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Chet l'osiusny, Senior l'roject Manager
Standardization Project Directorate
Associate Directorate for Advanced 1(cactors

and License 1(enewal
Ollice of the Nuclear Itcactor llegulation

Subject: Subinittal Supporting Accelerated AllWit lleview Schedule

Dear Chet:

Attached is the revised proposed closure of AllWit DFSIIlt open item 17.3.51.

Please provide Mr. l'olich with a copy of these responses.

Sincerely,

C.dh
(-
Jack Fox
Advanced Iteacrer Programs

,

cc: Jack Duncan (Gil)
Norman Fletcher (doi!)
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17.3 RELIABILITY ASSURANCE aspec ts of plant operauon. maintenance. and performance
m nit ring of plant nsk-significant SSCs. ne FRA for

PROGRAM DURING DESIGN the ABWR and other industry sources will be used to
PilASE idenhty and pnorinze those SSCs that are imponant to

prevent or midgate plant transients or other events that
This secuan presents the ABWR Design Rehability could present a nsk to the public.

Assurance Program (D-RAP).

17.3.3 Purpose
17.3.1 Introducilon

The purpose of the D RAP is to assure that the plant
The ABWR Design Reliability Assurance Program

(D i!AP) is a program that will be performedt' CP safetyasesumatedbytheprobabilisucriskanalysis(PRA)s maintamed as the detailed design evolves through the
? W!=; Nu (GE+Et during detailed design and impleinentadon and procurtnwnt phases and that peninent

specific equipment selecdon phases to assure that the mi rmau nupm nthedesigndocumentadontothe
important ABWR reliability assumptions of the u ure p ne an s that equiprnent reliabilny, as it
probabilistic nsk assessment (PRA) will be considered a s pWety.can be maintained through operanon

- throughout the plant life. The plant owner / operator will and maintenance dunng the enute plant life,
(ornpM also have an operational RAP (0-RAP) that tracks
f4e D4V equipment reliability to demonstrate that the plant is being 17.3.4 Objecthe
esnd esH/ operated and mamtamed consistent with PRA assumpnons

so that overall nsk is not unknowingly degraded. The
PRA evaluates the plant response to initiating events to

The cbjective of the D RAP is to identify those plant

assure that plant damage has a very low probability and
SSCs that are signifcant contnbutors to risk, as shown by
the PRA or other sources, and to assure that, dunng the

nsk to the public is very low. Input to the PRA includes
details of the plant design and assurnptions acout the

impkmentation phase,the plantdesign continues to uultze
risk signifcant SSCs whose reliability is commensuratevg

fR reliability of the plant risk signifcant structures, rystems with the PRA assumpoons. The D RAP will also idenufyhg and components (SSCs) throughout plant life. 7 key assumptions regarding any operadon, maintenance
t

%.D q/ The D-RAP will include the design evaluanon of the
and monitonng activities that the owner / operator should% q.

$ consider in developing its O-RAP to assure that suc h SS Cs
;4 g d yi AB WR. It willidentify relevant aspects of plant operanon,

can be expected to operate throughout plant life with
maintenance, and performance monitoring of important

reliability consistent with that assumed in the PRA.
5

9,o V u 9 plant SSCs for owner / operator consideration in assuring*
.

yA saiety of the equipment and limited risk to the public. The A major factor in plant reliability assurance is risk-

@ w*9policy and implementation procedures will be specified focused maintenance, by which mainienance resources

Q -[ 5 [
by the owner / operator, art focused on those SSCs that enable the ABWR systems

yQ to fulfill their c:.sential safety functions and on SSCs
i \ Also included in this explanation of the D RAP is a

whose failure may dimetly initiate challenges to safetye s
D4$o desenptive example of how the D RAP will apply to one All plant modes are considered, includingsystems.

" k .{ potentially imponent plant systun the standby liquid equipment directly relied upon in Emergency Operaung
control system (SLCS). De SLCS example shows how

Ptucedures (EOPs). Such a focus of mainienance wtli

,

yt 9
' g the principles of D RAP will be applied to other sysaems help to mamtain an acceptably low level of risk, consistent

4,

identified by the PRA as being signifcant with respect to

6' % (%
. ith the PRA.w

nsk.mt 4| -is 17.3.5 GE NE Organization for D. RAPt

| .x ' ~ 4 W ' 17.3.2 Scope
-q st i %tmo, nn,6nn ot ihe ntm ,_.._ s *

* The ABWR D-RAP will irclude the future design

b d evaluation of the ABWR, and it will identify relevant .focatumstLSWD EP '"b s.ca.r.ir.P4 ; N4,-Thed.-.
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Man' agers of the Nuclear Services and Projec ts Departtpent Nuclear Operadons Department. portsibility forh
and of' e Nuclear Operauons Department reppfo the reliability review of desi BWR systems and

'

Vice Pre ent and General Manager of GE Nuclear components also falls e Reliability Engineenng
Energy. Two tions involved with an ifWR D. RAP

(ServicesUrut.underand PerformanetIngineenng Unit.f
nonfromtheSysterns!ntegration

are the Advan Rextor Pro Secuoa arJ the
Engmeenng Servie<s Section.

