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173 RELIABILITY ASSURANCE
PROGRAM DURING DESIGN
PHASE

This secuon presents the ABWR Design Relability
Assurance Program (D-RAP)

17.3.1 Introduction

The ABWR Design Reliability Assurance Program
(D-RAP) is a program that will be performed y-Gi-2-

_5-NuclearEnergy +GE-NEY dunng detaied design and
specific equipment selecuon phases (o assure (hat the
important ABWR reliability assumptions of the
probabilistic risk assessment (PRA) will be considered
throughout the plant life. The plan: owner/operator will
also have an operauonal RAP (O-RAP) that tracks
equipment relability w demonstrate that the plant is being
opcnwdwlmwndmwmmmPIAmnptm
50 that overall nsk is not unknowingly degraded. The
PRA evaluates the plant response (O inilaling events 1o
assure that plant damage has a very low probabuity and
risk 1© the public 1s very low. Input 10 the PRA includes
details of the plant design and assumpuons acoul the
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v L reliability of the plant nisk -significant structures, sysiems
\‘j | and components (SSCs) throughout plant life. <
N Y| o -
< T'/ The D-RAP w1l include the design evaluauon of the
< 1+ n ¥l ABWR. [1will identty relevant aspects of plant operaban,
v &y mainienance, and performance monioring of imporant
% B plant SSCs for owner/operalor consideraion in assunng
" b‘ safety of the equipment and limited risk 10 the public. The
® 5 policy and implementation procedures will be specified
\‘; fg ; he \ by the owner/operator
e B Also included in this explanation of the D-RAP is &
W U ey | descriptve example of how the D-RAP will apply o one
e Vo potenually imporant plant sveem, the standby liquid
X T % o | control sysiem (SLCS). The SLCS example shows how
B J & | the principles of D-RAP will be applied 1o oher sysiems
e b h\ idenufied by the PRA as being significant with respect
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aspects of plant operauon, maintenance, and performance
monionng of plant nsk-significant $SCs. The PRA for
the ABWR and other industry sources will be used w
idennfy and prioritize those SSCs that are imporant w
prevent of mitigate plant transients or other events that

could present a nsk w the public.
17.3.3 Purpose

The purpose of the D-RAP is © assure that the plant
safety as esumaied by the probabilistic nsk analysis (PRA)
1s maintained as the detailed design evolves through the
implementauion and procurement phases and that perunent
information is provided in the design documentation w the
future owner/operator 5o that equipment reliability, as it
affects plant safety, can be maintaned through operaton
and mainienance during the enure plant life.

17.3.4 Objective

The chjective of the D-RAP is w idenufy those plant
$SCs that are significant contnibutors o risk, as shown by
the PRA or other sources, and 10 assure that, duning the
implementaton phase. the plant design continues o uulize
nsk- significant SSCs whose reliability is commensuraie
with the PRA assumptions. The D-RAP will also idenuly
key assumpuions regarding any operauon, mal -
and monionng activites that the owner/operawr should
consider in developing its O-RAP 10 assure that such S5Cs
can be expecied 1 operste throughout plant life with
reliability consisient with that assumed in the PRA.

A major factor in plant reliability assurance « nsk-
focused mantenance, by whach manienance resources
are focused on those SSCs that enable the ABWR sysiems
o fulfill their esental safety funcuons and on S5Cs
whose (ailure may duectly initiate challenges w safety
sysiems.  All plant modes are considered, including
equipment directly relied upon in Emergency Operaung
Procedures (EOPs). Such a focus of maintenance will
wpnmm»mcamﬂybwhmam.mum
with the PRA.

17.3.5 GE-NE Organization for D-RAP
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[ Managers of the Nuclear Services and Projec s Deparunent | Nuclear Operauons Deparument. _Re€sponsibility for
and of We Nuclear Operations Deparument repon (o the | | reliability review of designgdABWR systems and
| Vice Prebdent and General Manager of GE Nuclear | | components also falls ga-the Reliability Engineenng
Energy Twd.secuons involved with an ABWR D-RAP | ) Services Unut. under derecuion from the Systems Integration

' Engineenng Servides Secuon,

1

r") ‘ |

are the Advanted Reaclor Programs Secuon and the

J
i |
Authonty for the manggement of an ABWR program |

| iscentered with the Advenc ed Reactor Programs Manager |

| Day-to-day dewls of an ABWR program are directed by |

| coordinate both the GE-NE suppon for

the Project Manager, who reports lovhe Advanced Reacior
Programs Manager The Project er and his mﬂ}
ect and the |

