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RELIABILITY ASSURANCE
PROGRAM DURING DESIGN
PHASE

17.3

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

17.3.1 Introduction

The ABWR Design Reliability Assurance Program
(D-RAP) i a program that will be performed by GE
Nuclear Energy (GE-NE) duning detailed design and
specific equipment selection phases 1o assure that the
important ABWR reliability assumptions of the
probabilistic nisk assessment (PRA) will be considered
throughout the piant life. The plant owner/operator will
also have an operational RAP (O-RAP) that wacks
equipment reliability W demonstrate that the plant is being
operated and mainiained consistent with PRA assumpuons
50 that overall risk is not unknowingly degraded. The
PRA evaluates the plant response 10 initiating events to
assure that plant damage has a very low probability and
risk 10 the public is very low. Input to the PRA includes
details of the plant design and assumptions about the
reliability of the plant risk-significant structures, systems
and components (SSCs) throughout plant life.

The D-RAP will include the design evaluation of the
ABWR. ltwill idenufy relevant aspects of plant operauon,
mamntenance, and performance monitonng of important
plant $SCs for owner/operator considerauon in assuring
safety ~f the equipment and limited risk to the public. The
policy and implementation procedures will be specified
by the owner/operator,

Also included in this explanation of the D-RAP 15 a
descriptive example of how the D-RAP will apply to one
poenually important plant sysiem, the standby hiquid
control system (SLCS). The SLCS example shows how
the principles of D-RAP will be applied w other syswems
identified by the PRA as being significant with respect 1o
risk.

17.3.2 Scope

The ABWR D-RAP will include the future design
evaluaton of the ABWR, and it wall idenufy relevant
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aspects of plant operation, mainienance, and performange
monitoring of plant risk-significant $8Cs. The PRA for
the ABWR and other industry sources will be used 1o
idenufy and pnonuze those SSCs that are important 10
prevent of mitigate plant tansients or other events that

could present a nsk o the public

17.3.3 Purpose

The purpose of the D-RAP is 1o assure that the plant
safety as esumated by the probabilisuc nsk analysis (PRA)
15 maintained as the detailed design evolves through the
implementation and procurement phases and that pertinent
informaton 1s provided in the design documentation o the
future owner/operator so that equipment reliability, as it
affects plant safety, can be maintained through operation
and maintenance during the enure plant Life,

17.3.4 Objective

The objective of the D-RAP is to identify those plant
SSCs that are significant contributors 10 risk, as shown by
the PRA or other sources, and (o assure that, dunng e
implementation phase, the plant design continues o utilize
risk- significant SSCs whose rehability s commensuraie
with the PRA assumptions. The D-RAP will also idenufy
key assumptions regarding any operation, maintenance
and monuonng activiues thai the owner/operator should
consider indeveloping its O-RAP to assure that such S5Cs
can be expected 1o operaie throughout plant life with
reliability consistent with that assumed in the PRA.

A major factor in plant reliability assuranc? 1s nisk-
focused maintenance, by which maintenance resources
are focused on those SSCs that enable the ABWR systems
to fulfill their essential salety funcuons and on SSCs
whose failure may directly initiate challenges to safety
systems. All plant modes are considered, including
equipment directly relied upon in Emergency Operating
Procedures (EOPs). Such a focus of maintenance will
help w ma'ntain an acceptably low level of risk, consisient
with the PRA.

17.3.5 GE-NE Organization for D-RAP

The relevant poruon of the GE-NE organizauon ¢hart
fora future ABWR D-RAP s shown in Figure 17.3.1. The
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Managers of the Nuclear Services and Projects Department
and of the Nuclear Operations Department report (0 the
Vice President and General Manager of GE Nuclewr
Energy, Two sections involved with an ABWR D-RAP
are the Advanced Reactor Programs Section and the
Engincening Services Secton

Authunity for the management of an ABWR program
iseen ered with the Advanced Reactor Programs Manager
Day-to-day details of an ABWR program are directed by
the Project Manager, who reports to the Advanced Reactor
Programs Manager. The Project Manager and his staff
coordinate both the GE-NE support for the Project and the
work of external organizations, such as the Architect
Engincer

Responsibility for the design of key equipment,
components and subsystems is shared by the several units
in the Advanced Reactor Programs Secuon together with
external organizations, including the Archiect Engineer
Reporting direcdy o each engineering functional manager
will be performing engineers, inc luding sysiem designers
and component designers. Design suppon will also be
provided by other design sections within GE-NE and the
Nuciear Services and Projects Department. Responsibility
for ABWR safety analysis and PRA studies is under th
Systems Integration and Performance Engineering Unut.

