0E~06/hr
10 Pump Maintenance Unavail. Contribution 8.5E-02

ll COmmnn Canse Unavail. Contribution 0.0E+00

* Service water effects eliminated in some runs by setting to Zero.

Figure 6-5 Indian Point~2 plant specific data.
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Component Importance (X) . Component Importance (%)
SVC WTR 91.1919 TOT VLV 89.5514
TOT VLV . 7.8878 CC.M.VLV ~ 59.6638
CC.M.VLV *  5.2553  SWeM.VLV - 29.8401
SWeM VLV 2.6284 PUMPS 8.6923
PUMPS 0.7656 -~ PIPE : : 1.6240
PIPE 0.1430 _HEAT EX 0.1049
HEAT EX ‘040092 . CKe. VLV 0.0474
ELECT. "SVC WIR 0.0000

- 0.0024

Note: Service Water ~ Nominal -Notei'Service Watetké 0

Figure 6~6 Component importances ~ IP-2 plant~speeific dsta,

These results again show the dominance of failures of the service water
system and the CCW manual valves. Next in importance for the base case are
CCW pump failures, but these are considerably lower. The following section
discusses the results of PRAAGE using the NPRDS data a&s input and projecting
the results out to 40 years of system operation.

6.5 PRAAGE Projections and Cbmponent Prioritization _'

The time dependent failune rates were used as the input for PRAAGE to
project performance of the CCW system into the future. The basis for the
time~dependent failure rates:is the -NPRDS study of Section 4, as validated by
the plant specific reviews of Indian Point Unit 2. The rvesults of the
projections are system wunavailability versus time and also component
prioritizations versus time. Since the input date or failure rates incresse
with time, system unavailability alsc increases with time. Figures 6~7 and
6~8 1list the 1input failure rate. Figure 6~10 shows .the component
prioritization including service water (SW) failure: Figures 6~11 and 6~12
chow the prioritization with SW failure rate set to zero.. Finally, Figure
6~13 plots the CCW system unavailability versus time and shows the rate at
which it increases. :. These figures are discussed in mote deteil in the
following paragraphs.. Co S . .

The comhination of PRAAGE Menus #l end #3. es ghown in Figures 6~7 and
6-8, specify the three parametere needed, to define the time-dependent failure
rate for each component. As an example, Figute 6~9 shows the failure rate
function of the CCW pump specified by the three key parameters given in these
two menus. ik _
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#1 Menu of Aging Parameters

No. ~ Parameter Value
Analysis Time of this Aging Study - 40.0 yrs

1 Manual Valve Aging Fract. Increase/Yr 0.21
2 Manual Valve Aging Start Time in Yr 4.70
3 Check Valve Aging Fract. Increase/Yr 0.02
4 Check Valve Aging Start Time in Yr . 2,00
5 Pipe and Tank Aging Fract. Increase/Yr 0.00
6 Pipe and Surge Tank Aging Start Time in Yr 2.50
7 ‘Heat Exchanger Aging Fract. Increase/Yr 0.02
8 Heat Exchanger Aging Start Time in Yr -2.00
9 CC Pumps Aging Fract. Increase/Yr 0.28
10 CC Pumps Aging Start Time in ¥r 9.20
11 Service Water Aging Fract. Increase/Yr 0.00 -
12 Service Water Aging Start Time in Yr 10.00
13 Switchgear Aging Fract. Increase/Yr 0.00
14 Suitchgear Aging Start Time in Yr - 10.00
15 Turn Off(O)IOn(l) Aging : ) I

Figure 6~7 PRAAGE Input - Aging Parameters

From examining Figures 6~7 and 6-8, one can note that manual valves. check
valves, and heat exchangers have a two-part failure rate curve similar to:that
for pumps. Pipes, Service Water, and Sﬁtchgear have conetant failure rates
with time for the base case. A L

#3 Menu of Gener:l.c l?ailure Ratea

No. Generic Component - T . Value
1 Pipe and Surge Tank ... B8«6E~10/hrx
2 Service Water : 2.5E~04 .
'3 Electrical Bus ' - 7.1E=05
4 Valve: Manual CCW ' : © 242E~07/hrx
‘5"  Valve: Manual SW : - .-2.2B~07/hr
6 Valve: Check : ' B " . 4.3E~06/hr
7 CC Pump: Failure to Run 9.1B~05/hr -
8 CC Pump: Failure to Start 6.4E~03
9 Heat Exchanger: Leak or Rupture =~ 3.8E-05/hr
10 Pump Maintenance Unavail. Contribution .° - 8.5E~02
11

COmmcn Cause Uuava:ll. COntr:lbution ~ : 0.0E+00

F:lgure 6-8 PRAAGE Input-cenetic ?a:llure Ratee
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2>

v* " AGING FRACTIONAL INGREASE = 0.28

_ FAILURE RATE = 01E6

M=»DB MDCr—»

AGE (YEARS)

Figure 6=9 CCW Pump Fafilure Rate Model Input to PRAAGE

B T R WAL g i
A4 HE K- PP

Figure 6-10 shows .that the  SW system initially.dominates unavailability
at 92%, but that pumps increase’ in importénce over the forty years uutil they
become dominant at 812 in year 40.  In.Figures 6-11 .and 6~12, the effects of
SW are removed. . The initisl dominance :by- manual valves at 802, which
increases up to’ year 10 48 shown,, ., Between-years 10 ‘and ‘20, pumps’ pass. yalves
- 4in {mportance .and continue to increase up to year .40. The initial increase in
valves 18 .due: to the ifact that for valves the aging start time is at 5 years,
while the aging start time for pumps is 9*yeata. The pumps, however, age at a
faster rate .and they. are in triple: tedundancy. ..-This. causes a three-fold
effect due to the increase in .their failure rate, At age. 40, pumps compriae
92 of the .unavailability. Ihis ‘information would be useful in later years
for prioritizing maintenance. actions 1f‘resources are ltmited. .
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#8 System Unavail. and Generic Inspection Aging Importance
All Numbers in Percent (X)

Class - XEarl . Yegrz Year5 YearlO Year20 Year40

SVC WITR  92.5888 92.5888 92.1753 86.1031 55.8725 11.9693
TOT VLV 5.8945 5.8945 6.2476 11.7310 15.3979 6.8109
CC.M.VLV  3.9192 3.9192 4.1537 7.8010 10.1864 4.4467
SW.M.VLVY  1.9665 1.9665 2.0845 3.9161 5.1010 2.1936

PUMPS 0.7340 0.7340° 0.7318 1.2463 27.9093 80.9056
HEAT EX  0.6333 0.6333 0.6967 0.7788  0.6935  0.2480
PIPE 0.1452 0.1452 0.1446 0.1351  0.0876  0.0188

UNAVAIL 0.0268 0.0268 0.0269 0.0287 0.0362  0.0954
CK. VLV 0.0088 -0.0088 0.0093 0.0140 0.1105 - 0.1706
ELECT. 0.0041 0.0041 0.0041 0.0057 0.0391 .0474

Figure 6~10 Base Case PRAAGE Results~-Component Importance
with Service Water Included

e I

#8 System Unavail. and Generic Inspection Aging Importance
All Numbers in Percent (Z)

" Class A‘, Yearl ~ Year2 - Year5 - Yearl0 Year20 Year40

CTOT'VLV  79.5348 79.5348 79.8440 B4.4147 34.8942 7.7370
' CC.M.VLV 52.8820 52:8820 - 53.0849 '56.1346 ' 23.0840  5.0513
 SW.M.VLV 26.5336 26,5336  26.6405 28.1793 11.5598 2.4919

PUMPS 9.9046 9.9046 9.3524  ~8.9680 63.2470 -91.9061
" HEAT EX 8.5456 8.5456 ~ 8.9035  5.6044  1.5717 0.2817
PIPE ' 1.9597 - 1.9597 -'1.8479 -~ 0.9719 0.1986 0.0213

CK. VLV ° 0.1191° " 0.1191° 0.1185 * 0.1008 ~ 0.2504 . 0.1938

ELECT. =  0.0553  0.0553  0.0522 0.0410 - 0.0885 - 0.0539
ONAVAIL ‘'0.0018 ° 0.0018 0.0019 - 0.0037 0.0112 ' . 0.0705-
SVC WIR 0.0000 0.000 0.0000 -0.0000 - 0.0000: 0.0000

Figure 6~11 Base Case PRAAGE Results~Component Importance
with Service Water Excluded
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Figute 6-12 COmponent Importances Versus Time R

: Figure 6-13 shows ccw unavailability increasing by= a factor of. 40 over
its lifetime to a: ﬁalue of 7 x 10=* (without. considering .service .water .- -
effects)s - Fullwood discusses the effects on system . unavailability from thev..v
degradation of multiple redundant .componentge -~ - o i o oemsnie Syl e

. 80—
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40f- -
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(E-6)

0 | [ 1
o 10 20 30 40

SYSTEM AGE (YEARS)

Figure 6-13 CCW System Unavailability Versus Time
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The projections by PRAAGE probably overestimate the increase in system
unavailability since they assume a constant level of maintenance and testing.
As failure rates increase with:time, the plants would probably identify this
and compensate with increased maintenance. However, with projections such as
PRAAGE avail&ble, trending of system unavailability over the long term may be
feasible as a functional indicator. By comparison to an established
unavailability alert level, the plants could compensate for problems and
increasing unavailability much earlier than they might otherwise. This would
keep the system reliability high and prevent unacceptable increases in
unavailability or core melt frequency.

6.6 Summary

The interactive computer model of the CCW system, called PRAAGE, was used
to evaluate the curreat status of CCW . systems and to project CCW system
performance to an age of: 40 years based on trends in the failure data. The
program also calculates the -importance of individual system components, based
on their necessity for system operation and their 1likelihood of failure.

RN KA T

These studies showsd that the t cal CCH system has an unavailability
(or probability of failure). in the: 10‘ ‘to” 107" range. The values for system
unavailability computed from real data on component failures are slightly but
not-significantly~highefithan?cchsystem*unavsilabilities'used in contemporary -
PRAs, "'Projections -out:‘to:-an age-of 40 yeéars show t ft .the %Pavailahility?of :
the CCW'system could ‘increase noticeably .into the 10T% to 10~° rangeg if addi~ -

tional actions to address system failures:.are.not.takene - i3/ .. e iot shwricuns

System unavailability is currently dominated by failure of the Service
Water System and then by failures of key CCW valves. The valves shown to be
important are normally open, manual, isolation valves in the  main supply
header to the crucial loads. Although the IP~2 CCW system had no MOVs ia such
a location, a plant with MOVs located there would show a high' importance for
these MOVs. As the system ages, PRAAGE predicts that the CCW pumps will
become more and more dominant, due to their increasing failure rate with time
and to their triple redundancy.

Section 7 discusses the sensitivity studies performed on the input data
and the various assumptions made.



7. SENSITIVITY STUDIES

In this section, the interactive computer model of the CCW system,
PRAAGE, 1is used to‘ test the effects of variations of the input data. The
failure rates of “the individual components are varied based on’ different
1nterpretations of the data analysis to determine. sensitivity of the results
obtained in Section 6. Also, some ‘of the assumptions used in the. analyeia are
varied to determine if the resultscare particularly sensitive to such changes.
In most cases, no ‘significant differences .in the results were seea, although
in a few cases, the- 1mportance of certain components increased natkedly.

7.1 Check Valves -

Figure 7-1 shows -the cheek valve fanure °tal;e data vetsus ege and the
straight line ‘model fised in the baseline: PRAAGE : study. .. The. haseline model of
the check valve failure was constant at 4.3 x 10~ failures/ eet from age 0 to
age 2 and-then ‘increased at an” accelerat:lon of 8.8 x 10" r2. (fractional
increase per year of 0.018). - : C

" Another - interpretation of the datas 1is =& two-line model .with an aging
start time:in the 8:to 10 year range. - This 1nterpretation was :anest:lgated as .
Case .1 of the sensitivity studies. - The Case 1 actual:AST,. :I.n:lt:l.al failure .
rate, and slope were obtained -using -the method described :An Section 4. This.
two-1line model is also shown in Figure 7-1; The.initial consteant £a11ure rate
18 4.53x10~% failures/hr, the start time is 10.4 years, and the slope has a
fractional increase per year of 0.10 (units of failuree/hr per yeat). This
revised date was input to PRAAGE, keeping all other data at the baseline-
values and setting the eetvice water failute rate to gero. Figure 7-2" shows
the PRAAGE results. Sra - : : K e

10f

\ BASEI.INE AF] o 0.018
.. R Wt P < .
- E '. . > K
L |
SN T < . 3
E 2 S :
AGING S8TART TIME » 10.4 YRS '
'. E*mm o R S S e MR " L , Dy © g _l; cq

T2 34 678 "7 8700 M 2 B 14
' VALVE AGE (YEARS) )
. ~—=—NPRDS DATA . -e—aAssLmE ' """CASE!

f-igure“-7-l.= .éheck 'Valve Pailure Ratea .Bxamined in ;Senaitivi.tfseudiee



7=2

#8 System Unavall., and Generic Inspection Aging Importance
All Numbers in Percent (%)

Class Yearl Year2 . YearS YearlO eratZO Year&b

CPOT VLV~ 79.5263 79.5263 79.8441 -B5.A265 . 35,8928 . 7.9618 ..
CC.M. VLV 52.8720 52.8720 53.0850 56.1478 22.9897 ~ 5.,0111 .
SW.M. VLV 26,5236 26.5286 26.6406 28.1860 11.5124 . 2.4717-

- PUMPS '9.9151 9.9151 9.3523 - 8,9547° 63.2557 91.6839
HEAT EX~- 8.5440- 8.5440 8.9035 5.6057. . 1.5652° 0,2794
PIPE 1.9593 1.9593 1.8479 0.9721 0.1978 0.0212

CK. VLV 0.1256 0.1256 0.1185 0.0927 0.3906  0.4790 -
ELECT. 0.0554 0.0554 0.0522 0.0410 0.0885 0.0538
UNAVAIL - 0.0018 ° 0.,0018 0.0019 -0.0037. - 0.0112- 0.0709 -
- ‘SVC'WIR - 0 0000 ‘0.0000 0. 0000 0.0000- 0. 0000-' 0»0000-;h
e T \|<. B
“Figure 7-2 System Unavailability and COmponent Inspection Importance i
for Check Valve Case 1 Failure Rate i :

Neither system unavailability nor the dominant components change.from the
baseline results. * A noticeable difference is that at age 40, check valves
become more important than heat exchangers, whereas in the base case:-they do
not. Using the baseline check valve failure ‘rate, which has a more conservas-
tive (lower) aging - acceleration rate, does - not significantly affect the
results of this study. N - B

7.2 Pumps

Figure 7-3 shows the failure data and the base case two-line:model used
for the CCW pumps. The aging acceleration rate of 2.9E-9/hr2 corresponds to a
fractional increase of 0.28 per year. Pumps were found to be very important
in the baseline PRAAGE analysis, particularly as they age. As a result,
several different aging rates were examined in the parametric studies. The
following aging rates, expressed in fractional increase per year were studied:
o, 0.10, 0.15, 0.20, 0.28 (base) and 0 40 (Figure 7-3).

Figure 7-4 shows the large effect that pump aging has on the unavailabil-
ity of the CCW system. 1I1f aging of the pumps is set to zero, CCH unavailabil-
ity remains -essentially constant, even -with. the .other components aging at
their baseline rates. 1If the aging rate of the pumps is allowed to increase,
CCW unavailability can increase by a factor of 20 times at age 40. As noted
in Section 6.5, for the baseline case, CCW pumps are the dominant components
from about year 15 onward.

As the aging rate of the pumps decreases they become less important and
less dominant to CCW unavailability. When the aging rate decreases. to 0.10,
the importance of pumps and valves 1s about equal at age 40, as shown by
Pigure 7-5. At age 40 the total of all valves contributes 50.2% and the pumps
47.7% to unavailability. To reach this situation, the pump aging rate would
have to drop to about one third of the baseline value (.10/.28=,36), Such a
large drop is unlikely, hence, it is reasonable to conclude that pumps will"
remain the dominant component in the future as the CCW systems age.
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#8 System Unavail. and Generic. Inspection Aging Importance
All Numbers in Percent (X)

a®>

‘Class Yearl Year2 Year$5 YearlO Year20 Year40

‘TOT VLv‘ 179.5348 79.5348 79.8440 86.8233.. .-76.4689  50.2454
CC.M. VLV 52.8820 :55.8820 53.0849 57.7498 50.8087 33.3052
SWeM. VLV 26.5336 26.5336 26.6405 28.9923 25,5103 . 16.7035

PUMPS 9.9046 ~~.9,9046  9.3524  6.3777 19.5716  47.6577
HEAT EX 8.5456 8.5456 8.9035 5.7661 3.4684 1.8882
PIPE 1.9597 - 1.9597 1.8479 0.9999 0.4383 0.1430
CK VLV 0.1191. "~ 0.1191 0.1185 0.0812 0.1499 0.2367
.ELECT 0.0553. 0.0553 0.0522 0.0330 0.0529 0.0658

UNAVAIL . 0.0018~ 0.0018 0.0019 0.0036  0.0076 0.0183 ...
SVC WIR 0.0000 . 0.0000 0.0000 0.0000 - 0.0000 0.0000

Figure 7-5 CCW Unavailability and Component Importance for Pump
Aging Practional Increase = 0.10

7.3 - Manual Valves

Figure 7-6 shows the data on manual valve faillure and the base case two-
1line model used for tha PRAAGE analysis. - The initial failure ‘rate :{s 2.2E-7
failures/hour until 4.7 years. The failure rate then increases at a frac-
tional rate of 0.215 per year or an aging acceieration of 5. AE-IZIhtz

i, ke D,

14
. 12| AFl* AGING FRAGTIONAL INCREASE L
.t 10F -
0
R °
et
<R
';A‘,,',;; 4
A
E ! ~ .
N ... “NAGING START TIME. 4.7 YEARS .

2 8 4 5 6 7 8 9 10 N 122 1B U
 VALVE AGE (YEARS)
—— NPRDS DATA —~ . AF150.30 ~¥= AF1=0.10
—8- BASECASE - =¥= AFI*0 S
Figure 7-6 Manual Valve Failure Rates Examined in Sensitivity Studies
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“Ina manner similar to that used in the: parametric study of pump failure
rate, ‘the manual valve aging fractional increase per year was varied to study

the effect of different aging rates. Aging rates of 0, 0.10, O. 21_(bgse case)

and 0.30 were selelted (Figure 7-6).

Figure 7-7 shows the relative of percent importance of manual valves in

the CCW system for the four cases studied from zero to 40 years of age. All
follow the base case. of .a high, early importance and then decreasing
importance as the pumps. take over. at about 15 years.. The small increase in

the importance of the valves until. shortly after age 10 1is due to the fact

that ‘the aging start time for valves 1is 4.7 years and that for pumps 1is 9.2

years. These results “show: that, CCW system unavailability and component

importance are relatively insensitive to the aging,aceeleretiqn rate of manual
valves. o

60%

A | os AFI = AGING FRACTIONAL INCREASE
E 650%} | o o
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| 40% |
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E . )

) 80} AL 080
8 | N | L .

4 ? 20% .. o AFle O L
c 10%F
E

o% » RSN Dy A |

6 0 . 2 30 40
AGE (YEARS) o
—— AFIs0 =+ AFI=0.1. ~ —¥-AFI=0.21 —&— AFI=0.30

Figure 7-7 - CCW System Manual Valve . Importance for Various
Aging Anceleration Rates

7.4 neai.Exehenéere.(HX$

Figure 7-8 shows the failure data on heat exchangers and the baseline
mnodel used for the PRAAGE snalysis. The baseline model was 3.8x10~5 failures/
hour up to year 2,. and then a fractional increase of 0.017 per year (which
corresponds to 7.37x101! failures/hr?). Two different cases besides the base
case were selected for sensitivity analysis. Case 1 is also shown on Figure
7-8 and consists of a two-line model with a break point at age 5 and then a
steeper slope than the base case. The Case 1 fractional increase per year is
0.381,
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- The Case 1 results, given in Figure:7-9, show an increase in HX impor-

tance over the base case as the plant ages, from an initial 0.,2% to 2.2% at-
age 40. Thig value is still quite small compared to the importance of the-
pumps at age 40, but is now approximately the same as‘the- second most impor-

tant component- namely, ccwimanual valves.