. work’of external organizauons, such as the Architect/
\ Engineer, """ '

e

Responsibility for the [design of key/equipment,

components and subsystems f shared by'\

-
E LAY €

—

o-airihe Advanced Reacior Programs Secuon wogether with

9

_Systems Integration and Perfarmance Engineenng Unit. /.

e TP

external organizanons, including the Architect Engineer,

(Weporing direclly io each éngineening

will be-pastorming engineers, including systgavdesigners
and componeni desigrers. Design. support will also be

provided by other design Spetidns within GE-NE and the |
Nuciear Services andProjects Depameqt. Responsibility |

for ABWR safety analysis and PRA studies w ynder the

wtr -~ The

9 bagineenny, mikbo assigned the responsibility of

managing and integraung the D-RAP Program.__He i€

' \and Perf

ngineenng Unit. """

17.3.6 SSC Identification /Prioritization

The PRA prepared for the ABWR will be the primary
source for idenufying nsk- significant SSCs that should be
given special conaideration during the detailed design and
procurement phases and/or considered for inciusion in the
O-RAP. The method by which the PRA is used w idenufy
risk-significant SSCs is described in Chapeer 19 l1isalso
possible that some nsk-significant SSCs will be idenufied
from sources othr than the PRA, such as nuclear plant
operaung expenence, other industrial expenence, and
relevant component fadure data bases.

17.3.7 Design Considerations

The relisbility of nsk-significant SSCs, which are
idenufied by the PRA, will be evaluated at the detalled

design stage by appropriate design reviews and relability
analyses. Current data bases will be used 1o idenufy

appropriate values for failure raes of equipment as

“ designed, and these failure rates will be compared with

those used in the PRA. Normally the failure raies will be
similar, but in some cases they may differ because of
recent design or data bese changes. Whenever failure
rates of designed equipment are ignificantly greater than

2 d -have direct access L0 the ABWR Project Manager and wakle.. ‘ = .
g.ycmmmnuunotunucm;m.mm those assumed in the PRA. an evaluaoon performed

" by the Relability Engu

and status. Hﬂh-ornnumu‘ fresdom w0
a
(1) Identify D-RAP problems.
(2, Inwate, recommend or provide solution ©
problems through desigeied organizanons.
(1) Venfy implementation of soluton.
(4) Funcuon ss mn integral part of the final & .gn
process.

Relability analyses, ;nclmﬁnglhe “are performed |

Reliability and Analysis
Engineenng Services

performed in this organization, within the |
—

ices Unit in the |
Subsecuon of the I
bon (Figure 17.3-1). Thus, the |

and many of the ABWR rehability | 4,00 plant life. The design considerations that will go

0 determine if the equipment is accepiable or if it must be
redesigned © achieve & lower (ailure rate.

For those risk-significant SSCs, as indicated by PRA
or other sources, component rede.aign (Including selecuon
of & different component) will be consadered as 8 way 10
reduce the CDF contribution. (1f the system unavaulabi iy
or the CDF is accepiably low, less effort will be expended
woward redesign.) 1f there are pracucal ways W redesign
s nsk-significant SSC, it will be redesigned and the
change in sysiem fault tree results will be calculated
Following the redesign p/..se dominant SSC faslure modes
will be idenufied so that prolecuon against such falure
modes can be accomplished by appropriaie acuvives

into determining an acceplable, reliable design and the
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$SC's that must be considered for O-RAP acuvities are
shown in Figure | 1.3.
-

GE-NE will identufy in the PRA or other design
documents 1o the plant owner/operator the sk -significant
§SCsand the assocated reliabikity assumpuions, including
any perunent bases and uncerainues considered in the
PRA GE-NE will also provide information for the plant
owner/operatlor 10 incorpoarate inw the O-RAP w help
assure that PRA results will be achie ved over the life of the
plant. This informauon can be used by the ownur/operaior
for establishing appropriaie reliability targets and the
associated maintenance pracuces for achieving them

17.3.8 Defining Failure Modes

The determination of dominant failure modes of nsk-
significant SSCs will include histoncal informauon,
analyucal models and exisung requirements. Many BWR
sysiems and components have compiled a significant
histonical record, so an evaluauon of that record comprises
Assessment Path A in Figure 173 Detals of Path A are

shown in Figure ITJf} a

For those SSCs for which there is not an adequate
historical basis © idenufy cnucal failure modes, an
analvucal approach 1s , shown as Assessment
Path B in Figure 17.3,8%The details of Path B are given
in Figure 17.3.5 The failure modes identified in Paths A
and B are reviewed with respect 0 the exisung
mainienance activibes in the industry and the mainienance
requirements, Assessment Path C in Figure 17.3-1.‘1
Detailled steps in Path C are outlined in Figure lm%

17.3.9 Operational Reliability Assurance
Activities

Once the dominant failure modes are determined for
nsk-significant $SCs, an assessment is required 1o
determine suggesied O-RAP actvities that will assure
acceptable performance during plant life. Such acuviues
may consist of penodic surveillance NSPECLONs of Lests,
monionng of $SC perfarmance, and/or periodic prevenuve
maintenance (Ref. 1). An example of a decision tree that
would be 10 these activities is shown in Figure
17.3.7@ As indicated, some SSCs may require a
combinauon of activiues Lo assure that their performance
1s consistent with that assumed in the PRA.