\ 17.3.6 SSC Identification /Prioritization
Authority for the mahagement of an ABWR program

is centered with the Ad vdic'MJtextor Programs Manager- De PRA prepared for the ABWR will be the pnmary
Day to-day detailyofan ABWlyrograrn are directed by source for identifying risk significant SSCs that should be
the Project h er,w horeponsto AdvancedReactor given special consideration dunng the detailed design and
Programs get, ne Project h er and his staff procurement phases and/or considered for inciasion in the
coordtpa both the GE NE support for thtQoject ard the o. RAP. De method by which the PRA is used to identify
worl(of external organizations such as tfie Architect nsk sigmficant S SCs is desenbed in Chapter 19. It is also

6Engmeer.
~

y ,9 possible that some risk significant SSCs will be identifiedg
from sources oth r than the PRA, such as nuclear plant

Responsibility for the design of key equipment, operaung experience, other industrial expenence, and
components and subsystems 4 shared by _ =! =b " relevant component failure data bases.g

y Whe Advm-@e D"" Wa together with
externalorganizauons, including the Architect Engineer. 17.3.7 Design Considerations

'ReipFrun g oirec u y to cach en gmeenng funcuonal mana ges\
wiu Stpedogning engmeers, including syym[esigners ne reliability of risk significant SSCs. which are
and compmle .ers. Desi will also be identified by the PRA, will be evaluated at the detailed

h provided by other design within GE NE and the design stage by appropriate design reviews and reliability

/ NuclearScrvicesand jectsDe% Responsibility analyses. Current data bases will be used to idenofy
for ABWK.saftly analysis and PRA studietis nder the appropnate values for failure rates of equipment as
Systerns Integration and Performance Engineen(ngUnit.). desiped, and sese failure rates will be compared with

I
~

,

i those used in the PRA. Normally the failure rates will be
! M TP ___ + nehger, Syr "# -' " "c r# s milar, but in some cases they may differ because of

E w4be assigned the responsibility of
managing and integrating the D RAP Prograrn._He =dtt. recent design or data base changes. Whenever failure

7 ngmeermge
rates of designed equipment are significantly greater than

ha J -have direct access to the ABWR Project Manager ande those assumedin the PRA,an evaluation will be performed
g c.leep him abreast of D-RAP cntical items, pmgram needs to determine if the equipment is acceptable or if it must be

and status. He has organizauonal freedom to: redesigned to achieve a lower failure rate.
had

(1) Identify D-RAP problerns. For those rist significant SSCs, as irh by PRA
(U Initiate, recommerxi or provide solution to or oser sources, component rehgn (including selecdon

problems through desiged organizadms. of a different component) will be considered as a way to
(3) verify implementation of solooon. reduce the CDFcontribution. (If the system unavailabihty
(4) Function as an integral part of the final dqn or the CDF is acceptably low. less effort will be expended

Pmce25- toward redesign.) If there are pracucal ways to redesign
a risk significant SSC, it will be redesigned and the

R eliability analyses, including the ,are perfonne change in system fault tree results will be calculated.
by the Reliabihty Engineenn tvices Unit in the Following the redesign phse, dominant S SC failure modes
Reliability and Analysis ices Subsection of the will be identined so that protection agamst such failure
Engineenng Services non (Figure 17.31). Thus, the modes can be accomplished by appropnate activtues
PRAinputtothe andmanyoftheABWRreliability dunng plant life. ne design considerations that wdl go
ana.yses wiutie performed in this orgaruzation, within the into determining an acceptable, reliable design and the

"MA s, u .
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SSCs that must be considered for 0 RAP ruvines are Penodic tesung of S SCs may include startup of standby

shown in Figure I L3[k
systems, survedlance testing of instrument etrctuts to
assure that they wdl respond to approprute signals, and