A second case was’ also analyzed for CCW-BXB. Case 2. utilized_all of. the

failure data for HX's, even beyond the fourteen-year mark. After:-15 years:

the data is sparse and not statistically reliable;however, .for sensitivity
analysis it can be informative. Figure 7-10 shows this data and illustrates-a

potentially large increase’ in HX failures after year:16. This is physically-
possible, since HXs tend to operate for a long time with no: leaks until corro--
sion and erosion have reached a stage when leaks are beginning, and then manya

leaks may appear in quick succession.

10

AFl = AGING FRACTIONAL INCREASE
F
A
U .
0 gy
E /
R [ ]
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E
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- {E-6/HR) |
0 1 I 1 N [ 1 1 1 . , .

2 3 4 5 8- 7 8 9 10 M 12 13 14
S - HX AGE (YEARS)

——'NPRDS DATA == BASECASE =8= AFi=0.38

FPigure 7-8 Heat Exchanger Failure Rates Examined in Sensitivity Studiea
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#8 System Unavail. and Generic Inspection Aging. Impottance
All Numbers in Percent (%)

Class Yearl  Year? = YearS Yearl0 - Year20 Year40
I : N

SVC WIR 93.1062 93.1062 92.7510 86.1871 54,9329 11.7225
TOT VLV 5.9160 5.9160 = 6.2735 - 11.7399 15.1911 6.7400
CC.M. VLV 3,9365 3.9365 4.1475  7.8075 10.0359 4.3828
SW.M. VLV 11,9706 1.9706 2.0897 3.9183  5.0465 - 2.1901
PUMPS 0.7382 0.7382 0.7364 11,2475 27.4399 79.2373
PIPE' - 0.1460 0.1460° 0.1455° 0.1352: 0.0862 0.0184
HEAT EX 0.0894 0.0894. 0.0895. 0.6846  2.3115 2.2354
UNAVAIL 0.0267 0.0267 0.0268:° 0.0287  0.0366 0.0976.
CK VLV .0.0089 0.0089  0.0093. 0.0140 - 0.1087 0.1671
ELECT .- 0.0041 0.0041:- 040041 0.0057. 0.0384 0.0465

! Figure 7-9 HX -Parametric Study Results - Case 1 -

100 — — ,
' AFl « AGING FRACTIONAL INCREASE
E 801
A
' e d L -
G eof.
] '
E . o3
R 40T _ GASE 2 AFIS8O |
A G :
A
E 20}
(E-GIHR)
0 [] ]

01234667 89101121314 1618 17 18 19 20
HX AGE (YEARS)

_— NPRDS DATA = BASEOASE -8~ AFI-B 0

R R Ul A S

. Figute 7-10 neat Exchanger Case 2 Failure Rate

Case 2 uses a two-ltne model wi.th an” initial failure rate of 4.01x10~5
faetlures/hour, & . break point of 16.5 years and after that a fractional
increase per year of 8.035. A failure rate of 7. 6x10~3 failures/hr would
result at age 40 if the trend contimued; this is abnormally high, but is
useful as a bounding  example. . -Figure 7-11 shows :the results of the PRAAGE
analysis for Case 2.
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#8 System Unavail. and Generic Inspection Aging Importance

Class Yearl -
-—-“

All Numbers in Percent. (%)

SVC WTR  92.5223

TOT VLV 5.8912
CC.M. VLV 3.9168
SW.M. VLV 1.9656

PUMPS 0.7335 -

HEAT EX  0.7037
PIPE 0.1451
UNAVAIL  0.0268
CK. VLV  0.0088
ELECT 0.0041

Year2 Year5 YearlQ Year20 Yeari0
92.5223 92.1701 86.1952 12,5997 0.4312
58912  6.2473 11.7407 3.7742 0.3748 -
3.9168 4.1535 7.8082 2.4178 0.2119
1.9656 2.0845 3.9185 1.3314 0.1567
0.7335 0.7318 1.2476 6.2938 2.9146
0.7037 0.7022 0.6755 77.3038 96.2771
0.1451 0.1546 0.1352 0.0198 0.0007
0.0268 0.0269 0.0287 0.1130 2.8867..
0.0088 0.0093 0.0140 0.0249 0.0061
0.0041 0.0041 0.0057 0.0088 0.0017

Figure 7-11 PRAAGE Results for Heat Exchanger Case 2 Study

By age 20 HXs have increased dramatically in importance to 77%. At age
40, they constitute 96X of the unavailability of the system. Figure 7-12 sum-

marizes the three HXs cases examined

Case 2,

mOZY» -0V~ M<—=>rmDd

~and ;11ustra;es,the dominance of HXs for

100%

80% I

L

80%

40% 1

20%

0% ¥
0O &

‘10

15 20
~ AGE (YEARS)

256

30 35 40

——BASE CASE © —+ CASE1 —% CASE 2

'Figure 7-12 Heat Exchanger Importance. Versus Time
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7.5 Pig:lng

Two parametric cases were analyzed for the failure data on plping in ad-
d:ltion to the base case. The base case used the value from the IP-2 PRA of
8x10~10 failures” p%r ‘pipe section per ‘hour.  ‘The - other two -cases used data
reported to NPRDS pipe leakage. Both cases assumed that a reported leak con-
stituted a failure, which is a conservative assumption and gave the piping a
higher importance -than it actually has. All the .PRAAGE analyses divided the
CCW system into 18 pipe sections and treated eachfequauy, as did the IP-2
PRA. Case 1 averaged all repor:ed 4nstances of CCW pipe leaks and obtained a
constant failure rate of" 2.69:10" failures per pipe section per operating
hour. . Case 2 was based on analyzing the data in 5-year ‘increments ‘(as des-
cribed :ln Section.5) and obtained an 1ncreasing failure rate with a slope of
5.6x10~8 failutes/hr-yr. A1l three failure rates are shown in Figure 7-13,
Case 1. and Case 2 cross at about -age- 7e 4 . ,

6
F
t 4t -
U CASE 1
R
E
. 2 2L
T .
: : BASE CASE
{E-7/4R) TR \
© : el -
- 0. 8 10 __12. 14

AGE (YEARS)

"'-BASE CASE - +CASE1 +0ASE2
- Figure 7-13 P:lp:lng Pai.lure B.ates Examined 1n Sensittv:lty Studies

“‘Yhen these three cases “are anal&zed with PRAAGE, no:ably diﬁferent'
results “are obtained. ““These are présented ‘in Figure 7-14., For the base-case,
the importance of piping is less than 12 for all 40 years. For case 2, pipe.
importance starts at the base value and increases to around age 10, then it
decreases -as the’ importance of the ‘pumps ‘takes over. ‘- For -case 1, ptpe impor-
‘tance ‘starts Tigh then ‘decreases and ‘crosses the' curve for Case 2 at -about age -
7, the ‘géme time at which"the failure ‘rate curves for -pipes cross. The very
high mportance of - piping shown in .this paramétric. etudy for case 1 and 2
implies ‘that the assumption. that 1leaks  constitute a failure .is probably
unreasonable. However, it shows a bounding case, such that, if. pipe: lesks are.
developing and not addressed, they -can significantly - affect the -availability
of the CCW system. '
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Figure 7-14 Piping Importance Versus Time

7.6 NPRDS Reporting Factor '

Section 4 d:lecusses the determination of failures reported by NPRDS and
compares actual failures at IP-2 with those reported. The average percent of
failures reported to NPRDS was 31X. This percentage was used to correct fail-
ure rates determined from NPRDS. - S '

An attempt was made to establish a reporting factor dependent on calendar
year, since reporting increased -after .1975. However, there was insufficient
data to do this, therefore, xhe reporting correction factors are averaged over .
all years. .- . i - :

To determine the aenaitivity of the results to this factor, calculationsu
were performed using the following NPRDS reporting percentages: 100X, 50%, 31X
(base case), 202, 102 and a variable percentage. . For each one, except the
variable casé, all component failure rates were adjusted by the same wvalue.,
For the variable case, pumps and valves were adjusted by the individual |
amounts indicated in the ‘IP-2 review, 57X and 15%, respectively. Figure 7-15
illustrates the PRAAGE results for the various cases analyzed. _ '
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-]CCW.-Unavailability{Dominant Component{ X Contribution
NPRDS Reporting  — ' et — — R T
" Percent . ‘| Year 1 { Year 40 | Year.l | Year 40: | Year 1 |Year 40
. ‘ . . .

100 6.0E-6 | 3.6E-4 | cow-v | Pumps | S0 | 95

50 1.1E-5 | 5.0E-4 ccw-v- Pumps 52 93

31 1.8E-5 | 7.1E~4 CCu-v Pumps 53 92

10 6.1E-5 | 2.4E-3 CCW-v Pumps 44 92

Variable | 3.4E-5 | 6.8E-4 | CCW-v | Pumps 60 | 8o

Note: CCW-V = CCW Manual Valves -
Figure F=~15 NPRDS Reporting Factor Sensitivity Study Results

Figure 7-15 shows that as the percent of fallures reported decreases,. the .
component failure rates, and the calculated CCW unavailability increase.
Although the relationship 1is not strictly linesr, in this example, various'
~ competing non-linear effects have balanced out and the CCW unavailability has
increased by & factor of 10 as the NPRDS reporting percent varied from 100% to .
10X. An important point to note is that the dominant component to .unavail- .
‘ability did not change as reporting percent varied. In fact, even the percent
contribution of the dominant component varied very little. The only notice-
able variation was when the varisble (between components).reporting percent-
ages were applied. As a separate comparison, NPRDS reporting factors for
inverters. were: analyzed (as determined .during the aging of. battery chargers .
and inverters study 1), an upper bound on' the reporting factor for inVerrers
was determined to be 61%.

In conclusion, salthough the 31X NPRDS reporting correction factor is not
firm, it is the best estimate available. The. results .are.not.sensitive to
variations in the reporting factor if an average value is used. If reporting
factors for actual components deviate significantly from the.average, however,
this could affect results of conponent importances as seen in this study.

7.7 Summary

~The sensitivity studies chowed that with a few exceptions the baseline
results described in Section 6 are generally applicable and not excessively
sensitive to reasonable variations in input data and assumptions. Specifi-
cally, the results are not sensitive to changes in the data on failure rate
for valves (check valves, manual valves, or MOVs) or to changes in the assumed
NPRDS reporting correction factors. The dominance of pumps in later years is
unaffected by reasonable changes in their failure rates, but the system un-
availability is sensitive to increases in the fallure rate of pumps sbove
those determined. '

The heat exchanger (HX) data indicates sharply iucreasing failure rates
in the 15-20 year perfcd. If this is true, the results are sensitive to this
. and would result in a much higher dependence of system unavailability on HXs,

-
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The data on failure of CCW pipes is quite sparse. -The analyses performed
indicate that the results are somewhat sensitive to changes in pipe. .failure
rates.. For mqQre detail the reader should refer to the pertinent subsection of
“The results of the sensitivity studies are summarized in Table

7-12

~Table 7-1 Summary of Sensitivity Study Results

Item/Component

CCW Unavailability

Parame;er Varied

Pump AFI -

Check Valve AFI
Check Valve AST
Manual Valve AFI

"~ 'NPRDS Reporting Factor

Check Valve Importance

Manual Valve Importance

'Heat Exchanger -

Importance  :

w ot

‘Piping Importance: '~
‘General Component
Importance

- Piping APL - v

Check Valve AFI
Check Valve AST

"Manual Valve AF1

HX AF1

NPRDS Reporting Factor

Sensitivifi,

High
Low
Low
Low
Moderate

Low
Low

Low-
- High
High

Lowf-

AST = Aging Start Time

- AF1 = Aging Fractional Increase



8. ' 'RESULTS -
8.1 Discussion

The deterministic end probabilistic work showed that aging degradation ic
a concern ‘for ccw systems and can- sdversely affect the: performance and avail-
ability of ‘the system. “An ‘analysis-.of past operating experience. fudicates
that the dominant cause of failure is "normil service”, while. the predominant-
mechanism of failure was’ “wear.” ''These findings support. the conclusion. that
aging contributes téo-a significant portion of CCW system failures. anitoring'
methods mnst, ‘thérefore, include good functional indicators which will detect.
aging effécts while the system operates normally. It would then be. possible
to mitigate aging degradation. " x _ e

- The data showed that there ‘were numerous failure modes with 'leakage thea
most common. The components most frequently found .to .be failed were. valves,
and pumpss ~For valves, ‘there ‘was internal leakage. through. wvalve seats and
external leskage from seals. Instrumentation/controls and heat -exchangers
also have 2 significant number of failures.

To quantify the effccts of aging, time-dependent failure rates were cal~-
culated. These ' failure’ rates showed a trend: toward.increasing . with age for
nost of the components ‘examined.:--It.should be moted. that these.failure rates
include ‘the effects of current testing .and maintenance practices; which indi-
cates that improvements 'in :both  these- areas may be required to.effectively
mitigate aging effects. ‘ '

Results from the probabiliatic wnrk indicate that if interaction between“
other plant ‘systéms 1is.considered, unavailability- of,the .CCW. system ig domi~-
nated by loss~of:service water to.the .CCW HX's. - In :the CCW gystem itself,.
baseline results (without aging:-effects). identified valves, followed by pumps,.

as the most important components.contributing to system unavailability. : These .

regults are consistent with the resulte from the deterministic work which elso
identified valves and pumps as key components contributing to ccw system fail-
ureSl‘ : ol : B .
Incorporation of time-dependent failure rates into the PRA calculations
provided two significant ‘results: 1) systenm unavailability increases with age,
and 2) component. importances change with times  .The increase in unavailability
suggests -that improvements to ‘monitoring. methods and maintenance practices may
be required to prevent the performance of the system from reaching an un-
acceptable low level as plants age. The relisbility of the CCW system is one
area. which:should be carefully evaluated in relstion to extending the life of
the plant. R : e e

L A

it PR
The‘change in importance of commonents with age is significant since it
identifies an area wheré age may need to be considered in developing modifica-
tions or improvements to plant surveillance and monitoring. . For. the system
analyzed in this study, the manual series header valves were most important in
the early years of plent life. When the effects of aging were accounted for,
pumps became the most important component after approximately 20 years, and by
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age 40 they dominated. Based on these findings, a plant using this design
should stress surveillance and monitoring of key valves during early years of
plant 1life. During later years, however, more attention should be focussed on
the pumps.
» . .

The PRA type analyses performed on the CCW system for this study were at
the system and component level and focussed on one particular plant, examining
in detail how the CCW system itself could fail. It was seen that specific
syster designs must be considered in evaluating component importances. For
example, series header manual supply valves to key loads were dominant to sys—
tem unavailability early in plant life for the system studied. At other
plants, MOV's may be used instead of manual valves and, hence, MOV's would
have high importance due to their location. CCW system failure was not pro~
jected to the level of the plant nor to core melt. Other work, for example
NUREG/CR~4643, "Evaluation of Core Damage Sequences. Initiated.by Loss of Reac~
tor Coolant Pump Seal Cooling,” examined the.effect of loss of CCW on cora
melt frequency and has found that complete fallure of the CCW system can have
severe consequences. o

The data suggested that piping and heat exchangers can become very domi-
nant in later years if failure rates increase at the higher rates indicated.
This is due to their predominant failure mechanisms (corrosion and erosion)
which are relatively slow processes. Increased surveillance should be. con=~
sidered for these components in later years of plant 1ife. These components
should also be addressed as concerns for plant life extension. -

Table 8~1 summarizes the variation in component importance with age from
both the deterministic and probabilistic approaches. The importance rankings
for the deterministic work were determined from a review of the relative num—
ber of failures reported for each component, along with their calculated age-
dependent failure rate. Rankings for the probabilistic. work were obtained
from PRAAGE results using time-dependent failure ratee. ) )

The results presented in Table 8-1 show that both approeches led to the
same general conclusion, that aging degradation occurs in CCW systems and can
increase system unavailability and cause shifts in component importance with
age. Both approaches identified valves and pumps as the dominant. components
involved in CCW failures. However, several of the major components may become
important in later years and should be considered in assessments of plant life
extension. Further work is required to develop the appropriate teehniquea for
life extension analyses.

- This study showed that good functional 1nd1catora are required to mlti—
gate the effects of aging. Since numerous aging mechanisms are present, sure
veillance and monitoring programs must be diverse. PFigures 8-1 through 8-3
identify the performance hazards, aging effects and potential functional indi-
cators for the major CCW system components. This information can be used in
assessing current practices. o e :
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Table 8~1: Comparison of Importance Rankings

S RTINS -] .Importance Ranking | Life
Compo=~ | Failures” . e Ext - .
nent = |Mechanisms Determin. 1. Prob. . |Concern | 'Rgmarks )
Valves .|Wear,Foreign|High -w.'n Bigh . | Yes' |+ valves in critical °
Material, A1l Ages|< 15 yr. o ' locations are most '
Vibration important”
‘ : Medium .. .. . |* other components may
> 15 yr. B become more important|
: than valves in later
years due to increeas-
ing failure rates o
Pumps {Wear Meddum  [Medium " Yes |+ Results show pumps
Vibration < 10 yrs|] < 15 yrs have potentipl_tq“:u
High High become dominant. .
-1 oL 104yr8 - 15 yrs|, ,.“_g.¢ component. {n later
A ! v . o0 " yeats _;;jf._
Heat Corrosion,vJ Mbdium 7 _Yes ‘|« pata indicates’ Bx's
Exch§;,‘zrosion a; <15 yrs < 20 yrs 1 hnave potential for
N , Taigh High o large increase in ' |
> 15 yrse|l > 20 yrs - | €£etlure rate 1n later
. ‘years s
Piping |.Corrosion, |Low Low Yes * Data indicates piping
Erosion - < 20 yrg] < 20 yrs has potential for
Bigh Righ large increase fn
> 20 yre| > 20 yrs failure rate in later
years .

The functional indicators presented im Figures 8-1 through 8-3 are recom-
mended as potentially vieble methods for monitoring and detecting aging degra-
dation, Some of these indicators may already be commonly used while others
may requite verification of their effectiveness. These functional fndicators
can be used to modify and improve current monitoring and surveillance methods.
‘However, routine preventative maintenance, which i1is currently performed,
should not be discontinued. ‘

The functional indicators (FI's) discussed are at the compoeat level,
The logic associated with this approach is that improved component reliability
results in improved system rellability. However, there are slso a few select
FI's which can be classified as system level: 1) surge tank level, 2) pump
discharge flow and pressure, 3) heat exchanger outlet temperature, and &)
system unavailability. The first system level FI, surge tank level, addresses
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one important failure mode, namely leakage. The second and third FI's monitor
the capability of the system to achieve its primary design functions, that is
to provide sufficient coolant at an acceptable temperature to all of its:
loads. The last FI, system unavailability, 1s an integrated assessment of
system performance, which can be analyzed to identify weak links. System
unavailability can be evaluated for its suitability as a system level FI in-:
the next phase of the CCW work. Results from the Performance Indicator Pro=-
gram at BNL also can be used to evaluate the effectiveness of unavailability
as a system level FI.

8.2 Utilization of Rasearch Results

The value of a research program lies in the degree to which its products -
are utilized 1) as input to other programs, and 2) as technical information to
improve operations and maintenance. Table 8-~2 identifies those areas to which
the systems aging study of component cooling water will provide useful input.

8.3 Future Work

Future work to be performed in Phase I and Phase II of the CCW systen -
study will include the evaluation of current monitoring methods, regulatioms,
testing and maintenance programs. Their éffectiveness in mitigating aging'
effects will be determined and recommendations will ba made for improvements.
The potential functional indicators 1dent1f1ed in this report will also be
examined in more detail. _ :
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Table 8-2 Utilization of CCW Research Results

General Aréas

1.

2.

3.

4.

5.
6.

7.

Identiflcation of predominant
failure modes, mechanisms and
causes for use in evaluation of
inspection, surveillance, and
monitoring methods. -

Support NRC in review, development
and inspection of maintenance
programs. :

Support NRC Inspectipn Program. f

Identify sysfeu and component
level functional indicators.

Provide technical basis for
plant life gxtensiong

Provide support in evaluation
of storage and mothballing issues.

Determine risk/unavailability

associated with aging of componeants

and systems..

Remarks
1. Phase I output included in this
report.
z;g:ﬁillfbe suppoited by future Phasge

-~ 1 and Phase II work.

3. Phase I results herein herein

1- . are useful for inspection and

" will be used in FY 1988 inspec~
tion task.
4. eliminary support with Phase I
results; finalized results in
_ future Phase I and Phase I

: f-work.
5.: COmplete with Phase I results.
6. :Phase I resulta provide technical
‘basis. _ _
|7« Complete with Phase 1 resnlts‘

herein.

Specific Areas

- Remarks

8.

9.

Provide tecﬁnical,iﬁput for
resolution qf Generic Issue 65.