LIABIOAQ
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Penodic tesung of SSCs may include starup of standhy
sysiems, surveilance tesung of instrument cucuils 10
assure that they will respond (0 appropriate signals, and
inspecuon of passive SSCs (such as tanks and pipes)
show that they are available o perform as designed
Performance monitonng, inc luding condition momionng,
can consist of measurement of output (such as pump fow
raie or heat exchanger emperaiures), measurement of
magnitude of an important vanable (such as vibrauon or
emperature ), and testung for abnormal condibons (such as
ol degradauon or local hot spots).

Periodic preventive maintenance is an acuvity
performed at regular intervals 0 preclude problems that
could occur before the next PM interval. This could be
regular o1l changes, replacement of seals and gaskels, of
refurbishment of equipment subject Lo wear of age related
degradauon.

Planned mainienance acuvities will be integrated with
the regular operating plans so that they do not disrupt
normal operation. Maintenance that will be performed
more frequently than refueling outages must be planned so
as o not disrupt operation or be likely 10 cause reacior
scram ESF actuation, or abnormal transients. Maunienance
planned for performance during refueling outages must be
conducted in such a way that it will have littie or no impact
on plant safety, on outage length or on other mainienance
work.

17.3.10 Owner/Operator's Reliability
Assurance Program

The O-RAP that will be prepared and implemenied by
the ABWR owner/operator will make use of the informauon
provided by GE-NE. This information will help the
mmwmmwummuumw
in the O-RAP. Examples of elements that might be
included in an O-RAP are:

. Reliabilicy Performance Monuoning: Measurement
of the perfarmance of equipment 1o determine thai
it is accomplishing its goals and/or that it will
cmmunowummmutyoﬂu!m

2. Reliability Methodology: Methods by which the
plant owner/operalr can compare plant dawa w the
SSC data in the PRA.

1
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! Problem Poonuzauon !denuficauon, for each of
the nsk- significant SSCs. of the imporance of
(hat item as a contrbuton Lo 1ts system unavaslability
and assignment of pnonues 1 problems that are
detecied with such equipment,

4 RootCause Analysis Determinauon, for problems
that occur regarding reliability of nsk-significant

SSCs, of the root causes, those causes which, alter
correcuon, will not recur 1o again degrade the
reliability of equipment.

S Comscuve Acuon Delermunaugn ldenufiwation

of carrecuve acuons needed Lo restore equipment
(o its required funcuonal capability and reliability,
hased on the results of problem idenuficauon and
root cause analysis

6. Qomeclve Acuon lmplemeniauen Carrying oul
idenufied carrecuve acuon on risk -significant
equipment o resiore equipment 10 il intended
functicn in such & way that plant safety 1s not
compromised dunng work.

7. Comecuve Acuon Verficauon: Post-correctve
acuon tasks to be fellowed afier mainienance on
risk sigruficant equpment to assure that such
rquipment will perform its safety funcuons.

% PlaolAging. Some of the nsk-significant
equipment is expecied 10 undergo age relaied
degradanon that will require equipment
replacement or refurbishment.

Esedback 10 Designer, The plant owner/operator
will peniodically compare perfarmance of nsk-
significant equipment o that specified in the PRA
and D-RAP, as mentioned in item 1, above, and, at
115 discretion, may feedback SSC performance
data 0 plant or equipment designers in hose cases
that consistently show performance below Lhal
specified.

10 Programmaus Inigrfaces. Reliability assurance
interfaces related 1o the work of the several
organizations and personnel groups working on
nisk-significant $SCs.

Amendmen 2|
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The plant owner/operator's O-RAP will address the
interfaces with CONSrucuon, swAnup esung, operauons,
mainenance, engineering, safety, licensing, quality
assurance and procurement of replacement equipment

17.3.11 D-RAP Implementation

An example of implementauion of the D-RAP is given
for the standby Liquid control system (SLCS). The purpose
of the SLCS s 10 inject neutron absarbing poison into the
reactor, upon demand, providing a backup reacior shuidown
capaiity independent of the control rods. The system is
capable of operaung over a wide range of reacior pressure
condiuons. The SLCS may or may not be identified by the
final PRA as a significant contributor w CDF or w offsie
risk. For the purpose of this example it is assumed that the
SLCS is idenufied as a significant contributor to CDF or
w offsie nsk.