GEWE wdl idenufy in the PRA or other design inspecdon of passive SSCs (stch as tartks and pipes) to
docume nts to the plant ow net / operator the n sk si gm ficant show sat they are available to perfonn as designd
S SCs and the associated reliabib ty assumpuons, tncluding Performance monitanng,includtng condition morutonng,

any perunent bases and uncertainues considered in the can consist of measurement of outptit (such as pump flow
PRA. GE NE will also provide informauon for the plant rate or heat exchanger temperatures), measurement of
owner / operator to incorporate into the O RAP to help magmtude of an imponant vanable (such as vibrabon or

assure that PR A results will be achieved over the life of the temperature), and tesung for abnonnal condiuons (such as

plant. This infonnauon can be used by the owner / operator od degradauon or locarhot spots).
for establishing appropnate reliability targets and the
associated maintenance pracuces for achieving them. Periodic preventive maintenance is an acuvity

performed at regular intervals to preclude problems that

17.3.8 Denning Failure Modes could occur before the next PM interval. This could be
regular oil changes, replxement of seals and gaskets, or

The determinauon of dominant failure modes of nsk- refurbishment of equipment subject to wear or a ge related

significant SSCs will include histoncal informa6on, degradauon.

analytical models and exisung requirements. Many BWR
systems and components have compiled a sigmficant Planned maintenance activities will be integrated with

histoncairetord.sonnevaluauonof thatrecordcompnses the regular operaung plans so that they do not disrupt

Assessment Path A in Figure 17.34 Deuuls of Path A are normal operation. Maintenance that will be performed

shown in Figure 17.34. \ 3,, more frequently than refueling outages must be planned so

O as to not disrupt operadon or be hkely to cause reactor

For those SSCs for which there is not an adequate scram, ESF actuation, or abnormal transients. Mamtenance

historical basis to identify cntical failure modes, an planned for performance during refueling outages must be

essary, shown as Assessment conducted in such a way that it will have little or no impact
analytical approch is n{The details of Path B are givenon plant safety, on outage length or on oder maintenancePath B in Figure 17.3/.
in Figure 17.3f The failure modes i&ntified in Paths A work.
and B are ther7 reviewed with respect to the existing
main tenance acu vities in the industry and the maintenance 17.3.10 Owner / Operator's Reliability
requirements, Assessment Path C in Figure 17.3 f.g Assurance Program
Detailed steps in Path C are outlined in Figure 17.3p

The O-R AP that will be prepared and implemented by

17.3.9 Operational Reliability Assurance ee ABWR owner / operator wal make use of the infonnauon

Activities provided by GEWE. This infonnation will help the
owner / operator determine activities that should be ireluded'

Once the daninant failure modes are determined for in de O RAP. Examples of eternents that might be

nsk significant SSCs, an assessment is required to included in an 0-RAP are:

determine suggested O RAP activides that will assure
acceptable performance during plant life. Such activities 1. Reliability Performance Monitorine Measurement

may consist of penodic surveillance inspections or tests, of the performance of equipment to determine that

momtonng of SSC perfamance,and'or penods prevenuve it is xcomplishing its goals and/or that it wdl

matntenance (Ref.1). An example of a decision tree that continue io operate with low probability of failure,

would be applicable to these activities is shown in Figure

17.3M As indicated, some SSCs may require a 2, Reliability Methodolory: Methods by which the

combinadon of activines to assure that their performance plant owner / operator can compare plant data to the

is consisterit with that assumed m the PRA. SSC data in the PRA.

DM
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3. Problem Prioritimon: Idenulication, for each of The plant owner / operator's O RAP will address the

the nsk. signtlicant SSCs. of the imporunce of interfaces with construccon, startup tesung, operadons,
that item as a contnbutor to its system unavailabihty maimenance, engineering, safety, licensing, quality
and assignment of pnondes to problems that are assurance and procurement of replacement equipment

detected with such equipment.
17.3.11 D.RAPImplementation

4 Root Cause Analysis: Determinadon, for problems
that occur regarding reliability of risk.significant An esample of implementation of the D. RAP is given
SSCs, of the root causes, those causes which, after for the standby liquid control system (SLCS). The purpose
correc6on, will not recur to again decade the of the St.CS is to in)cct neutron absorbing poison into the
reliability of equipment. reactor,upon dernard, providing a backup reac tor shutdown

capabibry independent of the control tods. The system is
5. Correenve Acbon Determination: Idenufication capable of operating over a wide range of reactor pressure

of ccrrecuve acuons needed to restore equipment conditions. The SLCS may or may not be idenufied by the
to its required funcuonal capability and reliability, final PRA as a significant contributor to CDF or to ofIsite
based on the results of pmNem idenufication and risk. For the purpose of this e tample it is assumed that the
root cause analysis. SLCS is identified as a significant contnbutor to CDF or

to offsite risk.
6. Corrective Action imolemention: Carrying out

idenufied corrective scuon on nsk significant 17.3.11.1 SLCS Descripdon
equipment to restore equipment to its intended
function in such a way that plant safety is not During normal operadon the SLCS is on standby, only
compromised dunng work. to funcdon in event the operators are unable to control