Provide technical input to ASMB
performance testing guidelines
for CCW systems (ANSIIASHE—OHQ-
1982).

10.Provide input to NRC Reliability

Program (Operational Safety Reli~
ability Research).

11.Provide input to NUREG-1150

Zion Risk Rebaselining.

9,

8. Complete with Phase I results.

“Phase 1 results provided to
- ASME. Additional interface will
- take place in phases I and II.

10. Complete with Phase I results.

11. Complete with Phase I results.




9.  CONCLUSIONS AND RECOMMENDATIONS

With the findings presented’ in thie teport the first step in understend~
ing and managing aging in CCW systems is complete. The aging phenomenon has
been characterized“and a sound technical basis: for future. work.has.been es-
tablished. In addition, several eignificant conclusions which could influence

future NPAR.work should be noted. ’n

N

Conclusions epecific to ccw systems include the following°»

. * The majority of ccw failures are not detected until an operational ab~-
... - normality occurs or until a test :is performed. -:In.addition, only a
~ _small percentage are ‘detected by alarms. The CCW operating parameters

monitored and alarmed should, therefore, be thoroughly reviewed to en-
sure that they represent the best choices as indicators of incipient
failures. More effective indicators may be required.

In the CCW dsata analyzed.for this study, piping and heat exchangers
were found to have & potentially significant increase in failures dur-
ing later years. If this occurs, these passive components could become
the dominant contributors to system unavailability. Passive components
should, therefore, be closely monitored in later years and should not
be dismissed as unimportant due to their relatively low failure rates
during early age. _

Conclusions which are generic in mnature but ghould be considered for all
future NPAR work include the following:

The systems level approach which uses probabilistic as well as deter-
ninistic techniques is an effective method of performing systems level

aging analyses. It provides a2 comprehensive means of {nvestigating

aging effects and should be used for future system 1eve1 studies.

Baged on the preliminary findings of this study, current PRAs could be
underpredicting long-term plant rick. If PRAs are to be used for plant
1ife extension decisiong, the time~dependent effects of aging on compo~
nent failure rate, component dmportance and system unavailability
should be further examined and addressed.

Existing national datsbases are useful for performing eging analyses if
appropriate review techniques are employed. However, the datasbase in-
formation is difficult to obtain and the required review process is ex~
tremely labor intensive. The datsbases should, therefore, be reviewed
to determine if modifications are possible to provide a more accessible
and efficient means of analyzing the failure data.

Thie etudy ‘has identified aging trends in component failure rates, com-
ponent importances and system unavailability that could have eadverse
impacts on plant safety in later years. Future operating experience
should be monitored and periodically checked against these results to
ensure that these detrimental trends are not occurring, or that timely
preventive actions are taken. The results from thie and eimilar FPAR



studies should, therefore, be conveyed to.an.appropriate group of data
analysis personnel to periodically update results using curreat plant
operating data, and check thenm against predicted trends.
’Thia‘study has shown that the potential exists for . component failure
" rates to increase .with time and for their relative importance to sys—
tem unavailability to change. Current test and maintenance activities'
may not be effective in controlling these trends. Appropriate measures
should, therafore, be taken to ensure that test and maintenance actions
adequately address the time-dependent effects of aging. o

" The more tedundant a 8ystem is, the faster its relative aging rate,
‘because aging 43 a common cause effect. Further study of this effect
with various qnantitative examples is recommended for future _8ystem
“level analysea. R .
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A~S

A.1 APPROACH

.Since the Cbmgpnent Cocling Water (CCW) system design varies between
plants and since system design is very important to overall plant performance,
it was necessary to perform & detailed design review of each plant's CCW sys~
tem. This review was important to the NPAR systems study since it provided an °
understanding of CCW system .characteristics, ensured. applicability of the
selected reference plant (Indian Point-2), eided in the analysis of system
faflures, and provided the population data necessary for normalizing the
failure data. It also provided valuable design insights presented herein.The
review was performed by first establishing the basic . information desired and
then developing a form to be completed for each plant revieweds - Thé reviews -
were generally made using the plant’s Final. Safety. Analysis Report (FSAR). A
completed form is shown in Figure “A~1 for  D.C. -Cook Unit” 1, which is
representative of the :most prevalent  system design.. This form was completed
for each PWR unit in the United States. Figure ‘A~2"'is the- “date for Indian
Point-2, our reference plant. For purposes of comparison, the ‘Reactor
Building Closed Cooling Water (RBCCW) system at two BWRs also was reviewed.

v

A.2 SUMMARY OF DESIGN REVIEW

When all the. :eviews of CCW systems were completed, they were summarized
for each of the three NSSS vendors: westinghouse. Combustion‘Engineeriug (CE),
and Babcock & Wilcox (B&W)e. Then, & final summary of all PWRs was madeé.Table
A~1 provides the summary data for the design reviews of Westinghouse plants,
Table A~2-has the summary for .CE plants and Table 4A=3 for B&W plants. 1hb1e
A-4 liste the abbreviations used in these tables. "These tables ghow 'the num~:
ber of. each of .the major . components and . the’ umjor ‘loads for each plant.
Unique features are identified in the Commente column. One should note ‘that
there are several plants using shared or cross connected systems and also
plants with more than one CCW system. More information on these features is
provided in Section A.3.1. ’
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Figure A~1 CCW System Summary

Plé#t_Naﬁegggdk 1 e - Info Source. FSAR

Pupps: Number (X):__3 (100%) . HP: ____500HP.

. Flow Rata: __ 9000 gpu Head:__190'

T

A.E;épiépﬁtce: ___Norm or Emerg, ."._;1 ; ﬂ.,.w T

HXs: Nﬁﬁbér(!);:ﬁ:ﬁ" 2 (100%) - Surge Tke: 1 - ... . VST
e S - - -American Elec,-

COoling by° Essehtial"SeiV1ce”Water T 'System Designer: Power Service-Corg .

LoadS' RHRFHX, Chg—P, SI-P, RHRPP, CS—P, Misc. PDP, SW-HX, LD-HX, XLDHX, »
o RCP m& th .

Notes. One pump for Unit 1 18 a maint.’ spare. -Units"afe=cro$s—connected at
pump suction and diachatge only. o L
Iﬂéff&mentafidﬁ@!_f?l Indication“( "+’ Alatms - ~‘*f—lneerioéks;'!----
- ; - Rad Mon, T -~ Hitemp EX out = 'S.T. vent closes on
,Flow,RCP.F&P Flow,’ST‘level hi-rad;- CIV ‘auto '
- isol. T : Lo

ST
|

SFGDS A

.ttt
o > NON-SAFEGUARDS —

o T 13

F_G——ﬂjz HX SFGDS B
U, (MAINT. SPARE) |

]

a9

Sketch
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Figure A-2 CCW System Summary

Plant Name:Indian Point-z - s Info Source: FSAR,PRA, SD

‘Pumps: Number (z). 3 (100%) BP: - 950

Flow Rate: 3600 gpm L Headi 220°

Elec Source: _480V buses 2A, 3A, 54

HXs:  Kumber(X): __ 2 (100%) ."§u:g§itks:." 1

Cooling by: ..  Service Water _ System Designeré.WEStIVE&c ‘

Loads: RCP u & t.b., chg pumps, XLDHX, Misc, SFPHX,’ SWXH, LDHX. 9 § pumps,
Rﬂx, Recirc. .pumps . ,

Notes: 2 pumps nge&ed normally. 1 pump 1mmed.‘post—écc.,ithen 2 later. v
Auxiliary :Coolant . System is CCW & RHR + SFP cooling. °
Also 2 ACCW pumps at 80 gpm and 100' head. : B

Instrumentation: = Indication =~ ' Alerms.  Interlocks
o _ ' ‘Rad mon . ~Autp close S.T. vent
Pump disch. P Topump P, on hi rad *
 HX outlet T & F Lo flow "~  =Start pump on lo P
i i ..., PompimletT& .. R EXT . =~CIV.isol.
rad mon. . " " Ei/Lo RCP flow ~Close valve on Hi
Component T & F e RCP flow
: ~Start ACCW pumps on
ESF

s Tﬁ%u - _”;_ _ o (igggv _;;4;

o I e I
e f PUMPS

e __.M\_w;,fv,”. SR B B R f*ff(:lf!(;.'”f"“‘ - - -
: | PUMPS ~ = -~

. . . . —

cCwW
PUMPS

Sketch
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Table Al
: WESTINGHOUSE PLANTS = CCW SYSTEM SUMMARIES
- e
- SURGE »
PLANT PUMPS [HXs [ TANKS LOADS " COMMENTS
Beaver Valley 1 | 3 | 3| 1 |RcPm & t.b. XLDHX Non-RegeHX SWHX SFP-HX
RHR-HX RHR-P Misc,
Beaver Valley 2 | 3 |3 | 2 {RCPm 3 t.b, XLDHX Non-Reg.HX su-xx SFP-1X
‘ ‘ S RHR=HX RHR-P Misc,
Braldwood 132 | 5 | 3| 2 |rRcea 3-ReP t.b., SFPHX, LDHX, XLOHX. Shared system
: . Mise, SWiX, RHR-P&HX, POP
Byron 1 & 2 5 |3] 2 |RoPm & t.b. SFPHX LDHX XLDHX Shared systen -
' Misc SWHX RHR-P POP RHR-HX
Cattaway 1 4 | 2| 2 |ReR-tXs LDHX XLDHX RCPm & t.b, SWHX' SNUPPS
" |sP Hx Misc RIR-P CS-P SI-P Chg-P
POP S
Catawba 1 -4 | 2| 2 |RHRHX RHR-P CCW-P AFW-P CS-P SI-P Chg-P
o LDHX smx SFPHX Misc XLOHX RCPm & -teb,
Catawda 2 4 2] 2 [sane asj‘é_aféuba 1
combﬁchp Pk, 2. 2 1 |RHR-P CS-P RHR-HX CS~HX CW~cond CRAC X-connection between units
» UPS-AC H, Recomb, Misc, POP LDHX smx )
__ SFPHX RCPm & tobs XLDHX
Comanche Pk, 2 | 2 | 2| 1 |samo as Comanche 1 -
Coock 1 3 2 1 JRHR-HX RHR-P Chg—l; Si-P CS-P POP Misc, Units are x~-connected
SWHX LDHX XLDHX RCPm & tebs - ’
Cook 2 : 2 |27] v Saac as Unlf 1
Diabio Canyon-1 3 2] 1. Oonf.Fan cir RHR-HX RHR-P Chg-P SI;P | some x-connected at Ioads
: B o CCW-P SFP-HX SW-HX LD~HX XLD-HX Misc, with Unit 2
RCPm & t.b, POP
Ablablo Canyon-2 | 3 | 2| 1 |same as unit 1

* Ses Abbreviation Sheet . ...




Table A,1 (Contid,)

. o SURGE
PLANT PUMPS [HXs | TANKS LOADS COMMENTS
rartey-1 3 13 ] 1 |RHR-HX LOHX XLDHX SWMX SFP-HX RoPa & t.b. [No x-connection between units
Misc. RHR-P $|=P Chg-P :
Farley-2 3 3 t {Same &s Unit 1
Ginna 2 {2] 1 RHR-HX ROPm & t,b, RHR-P Si-P CS-P S
. XLD-HX Ncn Reg.l-lx Misc, - T
Haddam Neck 2 ]2 1 JRHR-HX SwiX Misc
indian Pt-3 3 2 2 ]Si~P RHR-P Recirc-P Chg-P RHX SFP HX &4=ACCVW-P's for reclirc,-P loop
SWHX XLDHX Non-regen HX Misc R(Pug & t.b,
Indien Pt-2 3 | 2| 1 [sene toats as 1p-3 {2-Acow-P1s
Kewaunee 2 | 2] 1 [RHR-HX RCPm & t.b. Lowc XLDHX smx RHR-P
I-P cs-P Mlsc.
McGuire 1 4 | 2] 't JRHR-HX SFP-HX LDHX XLD HX smx R(Pm &t.b,
Mlsc RHR-P Chg-P SI-P :-
McGulre 2_ 4 2 1 |Seme as unit )
Milistone 3 3 |3] 1 JRPm'd t.b. XLDHX SWHX Cont.alr clg.SFPHX|
RPCCH Si<P RHR-HX RHR-P Misc M/U Water to: SIP |
Cir C° Cig Chilled Water, etc,
Millstone 3 2 21 t [si-Pumps
SIP Cooling
Millstone 3 1 2121 v chg-Punps
“Ichg. P Cooling - o ' o ; ‘ o
North Anna 1 & 2] 4 4 1 ﬁRd’m 3 f.b. XLDHX Non-Reg, HX smx RHRHX Shared system between 2
RHR-P SFPHX CRDM cir Misc, Junits .
'LPolnf Beach=1 2 e} 1 JRHRHX RCPm & t.b. Non Regen HX XLDHX X=-connection between units
1sh SWHX RHR-P, S1-P CS-P Misc, : :
_[Point Beach-2 2 1 &f 1 {[Same as Unit 1
. el 1




Tabls A,1 (Conttd,

)

A-10

. SURGE
PLANT {PUMPS [HXs | TANKS LODS COMMENTS
Prairie istand | 2 | 2| 1 {RiX RR-P 51-P CS-P ROPm & t.b. LDHX  [x-connection between units
Unit 1 XLDHX SWHX SFPHX Misc, I
Prairie Isiand 2] 2 2 1 |Same as P.l1, Unlt 1}
Robinson 2 3 | 2| 1 |ReRx RoPm & t.b. Non. Reg.HX SWHX XLOHX
RHR-P Misc, SI-P CS-P Chg-P SFPHX CROHX
Saten 1 3 24§ 1 |RHRHX RCPm & ?.b. LOHX smx SFPHX Hlsc INo X-connection b;ﬁeaqunlfs
‘ ' RHR-P Si-P Chg-P : .
Salem 2 3 2 1 Samo as Unlf 1
San Onofre=1 3 | 2| 1 [RHRHX RHR-P SFP-HX RCPm & t.b. XLOHX
. jSWHX:Misc Chg-P Recire-HX
Seabrook 1 4 | 2| 2 |cs-P CS-X RHR-P RHR-HX SI-P Chg-P Cont. {2-RCP t.b, pumps & 1oop
- clr RCPm & t.b, Misc SFP=H X LOHX XLDHX :
Sequoyah 1 & 2 5 |3} 2 |RHRIX ROPm & t.b. SWX SFPHX Misc LDHX  |Shared between units
RHR-P S|-P Chg-P XLOHX CS-P
Shearon Harris 31 2| 1 | RHRHX,.RHR-P, LDHX, SWHX,.XLOHX, SFP-HX. |
’ o "'sc' m & *.b.
South Texas 1 3 } 3] 1 |RHRHX RHR-P Cont.Fan cir Boron InJ-P RCPm|No X-connection between units
& t,b, Chg-P LDHX XLDHX SWHX SFPHX Misc
South Texas 2 3 3 1 |Same as Unit 1
Summer 3 [2} 1t |RHRHX RHR-P Rx Bidg S-P LDHX XLDHX SWHX |3 RGP b, boosfev'-'miﬁps
- - |SFPHX Misc, RCPm & tobe . ' '
cCcw RHR-P SFPHX Cont, Alr Cir ulsc.
Surry 1 Chg-P CW| -2 | 2 1. jChg-P
Surry 2Chg-P CW| 2 | 2| 1 Jengp .
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SURG|
PLANT  -JPuPs RO TANK LOADS COMMENTS
Trojan 3 } 2| 2 JRHRHX LDHX XLDHX RCPm & t.b., SWHX Conts
g Al Cir SFPHX Misc RHR-P CS-P SI-P Chg=P
Turkey Pt=3- '3 | 3] 1 JRHRX RoPm & tob, Non.RegHX XLDHX SWX  |Some X-connection et loads
I Misc RHR-P S1-P Chg-P CS-P SFPHX Cont,’
) CRD cir
Turkey Pt-4 3 311 [Seme as Unit 3
vogtie 1 COW 6 | 2|2 |sP rRp-P RHR-HX
Vogtie 1 ACCH" | 2 | 2|1 [ROPm'E f.b. SWIX LOHX XLOHK ACCW system Is seperate
“JMisc ACCH-P &.m . :
<{Vogtie 1 TOTAL | 8 J 4 | 3 ]Al} above fwo llnes,'
Vogtle 2 [ e $2MO BS Vogﬂo Unlf 1
Watts Bar 182 s 5|2 lmoxrons f.b. LOHX 3 XLDHK SWX SFPHX | Common system for 2 units
Misc RHR-P Chg-P Si-P :
worf Creex - 1 @] 212 [RHRHX LOHX XLDHX RCPm & tob.. SWHX smnx - § ‘snueps
-]  [Misc. RHR-P CS-P SI-F Cng-P P3P :
Yankee Rowe 2 J2]1 |wrn SFPIX Shutdown clir L.P,Surge 7K N.Sh
_ nc clr
Zion 182 s |35|2 |Rmx RoPm & t.b. LOHX XLDRX SHIX SFPIX | Comson system for 2 units
Misc RHR-P Chg-P SI=P ' .

R T ST,
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e rmavc s WA Smaets Svetenissteth W

RCPm & sc¢ Misc Cont,Alr cir CR Chiller
CEDM cir

»> Table A.2
CCNBUSTION ENGINEERING (CE) PI.ANTS CCU SYSTEM SUMARIES
SURGE .
PLANT PUPS HXs | TANKS LOADS COMMENTS

“|ano-2 3 |3] 2 |rRePm & se, LDHX, Misc Non SR only

Cal,Cliiff=1 3 2 v SDHX LPS1-P HPSI-P,LOHX,Mi sc, RCPm & sc

CROM Cig

Cal,Clitt=2 3 2 l Same as Unit 1

Ft. Cathoun 3 4 ¥ {SOHX,LDHX,SFPHX ,RCPm & -3¢,Chg=P,LPSI-P - Raw Water Back up. . .
: HPS1-P,CS-P,CEDM Ml sc,Cont, Alr Clg,  CRAC

Maine Yankes 4 4 | 2 [RHR-HX,SFPHX,LDHX,SWHX,LPSI-P, Chg-P, 2 sep, sﬁbsysfen;s .
: ) RCP-nm,Misc,CEA cir, Cont.Air.Clr :

Mi1istone=-2 3 | 3| 1 |SDHX,LDHX,SFPHX,CS-P,HSP I-P,LPS|-P,Cont,

' T N N T ﬂ'f.c‘g, ulsc. ESF R‘ c'g. m & *.b..
: CEDM Cig A
|Palisades 3:1 241 |SDHX,SFPHX,LDHX,MI sc, ;CRD seals,RCP ol Service Water backup to ESF=
* Jelr,HPSI-P,LSPI-P,CS=P,Chg=P Pumps ’ :

"|Pato verde 1 ECW| 2 | 2 | 2. JSDHX, Ess, Chiiler SFPHX X-connection to NCW

Palo verde 1 NCW| 2 | 2| 1 |RcPm & se,Misc,Norm Chiltter, I.D!-D(. CcEDM

o - elr, SFPHX .