173111 SLCS Description

During normal operauion the SLCS is on standby  only
10 function in event the operalors are unable W conwol
reactivity with the narmal control rods. The SLCS consists
of # boron solution storage Lank  two posilive displacement
pumps, two motor operated injecuon valves (provided in
parallel for redundancy), and associated piping and valves
used (o transfer borated water from the siorage ank w e
reactor pressure vessel (RPV),

The borated solution is Gischarged trough the ‘B’

high pressure core flooder (HPCF) subsystem sparger. A
whematx dh_nn of the SLCS, major sysiem

a. Pump flow T 50 gpm per pump
b. Maximum reacior pressure 1250 psig

(for inpection)
¢. Pumpable volume in 6100 U.S. gal

storage ank (minamum)

Mpmﬂianumummnmludea
test ank and associated piping and valves. The tank can
uwmmmudmwumumpw
in a closed loop through either pump or injecied inw the
reactor.

1734
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The SLCS uses a dissolved soluton of sodium
penitaborate as the neutron- absorbing potson. This soluuon
is held in a heated storage ank W mainwin the soluuon
shove 118 saturavion emperature. The SLCS solution tank,
a lest waler Lank, the two positive displacement pumps,
and associated valving are localed in the secondary
contunment on the floor elevation below the operaung
floor. This 1sa Sewsmic Category | structure, and the SLCS
equipment is protecied from phenomena such as
earthquakes, wmados, hurmcanes and floods as well as
from inernal postulated acc ident phenomena. [n this area,
the SLCS 15 not subject o condiuons such as missiles, pipe
whip. and discharging fusds.

The pumps are capable of produc ing discharge pressure
10 inject the solution into the reactor when the reacior 15 at
high pressure condiuons corresponding 0 the svstem
relief valve actuation. Signals indicating storage ank
liquid level, tank oudet valve posiuon, pump discharge
pressure and (njection valve posiion are available in the
control room

The pumps, heater, valves and controls are powered
from the standby power supply or normal offsite power.
The pumps and valves are powered and controlled from
separate bus~s and circuits so that single acuve falures
will not prevent system operation. The power supplied
one motor operated injec ion valve, storage Lank discharge
valve, and injection pump is from Division [, 480 VAC,
The power supply © the other motor-operated injecuon
valve, storage tank outlet valve, and injecuon pump s
from Division [1, 480 VAC. The power supply (o the tank
heaters and heater controls is connectable 1o a standby
power source. The standby power source 1s Class | E from
an on-site source and is independent of the off-site power,

All components of the sysiem which are reguired for
injection of the neutron absorber 1o the reaclor are
classified Seismic Category | All majr mechamical
components are designed (o meet ASME Code

requirements as shown below.

Companga ASME Design Cond tons
Cosde Clas Preass Tampstadas

Swrage Tank 2 Stauc Head  |SO°F

Pump 2 1560 psig | 50°F

Injection Velves | 1560 paig 150 °F

Piping Inboard of

Injecuon Valves 1 1250 paig 575 *F

JAEI0AQ
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173112 SLCS Operation

The SLCS is imuated by one of three means
(@) manually imitated from the main conuol room.
() auwomaucally mivaied of condiuons of high reactor
pressure and power level not below the ATWS permissive
power level exist for 3 minutes. or (¢) awtomaucally
intiated if condivons of RPY water level below the level
2 setpoint and power level nok below the ATWS permussive
power level exist for 3 minues. The SLCS provides
borated waler 0 the reactor core Lo introduce negauve
reactivity effects during the required conditons.

Tomeet iLs negauve reacuvity obpecuve, it 1S necessary
for the SLCS 10 inpect a quanuty of boron which produces
a munimum concentraton of 850 ppm of natural boron in
the reactor core at 68 F. To allow for potental leakage and
imperfect muxing in the reacior sys'em, an addivonal 25%
(220 ppm) margin 15 added w the above requirement. The
required concentration 1s ac hie ved accounung for dilubon
in the RPY with normal water level and including the
volume in the residual heat removal shuidown cooling
piping. This quanuty of boron solution 1s the amount
which s sbove the pump suction shutoff level in the
storage wank thus allowing for the poruon of the wank
volume which cannot be injected.