,
reactivity with the normal controt rods. The SLCS consists *

7. Corrective Action Verification: Post.conecuve of a boron solution storage tank,two positive displacement
acdon tasks to be fr.Ilowed after maintenance on pumps, two motor operated injection valves (provided in
nsk significant equipment to assure that such parallel for redundancy), and associated piping and valves
equipment will perform its safety funcuons, used to transfer borated water from the storage tank to the

8. Plant Arine Some of the risk significant
equipment is expected to undergo age related The borated solution is (ilscharged through the 'B'
degradation that will require equipment high pressure core flooder(HPCF) subsystem sparger. A
replacement or refurbishment. schematic diagram of the SLCS, showing major system

components, is presented in Figure 17.3 Some locked
9. Feedback to Desirner The plant owner / operator open maimenance valves and some c valves are not

will periodically compare perfctmance of risk. shown. Key equipment perf (equirements are:
significant equipment to that specified in the PRA
and D. RAP, as mendoned in item 1, above, and, at a. Pump flow 1 50 gpm per pump
its dtscrenoa, may feedback SSC performance b, Maximum reactor pressure 1250 psig
data to plant or equipment designers in those cases (for njection)
that consistently show performance below that c. Pumpable volumein 6100 U.S. gal

specified. storage tank (minimum)

10. Prerrammatie Interfaces: Reliability assurance Design provisions to permit system testing include a
interfaces related to the work of the several test tank and associated piping and valves. The tank can
organizations and personnel groups working on be supplied with deminershzed water which can be pum ped
risk significant SSCs. in a closed loop through either pump or injected into the

reactor.

I73-4
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The SLCS uses a dissolved soludon of sodium 17.3.11.2 SLCS Operstkm
penlatorate as the neutron- absorbtng poison. Dis soluuon
is held in a heated storage tank to mamtain the soluuon The SLCS is initiated by one of three means:
atove its saturauon temperature. The SLCS soluuon tank, fa) manually initiated from the main control rcom,
a test water tank, the two postuve displxement pumps, (b) automaucally iniuated if condiuoris of high reactor
and assoctated valvmg are located m the secondary pressure and power level rot below the ATWS permissis c
conuunment on the floor elevauon below the operadng power level exist for 3 minutes, or (c) automadcally
floor. This is a Setsmic Category l structure, and the SLCS trutiated if conditions of RPV water level below the level
equipment is protected from phenomena such as 2 setpoint and powerlevel not below the ATWS permissive
earthquakes, tornados, humcanes and floods as well as power level exist for 3 minutes. The SLCS prov des
from anternal postulated accident phe nomena. In this area, borated water to the reactor core to introduce negauve
the SLCS is not subject to condidons such as missiles. pipe reacdvuy effecu during the required condicons.
whip and discharging fluids.

To meet its negadve reactivity objective,it is necessary
The pumps are capible of producing discharge pressure for the SLCS to inject a quantity of boron which produces

to mject the solution tnto the reactor when the reactor is at a m nimum concentrauon of 850 ppm of natural boron in
high pressure conditions correspondmg to the svuem the reactor core at 68 F. To allow for potennal leakage and
relief valve actuauon. Signals mdicatmg storage tank imperfect mtxing in the reactor sys+cm. an addiuonal 25%
liquid level, tank outlet valve position, pump discharge (220 ppm) margin is added to the above requirement The
pressure and injection valve posiuon are available in the required concentrabon is ac hieved accounung for dilution
" "l' I * *' in the RPV with normal water level and including the

volume m the residual heat removal shutdown cooling
The pumps, heater, valves and controls are powered

from the standby power supply or normal offsite power. E E*E'.
s quanmy of bomn soludon is LM amount

ne pumps and valves are powered and controlled from which is above the pump sucuon shutoff level in the

separate buses and circuits so that single acdve failures stmage tank thus allowing fw the ponion of the tank

will not prevent system operation. The power supplied to volume which cannot be mjected.

one motor operated injection vahe, storage tank discharge
valve, and injecua:i pump is from Division I,480 VAC.