Palo Yerde 2 ECW] 2 | 2] 2 |Soame-as Unit 1 X-connection to NCW

Palo Verde 2 NCW| 2 2 1 |Same as Unit 1

Palo VYerde 3 ECW| 2 2 2 |Seme as Unit 1 X=-connection to NCW

Palo Verde 3 NCW] 2 2 1 [Semo as Unit |

San Onofre-2 3 2 2 {JSDHX LDHX SFPHX HPSI-P LPSI-P CS-P CCW-P
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Table A.2 (Conttd.) »*
SURGE .
" PLANT  |PUMPS [HXs | TANKS e _LOADS L 7 COMMENTS
San Onofre-3 3 12} -2 {|Same s Unlt 2'
St. Lucle-1 - 3321 1% SDPD( COnf.Fan Cir LPSI-P i-PSl-P cs-P
: SFPHX LDHX Misc CEA Alr Cir RCOPn & sc
St, Lucie-2 3 21 1 SDHX Oont.Fan CIr HPS!-F CRAC SFP-Hx 'LDHX ,
: Misc, CEDM Clr ROPm & sc '
Waterford-3 3 4} 1:)SDHX LDHX SFPHX EDGs HPS1-P LPS1-P CS-P. }:Cooling by CT or ACCN
RCPm & S.C, Cont, Fen Clr cs'lllers msc : ’ .
CEDM Cir
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.‘
L Table AJ
BABCOCK 3 WILCOX (B&W) PLANTS - CCW SYSTEMS SUMMARIES
Jsurse] - -
PLANT PUMPS |HXs |TANKS LCADS COMMENTS
ANO=1 3 |3 | 2 [roemd sec, Lo, swix, snmx, Misc, non-sa.'sysfen'
: CRD clg . 4 booster pumps
_|Crystal River-3 3 4 I_‘__ RCPm & sc, SFP&D(,SH-D(.LD&D( m-P,NSCCS-P '2 bbos?er pumps
"' |NSSWS-P,RxB. Fan Cig Vent Fan-m, Oonf.
Chill CROM cig Mis¢ i
Davis-Besse s |3 | 1 JorRtx, E0G-HX, LOHX, SWHX, SFP-HX, DHR-P
‘ " {HPI1-P, W-P, RCPm & s¢, Misc, CRD Clg
ocones=1 | 2 Jra]| 1 lrceh & t.b., LOHX, CRD Cig Non S.Re
ish
Oconee~2 2 [ta 1 JRCPm & t.b,, LDHX, CRD Clg Non S.R.
1sh
Oconce=3 2 2 1 JRCPm & t,b,, LDHX, CRD Cig Non S.R.
Rancho Seco NsCW| 2 | 2 2 |oHR-HX, RX Bldg Cooling Units (emerg,) 2 sep, trains
Rancho Seco CCW 2 2 1 JLDHX,Rx Bldg Cooling Units (Norm), Misc
RCPm & t.b,, CRD clg Turd, Plant, SWHX
SFPHX, HPI-P, MJ-P
TMI=1 (ICS) 2 2 1 [JLDHX, RCDT, CRD, RCPm
TMI=1 {NSCCWS) 3 4 1 JRCPm & t,b. SFPHX, RB Fan eclg, MU=-P,CRAC
Ares Rm Clg, Misc
T™I=1 (DHRCCCWS)| 2 2 2 iDHR-HX. DHR-P, DHRCCW-P, MU=-P, R8 Spray-P| 2 sep, trains
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- Table A-4 Abbreviations

Key.  Deffiitdion - -
ACCY ~ Auxiliary Component Cooling Water
AFW ~  Auxiliary Feedwater
CEDM = Control Element Drive Mechanism
Chg ~- Charging
cP = - Charging Pump . -
CRAC ~ Control Roonm Air Conditioning
CR - - .Control Room - - : . A
cs ‘- Contalinment Spray
cw - ~- Chilled Water e
DHR - Decay Heat Removal
ESF - Engineered Safety Feature
HPI - High Pressure Injection (B&W)
HPSI - High Pressure Safety Injection (CE)
HX - Hesat Exchanger
LD = Letdown
LPSI - Low Pressure Safety Injection
MCP = Main Coolant Pump
Misc - WMiscelleneous Loads
M/U - Make Up -
NCW - Nuclear Cooling Water
N.Sh.TK - Keutron Shield Tank
Non-Reg./ - ’
Regen. =~ Non Regenerative
P - Pump
PDP ~ Positive Displacement Pump .
RCPm & t.b. ~ Reactor Coolant Pump Motor and Thermal Barrier
Recirc ‘= Recirculation ; o
RER ~ Residual Heat Removal ;
RHX < Residual Heat Exchanger
sc - Seal Cooler c
SE = Seal Water
SFP - Spent Fuel Pool
sh = Shared
1) R - ' Safety Injection . :
SNUPPS - Standard Ruclear Power Plant System
SR - Safety Related
SWHX - Service Water Heat Exchanger
UPS - Uninterruptable Power Supply

XL Excess Letdown
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To illustrate some of the variations between plants' CCW systems the fol -
lowing two tables were prepared. Table A-5 shows that the name of the systenm
serving the function of CCW varies somewhat. Additionally, the name of the
open coolini water system (e.g. Service Water) providing.cooling to the CCW‘
heat exchangers also varies. Component Cooling Water and Service Water atre
clearly the two preferred names and are generally used in this report, how-
ever, many other exist. : :

Table A-5 CCW System Summary - All PWR‘Plance .
This review included: 50 PWR Sites 79 PWR Units ; 85 CCW Type Systems

The names of the systems performing the component cooling function varied con—l
siderably from plant to plant as shown hete. - :

Names of CCW Systems:

o

Component Cooling Water (CCW)
Essential Cooling Water
Nuclear Cooling Water
Intermediate Cooling System
Primary CCW
~Auxiliary CCW :
Charging Pump Cooling Water
Component Cooling Systenm
" Charging Pump Cooling System
Safety Injection Pump Cooling Systenm
Reactor Plant CCW
Reactor Building Cloaed Cooling Water - - -
Secondary CCW T
Nuclear Services Cooling Water
Nuclear Sercices Closed Cooling Water o
Nuclear Services Closed Cycle Cooling Water ":
Decay Heat Removal Closed Cycle Cooling Water

o-HHunawn—'-N'NNﬁnqu .

‘Total . 8% -

The names of the open cooling water system providing cooling to ‘the CCW system
heat exchangers also varied from plant to plant as: shown here.

Names of Cooling Water Systens o .
Service Water T S P |
Essential Service Water <
‘Nuclear Service Cooling Water
Nuclear Service Water
Nuclear Services River Water
Nuclear Services Sea Water

- B N
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Rames of CCW Systems: (Cont'd)

Nuclear Services Raw Water
Low Pressure Service Water
“ Plant Cooling*Water
Intake Cooling Water
" Cooling Water -
Essential Spray Pond System
Essential Cooling Water
Station Service Whter '
~ Salt Vater .
Salt Vater Cooling .
Auxiliary Salt Water.-
River Water
Raw Water
Plant Service Water
Essential Raw Cooling Water: . - .
Dry Cooling Tower (Auxiliary CCW)

I—-u-h-p-nah:t;u:hahab»paa-a-hfh-

-]
w

- Total -

Table A=6 1llustrates the wide variation in CCW system design in terms of
the number and size -of the main components. Some of the variation in gize 1s
because in plants with multiple CCW systems, often one system is quite emall
and may serve only one load, such as the charging pumps cooliug.‘ Somé -of the
CCW systems in recent plants (e.g. Comanche  Pesk:and Palo. Verde) are very
large and serve many loads. Table A-6 also lists the typical loads served by
CCW systems. The safety-related loads are broken down by NSSS vendor, since
the three ‘vendors have slightly different names.for similar components.

‘Table A-6 CCW Systems - Per Unit Data Vatiations (All PWRS)

# of Pumps: 2to8

Pump Flow: 25 gpu to 17,500 gpm per pump

Pump Head:  54' to 275' (ToB) _
f HEXs: 1 1/2 to 8 (1/2 means 1 shared HX between 2 units)

fSurge Tanks: 1/2 to & (1/2 means 1 shared tank between 2 units)
Typical Safety Related Loads: R

Westinghouse: Residual Heat Removal. (RHR) Heat - ﬁxeﬁengers -(EX), RHR
oot pumps, - Safety Injection Pumps, COntainment Spray Pumps,
=COntainment coolers.;; S s . o
“*Combustion»Eugs.Shutdown HXG, LPSI Pumpa, HPSI Pumps. Containment Spray
Tl e .. PumpS, - Various Chillers. COntsinment Air 0001ers.

- B & We f~ﬁnecay Heat Removal BXs, DHR Pumps, HPI anps  Reactor
A ’ Building Fan COolets. 4 ’
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Table A~6 (Cont'd)

Typical Non Safety Related Loads: I
Reactor "Coolant Pump Motor and Thermal Barrier (Seal Cooler), Letdown HX,
Excess Letdown HX, Seal Water HX, Spent Fuel Pool HX, .Charging or. Makeup
Pumps, Contr ol Rod Drive or Control Element Dtive Mechanism Cooling,
Miscellaneous Loads. o A e

One of the reasons for the wide variation in CCW system design- 13 that the
system is typically designed by the plants' Architect-Engineer (AE) and not
the NSSS vendor. Thus, due to the much larger number of AEs involved,  there
are a larger number ‘of CCW system designs. Table . A~7 below shows the
distribution of CCW systems by the AE that designed themn.

Table A-7 CCW System Designers -

Designer Name # of CCW Systems Designed
‘.,Bechtel PR ST e s L 26
.. Stone & Webater B AT TR TR VIS v S
. Duke Power SN NN BF .
Gilbert A8BOG, TR TR T L e
. Pioneer’ Servtces and Engineers SARL I FURC I NP .
"“Ebasco " _' SR e e T F O Y Py
" Sargeat” § ‘Lundy S N N E S B
Gibba & @i en EEIE AU PR o #E
United Engineers & COnstructors 3
American Elec. Power Service Corp. -0 2
Pacific Gas & Electric 2
VA -2
Brown & Root : S A I I
Unknown - ST R A

To:al .' ' . ' L e

[+
w

A.3 CC’W SYSTEM DESCRIP‘I‘IONS

A.3.l Overall System Azrang_ment

“As ment:ioned 4in "Section A.Z, there ‘are. plants with mult:lple CCW systems
(either 2 or 3 systems per unit), plants-with:fully :shared systems, and even
one. site’ that has both multiple and shared systems, Table A-8 1lists those

" plants with mltiple and shared systems. A plant with a shared system between
units uses ona common set of ‘pumps, surge tanks, and heat exchangers for both
units serving each unit's loads through separate piping headers. 1In the sum-
mary statistics presented herein, the number of: ‘components for a unit using a
shared system is obtained by dividing “the totals:by. two. This results in a
half of a component, if the total number of components is odd.
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Table A-8 Units With Multiple or Shared Systemé

Two Units With 3 Systems

Milletone 3 s Reector Plant Component Cooling Water System
: : © 74 Charging Pump Cooling System. .
D Safety Injection Pump Cooling System

Three Mile Island-1- '-Decay Beat Removal Closed Cycle Cooling Watet Sys-

S . e e temd

sv"Nucleer Setvicea Closed Cooling Wate: Systenm
‘-Intermediate Cooling System

Nine Units With 2 Systems

Maine Yankee
Palo Verde 1,2,3
Rancho . Seco
Surry 1,2
Vogtle 1,2

Seven Sites (14 Units) with Shate& Systems

Braidwood 1 & 2
Byton 1° &2
North Anna 1 & 2
Sequoyeh 1 & 2
Surry 1 & 2
Watte-Bar 1 & 2
7ion"1 &2

Note: Surry 1 & 2 ehare & CCW -system but each unit also has its own Charging
Pump Cooling Water Syetem»ﬂxh_ﬁ;: ,

Cross Connections

A number of two-unit sites-utilize separate, but cross-connected systems.
These are noted in the comments of Tables A-1, A-2, and A-3, These cross-
connections are at various places; the pump suction and discharge, the surge
tanks, the CCW heat exchangers, and at various loads. Some plants have sever— .
al cross—-connection points, others onlytwo. Some of the plents with nultiple’
eyetems have cross-conneetions between the . eystems.

PN

T
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Shared Systems

Figure A-3, shows that there are seven sites or 14 units with a fully
shared system, Five of these sites use a 5 pump, 3 heat exchanger (HX), . 2
surge tank (35,3,2) design. This is equivalent to 2 1/2 pumps, 1 1/2 HXs, and
1 surge tank per unit, which 1s.less than the most common one-unit design of 3
pumps, 2 HXs, and 1 surge tank. However, the shared design has additional
redundancy by having the extra components available to either unit should only
one component fail. Thus for 'single (or perhaps even two) component failures.
the shared design appears superior. For multiple component failures (e.g.,
due to common cause) which fail the entire CCW system the shared design is
inferior, since system failure would affect .two units instead of only one.
While five sites have the (5,3,2) design, the other two sites have a 4 pump, 4
HX, 1 surge tank (4,4,1) design. This design is not as reliable in the surge .
tank area, where there is only one surge tank for two units. = °

80

N—Z>»r v
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DESIGN

- Pigure A-3 - CCW System Designs . -~ — -

Hnltiple Syste-s o

The multiple system deaign is’ generaIIy mora: raliable 1n that more compo-
nents and greater redundancy is provided. Failure of one entire system does
not affect all loads. One good feature of some multiple system designs 1is
that Reactor Coolant Pumps (RCP) seals and high pressure injection pump cool-
ing are provided by different systems. This limits the likelihood that a sin-
gle system failure will cause an RCP seal LOCA and fail the injection system
needed to mitigate it (Generic 1ssue 65). In some of the plants with multiple
CCW systems, one system supplies safety-related loads (e.g. Decay Heat Remov-
al) and the other system supplies non-safety related loads. Rancho Seco and -

Vogtle are examples of this design, where the RCP seals are cooled by the non-
safety systems, which have 1less redundancy than the typical CCW system.

-

-
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Since loss of CCW to the RCP seals is significant (Generic lssue 65), this is
one calse when the multiple system design may be less desirable than the typi-
cal one system design, Additionally, the safety-related CCW system, atseveral
of the plants with fwo CCW type systems, has only two pumps, which again is
less than that provided in the typical one CCW system design.

Unique Aftangeneqts

Three plants have unique arrangements. Seabrook has one CCW system with
two independent loops, plus a separate RCP thermal barrier cooling loop that
has two pumps and two series HXs. The two series HXs are cooled &s a load
from each CCW loop. :

Surry has & typical CCW system shared between two units, However, tapp-
ing off the CCW pump. suctions of this system is & separate chilled component
cooling subsystem with 3 pumps and 3 HXs. Thése HXs are cooled by Chilled
Water, Thie subsystem provides &dded cooling for some iloads when normal CCW
temperatures are not-low enough. Surry also-has two separate charging pump
cooling systems, one for each unit. T

Waterford uses two types of cooling in series for its CCW System. First,
the CCW water is sent to a dry cooling tower and then to & standard, shell and
tube' CCW HX, "This CCW HX is cooled (when needed) by an Auxiliary CCW system
rejecting heat to a wet cooling tower. Either of these HXs can be bypassed
depending on which is providing cooling.

Header Arrangements

There are many different designs for the pipe header arrangements of the
CCW systems, Two common arrangements between pumps and heat exchangers (HX)
and a few common arrangements for loads will be presented here. Figure A-4
shows the two common arrangements of the pump~to-HX header,

—
—F0r BX=-1'|
Hx-1 1 '/
11x,;yfj‘, '_ '|1x;2.v;'”
HX-3| Hx-3]
CCwW —
PUMPS

Figure A~4 Typical CCW Pump-HX Header Arrangement
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The "header arrangements to the loads are much more varied. Figure ArS
shows the simplest deslgn commonly used .in. early plants.

>

“FROMHXs " LOADS

I;‘ I | ..‘ U

T

RETURN HEADER. -

Figure A-5 Typical CCW HX-Loads Header Arrangement

Pigute Ar6 -shows a very'common arrangement, which has two safety related
(SR) loops and one. non-safety related (Non-SR) loop which can be isolated.

Other common header - featutes utilized are a separate loop‘fot 1nside con-
tainment loads “such as RCPs. This allows isolation of. these loads, if there is
an accident ‘inside containment. ~Many plants have automatic isolation-on-acci-
dent signalds and on sensing.of high flow from the RCPs, signifying a possible
tube leak in the RCP thermal barrier cooler. Many other complexities exist in
the header arrangements ‘of individual plants. ‘These generally will not affect
‘the overall .gystenm performance, ‘but are significant as far as 1nd1v1dua1 loads
are concerned. .
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—>» LOOP A (SR)—>
o (SR) - SEPARATE

LOOP €

'FROM HXs (NON SR)—> . RETURN

- . HEADERS
LoOP B(SR)—> -

Figute Ar6 Typical CcCcw Safety Related Load Header Arrangement
Enetgency Hater Snpply '

Sevetal plants ‘have backup emergeney water supplies to. their ccw system.?
These supplies generally are not .as pure as the normal supply, “but come from a
safety-grade system such .as Service Water. Such backups are. mostly found in -

Combustion- Engineering plants, but a few Westinghouse and "B&W plants also have
~ them. These emergency supplies provide additional CCW water should surge tank
level drop due to leakage in the system. The ‘emergency supply injects either
to the entire system at the CCW pump suction or simply provides cooling to
certain selected CCW .loads .via the normal CCW piping.

BWR Syste-s t

Boiling Water Reactor (BWR) Plants use a system similar to CCW for cool~"
ing called Reactor Building Closed Cooling Water (RBCCW). Two BWR-RBCCW Sys-
tems ‘were reviewed briefly to determine their similarity to the PWR systems,
These .systems were.found to be somewhat similar in both function and design to -
the PWR CCW systems..This Teport, however, does not address the BWR systems.

A.3.2 CCW System Major COmponents

The nnmbet of individual CCW components st each NPP unit varies just as.
the overall system wvaries, The most common sr:angement is three pumps ‘and - two
heat -exchangers; however, eome units have as many as eight of each. Figure -
A=T shows the distribution .ocf pumps in CCW systems’ and Figure A-8 illustrates
the distribution for heat exehsngers. Those plants with 7 or 8 components per
unit are the .ones with multiple systems.. Plants with 1.5 or 2.5 components
per unit are. the ones gsharing 3 or.5. eomponents between two units. . Those with
more pumps and more HXe provide greater reliability, albeit with the reserva-
tions about common cause failure noted in the previous section. The CCW pumps

-
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are all motor-driven centrifugal types. For some small systems serving only a
few components, flows are as low as 25 gpm. For the large systems at the
newer plants that cool many components, flows are as high as 17,500 gpm per
pump. Pump heads (total developed head or TDH) likewise vary from 25 feet to
275 feet . “The majority of pumps fall in the flow range of 3000 gpn-10,000
gpm, in the TDH range of 150' - 225', and from 400-700 horsepower.

The pumps are driven by eithet 480 volt or 4160 volt ac electrical power.

In most cases they are powered from safety—related, Class 1E buses, which can.
receive power either normally from onsite or offsite sources or in an emer--
gency from the onsité diesel. generators. A few 'systems have non-safety related
pumps that are powered from non-safety’ buses._ Also, a few plants have small
booster CCW pumps that provide added flow at higher pressure to particular
components such as 'RCP:.seals or coantrol rod drive mechanisms. - These booster
pumps are on the order of 200 gpm,: 200! TDH, and 15 horsepower.

The majority of all HXs are of the shell and tube type, with CCW on the

- shell side and Service Water on the tube side. The HXs are typilcally down-..:..!.

stream of the CCW pumps before the loads, but several plants, primarily the-
BSW designs, have the HXs after the loads and before the CCW pumps. This
placement affects the differential pressure (DP) across the tubes between SW
and CCW; the temperature of water that the 'CCW pump ‘seals -see; the: CCW pump
net positive suction head available; and the temperature of water supplied to
the loads. Regarding the DP between CCW and SW, plants have chosen-two ‘dif=-"
ferent designs.  Some plants operate with CCW pressure higher than SW and
etate in their ESAR that this prevents the-impure-SW-from-1eaking*into ‘the CCW
system end causing corrosion. Other plants operéte ‘with" ‘SW/‘pressure ‘higher:-
than CCW and, state that this ensures that the' potentielly contaminated  CCW~
system will not leak out to the environment.f Whatevér the design, -a tube.leak -
during normal operation in the ccw—ax 13" relatively easily detected by changes'
in CCW surge tank level,vand the consequences are not severes : .
Figures A-9 and A-10 11lustrate the number of surge tanks used for plants
with shared CCW systems and plants without shared systems, The most common
design for the non-shared system 1s one surge tank. Several single surge..
tanks have an ianternal baffle, dividing the tank into two halves, so that a
singie leak does not incapacitate the entire system. All of those units hav-
ing. 3 or 4 surge tanks are units ‘with multiple CCW systems. Regarding “those:
_plants with shared . eystems, one plant ‘has “only a single surge ‘tank  for both-
units.; Bnother plant that’ has 1 shared system ‘and” one individuel ‘system per’
unit, has 3" ‘surge tanks. - However, ‘here the shared CCW system has- only 1 surge -
tank for both units. While this design is not as reliable as the others, it
should be noted that the surge tank does not show as ‘a dominant cause of fail-
ure. in. the CCW-PRA study.. The great majority of plants have their surge tank
located on the suction aide of the main" cCW' pumps to provide net positive suc-
tion head for the pumps, in’ addition to serving as a surge volume for the sys—
tem. ., A.few designs place the tanks on the pump ‘discharge.  Most' plants also
use. the surge tanks for- normal make-up to ‘the CCW system ‘from a demineralized -
water 8ystem and for. additlon of corrosion ‘inhiditorss- Generally there are
provisions “for recirculation to "ensure good mixing of ‘added chemicals, The-
majority of surge tanke e?e vented to the atmosphere through ‘a vent line with"
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an automatic isolation valve. 1If primary coolant were to leak into the CCW
system, say through an RCP-HX leak, then a radiation monitor would alarm and
automatically close the surge tank vent valve to prevent the overflow of con-
taminated watér out of the vent line. A few plants (e.g. Trojan) operate with
normally 1solated and pressurlzed surge tanke.