173113  Major Differences From
Operating BWRs

The SLCS design is very similar w that of operaung
BWRs. Auwomauc actuavon of the ABWR SLCS
similar 10 that ncorporaied in some operatng BWRS
Because of the larger ABWR RPV volume, the pumping
capacity has been increased from 43 10 50 gpm per pump
Injecuion of SLCS solution through the HPCF sparger has
been shown by horon mixing 1ests (o give better mixing

than the operaung plant injecuon through a standpipe

Inpection valves of operaung plants are leak proof explosive
valves 10 keep boron out of the reactor dunng SLCS
testing. In the ABWR the injection valves are motor
operated and a sucton pipe fill sysiem keeps the lines
filled with disulled waier at slighty higher pressure than
that of the boron storage tank 10 preclude entry of boron
into the reactor. The motor operated inecuon valves
provide the following advantages over explosive valves

(738
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4 Radiauon exposure 10 personnel 15 potenually
reduced dunng lesung and mainienance because
less work will be required at the valves

b Post-injecuon conuunment isolaton capability
is enhanced because the molor operated valves
can be closed following boron injecuon
Explosive valves cannot be reclosed o provide
containment 1solauon

173114  SLCS Fault Tree

2

The top level fault tree for the SLCS is shown in
Figure !7.3,( with the op gate defined as falure w
deliver S50 gpm of borated water from the swrage lank W
the RPV. Details providing input 1o most of the events in
Figure 1739 are contained in the several addivonal
branches ylhe fault tree.

11 1s assumed that the SLCS has been idenufied by the
PRA as a system making signuficant contribution w CDF.
A lisung of the SLCS components or events by Fussell-
Vesely Imponance was made, and those SSCs with grealest
importance are given in Table 17.3-1. No S5Cs appear 0
be nsk-significant because of aging or common cause
consideratons. The seven most significant components
are Listed in Table 17.3-2, so these SSCs should be
considered as risk-significant candidates for O-RAP

acuviles.

173.11.8 System Design Response

The seven SLCS nisk -significant components idenufied
in Table 17.1.2 as having high imporance in the SLCS
fault tree are now considered for redesign or for O-RAP
activities, as noted above. The flow chart of

Figure 17.3 &l"" the designes

Two of the events in Table 17 3.2 result from flow of
SLCS Nusd being diveried uwough reliefl valves back
pump suction rather than into the RPY. Since gawe and
check valve failures (which could result in relief valve
operauon) are accounted for by separate events, the relief
valve failures of concern can be considered © be valve
body failures or inadvenent opening of the reliel valves.
Plugging of the sucuon lines from the storage lank could
result from some contamination of the tank fluid or
collectuon of foreign mater in the tank. The pump failures

LIASII0AQ
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10 stant ypon demand could result from electrical or
mechanical problems at the pumps or theyr control circuits.

Two AC electncal system failures that contnibute ©
SLCS system failure are idenufied in Table 17.3:2. No
further detauls of electncal system failures or maintenance
are included here. That leaves *he five components noted
above for special auenuon with regard 1o reducing the sk
of system failure,

#. Redesign L

The design evaluation of Figure 17.3.2 is used by the
designer. The design assessment shows thal the co:aponent
failure rates are the same as those used in the PRA, 50 there
15 no need W recalculate the PRA. Also, no one S5C has
amajor impact on SLCS system unavailability, so redesign
or reselecuion of components 1 not required and the seven
components are idenufied for consideration by the
O-RAP.

Redesign considerations, if they had been requared,
wouid have included trying w identfy more reliable relief
valves and pumps and sucuon lines less likely w plug. The
latter might be achieved by using larger diameter pipes or
muluple suction lines. Pump and valve reliability might
be enhanced by specific design changes or by selecuon of
& dufferent component. Any such redesign would have 1
be evaluated by balancing the increase in reliability against
the added complicauon 10 plant equipment and Layoul.

b. Failure Mode Identification

I redesign 1s not necessary, or after redesign has been
compleied, the appropriaie O-RAP acuvites would be
identified for the three SLCS component types idenufied
by the fault tree and discussed above. This begins with
determining the likely failure modes that will lead 1 loss
of function, following the sieps in Figure 17.3.3 The
components of SLCS have adequaie failure hustory w
udnnnlymoulfsmm 30 Assessment Paths A and
C (Figures 17.34)and 17.34/ respectively) wouid be
followed to defi mmu m«hfa consideration

Forthe SLCS rehel valves puuwicnce with similar
valves shows that the major failure modes are fluid leakage
from the valve body and a spunous opening as result of
failure of the spring, the spring fastener, the valve siem of
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ihe disk. Past pump falures fall Into two general Categones,
electrical problems resulung in failure 10 slan on demand
and mechanical problems that cause a running pump o
stop or fail o provide rated flow. The plugging of Nud
lines generally results from presence of sediment or
precipiauon of compounds from saturated Nuid.