17.3.11.3 Major Mmnus Rom
The power supply to the other rnotor-operated injection

Operating BWRsvalve, storage tank outlet valve, and injection pump is
from Division 11,480 VAC. The power supply to the tank The SLCS design is very similar to that of operaung
heaters and heater controls is connectable to a standby BWRs. Automatic actuation of the ABWR SLCS ts
pow er source. The standby power source is Class 1E from s milar to that incorporated in some operating BWRs.
an on site source and is independent of the off site power' Because of the larger ABWR RPV volume, the pumpmg

caprity has been increased from 43 to SO gpm per pump.
All components of the system which are required for

Injection of SLCS solution through the HPCF sparger has
mjecuon of the neutron absorber into the reactor are

been shown by boron mixing tests to give bener miung
classified Seismic Category 1. All major mechanical

than the operau.ng plant injection through a standpipe,components are designed to meet ASME Code
requirements as shown below.

Injection vahes of operaung plants are leak proof explou ve
C9mpanut ASME Duign Con &tions valves to keep boron out of the reactor danng SLCS

C2de Clan hrsm: T-ann testing. In the ABWR the injection valves are motor
operated and a suction pipe fill system keeps the lines

Serage Tank 2 Static Hemi 150'F filled with distilled water at slightly higher pressure than
Purnp 2 1560 piig 150*F that of the boron storage tank to preclude entry of boron

In;ccoon Valves 1 1560 psig 150 *F into the reactor. The motor operated injection vabes

Piping Inboard of provide the following advantages over explosive valves:

Injecuan Valves 1 1250 psig 575 'F

Ammamem 21 o ps
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a. Radiation exposure to personnel is potenttally to start upon demand could result from electncal or
reduced danng tesung and maintenance because mechanical problem s at the pumps or their control circ uits.
less work will be required at the valves,

Two AC electncal systern failures that contnbute to
b. Post.infecuon containment isolation capability SLCS system failure are identified in Table 17.3 2. No

is enhanced because the motor operated valves funhet details of electncal system failures or maintenance
can be closed followmg boron injecuon. are included here. natleaves he five components noted
Explosive valves cannot be reclosed to provide above for special attenbon with regard to reducing the nsk
containment isolauon, of system failure.

17.3.11.4 SLCS Fault Tree a, Redesign g

The top leve[ fault tree for the SLCS is shown in he design evaluation of Figure 17.3 is used by the

Figure 17.3[ with the top gate defined as fa lure to designer. The design assessment shows that the cc:n ponent

deliver 50 gpm of borated water from the storage tank to failure rates are the same as those used in the PRA, so there

the RPV. Details providing input to most of the events in is no need to recalculate the PRA. Also, no one SSC has

Figure 17.3 are contained in the several addauonal a major irnpact on S14S system unavailability so redesign

branches the fault tree, or teselecuon of components is not required and the seven

8
components are identified for consideration by the

It is assumed that the SLCS has been identified by the O-RAP.

PR A as a system making significant coninbution to CDF.
A listing of the SLCS components or events by Fussell. Redesign considerations, if they had been required.

Vesely importance was made, and those SSCs with greatest would have included trying to identify more reliable relief

importance are given in Tabk 17.3 1. No SSCs appear to valves and pumps and suction lines less likely to plug. The

be risk.significant because of aging or common cause latter might be achieved by using larger diameter pipes or
*

considerations. De seven most significant components multipk suction lines. Pump and valve reliabihty might

are listed in Table 17.3 2, so these SSCs should be be enhanced by specific design changes or by seleccon of

considered as nsk.significant candidates for O. RAP a different component. Any such redesign would have to
be evaluated by balancing the increase in teliability against

acunues.
the added complication to plant equipment and layout.

17.3.11.S System Design Response b. Failure Mode Identification

i The seven SLCS risk-significant components identified If redesign is not necessary,or after redesign has becn
in Table 17.3.2 as having high importance in the SLCS compkted, the appropnaie O RAP activities would be
fault tree are now considered for redesign or for O RAP identified for the three SLCS component types idenafied,

activities, as noted above, The flow chart of by h fauh uee and h above, his begins with
Rgure 17 A the designer, determining the likely failure modes that willlead to loss jt,

of function, following the steps in Rgure 17.3 e.