The Manager, System Integration and Performange
Engiieering, will be assigned the responsibility of
managing and integraung the D-RAP Program. He will
have directaceess to the ABWR Project Manager and will
keep hum abreast of D-RAP critical tems, program needs
and status, He has organizational freedom

(1

{2)

Identily D-RAP problems.

Imuate, recommend or provide soluuon 1o
problems through designated organizatons.
Venfy implementation of solution.

Function as an integral part of the final design

process

(3)
{d)

Reluability analyses, including the PRA , are performed
by the Rehlability Engineering Services Unit in the
Relabidity and Analysis Services Subsection of the
Engineenng Services Section (Figure 17.3.1). Thus, the
PRA inputtothe D-RAP and many of the ABWR reliability
analyses will be performed in this organizauon, within the
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Nuclear Operauons Department.  Responsibility for
reliability review of designed ABWR systems and
componen’s also falls on the Reliability Engineenng
Services Unit, under direcuon from the Systems Integraton
and Performance Engineering Unit.

17.3.6 SSC Identification 'Prioritization

The PRA prepared for the ABWR will be the primarsy
source for idenufying nsk- significant SSCs that should be
given speciai consideraton during the detatled design and
procurement phases and/or considered for inclusion in the
O-RAP. The method by which the PRA is used 1o identfy
nisk-significant SSCs 1s described in Chapter 19, 111s also
possible that some nisk-significant SSC's will be idenufied
trom sources other than the PRA, such as nuclear plant
operaung experience, other industnal expenence, and
relevant component failure data bases.

17.3.7 Design Considerations

The reliability of nsk-sigraticant $SCs, which are
idenufied by the PRA, will be evaluated at the detailed
design stage by appropniate design reviews and reliability
analyses. Current data bases will be used to idenufy
aperopriate values for failure rates of equipment as
desigried, and these failure rates will be compared with
those used in the PRA. Nommally the twilure rates will be
similar, but in some cases they may differ because of
recent design or data base changes. Whenever failure
rates of designed equipment are significantly greater than
those assumed in the PRA, an evaluation will be performed
1o determine if the equipment is acceptabile or if it must be
redesigned 1o achieve a lower failure rate.

For those nisk-significant SSCs, as indicated by PRA
Or other sources, component redesign ( including selecuon
ot a differant component) will be considered as a way (o
reduce the CDF contribution. (1f the sysiem unavailability
or the CDF 1s acceptably low, less effort will be expended
toward redesign.j If there are practical ways w redesign
a nsk-significant SSC, ut wili be redesigned and the
change in system fault tree results will be calculated.
Following the redesign phase, dominant $SC failure modes
will be wentified so that protection against such failure
modes can be accomplished by appropriaie activiues
during plant lite. The design considerauons that will go
into determimning an accepable, reliable design and the
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SSCs that must be considered for O-RAP acuviles are
shown in Figure 17.3.2.

GE-NE will identify in the PRA or other design
documents to the plant owner/operator the risk-significant
SSCsand the associated reliability assumptions, including
any perunent bases and uncerwinties considered in the
PRA. GE-NE will also provide information for the plant
owner/operator 1o incorporate into the O-KAP o0 help
assure that PRA results will be achieved over Jie hife of the
plant. This informatios. van be used by e owner/operator
for establishing appropnate reliabiity argets and the
associated mawnienance pracuces for achieving them,

17.3.8 Defining Failure Modes

The dewermination of dominant failure modes of risk-
significant SSCs will include historical informution,
analytical models and existing requirements, Many BWR
systems and componernts have compiled a significant
historical record. so an evaluation of that record comprises
Assessment Path A m Figure 17.3.3. Dewuls of Path A are
shown in Figure 17.34.

For those SSCs for which there is nol an adequate
historical basis o idenufy cnucal failure modes, an
analytical approach is necessary, shown as Assessment
Path B in Figure 17.3.3, The detals of Path B are given in
Figure 17.3.5. The failure modes identified in Paths A and
B are then reviewed with respect (o the existing maintenance
acuvities in the industry and the mainienance requirements,
Assessment Path C in Figure 17.3.3. Detailed steps in Path
C are outlined wn Figure 17.3.6.