Following the flow chan of Figure 17 Bf.medesnper
would determine more details about each failure mode,
including piecepants most likely o fail and the frequency
of each failure mode category or piecepan falure. This
would result in a list of the dominant faiiure modes (o be
considered for the O-RAP ASME Secuon X1 requirement
for inservice inspection and other mandated inspecuons
and test would be identified, as indicated in

Figure lT.‘:t 4

Examples of the types of falure modes thal could
umpact relabuity of these identified components are shown
in Table 17.3.3. The wble is not a complete lisung of
imporant falure modes. bul is iniended w0 indicate the
types of falures that would be considered

¢. ldentification of Maintenance
Requirements

For each idenufied failure mode the appropriaie
maintenance tasks will be idenufied 1 assure that the
failure mode will be (a) avoided, (b) rendered insignificant,
of (¢) kept to an accepiably low probability. The type of
mainienance and the mainienance frequencies are both
nmmmmudmmmﬂnmmmm
rate will be consistent with that assumed for the PRA. As
indicated in Figure 17.3{/ the designer would consider

penodic esung, perf lesung prevent ve
maintenance as possible D-RAP acuviues o keep failure
rales acceptable. b

For the SLCS relief valves, which normally have no
cvcles during operstion, A visual inspection for leakage
and penodic inspecuons of iniemals are judged 10 be
a iate. The pumps can be funcuonally lested
;umwmannmwmmvm@mu
measured dunng funcuonal lests W detect poiential
mechanical problems. Detailed disassembly, inspecuon
and refurbishment would be done less frequendy. To
ptevemlupluumgmewu&cmumphdfor
mnmmuw.wnmucm.
Of lemperature INCrease as necessary. Examples of

Amendmeni 11
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maintenance acuvites and frequencies are shown in Table
17.3.3 for each idenufied failure mode. The D-RAP will
include documentauon of the basis for each suggesied
O-RAP acuwity

17 3.12.  Glossary of Terms
ATWS Anucipated Transient Without Scram

CDF The core damage frequency as calculawed
by the PRA.

D-RAP Design Reliability Assurance Program
performed by the plant designer 1 assure
that the plani is designed so that 1L can be
operated and maintained in such a way
that the reliability assumpuons of the
PRA apply throughout plant lfe.

Fussell- A measure of the component contnbution

Vesely W sysiem ungvailability. Numencally,

Imporiance the percentage contnbution of component
10 system unavadability.

GE-NE GE Nuclear Energy, ABWR pant
designer.

Owner/ The utility or other organizauon thal owns
Operator  and operaies the ABWR following
construction.

O-RAP Operauonal Reliability Assurance
Program performed by the plani owner/
wwmmwpUmopmwd
and maintasned safely and in such a way
that the reliability assumpuions of the PRA
apply throughout plant life.

Piecepart A poruon ol a(nisk-significant) component
whose {ailure would cause the (alure of
the componeni as 8 whole. The precise
definivon of a “piecepart”™ will vary
between compoaent types, depending
upon thew complexity.

PRA Provabilistic risk assessment performed
10 1dentify and quantify the sk associated
with the ABWR.
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Risk- Those S5Cs which are identified as
Significant  contnbuung significant’y o the system
unavailability.
S8Cs Structures, sysiems and components
idenufied as being important 1 the plant
operauon and safety.

17.3.12  Reference

(1) E.V.Lofgren, e al., A Process for Risk
Focused Mainienance, SAIC,
NUREG/CR-5695, March 1991,
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Table 17.3-1.

SLCS Components with Largest Contribution to System Unavailability

COMPONENT FUSSELL~VESELY
IMPORTANCE
OVFOOTHW Flow Diverted Through Relief Valve FOO3A 0.50
OVFOO2ZHW Flow Diverted Through Relief Valve FOO3B 0.50
OFLOOOHW Plugged Suction Lines From Tank 0.24
OPMOOTHW SLCS Pump A (CO01A) Fails to Operate 0.05
OPMOO2HW SLCS Pump B (C201B) Fails to Operate 0.08
ECADO3H AC Power Cable 0. Failure 0.05
ECAO13H AC Power Cable 13 Fa.'ure 0.05
Table 17.3-2.
Risk-Significant SSCs for SLCS

Relief Valves FOO3A and FOO3B

Suction Lines from Tank

Pumps CO01A and CO01B

AC Power Cable 03

AC Power Cable 13

Amendment 21 17 3-8
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TABLE 17,33
EXAMPLES OF SLCS FAILURE MODES & O<RAP ACTIVITES
COMPONENT FAILURE RECOMMENDED MAINTENANCE BASIS®
MODEXALUSE MAINTENANCE INTERVAL