Two of the ewass in Table 17.3 2 result from flow of components of SLCS have adequale failure history toj
SLCS fluid being diverted through relicf valves back to identify entical failure modes, so Assessment Paths A and!

pump suction rather than into the RPY, Since gate and C (Figures 17.3{)and 17.3 respectively) would be
check valve failures (which could result in relief valve followed to define the fail modes for consideration.
operation) are accounted for by separate events, the relief $ g
valve failures of concern can be considered to be valve For the SLCS relicf valves past experience with similar
body failures or inadvenent opening of the relief valves. valves shows that the major falluse modes are iluid leakage
Plugging of the suction lines from the storage tank could from the valve body and a spurious opening as result of
result from some centsmination of the tank fluid or failure of the spnng, the spring fastener,the valve stem or
colketion of foreign matter in the tank. The pump failures

Amerdment 21 17 b6
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the disk. Past purnp failures fall into two general cate genes,
maintenance acuvides and freque ncies are shown in Table

17.3.3 for each idenufied fadure mode. The D. RAP wdlelectncal problems resultmg in failure to stan on demand
include documentabon of the basts for each suggested

and mechanical problems that cause a runmng pump to
stop or fad to provide rated flow. The plugging of fluid 0.R AP acuvity.

Itnes generally results frorr presence of sediment or
precipitauon of compounds from saturated fluid- 113.12. Glossary of Terms

p9
Following the flow chart of Figure 17.3-3,the designer ATWS Andcipated Transient Without Scram.

would determine more details about each failure mode,
including pieceparts most likely to fad and the frequency CDF The core damage frequency as calculated
of each failure mode category or piecepart failure. Thts by the PRA.

would result in a list of the dominant fadure moies to be
considered fortheO RAP. ASMESecdonXIrequirement D. RAP Design Reliability Assurance Program
for inservice mspecuan and other mandated inspecdons performed by the plant designer to assure
and test would be identified, as indicated in that the ptant is designed so that it can be

Figure 17.3k g operated and maintained in such a way
that the reliabihty assumpuons of the

Examples of the types of failure modes that could PRA apply throughout plant life.

impxt reliabdity of these idenufiedcomponents are slmm
in Table 17.3.3. 'the table is not a complete listing of Fussell. A measurc of the component contnbudon

imponant fadure modes, but is intended to indicate the Vesely to system unavailability, Numencally,
types of fadures that would be considered. Importance thepercentagecontnbutionof compotent

to system unavailability,

c. Identification of Maintenance
Requirements GE-NE GE Nuclear Energy, ABWR plant

For each identified failure mode the appropriate

maintenarce tasks will be identified to assure that the Owner / The utility or other organizadon that owns

failure mode will be (a) avoided,(b) rendered insignificant, Operator and operates the ABWR following

or (c) kept to an acceptably low probability. "Ihe type of constnaction,

maintenance and the maintenance frequencies are both

important aspects of assunng that the equipment failure 0 RAF OperationalReliability Assurance

rate will be consistent with that assurned for the PRA. As Program performed by the plant owner /

indicated in Figure 17.3 the designer would consider operamr to assure that the plant is operated

penodic tesung,perfccma testingorperiodicpreventive and maintained safely and in such a way

maintenance as possible,0 RAPactivides to keep failure that the reliability assump6ons of the PR A

rates acceptabk. L(o apply throughout plantlife.

|
For the SLCS relief valves, which normally have no Piecepstr A paruanof a(risk.significant) componenti

cycles during opersuon, A visual inspection for leakage whose failure would cause the failure of

and periodic inspections of imemals are judged to be the component as a whok. The prectse

appropriate. The pumps can be functionally tested definition of a"piecepart" will vary

penodically for ability to start and nm and vibradon can be between component types, depending

measured dunng functional tests to detect potenual upon their complexity,

mechanical problems, Detailed disassembly, inspection
and refurbishment would be done kss frequendy. To PRA Probabilis6c risk assessment performed

prevent line plugging the storage tank can be sampled for to dendfyandquanufytheriskassociated

sediment arxVor tiquid saturanon,with appropnate cleaning with the ABWR.

or temperature increase as necessary. Examples of

nM
' wn

|
i
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Risk. Those SSCs which are idenufied as
Sigmficant contnbudng significant y to the systeml

unavadability.

SSCs Structures, systems and components
identified as being important to the plant

operadon and safety.

17.3.12 Reference

(1) E. V. Lofgren. et. al., A Processfor Risk.
Focused Maintenance. S AIC.
NUREG/CR 5695, March 1991.

|

17.3-5
Amendment 21

,



- -_ __

.. .
.

'

ABWR ummw
Standard Plant uva

Table 17.3-1.