17.3.9 Oprrational Reliability Assurance
Activities

Once the dominant fallure modes are determuned for
risk-significant SSCs, an assessment is required (o
deterrnine suggested O-RAP activities that will assure
acceptable performance duning plant life. Such activiues
may consist of periodic surveillance inspections or tests,
monitoring of SSC performance, and/or perickdic preventive
maintenance (Ref. 1). Anexample of a decision tree that
would be applicable to these activities is shown in Figure
17.3.7. Asindicated, some SSCsm . require acombination
of acuvities to assure that their performance is consistent
with that assumed in the PRA.
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Peniodic testing of $8Cs may include starvw. of standby
systems, surveillance testing of instrument curcunts to
assure that they will respond 1 appropriaie signals, and
inspection of passive SSCs (such as tanks and pipes) 0
show that they are available 1 perform as designed.
Performance monitoring, inc luding condition monitonng,
can ~o v 5t of measurement of output (. ch as pump flow
rile . neat exchanger wemperatures), measurement of
magnitude of an important variable (such as vibration ot
temperature ), and tesung for abnormal conditions (such as
oil degradauon or {cal hot spots).

Periodic preventive maintenance i€ an activily
performed at regular intervals to preciude problems that
could occur before the next PM interval, This couid be
regular ou changes, replacement of seals and gaskets, or
refurbishment of equipment subject 10 wear or age related
degradauon

Planned maintenan e activities will be integrated with
the regular operating plans so that they do not disrupt
normal operation. Maintenance that will be performed
more frequenty than refueling outages must be plannc4so
as 10 not disrupt operation or be likely 10 cause reactor
scram, ESF actuaucn, or abnormnal tansients. Maintenance
planned for performance daring refueling outages must be
conducted in such a way that 1. will have little or nuimnact
on plant safety, on outage length or on other mamnienance
work.,

17.3.10 Owner/Operator's Reliability
Assurance Prograin

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

1. Reliability Performance Monioning: Measurement

of the performance of equipment to determine that
1t 1s accomplishing :ts goals and/or that it will
conunue to operate with low probability of failure.

Ecliability Methodology: Methads by which the

plant owner/operator can compare plant data 1 the
SSC data in the PRA.

o

17.3-3
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L Brotiem Poonuzauon: Idenuticauon, for cach ol

the risk- signiticant SSCs, of the importance of
that em as acontributor 10 1 system unavailability
and assignment of prionues 1 prablems that are
deted ted with such equipment

4. RoutCausg Analysis: Dewsrminguion, for problems

that occur regarding reliabality of risk-sigrificant
SSCs, of the root causes, those causes which, afier
correcuon, will not recur to again degrade the
reliability of eguipment

5. Jemesuve scuon Deigominguon: Idenufication
01 corredtive acuons needed Lo restore equipment
1010 required tunctional capabality and reliability,
bas 2d on the results of problem idenuficaton and
root cause analyss,

6. Uy e an: Carrying out
idenufied corrective action on nsk-signidicant
equipment 1O restore equipment 10 ils intended
function in such a way that plant safety 1s not
compromised dunng work.

7. Comesuye Acuon Venlicaugn: Post-corrective
action tasks to be followed afier maintenance on
risk sigmificant equipment 10 assure that such
equipment will perform s safety funcuons.

5. BlantAgiog. Some of the nsk-sigmificant
equipment 1s expected 1o undergo age related
degrad-uon that will require equipment
replacement or refurbishment,

9 Egedback 10 Designer: The plant owner/operator
will penodically compare performance of nsk-

significant equipment (o that specified in the PRA
and D-RAP, as mentioned in item |, above, and, ai
18 discretion, may feedback SSC performance
data to plant or equiptient designers in those cases
that consistently show performance below that
specified.

10 Brogrammatic Inteefaces: Reliability assurance
inteelaces related o the work of the several
organizatons and personnel groups working on
nsk-significant §SCs
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The plant owner/operator's O-RAP will address the
interfaces with Construcuon, startup Wsting, operations,
mainienance, engincering, safety, licensing, quality
assurance and procurement of replacoment equipment

17.311 D-RAP Implementation

An example of implementation of the D.RAP 15 given
tor the standhy ligind conwrol system (SLCS). The purpose
of the SLCS 15 to inject neutron absorbing poison into the
reactor, upon demand, providing a hackup reactor shutdown
capab:lity independent of the contro: rxds. The system is
capable of operating over a wids vange of reactor piessure
conditions. The SLCS may or may not be identified by tie
final PRA as a significant contnibutor 1o CDF or 10 offsie
risk. For the purpose of this example it 1s assumedd that the
SLCS 15 idenufied as a sigmficant contributor o CDF or
to offsue nsk,