Relbel Valve

Pump

Sucbon Lines

Body leakage Visual inspect:on 24 months Experence
Spunous opening, Inspect closure for 10 years Low failure raie,
spring faslure breaks, measure ASME Cade (5]

sprng constant,

replace spring
Spunous opering, Visual inspecuon of 10 years Low fadure rae,
spring fastener failure | spring fastener, ASME Caode 1S]

replace if necessary
Spunous opening, Visual and penetrant 10 years Infrequent use, low
faslure of valve siem | inspection of stem, failure rate, ASME
or disk ultrasonic inspection Code 1S1.

of siem; replace i

NeCessary
Fails w stan, Funcuonal est of 6 months Expenence with
electncal probiems mp with sucuon other electrical

test ank, no pumps.

flow from storage

ank
Fauls o run, Measure pump 6 months Infrequent use, litde
mechanical problems | vibrauon duning wosr

mp Operauon in

tonal test.

S years Infrequent use, low
pump for corrosion, failure raie, ASME
wear. Refurbish as Code IS1.
NECESSY .

Lines plugged by Sample tank 6 months Clean sysiem, litte
sedument water for sediment: chance of sedument.
clean ank
necessary .
Lines plugged by Sample siorage ank I month Saturated soluuon
precin boron for xgree of most likely source of
com saturatn of boron line plugging
compounds. [ncrease
ank iemperaiuse as
Necessary.

* Al SLCS components have been used in Operaung BWRS, 5o there is much experience 10 guide
owners/operalors in care of the equipment.

Amendment 2|
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" GE NUCLEAR ENERGY
\ VICE PRESIDENT AND .
' GENERAL MANAGER
“{ NUCLEAR SERVICES AND NUCLEAR
PROJECTS DEPARTMENT OPERATIONS

. I : / NUCLEAR
' ALITY

‘ I ] / ASSURANCE

ADVANCED SECTIONS PRODUCT
REACTOR ALITY
PROGRAMS suuy{
PROCUREMENT . ~
SERVICES

/ SYSTEMS 1
PROCUREMENT | RATION AND}. AND ANALYSIS
| ENQINEERING
P N\
ABWR PROJECT
MANAGER
e D-RAP

=
/ 5e\e\re_

Figure 17.3-1. Typical GE-NE Organization for an ABWR Project

|
g
.
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3 NI AN
NTIFS ‘
A
FSTEM
- n— FAULT TRES | IMPONENT
‘;‘ o REDE ¢ e
RECAI ATION AEDESIGN
RELIABILITY ASSE MENT g ARE PRA RESULTS YE¢ !
IN Df IGN PHASE — e SIGNIFICANTLY CHANGED ,___,_.___’i
) FA I BATE® . -
ARE FAILURE RATES » BY MIGHER FAILURE ;
_ THOSE IN PRA RATE" ‘\
o <
5 N | N ; |
|

OGES SSC FAILURE HAVE YES IS "»"'-'_fMPK»‘NI NT ’ YES |
W e ——— "’ RE ['ESK)N ‘EAS‘Iﬂtt r___,»_ "___.,c

ALARGE MPACT
YSTE MAVAILABILITY? | V‘!At&‘;‘(“:‘: TA'NE OS71 !
JIVE?

T . | F——— '_‘I -

NO | NO i
J

.

SCs FOR O-RAP

Figure 17.3-2. Design Evaluations for 55Cs
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MISK-SIGNIFICANT §5Cs
FOR O-RAP

ASSESSMENT PATH A
YES

DOES FAILURE HISTORY ]

IDENTIFY CRITICAL FAILURE
MODES AND PIECEPARTS?

NO

ASSESSMENT PATH C

ASSESSMENT PATH B
IDENTIFY CRITICAL FAILURE [~ ’ mwwmno

MODES AND PIECEPARTS e
USING ANALYTICAL METHODS e

:

v '

DEFINE DOMINANT
FAILURE MODES TO DENTIFY MAINTENANCE
DEFEND AGAINST REQUIREMENTS

~
Figure 17.3-; Process for Determining Dominant Fsilure Modes of Risk-Significant SSCs
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INFORMATION NEEDED

+ INPUT FROM ACCEPTED
INDUSTRY DATA BASES

+ CONSULTATION WITH
KNOWLEDGEABLE

AND MAINTENANCE

PE RSONNEL
+ ROOT CAUSE ANALY SIS
+ DESIGN REVIEWS
¢« SYSTEM WALKDOWNS

2)A6100AQ
REV B

AS SE SEMENT PATHM A

DATA ASSESSMENT YO
ESTABLISH FAILURE HISTORY

ENGINE ERING, OPE RATIONS

l

DETERMINE THE ANALYS S
BOUNDARY (INDIVIDUAL
COMPONENT COMPONENT TYPE
IN SIMILAR APPLICATIONS ETC)