A.3.3 CCW System Electr:lcal Powar

As with most NPP systems, the ccH system receives various types of elec— :
trical power. The major components needing ‘power are the pumps and motor
operated valves (MOVs). The pumps receive either 480V or 4160V AC depending
on their size and design, generally (but ‘not - always) from the safety related
buses. The MOVs are typically. powered f.ron 480V motor control, centers (MCCs).
Some of the MOVs, such as- con:a:lnment 1sola|:i.on valves, ‘train separation
valves, and valves isolating ‘the: -non-safety. loads are ‘powered: from safety
related, Class 1E MCCs. The: remainder of the MOVs' ara: ; usually powered from
non-safety MCCs. 125V DC power ‘is used for eolenoid-operated va],ves, circuit. -
breaker control, and. various logic- and inatrmnentation circuite.. 120V AC is
also used for :I.nst:umem:ation and sometimee control cireuits. Co

A3.4 Instrumentation and COntrol (I&C)

As a rule, CCW systems are not heavily instrumented as compared with -some
of the other systems in a NPP, but the instrumentation installed wvaries
between plants. Generally, the newer plants have significantly more instrumen-
tation than plants completed in the ‘early to mid=70*s. This section will
discuss the types of 1&C equipment installed in CCW systems in three cate-
gories: indications, alarms, and interlocks/ controls, -

50 43
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Table A-9 summar:lzes the various types of 1nd:lcat:lon m CCW systems. Nd
single plant would have all of these indicators, but some new plants have most
of them. A typical “plant "has ‘onie: gystem pressure ‘indicator, .a ‘temperature
indicator, a flow :l.ndicator, & radiation monitor, a surge tank level indica-
tor, and some indicator on the RCP header. Some, but not all, of t:he indica-
tors provide for 8 readout in the eontrol room. '

u‘.’:-' cape UL

- 'Table A-9 :CCW System Indication::
Pmnp discharge - CCW-HX 1n/out PR ,'!otal =

RCP header RCP out ' Pump suetion

Main' loops:or ‘headers - .-:-: Pump suction -..-: - . : COW=HX.... . ’

: : B T N T P _,Individual Componente
' RGP out

Rndietion Honitor B Level R Hiscellaneous o

System A ‘Surge Iankﬂ"i,i..:_ ...Pump Vibration
Pump Differential Pressure
Valve Position
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Table A~10 illustrates the various types -of alarms -ia-the coantrol room '

for the CCW system. As with the indication, no single plant will have all of
these alarms, but newer plants may have several. The typical plant will have
alarms for high temperature, low system f£flow, high radiation, surge tank
level, and phrhaps a temperature, pteesure, or. flow alarm for the RCP header.

Pressure Flow

Low pump discharge pressure
Low CCW HX pressure (in/out)
Low loop pressure

High/low system pressure

High/low CCW HX
High/low-RCP out
Low system:

Low component

Radiation Monitoti..

R

High syatén-ragiation ‘ ‘Righllow-surg. tank -

Table Arll liets the diffetent typee “of interlocka ‘and’ controls found in
NPP CCW systems. The typical plant will only have 2 of them. Some older
plants have no automatic-'controls, and all stops, starts, and isolations are
done manually by the operators. Many newer plants have 3 or 4 of the
automatic interlocks, the most common being closure of surge tank vent in high
radiation, auto:.start.-of::CCW: pump, :isolation- of.. non-safety..loads on ESF
eignal. and closure of the containment isolation valve.

- ,0 H . ac . I . e L VT L A N
. N Sl T S S T T !

Con 'l‘able A-u ccw Syntem Automatic ‘lntotlockstontrole

-

Cou-on Ite-s

l. Closure of containment isolation valves on Engineered éafeti Features

(ESF) or Safety'lnjection (SI1) signal.

2. CCW pump start on low pump diacharge pressure,: on ESP/SI signal, or on
trip of running pump.

3. 1solation of non-safety equipment and loads :from safety-related equipment .
on containment isolation signal, ESF signal, SI signal, low surge tank ‘

level, ot lov pump suction pressure, . -

i

4. Split of redundant aafety related trains on containment isolation- signal,éy

‘1ow stirge tank level, ESF signal, or SI signal,

5. Surge tank vent valve automatic closure on high ccW system radiation.

‘\?

6. 1solation of teactor coolant pump header on leak as mcasured by highdv'

preesute, high temperaturo, ‘or high flow.
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Table A-11 (Cont'd)

Rare/Unique Items .

1. CCW pump trip on high tempe}atur

2, CCW pump trip on low/low surge7tenk :evel.
3. Automatic start of Service'wster:o ;cw auto start.
4, Automatic opening of valves to required ccu loads on SI,

5. Hodulstion of temperature control valves at<components or CCW Hxs.

6. Start of DC powered RCP thermal bsr‘ er emergency cooling pump on low ccw
. pressure ‘or on loss of AC power.--h¢w I

7. - Automatic cross connection of - safety relsted ccw system to ‘non-safety CCW
system on.Loss of ‘0ffsite. Power . (LOOP) in ‘order’ to cool RCP seals. Also
automatic isolation of two systems om SI signal.-

"A.3.5 CCW System Hiscellaneous Equipment»

Pipes and Pipe Supports

CCW system piping is generally seamless carbon steel pipe. Therefore, a
corrosion inhibitor is used in almost all systems. . Common inhibitors are
chromate or nitrate compounds. Sodium hydroxide aleo 1s added “sometimes to
raise the pH and reduce corrosion. Some portions of the CCW system in contact
with primary coolant, such as at the RCPs or letdown heat exchangers, are made
of stainless steel. :

Pipe supports for the CCW system are of standard power plant design with
pipe hangers and restraints. Safety-related portions of the systems are also
supported by selsmic restraints-.and often snubbers. Sometimes portions of the
non-safety sections are also’ similarly supported to prevent damage to nearby
safety—relsted systems. 7 _

Valves

Since the CCW system is a’ latge system gerving many loads, there are a
large number of valves in: the system. Figures A-11 and A-12 illustrate the
total number of valves' found dn; the CCW systems on a per system basis and &
per unit basis. The main reasons for differences in these figures are the
plants with:multiple systems and ‘those with ‘ghared ‘systens, Within a given
plant’s CCW" systen (and  even more 60 between ‘plénts), there {s a variety of
‘types of valves in ‘use ‘including motor-operated ‘valves (MOVs), pneumatic-oper-
ated valves, manual valves,. solenoid valves, relief valves, automatic control
valves, and check valves. -
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A few of the MOVs will typically fall into the plant's ASME, Section XI
‘valve surveillance testing program and be routinely tested for operability and
stroke time. Some MOVs receive automatic signals for realignment on contain-
nent isolation or engineered safeguards sctuation., Others are manually oper-
ated from the contYol room. Some of the loop or header isolation valves and
some of the control valves are pneunmatic. Air to the pneumatic valves is
generally controlled by DC-operated solenoid valves. Manual valves are used
for component and header isolation, for system venting and draining, for
throttling and setting of flow rates, and for instrument root valves. Check
valves are included in the discharge of all system pumps and in the discharge
of a number of component headers, such as the RCP headers, Relief valves are
located on the surge tank and often on each.cooled, component header to pro-
vide relief in case of component isolation and subsequent heatup.

Cabling

The electric cabling to the safety-related portions of the CCW systenm
will generally be routed in redundant cable trays that are fire-protected, and
seismically supported. Large portions of CCW systems are non-safety and the
power supplies and cabling will be standard power plant design. Wiring to -
indication and slarms is also typically non-safety related.

Structures

The CCW systems at PWRs traverse a large portion of the plant due to the
amount of equipment to be cooled. Typical locations are: the ‘auxiliary build-
ing for wajor components such as pumps, heat exchangers, surge tank and
several loads; the containment for many other loads such as RCPs, and excess
letdoun heat exchangers. Sometimes they are located in other buildings such
- as the radwaste building or turbine building for loads.
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B.l1 INTRODUCTION

Indian Point Nuclear Generating Unit No. 2 (IP~2) is a Westinghouse de-
signed PWR, owned and operated by Consolidated Edison Co. and located in
Buchanan, N.Y. !he‘Axchitect-Engineer for the plant was United Engineers and
Constructors. The'plant is & four-loop design with a net output of 873 Mi(e).
This plant was selected as the baseline plant for our CCW system because:

le It was representative of United Statee PWR CCW systens, as deter-
mined by the review of CCW designs deseribed in Appendix A.

2. The plant has been in operation more than 14 years, which qualifies
it as an aged system. ' :

3. The utility is willing to shete information with BENL.

This section:deseribes the:iP-z CCW system in detail. A brief overview
of the systen . is given 1n the summary sheet in Appendix A, Figure A~2.

.2 OVERALL SYSTEM LAYOUT

. The main CCW system components are located in the Primary Auxiliary
Building (PAB) with cooled lcads throughout the plant, including inside the
Primary Containment. Figure B~1 shows that the gystem consists of three pumps .
in parallel pumping water to two parallel heat exchangers, which are cooled by
Service Water. All water passes through 2 single 20~inch pipe, then sgplits
into various sub~headers for eventual distribution to all loads in a parallel
arrangement. -Any: 1ndividua1 load can be isolated, some remotely from the cen~
tral control room with notor-opersted valves and others with manual veglves.
The recirculation pumps ‘in containment have separate small booster pumps for
their header celled Auxiliary 'CCW pumps. After passing through the loads, the
return flow is joined into a- single 20-inch suction header for the CCW pumps.
A single surge tank is also attached to this suction. header. Pure makeup
water for the system is’ snpplied ‘to the surge tank from the primary water sys-
tem or the flash evaporator, The surge tank is normally vented to the PAB
through a pneumatic’ valVe, which automatically closes if-there is high radia-
tion in the CCW pumps suction beader. Potassium chromate (175~225 gpm) is
added to the surge tank to Inhibit-cotrosion eince most ‘of the CCW components
and the piping are made of earbon steel. : e L

-

B.3 MAJOR COMPONENT DESCRIPTION

B.3.1 Pumgs

The three main CCW pumps are. hnrizontal eentrifugal pumps with & capa~
city of 3600 gpm and a design head of 220 feet TDH. - They are driven by a 250
" HP electric motot powered ftom 480 velt Ac safety-reiated buses. Figure B~2



Figure B<l Indian Point-2 CCW System Layout
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Figure B-2 1IP-2 CCW Piping and Instrumentatlon Arrangement for Pumps

“Each pump has auctiqn and discharge maintenance isolation valves, & dis-
charge check valve, & suctioilistrainer, a ‘casing ‘vent, piping vent and drains,
flow-meters, and discharge temperature indicators. The common pump discharge
header has a pressure indicator (PI),’ which reads locally, and a pressure con-
troller (PC) that actustes & conttol room- alarm and automatically sterts the
standby pump at 20 psi below the normal pressure '0f 100 psig. During normal
operation, two of the three pumps are in operation. TIC 627 on the pump suc-
tion alarms on a high temperature of 155°F, - : :

Be3.2 Heat Exchangers (ax) ’

The CCW heat exchangers are- -shell and tube type with CCW on the shell
side and Service Water on the tube. aide. Figure.nf3 1llustrates the arrange-
ment of the two ccw HXs. w : Sl :

During normal power operation both HXs are 1n service. Local temperature
indicators are on the CCW inlet to each HX. The common CCW HX outlet header
has flow and temperature indication:-and :alarms for ‘the control room. Normal
CCW .flow (with the residual heat removal.loop mnormally isolated) is 6600 gpm
and the low.flow alarm is set at 1500 gpm._QNormal CCW inlet temperature is
100°F and the outlet is: 90°to 9S°F, with & high outlet temperature alarm at
120°F0 ’ * R e T
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Service water (SW) to the heat exchangers is normally cross-connected
between the two loops, but with all flow coming through SWN-32., The HXs have
inlet SW pressure indicators. and outlet temperature indicators. Temperature
of the CCW system water 1s controlled by manually throttling the two SW outlet
valves SWN-35 and SWN-SS-I. If it becomes necessary to adjust the temperature
at individual ccw‘ioads, this ie done with the individual CCW throttle valves
at each load.

B.3.3 Surge Tank

The surge tank is located in the PAB high above the coW pumps to provide'
NPSH. Its total volume is 2000 gallons and normally operates at about 50% of
capacity. Figure B-§ illustrates the IP-2 surge tank arrangement. A level
transmitter provides high and low level alarms at 4 inches above or below the
normal level. The surge tank has volume to accommodate in-leakage to CCW
(e.g., from the RCP Cooling loop), out-leakage from CCW, or thermal expansion-
/contraction, WNormal makeup and chemical addition is via the surge. tank. The
tank is normally vented to atmosphere through pneumatic valve . RCV-OI?, ‘'which
closes automatically on high radiation sensed at the CCW pump suction. There’
is also a relief valve on top of the tank which relieves to the waste hold up -
tank. . R

B.3.4  Auxiliary CCW pumps

The two suxiliary CCW pumps are vertical centrifugal pumps arranged in
parallel and sre reted at 80 gpm and '100 feet TDH. .They are sutomatically
started on an ESF signal and supply component cooling water at a higher pres- -
sure &nd flow to the two recirculation pump wotors.inside containment. The
recirculation pump motors are totally enclosed fan-cooled motors with cooling
provided by CCW. Return flow from the recirculation pump motors goes through
a single -1ine with a flow meter and low flow alarm set at 60 gpm. .

B.4 LOADS

.The CCW eystem provides cooling to both safety and non-safety related
loads. Table B-1 below lists the loads, their normal opersating flow, and their,
maximum design flow (where applicable).

"Table B-1 CCW Loads

A . R . Normal o :
Safety Loads . Operating Flow = Design Flow
High Head Safety Injection Pumps s 15gm . -

(per pump) :

Residusl Heat Removal Pumps 15 gpm —-—

(per pump) : et e
Spent Fuel Pit Heat Exchanger ' 2000 gpm 2850 gpm
Residual Heat Exchaanger “ 4000 gpm 10000 gpm

(per-.exch,) , o
Charging Pump 01l Cooler (per pump): ' 90 gpm -

Speed Controller = .. .. .~ .. ... . 85gpm -
Bearing Cooler 5 gem -

. Recirculation Pumps (per pump) . 40 gpm



meiTess s v atmoast i e wriNeSemLs 16 SMAy ot §oh S M2 M

B-10

Table B~1 (Cont*d)

‘ C _ S Normal L :

Safety Loads ‘ - Operating Flow Design Flow
Non-Safety Loads
Flash Evaporated Product Cooler , 400 gpm -
Letdown Heat Exchanger (Non—Regenerative) /1000 gpm —
Seal ﬁater Reat\Exohonger‘ ' B zoo-gpm S 220 gpm -
Reactor Coolant Sample Heat 14 gpm - - - 40 gpm -
Exchanger (per exch.) (2 in series) - L ¥
Pressurizer SEEaﬁhsaﬁple ﬂgatj‘ 714 gpm - 40 gpm - :
Exchanger (per exch.) (1 in’series) S A e
Pressurizer Liquid Sample ‘Heat : 14 gpm 40 gpm
Exchanger (per exch.) (2 in series) o
Steam Generator Blowdown Sample 14 gpm © 40 gpm
Heat Exchanger (per exchanger)
Bor1c>Ac1d‘Bvaporator COndenser (per évap.)' - 750 gpnm 1~f1> .‘760'gpﬁ.;
Boric Acid Evaporator Condensate Cooler '"":65*8Pu"r*r"‘ 96 gpm
(per evap-) . ‘ R S
Boric Acid Evaporator Air Ejector Condenser ' ‘==-1-  ° em.
(per evap.)
Gross Failed Fuel Detector Sample Cooler - 14 gpm -
Waste Gas Compressor Cooler ° ' s gpm S
Reactor Coolant Pump Upper Motor Bearing Heat 150 gpm -
Exchanger (per pump) ’
Reactor Coolant Pump Lover Motor Bearing Heat 5 gpm -
Exchanger (per pump) : . : : '
Reactor Coolant Pump Thermal Barrier Heat - 25 gpm - -
Exchanger (per pump) : :
Reactor Vessel Support Blocks Cooling Coils 50 gpm -—
(combined) L S .
Excess Letdown Heat Exchanger ‘ 230 8pm ’ 245 gpg:ﬁ '

Some features of 1mportant loads are discusaed below. s
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B.4.1 Safety Injection Pumps

CCW flow to the High Head SI pumps 1is boosted by a small circulating pump
directly congected to each SI pump motor shaft (Pigure B~1). Por each SI pump
CCW is then sent to two seal water HXs, one oil cooler, and two pump seal jac-
ket " coolers. The CCW 'flow from the three SI pumps then joins and passes
through a flow element with local indication. I1f the SI pumps are not ruan-
ing, the CCW circulators are not running and there 13 no flow through this
portion of the system.  When the SI pumps are running, normal circulator flow
is 45 gpm, with a low flow alarm set at 30 gpm. There are two emergency back-
up supplies of cooling to the SI pumps' CCW header: (1) a manual valved con-
nection to the Primary Water System, and (2) a flanged connection to the City
Water System. -

B.4.2 Residual Beat Removal (RBR) Pumg_

CcCW 1s supplied to each of the two RHR pumps from the .same sub-header as
for the SI pumps. CCW cools the RHR pump seal thermal barrier and the pump
seal water heat’ exchangeru A local flow indicator measures outlet flow from
each RHR pump. Normal flow is 15 gpm and thére 1is.a low flow alarm in the
control room at 12 gpi. : The emergency backup connection from the Primary
Water System and City Water System previously mentioned under -the SI pumps can -
also provide water to cool the RHR pumps. _

.6.3 Charging Pumgs f.

Bach of the charging punmps has ccw cooling to 1ts fluid driye 011 cooler
and its bearing o;l cooler. .Combined ‘outlet flow from the charging pumps is
méasured by a locally indicating flowmeter. There i3 an emargency' backup
cooling connection ‘to and from the City ‘Water System., All valves are manually
operated. o - _

B.4.4 Recirculation Pumps

The CCW loop to the Recirculation Pumps is descrlbed earlier 1in Section
Be3.4 with the Auxiliary CCW pumps.

Be4s5 Reactor Coolant Pumps (RCPs)

The CCW system supplies cooling water' to esch of the four RCPs., For each
pump, CCW cools the upper and lower motor: bearing ‘011 ecoolers and the RCP seal
thermal barrier heat exchanger. The arrangement of :CCW to the RCPs is shown
in Pigure B~5. Each of the. four RCPs is sinilar so only one is shown. 1Inlet
water comes through two containment isolation vailves (CIVs) #7693 and #797,
which close automatically on a containment hi-hi pressure signal (Phase B iso-
‘lation). The lines to the RCP motor bearing are of lower design pressure than
that to the thermal barrier. The relief valve in the motor bearing return
line 1s set at 130 psi and in the thermal barrier line at 2435 psi due to the
potential for a thermal barrier cooler failure allowing reactor coolant pres-
sure into that line. Normal flow to the RCP upper bearing is 150 gpm and to
the lower bearing S5 gpms Combined RCP bearing return flow has a low flow
alarm at 125 gpm. The bearing water then exits containment and passes through

-
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two other CIVs (#784 and 786), which also close on a Phase B isolation signal.
Between these CIVs is a temperature indicator which alarms ia the control room
at 120°F. The normal CCW flow to each thermal barrier is 25 gpm. After the
thermal barrier return flow from each RCP is headered together it exits con-
tainment and passes through the. ‘filow indicating controller, FIC-625. This has
a low flow dlarm at 80 gpnm dnd a high flow alarm at 120 gpm. At 120 gpm a
thermal barrier rupture is indicated and valve FCV-625 is automatically
closed. -

Valves FCV-625 and -789: also close on a containment Phase B isolation:
signal. Between these two valves is a temperature indicator. Normal tempera-
ture here is 120°F and there is an alatm in the control room at 140°F,

Although not considered. aafety-related and not necessary post—accident,
CCW flow to the RCP thermal barrier is important in maintaining the integrity
of the seal. Loss of CCW to the RCP seals can result in seal failure and a
resultant primary system LOCA,: Procedutes tequire that RCPs be stopped within
two minutes of loss of CCW. -~ -~ . UL

B.be6 Residual Heat ﬁxbhangsg

Ly

.CCW 1is provided to ‘the shell side of each of two Residual Heat Exchangers
(RHXs) which are located inside primary containment. Normally there is no
flow to the RHXs since MOVs (822A/B) on the CCW outlet lines are normally.
shut, ' These two MOVs automatically opert on an ESF actuation. Since this is a
closed, seismically qualified loop inside containment, no CIVs are provided.