SLCS Components with Largest Contribution to System Unavailability

COMPONENT FUSSELL-VESELY
IMPORTANCE

OVF00lHW Flow Divened Through Relief Valve F003A 0.50

OVF002HW Flow Divened Through Relief Valve F003B 0.50

OFLOOOHW Plugged Suction Lines From Tank 0.24

OPM00lHW SLCS Pump A (C001 A) Falls to Operate 0.05

OPM002HW SLCS Pump B (C901B) Fails to Operate 0.05

ECA003H AC Power Cable 02 Failure 0.05

ECA013H AC Power Cable 13 Fa3ure 0.05

Table 17.3-2.-

Risk-Significant SSCs for SLCS

Relief Valves F003A and F003B

Suction Lines from Tank

Pumps C001 A and C001B

AC Power Cable 03

AC Power Cable 13

|
;
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TABLE 17.3-3.

EXAMPLES OF SLCS FAILURE MODES & 0-RAP ACTIVITES

COMPONENT FAILURE PECOMMENDED MALNTENANCE BASIS'
MODEEAUSE MAINTENANCE INERVAL

RebeiValve Body leakage Visual tnspeccon 24 months Expererce

Spunous operung. Inspect closure for 10 years law failure rate;

spnng failure treaks; measure AShE Code ISI.
spnng constant;
replxe synng.

Spunous operung. Visualinspection of 10 years !.ow failure rate;

spnng fastener failure spnng fastener; AShE Code 151.
rep!re tf necessary.

Spunous operung. Visual and peretrant 10 years infrequent use.now

failure of valve stem inspecuon of stem, fadure rate ASNE

or disk ultrasonic inspecuon Code 151.
of stem;replaceif
reumy.

Pump Fails to start. Functional test of 6 months Experience with

electncal problems pump with sucuon other electncal
from test tank, no pumps.
flow from stange
tank

Fails to run. Measure pump 6 months infrequent use, httle
wear.mechanical problems vibrauon dunng,

purnp operauon in
funcuonal test.

Dtsassemble/ inspect 5 years infrequent use. low

pump fcr ccmTosen.
failure rate, ASME

wear. Refurbtsh as Code ISI.
raessary.

_

Suction Lines Lines plugged by Sample storage tank 6 months Clean sys:em,little

sedunent water for sedtment chance of sediment.

clean tank as
necessary.

Lines plugged by Sample storage tank I month Saturated soluuon

precipitated baron fortgree of mostlikely source of

compounds saturaun of boron Une plugging.

compounds. Ircrease
tank temperature as
rECcS$3ry.

All SLCS components have been used in operating BWRs. so there is much experience to guide*

ownersAperaurs in care of the equipment.

1? 1-10
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Figure 17.3-1. Typical GE-NE Organization for an ABWR Project
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RISK SGNIFICANT
SSCs IDENTIFED

BY PRA
>

SYSTEM
FAULT TREE 1 COMPONENT 4"

REDESIGN'

RECALCULATGN

V

ARE PRA RESULTS YESREllABILITY ASSESSMENT YES
SGNIFICANTLY CHANGEDIN DESGN PHASE: ''

"'

ARE FAILURE RATES > BY HCHER FAILURE
THOSE IN PRA? RATE?

NO NO

1

V

DOES SSC FAILURE HAVE YES
RE E N BLE, '& '

A LARGE IMPACT ON PRACTICAL AND COST
"

SYSTEM UM AVAILABILITY? EFFECTIVE?

NO NO

4
,

V

SSCs FOR O-RAP

b
/

Figure 17. . Design Evaluations for SSCs
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RISK-SIGNIFICANT SSCs
FOR O-RAP

,

V

ASSESSMENT PATH A
YES

DOES FAILURE HISTORY
IDENTIFY CRITICAL FAILURE
MODES AND PIECEPARTS?

NO

1V

ASSESSMENT PATH B
y IDENTIFY EXISTING

IDENTIFY CRITICAL FAILURE MAINTENANCE-RELATED
MODES AND PIECEPARTS ACTIVITIES AND

USING ANALYTICAL METHODS REQUIREMENTS

V

V 9

DEFINE DOMHANT IDENTIFY MAINTENANCE
FAILURE MODES TO REQUIREMENTS
DEFEND AGAINST

.