3

'

FROM FAILURE HISTORY,
CONSTRUCT LIST OF FAILURE
MODES/CAUSES AT PIECEPARAT
LEVEL

Y

IF APPROPRIATE DE VELOP
FA LURE MOOE CATEGORIES AND
ASSIGN EACH PIECEPART
FALURE TO A CATEGORY

A4

OB TAN OCCURRENCE
FREQUENCY OF EAOH CATEGORY
(OR PIECEP ART AILURE)

DEFINE THE DOMNANT FA LURE
MODE UST FRCM DATA

CONSI DERATIONS

Figure 17.37/. Use of Failure History to Define Failure Modes
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PERFORM A FAUL
FMEA ANALYS S
IMPONENTES
PO EPART LE

v

ENTIF

NGLE PIECEPART FAILURES THAT FAIL THE
MPONENT'S FUNCTION (AND THAT ARE
KELY TO OCCUR

ATENT PIECEPART FAILURES NOT
DETECTED THROUGH ORDINARY DEMANI
TESTING

PIECEPART FAILURES THAT HAVE COMMON
AUSE POTENTIAL, INCLUDING BY AGING OR
WEAR

PIECEPART FAILURES THAT COULD CASCADE
TO MORKRE SERIOUS FAILURES

R ram . s et s et . e T T....-.. ———— e —— . S et e e
|

DEFINE THE DOMINANT
AILURE MODE LIST FROM
NALYSIS CONSIDERATIONS

Figure 17.3-5. Analytical Assessment to Define Failure Modes
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INFORMATION NEEDED l ASSESSMENT PATH C
g [IDENTIFY PLANNED
. ASME SECTION X1 REQUIREMENTS
. VENDOR R ECOMMENDATIONS MAINTENANCE PROGRAM AND
REQUIREMENTS
. EQ REQUIREMENTS =
. TECHNICAL SPECIFICATION ‘
FOR TESTING & CALIBRATION
gy LIST ALL MAINTENANCE
REGULATORY-MANDATED
i REQUIREMENTS AND
RIQUINSNYe RECOMMENDATIONS FROM
ALL SOURCES

.

PARTITION LIST INTO THOSE MAINTENANCE
REQUIREMENTS AND RECOMMENDATIONS ACTUALLY
PLANNED AND THOSE THAT ARE NOT

MAINTENANCE
MAINTENANCE
| RECUMMENDEL BUT
ACTUALLY PLANNED NOT PLANNED
* {
Y
RECORD RATIONALE T ECORD RATIONALE
FoR NOT PERFORMING
FOR PERFORMING THE ot
[DENTIFY FAILURE IDENTITY FAILURE
AFFECTED AND MODES NOT PROTECTED
ENCY OF BY MAINTEN
TTENANCE (IF ANY)
DEFINE THE
DOMINANT FAILURE
MODES

§

Figure 173-1(. Inclusion of Maintenance Reg .irements in the Definition of Failure Modes
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e e e e s

DOES $SC REQUIRE “i E SPECIFY

MONITORING

PR 17 Y

PERFORMANCE TESTING posnnnmm—" ’L PERFORMANCE

—

e e
(OES S8 Hf»kalv[hlvni)l( l YES ’J ‘
PREVENTIVE MAINTENANCE? [ | SPECTFY PERIODIC PM J

|

| TR g o et

|
!
|
|
-

DOCUMENT, FOR
OWNEROPERATOR
MAINTENANCE ACTIVITIES
AND BASES, PLUS
UNCERTAINTIES, FOR THE
RISK -SIGNTFICANT S5CS

S -

’

Figure 17.3-7. Identification of Risk-Significant SSC O- RAP Activities
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Figure 17.3-8. Standby Liquid Control System (Standby Mode)
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SLC FAILS TO
DELIVER 80 GPM
BORATED WATER

T

FAILURE OF
BOTH SLC BOTH PUNMP BOTH PUMP BORATED
PUMPS TO SUCTION HNSCHARGE WATER NOT
NELIVER VALVES FAIL VALVES FAL AVNLABLEAT
wORATED CLOSED CLOSED PUMP
WATER TO SUCTION
OisCH |
G2 aG? G10 G13
FAILURETO
NITIATE
MANUAL FAILURE TO AUTOMATIC FALL RE
INMTIATE TO WNITIATE
(A e
OPERATOR SIGNAL TO
FALS TO INITIATE
NTATE FALURE
SLCOOYHE an
1 00E-01

§

Figure 17.:74. Standby Liguid Control System Top Level Fault Tree
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