17.3.11.1 SLCS Description

During normal operation the SLCS 15 on standby, only
1o funcuon in event the operators are unable 1o control
reacuvity with the normal control rods. The SLCS consists
ofaboron solution storage tank, two positve displacement
pumps, two motor operated injectuon valves (provided in
parallel for redundancy ), and associated piping and valves
used o transfer borated water froca the slorage Wk 0 the
reactor pressure vessel (RPV)

The borated solution is discharged through the ‘B’
high pressure core flonder (HPCF) subsysiem sparger. A
schematic diagram of the SLCS, showing major sysiem
components, s presented in Figure 1738 Some locked
open maintenance valves and some check valves are not
shown. Key equipment performance requirements are

4. Pump flow 50 gpm per pump
b. Maximum reactor pressure 1250 psig

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

storage ank (mammum)

Design provisions o permit system (estung include u
test ank and associated piping and valves. The tank can
be supplied withdemineralized water which can be pumped
in a closed loop through either pump or injected into the
reactor.

17 Y=if
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The SLOCS uses a dissolved soluton of sodium
pentaborate as the neuron: absorbing paison. This solution
15 held in @ heated storage tank 1o maimiain the solution
above it saturauon wmpesature. The SLCS salution tank,
@ test water tank, the two posiive displacement pumps,
and associated valving are located in the secondary
contunment on the floor elevauon telow the operaung
foor. Thisisa Seismic Categurey [ structine. and the S1L.CS
cquipment s protected from phenomena such as
carthquakes, tornados, hurmcanes and Doods as well as
tromantemal postulated accident phenomena. lnthis area,
the SLOS 15 not subject o condinons such as missiles, pipe
whip, and discharging fluids

The pumps are capable of preducing discharge pressure
10 inject the soluton 1810 the reactor when the reactor 1s al
high pressure conditions corresponding 10 the sysiem
reliel valve actuation.  Signals indicating storage Lank
Liguid level, wank cutlet valve position, pump discharge
pressure and injecuon valve positon are availabie in the
cOntrol room

The pumps, heater, valves and controls are powered
from the standby power supply or narmal offsite power
The pumps and valves are powered and controlled from
separate buses and circuits so that single acuve faitures
will not prevent sysiem operaton. The power supplisd to
One MOLor operated injecuon valve, storage wnk discharge
valve, and mjecuon pump is from Division [, 480 VAC
The power supply o the other motor-operated injecuon
valve, storage tank outlet valve, and mjection pump is
from Division 1,480 VAC. The power supply 10 the @ank
heaiers and heater controls 1s connectable 10 a standby
power source. The standby power source 1s Class | E from
anon-site source and is independent of the ot f-site power.

All components of the system which are required for
injection of the neutron absorber into the reactor are
classified Seismic Category 1. All major mechanical
cumponents are designed to meet ASME Code
requirements as shown below,

ASME
Code Class

Design Conditions
Pressure Temperaturs

Componens

Storage Tank 8 Statw Head 150°F
Pump e 160 psig 130°F
Injection Valves 1 1560 psig 150 °F
Pipmg Inbozrd of
Injection Valves

1250 psig 578 °F
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17.3.11.2 SLCS Operation

The SLCS s mtmted by one of three means
(o) manually smiuated from the main contral room,
(b) automaucaily nitated of conditions of high reactor
pressure and power level not below the ATWS permissive
pa et level exist for 3 minules, or (¢) automaticaliy
iuated o condiions of RPY waier level below the level
2 setpoint and po wer e el not below the ATWS permissive
power level exist fo* 3 monues. The SLCS provides
boraled water 1o the reactor Lore o introduce negative
reactvity effects dunng the required condiuons.

Tomee its ne gative reactvity obje tive, it IS necessary
for the SLCS 0 imiect a «uantity of t aron which produces
a minimum concentrat on of 850 ppm of natural boron in
the reactor core at 68 F. To allow tor powenual leakage and
imperlect mixing in the reactor system, an addional 25%
(220 ppm) margwn is added to the above reguurement. The
required concenvauon 1s achie ved accounung for diuuon
in the RPV with normal water level and including the
volume in the resiaual heat removal shutdown cooling
piping.  This guanaty of boron solution 1s the amour..
which 15 above the pump suction shutoff level in the
slorage tank thus allowing for the poruon of the wnk
volume which cannot be ingected

17.3.11.3 Major Differences From
Operating BWRs

The SLCS design is very similar o that of operaun
BWRs.  Aulomauc actuation of the ABWR SLCS s
similar 1o that incorporated in some operaung BWRs.
Because of the lar ger ABWR RPV volume, the pumping
capacity has been increased from 43 o 50 gpm per pump.
Imection of SLCS soluuon through the HPACF sparger has
been shown by boron mixing tests 1o give belter mixing
than the operating plant injection through a sandpipe.