B.4.7 . Spent Fuel Pit (SFP) Heat Exchanggr

CCW is supplied to ‘the shell side;of the SFP HX which 1is located in the
Spent:Fuel Storage Building. The CCW return line-has both a flow and tempera-
ture indicator. . e < :

B.5 ELECTRICAL AND 1&C = * -

Ihe CCW’ pump motors are aquirrel—cage induction motors, supplied with
safety—related 480 Volt AC poﬁet fron buses. - '

Pump # o Busi# - Diesel Generator
21 e CBA T e e 21
22 2A : 22
23 3A s 22

An important design item is that pumps 22--and--23 “are supplied from 430
volt buses (2A and 3A) that receive emergency power ftom the same diesel gen-
erator (DG). Thus failure of DG #22 will fail two CCW pumps. Also the IP-2
Technical Specifications call for two opetable CCW pumps from a different
pover supply. 1If two pumps from different buses are not operable, then only
24 hours of continued plant operation are permitted. Hence, the plant may
operate indefinitely with pump 22 or 23 out of service, but only 24 hours with
pump 21 out of service. '
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Each pump control switch in the control room has four positions: Pull-

out, Stop, Auto, and Start. The ACCW pumps are supplied with 480 Volt AC

powers:
- Pump # MCC £

- 21 26A

22 26B

These pumps are operated locelly atrthe MCC or automaticelly started on

B. 6 VALVES

Figure B-6 illustrates the breakdo ;the*various types of valves
~and shows the total. number of each type in“the CCW systen at Indian Point-2.
The majority of valves ‘are manually operated. The muotor-operated valves
(MOVs) are used for containment isolation and' startup/shutdown of the Residual

Heat  Exchanger loop. The alr-operated wvalves are used for containment
isolation and temperature control of the non-regenerative HX loop. Each load -

capable of being isolated and generating substantial heat, has a relief
valve, Each of the CCW pumps and some loads have check valves. Each
component - tooled by CCW has an individual throttle valve, set in accordance
with IP-2 procedures. The position of these valves is generally constant., If
a component (load) is not im use, CCW flow still is usually supplied to the
component., If it is necessary to icolate a component (load), it is done with
the manuel stop valves and not the throttle valves. .

o

B. 7 SYSIEM OPERAIION

Tbe entire ccw ‘systen 1s. seismic 01ass 1 and is housed ‘and’ supported infw

seismic structures. The piping and components generally are all carbon steel
with welded comnnectiouns, except - where - flanged connections are nsed to
facilitate maintenance. :

. During: normal plant : operation the. CCW systen is in continuous operation,

'jThe normal configuration s _two CCW pumps and one ccw nx operating. "Two HXs;_ﬁ‘
may . be. used At any . time, but the ;hird pump may. only ‘be uded if there are
sufficfent .loads te allow adequate flow (that. is, both RHXs and both CCW HXs
must -be -on.; line). The CCW temperatute out. of the CCW HXs to the loads should'ﬂ
be between 70'-100'?. except that during the first three hours of RHR °
operation temperature is permitted to vary from®'70°-120°F. ~The maximum’

temperature allowable after the loads at the CCW pump suction is 160°F. Flow
for each CCW pump must be kept between 300-3600 gpm.
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MANUAL 230

'MOTOR-OPERATED 8
/' CHECK 9 -
'RELIEF 22 = -

Tw el i o (AT

“Pigure B-6 IP—Z CCW Valve Typee

Procedures provide for an emergency cooling-watet snpply ‘to the Safety
Injection Pumps and RHR Pumps in the event of loss of CCW. This can be
provided manually by the operators from either the Primary Water System or the
city water header. Additionally, in an emergency, the city water header can

provide cooling .to the" Charging Pumps in place of CCW, this -is --also

RN S T 2 S R it

accomplished manua].ly by the operators.
B.8 MAINTENANCE PROGRAM G i e

CO:rective mainteuance (CM) was performed on ‘various 'componente of “ the

ccw eyetem over” l:he yeare to .repair failures ‘that’ occurred. This maintenance

was documented on ‘Work Orders “and uaintenance “Work' Requests,  Recent main=
tenance (1984 to 1987) “1s also’ included in a‘° computerized tracking “system.
The - plant. is” currently involved in a backfit eff.ort to enter paet data into
the eame computerized system. R

. e R S R . - .o .
- . . BRI - T . i

- macien p v A
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Preventive maintenance (PM) performance varied considerably over the
years. Before 1981 there are no records on what PM was performed: since 1981,
the PM 1g summarized by component. The CCW pumps were overhauled for PM each
four years  per procedure M.P.-4.l, which resulted in an extensive refurbish-
ment of the pump., .If extensive CM was petformed on g pump then credit was
taken for that in ehe PM program. The CCW pump motors aleo were subjected to -
PM once in four years. The pumps/motor bearings were greased every 3 months
and had their oil and grease changed yearly. At the oil change, a sample of
the oil was analyzed, .-0il .levels. were checked daily.: Motor-operated valves
were. inspected each refueling outage. (approximately. 18-24 month intervals).
The circuit breakers of the CCW pump motor were also naintained each ‘refueling
outage. No PM was performed on manual valves, heat exchangers, or piping.

B.9 - INSTRUMENTATION -AND CONTROL (I&C) CALIBRATION

As with most plant systems, the CCW system contains ‘a considerable ‘amount
of instrumentation and control circuitry, most of which is monitoring equip-
ment. The automatic control circuits, such as initiation and containment iso-
lation, were checked :and..calibrated if..necessary, as part of the technical
specification testing: conducted genetally at refueling intervals, in accord-
ance with detailed procedures. The other iustrumentation was calibrated at 2-3
year intervals as follows: B

Flow Imstruments - I&C Group
<o+t Temperature Indicators = Test Performance Group
© ne ¢ ¢ . Temperature. Control Valves - I&c Group ’
i w ... .Level .Indicators.= I&C Group s
Pressure Indicators = Test Performance Group
Pressure Switches - I&C Group '
Valve Limit Switches = By Maintenance

The instrumentation calibrated by the 1&C group was generally calibrated using
data sheets without a procedure specific to the instrument. The equipment
calibrated by the Test Performance Group and Maintenance required specific
procedures.

B.10 TEST PROGRAM

The CCW system components were tested over the years as described below.

Auxiliary CCW Pumps:

From 1973 to 1984, the auxiliary CCW pumps were tested per procedure
PTM-20, in accordance with Technical Specification 4.II.A.l. This test
started the pump, measured pump head, and ran the pump for 15 minutes each
month. From 1984 to the present, the testing was increased to meet the ASME
Code, Section XI, Subsection IWP test requirements, by procedure PT-Q31. This
testing recorded and documented any trends in pump vibration, pump head and
pump bearing temperature. The test was performed quarterly unless problems
required increasing the frequency to monthly. The bearing temperatures were
only measured annually.
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Main CCW Pumps

From 1981 thiough 1984 these pumps were tested monthly for operability by
procedure PTM-43. From 1984 to the present they were tested quarterly by
procedure PT—Q;O to the requirements of the ASME Code, Section XI.

Pump Motor 61t¢n1t°3teakets

From 1979 to the present they were tested each refueling outage by pro-
cedure PT-R46 to verify operability and the setting of the overcurrent trips.

Radiation Monitors

The radiation monitor that initiates closure of the surge tank vent valve
was tested semi-annually since 1973 per procedure PT-M10A.

Piping

Piping mnst ba tested once every 10 years per the ASME Section XI. This .
was done preoperationally and then inservice for the first time in 1984, with
an Inservice Pressure Test, by procedure PT-104-L. - :

Valves

The air—operated valves' used for coatainment isolation wera tested quar-
terly for operability and stroke time quarterly per procedure PT-Ql3 and PT-
R35. The AOVa and MOVs used for containment iaolation were leak-rate tested
every refueling cycle since 1973. o
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APPENDIX C

DETAILED DESCRIPTION OF THE PRAAGE CODE
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C.1 OVERVIEW
Initial ground rules for the PRAAGE code were'

*'Simplicity for use by any engineer familiar with the plant but without f
' computer trdining. - Ced

* Provide appropriate preassigned values ‘to mininize the amount of data
input to new information. : o . .

' % Provide measures of component importance familiar to-the engineer such
as unavailability and contribution to unavailability. : - A

5'*:Provide‘automatic;rsnk ordering of components by:their importances.

% Print and Plot the results. S ey,

f»Prepare the code within a limited budget in 2 months or less.

:"inperable on low-performance IBMrPC such as night be expected at plants
' ;or regional offices of the NRC. : R : S , :

These considerations indicated a computer lenguage with graphics. A com-'
piled program was desirable for ease of running ‘and .code protection which ‘lead
to the selection of Turbo Pascal (Borland ‘International) with the .Graphix
Toolbox. This is a good implementation but it is limit to conpiling progranms .
< 60k bytes. This resulted in the necessity of chaining programs. (Actually
they are not chain but execute files to allowing breaking into the. chain)..-:

Figure c-1 presents 8 block diagram of PRAAGE's chained structure. The
_first program serves as an introduction with -the title:and a-synopsis.. There
are three. types of ‘graphics adapters on the IMP-PC: Color Graphics, Enhanced
Graphics” and Hercules. Programs: ‘prepared. for-one either will not work on the .
other or the graphics will be distorted. ‘Therefore, PRAAGE i¢ '‘a available for
each type of adapter. i : . - : _ ,

Introduction , ~ Main Body Plotting
PRAAGleG.COH ' ”._" 5Pg§nszxco}f . 1 PRAAsaxCG:U --]=

_ Figure C-1 Block niagram of PRAAGE cniining

PRAAGE 1is started by getting the drive prompt, inserting the disk and‘
typing PRAAG1xx.COM where xx is CG, EG or HR depending on-the. respective type .
of adaptér on the machine. ‘The program chain then starts at the ‘Introduction .
Program. When the operator is familiar with this material, it may be bypassed
by beginning at the Main Body Program by typing PRAAG2xx.COM.
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This step performs the computations and provides tabular output to the
screen or to paper c¢opy but it requires the third program to graph the data.
(Note: it 1is not possible to start at the Plotting Program because data must
be transferred from: the second program). After the graphing is completed it
returns to the"Main Program for recalculations or for introducing new data
into the calculation. The time for calculations is about 4 seconds.

.‘..

C 2 PRAAG1xx.COM - THE INTRODUCTORI CODE

This program provides the program title (for 3. seconds) and then presents
a synopsis which is left by pressing ‘any key. o

The graphics ‘have been changed several times. They were begun in BASIC
at high resolution, converted to low resolution in ecolor using PASCAL and
finally implemented using the Graphix Toolbox to achieve compatibility with
the various types of color adapters.

The progran begins with the main program calliug the procedure (PASCAL
terminology for' a :subroutine) :BIGNAME. This prints. "Brookhaven National
Laboratories presents:" in standard-sized characters and then begins printing
“PRAAGE" in large characters using the graphics. Transportability 13 achieved
by defining world coordinates as:0, 2, 640, 200 to convert from ‘the original

absolute coordinates dsed originally for the CGA. In plotting the characters, L

the straight lines are drawn as lines between endpoints hut the circlea cause‘

a prohlem.: S AN BT : . s b . S0
Turbo PASCAL does not draw segmeuts of . circles at arbitrary anglee.jfﬁz

While this may be done with the Graphix Toolbox, the previously written proce=-

dure ARCS ‘was used ‘becauseof:1ts: easy" adaptability to the final coding.  ARCS

divides ‘the -specified are- into ;20 -segments and draws as. segmented circle usingr:
an aspect ratio of!72.33 -to ‘correct ‘for .the rectangular IBM screen,. The let-_?;

ters are not filled bécause ‘of a-word conflict between PASCAL and’ GRAPHIX._

timer 1s used ‘to hold the:name for 3 seconds .and then the procedure ‘SYNOP is =

called to provide a brief description of the code. Pressing a key results inf
a call to load the main program PRAAG2xx.COM.

C.3 PRAAG2xX.COM - THE MAIN PROGRAM

This is the most complex although not the largeat of the three programs.
Figure C-2, the logic flows, shows that ‘the program performs 3 operations:
data input (modification .of default data), calculating the system model and
presentation of the resulta.

The main program begins according to PASCAL convention by the declaration
of variables in the order: label, constant, type, variadble, procedures and
functions. ' This places ‘the main. program at the end,. in which is contained the
default data- fof the aging ' rates, aging start times, component ddentifica-
tions, generic identifications and generic failure rates. Following this, the .
procedure MAIN is called. P A , . )
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C.3.1 Procedure Main

This defines the window and color and presents the selections that ¢an be
made from the main menu, Only one selection may be made at a time by the
operator 1nputting the nimber of the selection followed by a carriage return.
(This is nec23sary because some of the selections require 2 digits. Complete
selection is indicated by the “enter“). The number selected is read in by the
procedure INTCK, which accepts _the number as a string variable and examines it
to determine that it is a number and that it is within a prescribed range. 1If
neither of these are satisfied, it responds with an error statement. If the
entry is accepted it passes to.'a .parsing sequence of if-then-else statements
to determine the procedure call associated with ‘the selected number. After
the call, the progran returns to the location from which it was called and a
GOTO statement 1is used. to go to the end of the procedure. (This use of GOTO
could be avoided by the use of reentry, whereby procedures may - call them-
selves). - :

C.3. 2 Data Prepatation .

The technique used -to modify the default data is simllar for the aging,
restoration,generic and’ component data and is _essentially the same as des-
cribed for the procedure MAIN, ' The call from the main menu is to the proce-
dures 'AGE, OUT, LMDA, LMDB, or GEN according to the selection. As before the
selected number :is tested to avoid typos ‘and -procedures AGEMENU, EXMENU, -

. GENRATE, ALMDAMENU or BLMDAMENU ' are called for the. respective function. These
present the parameters for modification which' are selected by typing their
identifying number, The 4input 1is typo—teated ‘and procedures AGECHANG,
EXCHANG, GENCHANG; - ALMDACNG -or . BLMDACNG .-are -ecalled and the operator 1is
requested to input ‘the ‘new value. This 18 typoatested and the new value 1s
ptesented in the rewrittcn nent,

If 1nd1vidual component failure rates are to be modified, the mechanics
are much the same and these change the default values. In this case, however,
the default values are. not directly entered by ‘a default library but are con-
structed from the generic data using the procedure CALCULA. The variables are
the failure rate data that are shown in the Component Parameters Menu but they
are not necessarily .the" actual .data that ara used in the calculations. Most
of these numbers: are ‘4n “units ‘of frequency and must .be multiplied.by the

restoration’ time. Because somc the IPPSS data are frequencies, it would be .

confusing to ptesent the: 1n£ormation as the product of frequency and 'restora-
tion time. An additional: ptoblem exists with the CCW pumps, in that the data
are of two types: failure to ‘start and the frequency of failure to continue
running. These are presented separately in. the generic data. Procedure
CALCULA 1is called 'from’ the 'LMDA -procedure and. from procedure IMPORT. The
former is used to calculate the* component values for the first time and the
latter is to update the valuea according to possible changes in the genaric
data. ST : :
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C.3. 3 Calculating Aging - Importances and Unavailability B

After the data are suitable, one of two importances is selected resulting -~
in calls to procedure IMPORT which calls CALCULA, MAKECOEF, MAKEAA, MAT and
IMPRT., MAKECOEF uses the defauvlt . values of the wodified values to construct.
generic time dependent variables such as pmpcoef meaning pump coefficient.*
The general form 1s: S _

If (TAGE[n] <= xxfr then xxcoef = Hl
xxcoef = Hl*(1+offon*TAGE[n]-xxfr)*xxDUB)

‘The upper line consists of a test Such that aging is turned off for time
(TAGE[n]) 1less than the aging threshold (xxfr) for generic component xx. If
time 1is greater than:the threshold then the lower equation is used in which
Hxx: is the restoration time .and .the terms An the -outer _parenthesis provide the
linear aging &t a.fractional increase -per year of. xxDUB. ‘The term offon is
used- as a switch to turn off aging for. certain reliability studies.

: The IPPSS-2 ccw model results in firet, second _and’ third order cutsets.

It can be shown that the importances ‘may be. calculated by treating these as
matrices. - . These were. identified in Section 6.2 as ‘the "A through F matrices.
The inspection importance of a component in the first order cutsets consists
of the probability of the correaponding element of the A matrix. The impor-
tance of elemeants in the second order cutéets are the probability elements of
the B matrix multiplied by the sum of the probability elements in the C matrix"
~ and vice versa. The importance of elements in the third order cutsets are the:
probability elements of the D matrix multiplied by. the sum of the probability
elements in the E natrix mnltiplied by. the sum of the ‘probability eléments in -
the F matrix and ‘for all combinations. - The ‘summation. operations just describ~
ed are performed in the procedure MAT and, these permutations in the procedure
IMPRT. IMPRT. ends by adding up all. ‘the inportances and dividing the indivi-
dual- values. by the total.. The result of this is that 4f all of the impor-
tances are .added together, . the .total is "l" It should be noted that this is
not the same a Vesely- Fussel importance since that would ‘be normalized by the
unavailability that would be calculated by probabilistic ‘additfon. WNormalized
Inspection Importance has the very practical property of representing the
fractional contribution of each component to the: unavailability and was
devised for thig purpose as part of this study. L
Proeedure IMPRT continues and calculates the generic unavailability con-
tribution, the fractional generic unavailability contribution and the frac-
tional generic. unavailability contribution per’ component. This last measure -
was added to address the concern that a generie ‘component may be ‘important if
there are a very large number of components that individually are not very
- important. For example the CCW system has 3 pumps and 20 valves. The impor-
tance .of the two generic classes are about the same hence the individual valve
importance is about 15% of & pump's. importance., these_numbers sre expressed
in percent to aid in perception. B R o "
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The Birnbaum Importance (same as Risk Reduction Worth Increment) is cal=-
culated by the same procedures as Inspection Importance except that when it is
selected from the main menu, an identifying integer, aaln] is transferred to
procedure MAT causing it to set the component failure probabilities of the
component fof.which the importance is being calculated to "1" thus exhibiting
the failure probabilities of component traiuns remaining after the component of
interest has failed. It may be noticed that the Birnbaum Importances .of ele-
ments in the first order cutsets are "1".

C.3.4 Displaying Results: Unreliability Contribution, Unreliability Percent,
.Unreliability Percent per Component and Component Importances.

- After the inportance calculations have been performed, the results must
be displayed. To do this control returns to -the Main Menu from which four -
different ways of - presenting the results are available. From the Main Menu, -
procedures BUGDSPLY, GENIMPDSPLY, AVGGENDS®? or COMPIMPDSPLY, respectively, may .
be called. If importances have not been caleculated previously, an error mes-
sage will result. To improve the utility of the results, they are ordered by

descending importance by the procedure SORT. - Procedure SORT is a bubblesort . ..

routine that .does not actually sort the data but orders the data-identifying
indices according to the sorting of the data. Procedure SORT calls procedure‘
SORTYEAR to .ask the operator the year to’ ‘use in ‘sorting ‘the  data., This is
bacause some components age faster than others ‘consequently the ordering may

change with time. With this information, SORI calls procedure SWAP which does~‘
the actual sorting of indicea. '

C. 3.5 Printing Resnlts' Unreliability cantribution,Unreliability‘Percent. :
Unreliability Percent per Component and Component Importances.-« S

) R F S

Printing is . performed by an adaptation ‘of the display menus.; - To avoid-
adding extra sections. to. the main menu and’ assuming an operator will want to
see the output before printing it, aa identifier of the previous display menu
is transfarred to the print procedures. EUGPRI, GENIMPPERT, ‘AVGGEMPRT " and-
COMPIMPPRT and the tables are printed in a format adapted to the printed page. '

C.3.6 PRAAG3xx.COH - Plottingﬁkesults

Selection 12 on the Main Menu plots 6 or less parameters from the generic -
menus. - 1f this 1s selected, the program performs an execute command to call
in PRAAGSxx.COM, the. graphing program.  For the’ graphe ‘to be drawn the infor-
mation that. was calculated in PRAAG3xx.COM must be tranaferred.This informa-
tion is: the display menu. identifier, identifiers of the components and the
table of tha ordered importances. -

_ The program sets np for log-log plotting of the data by taking logarithms’
of the plotting times. 1In order to perform cubic-spline fitting of ‘the data, -
it is necessary to extrapolated end points. *The ones chosen are 0.1 and 50
years. '
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This is followed by calling procedure BGNPLOTSEL to present a menu
appearing like the previously displayed results with the importances omitted.
Six or less components are selected for plotting their importances.' The scal-
ing of the graph is done automatically, so the greater the digpersion in
importances, the legs resolution in the graph. - The selections are collected
by the procedure GETNOS which maskes use of a sorting table to make the proper
association between identifiers and identified nnmbets.