9-
:

Figure 17.3 .: Process for Determining Dominant Failure Mc<les of Risk-Significant SSCs
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INFCAMATION MEDED ASSESSMEMT PATH A
w

DATA ASSESWENTTO
INPUT FROM AOCEFTED ESTABLISH FAWRE HISTORY

*

INDUSTRY DATA BASES
CONSULTATON WITH*

KNOWLEDGEABLE
ENGIEERING. OPE RATIONS 1y
AND MMNTEPANE
PE RSONNEL DETEFWINE THE ANALYSS

* ROOT CALSE ANALYSIS BOUtCARY(INOMOLAL

* DESIGN REVIEWS COMPOENT COMPONENT TYPE

* SYSTEM WALKDOWNS IN SIMILAR APPLICATONS.ETC)

1

V
FROM FAlWRE HISTORV,

CONSTRUCT LIST OF FAlLURE
MODES /CAUSES AT PIECEPART

LEVEL

,

II
IF APPFCPRIATE.0EVELOP

FMLURE MODE CATEGOR6ES AND
ASSIGN EACH PIECEPART
FMLURETO ACATEGORY

lI
06TMN OCClARENCE

FREOLENCY OF EACH CATEGORY
(OR PIECEPART FAILtRE)

l'
OEFINE THE DOM NANT FMLURE

MODE UST FRCM OATA
CONS DERATCNS

S
|-

Figure 17. . Use of Failure History to Define Failure Modes
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ASSESSMENT PATH BINFORMATON NEEDED
u

OUALITATIVE ANALYTICAL
ENGINEERING DIAGRAMS OF ASSESSMENT

CRITICAL COMPONENT UNDER
ASSESSMENT

V

PERFORM A F AULT TREE OR
FMEA ANALYSIS ON
COMPONENTS TO
PIECEPART LEVEL

V

IDENTIFY:

. SINGLE PIECEPART FAILURES THAT FAllTHE
COMPONENT'S FUNCTION (AND THAT ARE
LIKELY TO OCCUR),

LATENT PIECEPART FAILURES NOT*

DETECTED THROUGH ORDINARY DEMAND
TESTING,

PIECEPART FAILURES THAT HAVE COMMON*

CAUSE POTENTIAL, INCLUDING BY AGING OR
WEAR,

PIECEPART FAILURES THAT COULD CASCADE.

TO MORE SERCUS FAILURES.

V

DEFINE THE DOMINANT
FAILURE MODE LIST FROM

ANALYSIS CONSIDERATONS

I

Figure 17. . Analytical Assessment to Define Failure Modes
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INFORMATION NEEDED ASSESSMENT PATH C

IDENTIFY PLANNED
. ASME SECTION XI REQUIREMENTS ND
. VENDORRECOMMENDAT10NS E T
. EQ REQL1REMENTS

-

. TECHNICALSPECIF1 CATION
FOR TESTING & CAljBRATION V

. OTHER
REGULATORY-MANDATED UST ALL MAINTENANCE

REQUIREMEhTS ANDREQUIREMENTS RECOMMENDATIONS FROM
ALL SOURCES

V

PARTTTION UST INTO THOS E MAINTENANCE
REQUIREMENTS ANDRECOMMENDATIONS ACTUALLY

PLANNED AND THOSE THAT ARE NOT

V V

MAINTENANCEMAINTENANCE RE MM UTACTUALLY PLANNED

|

V T
,

RECORD RATIONALE F 8 CORD RATIONALE
FOR PERFORMING THE lon NOT PERTORMING

MAINTENANCE THE MAINTENANCE

V V

IDENTITY FAILURE IDENTTTY FAILURE
MODES AFFECTED AND MODES NOT PROTECTED

FREQUENCY OF BY MAINTENANCE
MAL'TENANCE (IF ANY)

Y

DEFINE THE
DOMINANT FAILURE

MODES

Figure 17.h Inclusion of Maintenance Reg .frementS in the Definition of Failure Modes-
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COMINANT FAILURE MODES
OF RISK-SIGNIFICANT $$CS

V
YES

DOES SSC REQUIRE PERIODIC > SPECIFY REOUIRED
TESTING? TrE S

NO

4

V

DOES SSC R UIRE SPECIFYm
PERFORMANCEPERFORMANCE G7 -

MONTIORINO

NO

4

Y
YES

> SPECIFY PERIODIC PM
PE E7

NO

4

Y
DOCUMENT.FOR

OWNEROPERATOR.
MADfTENANCE ACTIVTTIES

AND BASES PLUS
UNCERTAD(TIES, FOR THE
RISK-SIGNIFICANT SSCS.

b

Figure 17.h. Identification of Risk-Significant SSC O-RAP Activities
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Figure 17 Standby Liquid Control System (Standby Mode)
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Figure 17 . Standby Liquid Control System Top Level Fault Tree
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