Injecuon valves of operating plants are ieak proof explosive
valves to keep boron ot of the reactor during SLCS
testing  In the ABWR the inpcuion valves are motor
operated and a sucuon pipe fill system keeps the lines
tilled with disulled water at slightly higher pressure than
that of the boron storage Lank 1o preciude entry of boron
ino the reactor. The motor operated ingecuon vawves
provide the following advantages over explosive valves
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4 Radiauon exposure 10 personnel 1s potentially
reduved during tesung and manienance because
fess work will be requued al the valves

b Post-mgecuon contamment isolation capability
15 enhanced because the motor operated valves
van be closed tollowing boron injecuon
Explosive valves cannol be reclosed w provide
contaimment isolation

17.3.11.4 SLCS Fault Tree

The top level fault tree for the SLCS is shown in
Figute 1739, with the op gate defined as failure 0
deliver SO gpm of borated water from the storage wank W
the RPV. Details providing input to most of the events in
Figu.e 1739 are conined in the several addiuonal
branches (o the fault tree.

Itis assumed that the SL.CS has been idenufied by the
PRA as a sysk'm making significant contribution to C DF,
A lisung of the SLCS components or events oy Fussell-
Vesely Imporance was made, and those SSCs with greatest
imporwance are given in Table 17.3.1. No SSCs appear to
be nsk-significam because of aging or common cause
considerauons. The seven most significant componenis
are listed in Table 17.3.2, 50 these SSCs should be
considered as nisk-sigmficant candidates for Q-RAP
aclivilies

17.311L.5  System Design Response

The seven SLCS nsk-significamt components idenufied
in Table 17.3.2 as having high importance in the SLCS
tault tree are now considered for redesign or for O-RAP
acuviues, as noted above. The flow chartof Figure 17.3.2
guides the designer.

Two of the events in Table 17.3.2 result from flow of
SLCS fuid being diverted through relief valves back 1o
pump sucuon rather than into the RPV. Since gate and
check valve failures (which could result in relief valve
operauon) are accounted for by “eparate events, the relief
valve failures of concern can be considered 10 be valve
hody falures or inadvenent opening of the relief valves.
Plug ;ing of the suction lines from the storage tank could
result from some contamination of the tnk Nuid or
collection of foreign matier in the tank. The pump failures

Amendmen

JASTI0AQ

REV B

10 start wpon demand could result from elecirical or
mechanical problems at the pumps or thewr control Circuits

Two AC electnical system failures that contribute 1o
SLCS system tailure are . nufied in Table 17.3.2. No
further detads of electncal system failures or maintenance
arc g luded here, That leaves the live components noted
above for special anention with regard 1o reduc ing the nisk
of wwstem failure.

a. Redesign

The design evaluauon of Figure 17.3.2 is used by the
uesigner. The design assessment shows that the component
tatlure rates are the same as those used in the PRA. so there
i1 No riged 10 recalculate the PRA. Also, no one $SC has
amaporimpacton SLCS system unavailability, so redesign
Qr reselection of components is not requured and the seven
components are identified for cousideration by the
O-RAP

Redesign considerations, if they had been required,
would have included rying w idenufy more reliable relief
valves and pumps and sucuon lines less hkely 1o plug. The
latier might be achieved by using larger diameter pipes or
muluple sucucn Lines. Pump and valve reliability might
be enhanced by specific design changes or by selecuon of
a different compenent, Any such redesiyn would have 1o
be evaluated by balancing the increase in reliability against
the added complication 10 plant equipment and layout.

b. Failure Mode Identification

If redesign is not necessary, or after redesign has been
completed, the appropnate O-RAP acuviues would be
idenutied for the three SLCS component types idenufied
by the fault ree and discussed above. This begins with
determining the hikely failure modes that will lead to loss
of function, following the steps in Figure 17.3.3. The
components of SLCS have adequate tailure history 1o
idenuly criucal failure modes, so Assessment Paths A and
C (Figures 17.34 and 17.3.6, respectively) would be
tollowed o define the failure modes for consideration.

For the SLCS relief valves pastexperience with sumilar
valves shows thatthe major failure modes are fluid leakage
from the valve body and a spunous opening as result of
{ailure of the spring, the spring fastener, the valve stem or
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Figure 17.3.1. Typical GE-NE Organization for an ABWR Project
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Figure 17.3.2. Design Evaluations for S§Cs
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