The program enters a "while" loop to set up for each selected component.“
A "while" loop 1is used rather than a "do" loop because of problems encountered
if only one component impbrtance is selected for plotting. This loop calls

procedure PREPA which also has to perform the index order decoding. ,Itfuses_f:

the display identification to associate the proper importances and calls pro-
cedure LOG to obtain base 10 logarithms of the importances. : Next: procedure
MINMAX 1is called to determine the maximum and minimum values of the data and
procedure INTERP 1is called to perfotm the linearly extrapolated data for the
years 0.1 and 504 '

'Before ”éalling 'the‘-plotting-'procedutegntfunctionl XQCALE -i8 'celled toi L
determine the maximum and minimum powers of 10 -providing margins beyond the
data, Then procedure SETUPWMDO is called.

This procedure ‘begins by defining the plotting symbols to be used, the;-
window, the world coordinates and the window title. The-identification of the.

type of data being plotted, the generic components, ‘l1ine style and identifica- .;Q
tion symbole are’ ptovided in the ‘upper left  corner of the graph. It also: .
includes the instruction to type "P" to get a hardcopy of -the screen. It then: .-

draws an outline of the window, provides “tick marks"” at the decade and 2 and
5 values on the ordinate as well as labeling :the “abscissa.: It goes . into
double "do" loops to plot ‘the data points - and calle SPLINE to -obtain 50 inter-

polated values for the smooth curves in the different line styles. Upon com-

pletion of the plotting, the display is held for viewlng by a read(kbd,x) com- .

wand awaiting a "P"  if “hardcopy is required. If any other key is pressed, it
returns to the main program from which PRAAG2xx.COM is called. .

Notmal exiting from PRAAGE is petfotmed by selecting “13" from the main
menu, ; _ ‘

0.4 Using PRAAGE

‘This discussion is an overview of how to use the PRAAGE code. Using the
input parameters. PRAAGE.~, SR . s S e _ -

« Calculates the systenm unavailability,

e Orders the conmponents according to their importance to the
system for various ages, ’ .

. “Provides numerical measures of their conttibution to. the
. system unavailability -as they age, - :

« ‘'Presents the ‘results of the analyses as tables and graphs. .
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It performs this work in three major tasks:
a) Data Presentation and Setup
b) System Model Calculation
c) Presentation of Results

These gronps are selected from. the Main '~1enu ‘to which the program

returns after it completes a task. The Main Menu has 13 selections (Figure -

C-3). "Selections 1 to 4 pertain to data presentation and setup, system calcu~
lations ‘are performed by steps 5 or 6§, results are ptesented by selecting one .
of steps 9 through 12 and normal termination of the program takes place'
through selection 13.

a) Data Ptesentation

Data may be reviewed. and modified by selections 1 through 4 from the
main menu. Rach of these selections will bring up the appropriate menu for
generic component aging, generic component restoration times and generic and’
component specific failure: rates and ptobabilities. This .is the information
needed to calculate the system model. o '

. Menu #1 (Pigure C-4) presents for review and im&ificatioonthe annual
fractional increase in the fatlure rate for .each: generic. component, i.e. the

linedr increase from the constant failure rate. PRAAGE does.this on a generic

basis because it ‘13 assumed. that aging information specific to a ‘gingle compo~-
nent ‘1s ‘not available - only for classes of -components. . This menu also pre=—
sents the time at~wh1ch the aging starts for this generic component type.

Menu #2 (?igure c-5) presents times for opetation of generic components '
to calculate the -probability that a failed component will be. out of service
for a -critical period. This 1is part of the success criteria of -‘the PRA for
the CCW system,  that 18, after an accident condition, the CCW system must
operate for ‘24 hours-to be successful.‘ IPPSS and PRAAGE assumed this to be 24
hours, R e L L T

‘Menu #3 (Figure C-6) presents the age-independent generic failure rates
and probabilities. 1If information on individual components is not available,
it is convenient to set the values by generic groups. These are the Ap values
for the generic components. -

Menu #4 (Figures C-7a & b) presents the.individual default failure rates
and probabilities. It also identifies the type and location of the. component,
its failure mode and provides the identification used in the IPPSS. Using
this menu, individual component failure rates can be modified or components
can be failed.

b) System Calculation

Once the data  are specified, the calculation of the system model may be
made. The system model -is introduced into the PRAAGR model as "cutsets",
i.e. ‘those components whose coincident fallure will cause the systemn to fail.
These cutsets provide a mathematical formulation of the CCW system and cannot
be changed from the menus,
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MAIN PRAAGE MENU FOR AGING ANALYSIS

R

=
[«
.

S Task

.Modify Aging Parameters

Modify Restoration Times
" Modify Generic Failure Rates
- ‘Modify Individual Component Failure Rates
' Caleulate Normalized Imspection Aging Importance
" Calculate Birnbaum Aging Importance - g

Display Generic Aging Budget

Display Generic Aging Importance

: Display Average Gemneric Aging Importance ... .- - ..

10 , Display Individual Component Aging Importance
11 Print Last Display '
12 Present Graph of Generic Importances and Unavailability
13 “Quit T oinoL . - -

WO AU BN - |

Select Tagk Number and Return

Figure C-3 Main PRAAGE Menu - Aging Analysis Tasks

' #1 MENU OF AGING PARAMETERS

-]
o -
.

No.. ‘ Parameter T T Yalue
*ﬂnalysis Time of this Aging Scudy S, 4040 yre.
1 ' -Manual Valve Aging Fract. Increase/Yr . ... 0,21
2 «© Manual Valve Aging Start Time in Yr = .. .  4.70.
3 " Check Valve Aging Fract. lncrease/Yr : = .0.02.
4 ' Check Valve Aging Start Time in ¥Yr. = .- .2.00:
5 . .. Pipe and Tank Aging Fract. Increase/Ir . 000
6 ' .- Pipe and Surge Tank Aging Start.Time in Yr. 2.50
7 - .". Heat Exchanger Aging Fract.. Increase/Yr .  .0.02
8 . “Heat Exchanger: Aging:Start Time fm Yr.. . . :2,00
9 i 0C Pumps Aging F:act,;ing:easelt;;,?»-;_. . 0.28
10 CC Pumps Aging Start Time in ¥r 9.20
210 wi - . ;Bervice Water: Aging Fract. Iuncrease/Yr .. .. 0.00 = .
12 ‘Service Water Aging Start Time in Yr ' 10.00 o
13 - Switchgear Aging Fract. Increase/Yr 0,00
14 Switchgear Aging Start Time in Yr 10.00
15 ) Turn Mf(Q)lOn(l)Ag:lng DRCIREIEN - S R B

CoamEe .

If you want to change a paraﬁetet. type 1its parameter number and press
RETURN. Otherwise, enter something else.

Figure C-4 PRAAGE Menu 1 - Aging Parameters
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#2 RESTORATION TIME MENU

‘l
0o Identifier

Valves

Pipe and Surge Tank
" Heat Exchanger

CC Pump

S WN - |z

Restoration Time

24.0 h
24,0 h

24.0 h
24.0 h

If you accept these, type the parameter numbet and return. Otherwise, enter

something else,

Figure C-5 PRAAGE Menu 2 - Restoration Tine

#3 MENU OF GENERIC FAILURE RATES

Generic Component

lz
o
.

‘Pipe and Surge Tank

:Service Water

Electrical Bus

Valve: Manual CCW

Valve: Manual SW

Valve: Check

CC Pump: Failure to Run

CC Pump: Failure to Start

Heat Exchanger: Leak or Rupture

= gt D OO NOU SN

Common Cause Unavail, Conttibntion

0 Pump Maintenance Unavail. COntribution -
1

Value

8.6E-10/hr
) 20 SE-O&
7.1E-05
2.2E-07/hr
4 .38-06/111‘
9.1E-05/hr
6.4E-03
3.8E-05/hr
8.5E~-02
0.0B+00

If you want to change these, type the parameter number and return. Otherwise,

enter something else.-

Figure C-6 PRAAGE Menu 3 - Generic'faiiure Rates

KR
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#4 MENU 1 OF FAILURE RATES

No. Component ' : Failure Rate
1 DXV734AC vlv 734A fe 2.2E-07/h
2 UTKO021L CC Surge Tank 1/r " 8.6E-10/h

) 3: UXVZ3QBC vlv 7348 fec ; ‘2.2E-07/h -
4 UPPFAILS CC Pipe Failure - .- 1.5E-08/h
5 TSWINOFL SW Failure - - - 2.5E=-04 .
6 TXV32--C SW iso vlv 32 fc 2.2E-07/h
7 TXV3S5-1C HE 22 SW out vlv fc - S . 24.2E=07/n
8 UXV766BC HE 22 CCW in vlv fc . 242E-07/h:
9 UHEQO22L CC HE 22 1/ =~ . . : . 3.8E~05/h .
10 UXV765BC HE 22 CCW out vlv fc 2.2E-07/h
11 TXV34-1C SW HE 22 out vlv fec 2.2E-07/h
12 TXV33--C SW iso viv 33 fc 2.2E-07/h
13 © TXV31l~-1C SW iso vlv 31-} fe ., . 242E-07/nh
14 © - TXV35-~C HE 21 SW out viv fc . 2.2E-07/k
15 ) ‘UXV7I66AC HE 21 CCW in vlv fc . . 22E~07/h
16 'UHE0021L CC HE 21, 1/r .. 3.8E-05/h
17 UXV765AC RE 21 CCW out vlv fe - - . 242E-07/h .
18 TXV3#—-C RE 21 SW ouc vlv de 2.2E~07/h

(First of two screens) - o
*Where fc - fail to close° fo - fail to open, l/r - leak or. rupture. Select #
and enter for change' select other to skip. . .

Figute c—7a aPRAAGE Menu 4 —.Failuié Rates

- #4-MENU 2 OF FAILURE ‘RATES - e
Component- . . : - . Failure Rate

* Noe
1. "~ JBS~-25AD Bus SA failure D - 3.0E-06:
2 UCV760AC Pump 23 in vlv fc 2.2E-07/h
3 ‘UPMD021S CC pump 21 failure - - = 9,1E-05/h
4 UXV761CQ CC pump 21 out ck fo - .4,3E~06/h -
- - UXV762CC -CC pump 23 ‘out vlv fc _2.2E-07/h
-6 .JBS-224AD Bus 2A fallure SRR v TelE=05 - .
7 UXV760BC. Pump 22 in viv fc. L 242E-07/h
g - 0PM0022S CC pump 22 failure - 0 94,1E=05/h
9 UCv7618Q CC pump 22 out ck fo 4.3E-06/h
‘30 .. - ~DXVI62BC CC pump .22 out vlv fc = - 2.,2E~07/h
‘11, . - JBS-23AD Bus 3A faflure - . . TelE-05 -
12 UXV760CC pump 21 in vlv fe 2.2E-07/h . -
13 UPMO023S CC pump 23 failure 9.1E-05/h
 1& °°  UCVI6lAQ CC pump 23 out ck fo - - 4.3E-06/h .
©15° © - UXV762AC CC pump 21 out vlv fc .. - . 2.,2E-07/h
16 © - -UPMD021S CC pump 21 fail start .- -6.4E=03
17 7 ~.-UPMD022S CC pump 22 fail start: - . - 6.4E~03
16 UPMD023S CC pump 23 fail start 6.4E-03 :

(Second of two screens)
(Vhere fc = fail to close; fo = fail to open; 1/r = leak or rupture. Select #
and enter for change; select other to skip.

Figure C-7b PRAAGE Manu 4 - Failure Rates.
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Selection 5. from the main menu computes the "Normalized Inspection -

Importance" (NII) for a given component but a menu is not presented’'- only a
busy statement until the return to the main menu.  NII is the calculation of
the probability:of the coincident component failures that result in system
failure for the given component. This is normalized by dividing by the sum of
all NIIs, ti result of which is interpreted as the fractional contribution
that the component makes to the system unavailability. .

Selection 6° from the main menu calculates the Birnbaum Importance which
is similar to NII except that it assumes the given component has failed, so
its probability of failure is set to “l"

¢) Presentation of Results

After PRAAGE has calculated 'an dimportance  measure,. the manner of
presenting the results must be selected, It is assumed that the primary method
of presentation is"video and that this would. normally be used before printing
or graphing. This assumption reduces in computer :coding but.. the data must be
viewed to indicate to ‘the printer or plotter the data to be: used.

Selection 7 from the main menu presents the results as a “budget" ,of how

much of the system unavailability is due to generic component classes. Before,
this is accomplished, a memu (Figure C-8) is presented.for selecting the time

at which ordering is to take place. This is necessary because the order of
importance changes with' age, since some components age . -faster than others.
Results similar to those shown in Figure C-9 are presented. -

Selection 8 from the main menu gives 'the results :as:a percent of the
system unavailability ‘that 1s due to the various generic -classes of. ‘compo-
nents. An example of this type of output: ia ehown 4in. Figure Cc-10. o

Selection’ 9 presents results similar to those selected by 8, except they
are divided bdy- the number of components in the generic class. The reason for
this is because a generic class collectively may.-be very important because it
contains a large number of components each. having a small importance, while
some other class may have a large importance resulting from a few important
components. An’ example of this data presentation is provided in Pigure C-11.

Selection 10° preaenta results of the importance measures for the indivi-
dual components (Figure 0-12). Selection ll.printa'tbeuresulta of selections
7 through 10. : '5“ i '

Selection 12 plots on the screen output selected by 7 through 9 on a
log—-log scale. Up to six items at a time may de plotted. A typical selection
.menu 1is shown as Pigure C-13. 1If a‘print of the graph is.required, typing "P"

will do this. Pigure 6-3 is a sample plot of sone; of ‘the. generic components
presented in Selection®7.. : R SO :

R
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What year do you-want to use for sorting?

UL W -

Year 1

Yea

r 2

Year 5

Yea
Yea
Yea

r 10
r 20
r 40

Figure 648 >PXAAGEi¥enu'forfSort_T;me

“#i ﬁhava11;3Budget Cotitributions by Generic Components
o All Numbers in Petcent (Z) ’

Yearzo

Class  Yearl  Year2 . YearS Yearlo Year40
UNAVAIL = 0.02678 0.02678 .02689 ~O.02867*1 Od036l9: 0.09544;
SVC WIR  0.02479 0.02479 0.02479 " 0.02468 ° 0.02022° 0.01142
TOT VIV 0.00156 0.00156 0.00168 - 0.00336 : 0.00557: 0.00650 -
CC.M.VLV 0.00105 0.00105 0.00112 - 0,00224 ©° 0400369 0.00424

- SW.M.VLV 0.00053 0.00053 0.00056 0.00112: 0.00185 = 0.00209"
PUMPS . 0.00020 ' 0.00020 - 0.00020  0.00036 0.01010 0.07721 .
HEAT 'EX " 0.00017 0.00017 - 0.00019 - 0.00022 * 0.00025 0.00024
PIPE 0.00004 0.00004 0.000054 0.00004 0.00006 0.00002
CK VLV  '0.00000 0.00000 0.00000 -'0,.00000+ -0.00004 . 0.00016
ELECT 0.00000 0.00000 0.00000 0.00000 0.00001 0-00005

Figute CP9 Sample PRAAGE Unavailability Eudget Résults.

#8 System Unavail and Geunerlc Inspection Aging Importance
A1l Numbers in Percent (%)

-Class Yearl Year2 Year5 Yearl0)  Year20 Year40

SVC WIR 92,5888 92.5888 91.1753 86.1031 55.8725 11.9693
TOT VLV 5.8945 5.8945 6.2476 11.7310 15.3979 6.8109
CC.M.VLV . 3,9192 3.9192 4.1537 7.8010 10.1864 §,4467
SW.M.VLV  1.,9665 1.9665 2.0845  3.9161 5.1010 © 2.1936
PUMPS 0.7350 0.7340 0.7318 1.2463 27,9093 80.9056
HEAT EX 0.6333 0.6333 0.6967 Q.7788 0.6935 0.2480
PIPE 0.1452 0.1452 0.1446.  0.1351 © 0.0876 0.0188
UNAVAIL 0.0268 0.0268 0.0269 0.0287 0.0362 0.0954
CK. VLV 0.0088 0,0088 0.0093 0.0140 0.1105 0.1706
ELECT 0.,0041 0.0041 0.0041 0.0057 0.0391 0.0474

Figure C-10 Sample PRAAGE System Unavailability and
Generic Inspection Aging Importance
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2>

#9 System Unavail and Imspection Importance per Component
- All Numbers in Percent (%)

Class - Yearl: - Yearz .Year5 . . YearlO0  Year20 Yéag&o

SVC WIR  92.5888 92.5888 9. 1753 86.1031 55.8725 11.9693.
CC.MJVLY.  0.3266.: 0.3266 0.3461 .0.6501 0.8489  0.3706 .

HEAT EX  0.3167 0.3167 0.3483 " 0.3894 - 0.3468 - 0.1240. :

SW.M.VLV.  0.,2809 ¢ 0.2809 0.2978. ,0.5594. . 0.7287  0.3134
TOT:VLV..  0,2679.. 0.2679 . 0.2840. .0.5532 0.6999 -~ 0.3096"-
PUMPS . . 0.2447 . 0.2447 . 0‘2439u‘-o,4154 9.3031 ' 26.9685
UNAVAIL >  0,0268 © 0.0268 - 0.0269 . 0.0287 0.0362  0.0954 .
PIPE .. .~  0.0076 - 0.0076 _0.0076 . 0.0071 0.0046  0.0010 =
(K VLV ©  0.0029.% 0.0029 0.0031  0.0047 0.0368  0.0569 "

ELECT'  0U0014. 0:0014  0.0014 - 0.0019 ' 0.0130 . 0.0138 "
! R R Ll AR
Nota: These are 5189187 48 valueslnumbet of components in. clasa

Figure C-11.:-Sample PRAAGE System. Unavailability and Inspection
Importance per Component



INSPECTION AGING IMPORTANCE OF CCW COMPONENTS

Component

»»

TSWINOFL SW failure
UXV734AC vlv 734A fc
UXV734B vlv

TXV32==C
UHE0021L
UHE0022L
UPM0021S
UPMO0022S
UPMD023S
UPPFAILS
UTKO0O21L
UCV761CQ
UCV761BQ
UCV761AQ
JBS-234D
JBS-23AD
TXV35—C
UXV766AC
UXV765AC
TXV34~-C
TXV35-1C
UXV766BC
UXV765BC
TXV34=1C
TXV33-~C
TXV31-1C

SW
cC
cc

-CC

cC
cC
cC
cc
cC
cC
ccC
Bu

7348 fc

iso vlv 32 fc

HE 21 1/r

HE 22 1/r

punp 21 feilure
punp 22 failure
punp 23 failure
pipe fellure
surge tank 1l/r
pump 21 out ck fo
pump 22 out ck fo

pump 23 out ck fo

s 2A failure

Bus 3A failure

HE
HE
HE
HE
HE
HE
HE
SW HE
SW
s

21 SW out vlv fc
2] CCW in vlv fe
21 CCW out vlv fc
21 SW out viv fc
22 SW out viv fc
22 CCW in vlv fc
22 CCW out vlv fc
HE 22 out vlv fc
iso vlv 33 fc
iso vlv 31-1 fec

UXV760AC Pump 23 4in vlv fc
UXV762CC CC pump 23 out vlv fc
UXV760BC Pump 22 in vlv fc
UXV760BC CC pump 22 out vlv fc
UXV762CC Punp 21 in vlv fc
UXV762AC CC pump 21 out vlv fec
JBS~25AD Bus 5A falaure

(First of Two Forms)

C-19

Year 1

.903E-01

2.0E-02
2.0E-02

2.0E-02
3.2E-03

3.1E-03

2.5E-03

" 2.4E~03

2.4E-03

‘144E~03

7063’05
3.0E‘05
2.9E~-05
2.9E-°5
2.0E~05
2.0E-05

1.8E-05

IQSE.OS
1.8E~05
1.8E-05
1.88’05
1.8E-05
1.8E-05
1.8E-05
1.82‘05
1.8E-05
1.5E-06
1.5E~06

bl.SE-OG

1.5E-06
1.5E-06
1.5E-06
8.72’07

Year 2

9.3E-01"
2.0E-02

2.0E‘02
2,0E-02
302E‘03
3.1E-03
2.5E-03
2.4E-03
2.4Ef03

1.4E-03

7+6E-05
3003‘05
2.9E-05
2.9E-05

" 2.0E=-05

2.0E-05

1083‘05 :
" 1.8E~05

1.8E-05
1.8E~05
1.85-05
1.8E~0S
1.8E~05
1.BE~05
1.8E-05
1.8E~05
IOSE-OG
1.5E-06
1.5E-06
1.5E-06
105E‘°6
1.5E-06

8.7E-07

Year 5

‘902E-01‘

2,1E-02
201E‘02
2.1E’02
3.52’03
3.5E-03
2.5E-03
2.4E—03
2‘45‘03
1.4E-03
71.6E~-05
3.1E-05
3.1E-05
3.1E~05
2.03‘05

- 2.0E-05

2.1€-05
2.1E~05
2.1E-05
2.1E-05
2.0E~-05
2.0E~-05
2-0E.05
2.0E~05

2.0E~05"

2.0E-05
1.6E-06
1.6E-06
1.6E-06
1.6E-06
1.6E-06
1.6E-06
8.6E-07

Figure C-12 Sample PRAAGE Inspection Aging Importance

of CCW Components
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- You Can Only Plot Generic Displays
To control clutter, only § generic components can be selected at one time, S0
select from the following menu: :
UNAVAIL
SVC WIR
TOT VLV
CC.M.VLV
SW.M.VLV
PUMPS
HEAT EX
PIPE
CKe VLV
10 ELECT.

VONOWNSWN -

Select then enter. To end select, spacebar then enter. -

Figure C-13 PRAAGE Plot Selection Menu
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APPENDIX D

COMPONENT POPULATION ESTIMATES
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As part of ‘the data analysis performed for this study,-failure rates were
calculated for various components. To do this, population information was
required for the components. This appendix describes the methods used to
estimate the: populations. ‘ AL

The populetion of pumps and heat exchangers was deteérmined from & review
of each plant's CCW system design. Since these populattons are relatively
small, the components were counted directly. -

Valve population was more -difficult to: determine due to the large number
of valves and the various types used in each plant. Therefore, the piping and
instrumentation drawings of the CCW system for Indian Point-2, Braidwood 1 and
2, and Prairte Island were reviewed, from which .an sverage number .of manual
valves per component or load serviced by the CCW .system 'was determined, . The
averages are shown in Table D-1. Together with results of: the design reviews
performed for each plant which identified the major components and loads,
these numbers were used to estimate a total population of manual valves.

The population of motor-operated valves (MOV's) was. determined from the
design reviews which identified the key MOV's in the system which performed
automatic functions. The number then was adjusted to account for .other suto-~
matic system functions not identified, such as train splitting, nonsafety load
isolation, containment isolation and surge tank isolation. An additional fac-
tor of three MOV's per system was added to account for non-automatically con-
trolled HDV’B which are typically found in system designs. ’.-J; e

The a:lr-opetated valve (AOV) population also..was.. detemined from the
design reviews, which identified the key AOV's used. to-perform ,automatic sys-
tem functions. An adjustment of one AOV pet surge tank was..then -added to
account fot surge tank vente.

Check ' valve population was estimated by including one check vaIVe for
each CCW pump, each auxiliary cooling water pump, each reactor coolant. pump
cooled by CCW and each surge tank. An adjustment factor of 8 valves was then
added for each system containing & large number of loads: to. account for mis-
cellaneous check valves. A4n adjustment factor of 2 was used for eystems with
a8 small numbet of loads. .

Resulta ‘of the pOpulation estiuates are. shown 1n Table th.
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Component/Lbéd

"*Iable‘D—l -Awergge Number of Manual .Valves. Per chpongpt/Load,"_

Hﬁf’Nﬁmbgt of Valves

" 1. AuxYliary:Component Cooling Pump 14
2. " Auxiliary Feedwater Pump: : 100
3. Charging Pump 12
4, Chilled Water Condenser 7
‘54 Control Room Air ConditionetlEssential ‘Chiller S A
" 6. Core Spray Pump - : . o 10
"74 “Core Spray Hw-:. .o 15
" '8s" Component COOItng Water Pump B :
9. Component Cooling Water. Hx 6
.10."- CRD,’ CROM, CEDM,-CEA . s - 11
“11.' CR Chiller : L Y S
12. " Emergency Diesel Generato: 12
13. ESF 12
‘14 Excess:Letdown - . 6.
15, "'Hy = Recombimer : '~ .o &
. 16, ‘Letdown T.E S - -
174 Make Up Miscellaneous . .2/Ttem
"18¢ Make Up Pump AL 10
‘19, ~ Miscellaneous- co .70, .
20. Non-Regenerativa Hx: .. BB S PN
.21, YNormal Chiller 7
" 722, Reaétor Coolant: Pump e YA L
;*23. 'Rec1tcu1at1on ‘Puzips’ - 19,
24, “RHR Pumps” SRR 0.
* 25. REX 150
26.  Rx Building Cooling Unit/Fan Air CLC - 15
"~ 27. REDT REEETE- T
.28, Safety Injection Pump R R 13
29, ‘Seal Water HX - ¢ - C : SR .
'30. Spent Fuel Bx - ™ : e -11
31. Surge Tank * 219
32, SDHX 18-,
33. Ups - AC/Uninteruptable Power 7
34, Positive Displacement Pump 120



1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
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Table D~2 CCW Component Population Estimates

Plant
==
Beaver Valley 1
Byron 1 & 2
Callaway 1

Catawba 1

Cook 1 & 2

San Onofre 3

St Luei 1 & 2
Waterford 3

piablo Canyon 1 & 2
Farley 1 & 2

Ginna

Haddam Neck

Indian Point 2 & 3
Rewaunee

McGuire 1 & 2
Millstone 3

Ano 1 & 2

Calvert Cliffs 1 & 2
Fort Calhoun

Maine Yankee
Millstone 2
Palisades

San Onofre 2
Crystal River 3
Davis Besse

Oconee 1 & 2 & 3
Rancho Seco

Three Mile Island 1
Rorth Anna 1 & 2
Point Beach 1 & 2

‘Robinson 2

Salem 1 & 2

San Onofre
Sequoah 1 & 2
‘Summer

Surry 1 & 2
Trojan

Turkey Point 3 & &
Wolf Creek

Zion 1 & 2

TOTALS

Pumps

Hx's MOV's
3 3 12
5 3 14
4 2 6
4 2 11
5 4 22
-3 2 [
6 [ 12
3 4 6
6 [ 6
6 6 10
2 2 0
2 2 0
6 4 20
2 2 11
- 8 [ 32
7 7 6
6 6 17
6 4 0
3 4 4
&4 & 1
3 3 2
3 2 7
3 2 4
3 4 2
3 3 2
6 5 24
4 4 0
7 8 12
& 4 8
& 3 16
3 2 0
6 . & 0
3 2 0
5 3 6
3 2 16
8 8 9
3 2 15
6 6 16
& 2 [
_5 3 10
177 145 347

Check Manual
Valves Valves
16 208
19 . 465
18 257
18 291
31 465
17 259
32 510
16 297
32 520
32 470
13 195
11 118
31 494
13 178
34 448
20 302
32 338
28 366
14 240
18 213
16 294
16 189
17 259
16 175
16 258
21 165
27 244
"33 327
17 456
28 324
14 233
32 458
14 218
19 308
16 208
25 507
17 256
28 430
i8 270
17 420
852 12633
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DISCUSSION OF NATIONAL DATA BASES
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'CONTENTS
Title
Nuclear Plant Reliability Data System (NPRDS)- essevecescoe

In Plant'Reliabil:lty Data System (IPRDS)-...-.............
Licensee Event Reports (LERS)I.Q...............0.........‘

Page
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E-6
E-7
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E.l Nuclear Plant Reliability Data System (NPRDS)

The NPRDS data base was established in 1974 An response to the growing'

need for data on failure of nuclear plant components.. It was. developed by the
Southwest Research Institute (SWRI) which processed all. .data from 1974 to

1983, Starting in *1974 dats was reported to the WPRDS on & voluntary basis.

Since participation was voluntary, data, during the .earlier yeara_ is in-
complete. ‘ : N L Coro e

_ In January 1982, the Institute of Nuclear Power Operations (INPO) assumed .
responsibility for the management of the data base, and in July 1983 took over
operation of the NPRDS. INPO currently maintains the data base in their com-.
puters and performs all data processing. Participation is still voluntary,

but reporting has improved significantly, although it still has deficiencies.

The data reported to the NPRDS include engineering and failure informa~_
tion. for: safety-related systems and components. The information is reported
on standardized forums using codes developed apecifically for the NPRDS. The
engineering information includes the component in-gervice date,. safety class,“'
operating mode, operating ‘environment, wmanufacturer, model number, design
specifications, and frequency of  testing,. -Engineering.informationTis submit~

ted for every-reportable component, -

Whea a component fails, a report is submitted by the plaant to the NPRDS "

which includes the-.date the.failure occurred, the date it was.discovered, the

date corrected, theé-system:status wvhen.the failure occurred and the method by
which it ‘was .detected,:: . The..report alao inclnde&.the cause of failure, ita;
effect:.on. the: system, -and narrative descriptions of the cause and corrective;

actions taken.

As- for each of ‘the .data bases -used, the NPRDS .data base has certain limi-»

tations which must be recognized, ~One major limitation is that participation

in the NPRDS:-is voluntary. 'Since not all plante participated at first, the
failures reported during the initfal years. cover only & small portion of the

total. This limitation is further complicated by the fact that the boundaries

of the components for which data was to be reported were not well defined,”

Both these situations have improved over.the years, but. it Jnust be recognized

" 'that the: number of failures reported to NPRDS will be optimistic (lower thani

actual).

SRS h‘,-_ e AL A

An additional limitation of the NPRDS ia the inconsistencies between;_.;'

'vplanta in interpreting the .numerous codes.nnd definitions which must bé used
in filing reports. The contents of : ;the- reports . eubmitted by the. varioua

plants are influenced by the experience end training ‘of the individual report-

ing the data. This was evident in the reports examined for data identifying
the failed component, the cause of fatlure, and whether it was related to age.
For example, if a valve failed to open because of a problem with the actuator,
the component failed was sometimes reported as the valve instead of the actua-
‘tor. This was .corrected during the review.
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A further aspect of the NPRDS data which should be noted concerns the .-

date of occurrence of the failure., If it 1is unknown. the date reported is
- midway between the” timé: the component was last knowa to be functional and the
time the failure was discovered. = This "best estimate“ could introduce errors
in determining the age’ of the component at failure.»‘ :

' An- additional limitation ‘i3 -that the process of obtaining NPRDS data is
unnecessarily difficult and time-consuming since access to the data bdbase 1is

currently restricted. _This is felt to be a major deficiency in this data

base."

E.Z In Plant Reliability Data System (IPRDS)

"The ‘second source used was the IPRDS data base, which was. established in
1978 to compile a more complete history of component operating experience at
nulcear power planta.' Data from in-plant maintenance .and repair records were

collected for the- data base., Initial collection was made by the IEEE Reli—

ability subcommittee which telied ‘on volunteers to petform the work..

: "'P‘D" -

‘ZL‘The IPRDS data base 1s’ unique in that it containe data on component popu-»;"

lations: failures “and repairs’ obtained- directly from raw, in-plant .records. :
Various plants were visited, and the records for specific types of components-
vere. collected.{_

Data 'was obtained for safety-related and non-eafety related components-

the information included a ‘population record for each type of component-in-the

plant. These recorda describe “the* design, operating ‘environment:, -and operat=
ing mode of the componeat and’ can be used to 'détérmine .the: total component
population for the plant. , .

For “each" component,’ recorde ‘of 'its failures and- repairs ‘were .obtained.
The failure record includes’ the -date the "failure occurred, its mode, cause,
and" severity, ‘and’ a description of the failure. The repalr record ‘includes
the time to’ complete repaire, the crew size, and a description of the repairs
performed. i o _ :

The major disadvantage of the IPRDS - data base ie the limited amount of
 data in"it.” ‘Information ‘on-only ‘pumps and valves' was ‘collected before the.
program was terminated in 1933. These data were obtained from visits to three
PWR plants and four BWR plants, but not all records from the plants were
incorporated 1nto’ ‘the data base. Data from the IPRDS are;: therefore, expected
to ‘be fairly’ complete for only a few plant units and are. not expected to-be
repreéentative of a cross-section of . the industry.~~ wn :

........
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E.3 Licensee Event Reporte (LERs)

The third source of data used is the Licensee Event Reports (LERs). As
part of the licensing requirements for nuclear power plants, the licensee must
report to the NRC any event (including the failure of safety-related compo-
nents) which resulls in a deviation from the plant's technical specifications.
In 1973 & data base was established containing information extracted from
these reporte.

The information presented in the LER includes the date of the event,
along with a description. The LERs were not originally intended to be used as
a source of reliability data and have less detailed information than the other
data bases.

As with the other date bases, the LER data base has various limitations.
Since the system was uot intended as a source of reliability information, the
records do not contain information such as component population or failure
‘modes and mechanisms. 1In addition, failures are only reported for safety-
related components. However, not all failures are reported, even if the com-
ponent 1s safety-related. Some may not result in deviations from technical .
specifications and sre not reportsble, After a change in LER reporting
requirements in 1984 failure data is even more limited, due to the reduction
in the scope of reportable events. For these reasons, data from the LER data
base are considered conservative (lower than actual). Results from LER data
such as dominant failure modes and causes, however, are expected to be consis-
tent with those based on NPRDS data since both data bases represent & cross-
section of all operating plants.



25~29
30
31

33
34
35

36
37
38
39
40
_ 41
42

43
&4

45.

46

INTERNAL. DISTRIBUTION

1 Re Bari 12-13 R. Lofaro

‘2. J+ Bocelo v+ - 14 We Luckas. V
“"3 A, Fresco-. -~ . . -15—16 Nuclear Safety ubraty
4=5 Re Fullwood 17 W. Shier .
6 We Gunther - . 18-19° M. Subudhi

7 R. HaT1 ' 20 K. Sullivan -
8-9 J. Higgins- - . .. - 21=23..J. Taylor . .. ..
10 Re Hodor = -~ - - 2& M. Villaran

11 We. Kato .

EXTERNAL DISTRIBUTION

S.K. Aggarwal, U.S. Nuclear Regulatory Commission. 5650 Nicholson Lane,
Rockville, MD = 20852

S.P. Carfagno, Franklin Research Center, 20th & Race Streets,
Philadelphia, PA. 19103
F.M. Coppersmith, Con Edison Co. of N.Y., & Irving Place, NY, NY 10003
A. Datta, Division of Engineering Technology, Office of Nuclear
Regulatory Research, U.S. Nuclear Regulatory (:ommissi.on, 5650 Nicholson
Lane, Rockville, MD 20852
D.M. Eissenberg, Oak Ridge National Laboratory, Bldg. 9201-3,
P.0. Box Y, Oak Ridge, TN 37830.
A. El-Bassioni, U.S. Nuclear Regulatory Comission, Mail Stop EWW-509,
Washington, DC 20555
W.S« Farmer, Division of Engineering Technology, Office of Nuclear

"Regulatory Research, U.S. Nuclear Regulatory Commission, 5650 Nicholson

Lane, Rockville, MD 20852

Le Gradin, EcoTech, Inc. 6702 Bergenline Avenue, West New York, NJ
07093

C. Jackson, Oon Edison Co. of N.Y., & Irving Place, New York, NY

10003

Je. Jackson, U.S. Nuclear Regulatory Commigsion, Mail Stop 212,
Washington, BC 20555

A.B. Johnson, Pacific Notthwest I.aboratory. P.0. Box 999, Richland, WA
99352 v

C. Johnson, U.S. Kuclear Regulatory Commigsion, Mail Stop NL~007,
Washington, DC 20555

Pe. McDonald, EG&G Idaho, Ince, P.O. Box 1625, WCB-3, Idaho Falls, ID
83415 .

A+ Koleczkowski, Science Applications Intemational Corporation, 2109

" Mr Park Road, Albuquerque, NM 87106

C. Michelson, ACRS, 20 Argonne Plaza, Suite 365, Oak Ridge, TN 37830
A« Nespoll, Con Edison Co. of N.Y., Indian Point Unit 2, Broadway and
Bleakley Avenue, Buchanan, NY 10511

A. Sideris, Wylie Laboratories, P.0. Box 1008 Hunteville, AL

' 35807-5101

ReL. ‘Simand, KPRDS Department, INPO, 1100 Circle 75 Parkway, Atlanta,
GA - 30339.



EXTERNAL DISTRIBUTION (Cont'd)*.v R

47

48
49

50

D.F. Sullivan, Division of Engineering Technology, Office of Nucler
Regulatory Research, U.S. Nuclear Regulatory Comnission, 5650 Nicholson
Lane, Rockville, MD 20852 /

Se Trovato, Con Edison Co. of N.Y., 4 Irving Place, New York NY
10003>"

J.P. Vora, Diviaion of Engineering “Technology, Office of Nuclgar
Regulatory Research, U+S« Nuclear Regulatory Cbmmission, 3650 . Nicholson
Lane, Rockville, MD 20852

M. Vagins, U.S. Nuclear Regulatory Commission, Mail Stop NS—ZI?B.
Washington, DC 20555

B . . L .- A R o L R
..... . PR R . " ERRIRTIEX o N 3
o - PP ta e LR 1 - e . VAT L., (3



S T Gl

T AT v A e e e g o
N = i AT e,

IRAALE e m e

I . S m—

E":‘g“" us UL NUCLEAR REGULATORY COMMISSION ] 1. ALPORT KUMBER fsspned 8v TIOC, 006 Vor Mo of omps
iyt g BIBLIOGRAPHIC DATA SHEET NUREG/CR-5052
SEE WSTRUCTIONS ON THE REVERSE. Bm.ms.szl 17
] 2 TITLE AND SUSTITLE 3. LEAVE SLANK

Operating Experience & Aging Assessment of Component
Cooling Water Systems in Pressurized Water Reactors . -

4 CATE REPORT COMPLETED

MONTN ' YEAR

¥ AUTHORR) -~ March 1988
J. Biggins; R. Lofaro, M. Subudhi, R. Fullwood and ' e
J.Taylor . July l 1588
1. FERFORMING CRIANIZATION MAME AND MAILING ADORESS linciuge Lo Cacw) 8. PNTN—EET'RAS&MORK UNIT NUMBER
Brookhaven National Laboratory ‘ , o
Upton, New York 11973 . : T, Fioy G GRANT NGB ER

FIN A-3270
10. SPONSORING ORGANIZATION NAME AND MAILING ADDRESS iactwoe 3¢ Cotle) ll.A TYPE OF REPORT
U.S. Nuclear Regulatory Commission _ Formal
Office of Nuclear Regulatory Research : ——— e —.
Washington, DC 20555 ‘ 8.PERIOD COVERED fincimme Satmt

‘ \-——.—7.
13. ABSTRACT {200 wores of s/

Reactors (PWRs) was performed as part of the Nuclear Plant Aging Research (NPAR) Program.|. .

TAging in the CCW system was character:l.zed using’ ‘the Aging and Life Extensicn Assessment

| Junavailability with age were observed and are discussed. .

] 1 OocImIENT ANALVES - s KEYWORGIGESCRIPTONS

12 SUPPLEMENTARY NOTES

An aging assessment of Component Cooling Water (CCW) systems in Pressurized Water

The objectives of the NPAR program are to provide a technicel basis for the identifica-
tion and evaluation of degradation caused by age in nuclear power plant applications.
The information generated will be used to assess the impact of aging on plant safety

and to develop effective nit:!.gating acti'ons.

Program (ALEAP) Systems Level Plan developed by Brookhaven National Laboratory.
Failure data from various national data bases were reviewed and analyzed to identify
predominant failure modes, causes and mechanisms in CCW systems. Time-dependent
fallure rates for major components were calculated to identify aging trends. Flant
specific data were obtained 'and evaluated to supplement data base results.

A computer program (PRAAGE) was developed and implemented to model a typical CCW system
design and perform Probabilistic Risk Assessment (PRA) calculations. Time-dependent
failure rates were input to the program to evaluate the effects of aging on component
importaence and system unavailability. Changes in component importance and system

18 AVAILABILITY

Aging Degradation ~ Operating Experience STATEMENT
Component Cooling - .- Data Analysis

System Unavailability L , o o ’ .
-Component Prioritization -nm SECURATY CLASSIFICATION
% IOENTIFIASIOPEN-ENDED TERMS ' i

' T saports

1) NUMBER OF PAGES

I

8 PAICE




