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Ahstract

The safety and availlability ate programmed in KWNGR(Korean Next Generation Feactot) design
from the concepiual design stage. The goal is envisioned as one of Top-tier whility requirements.
To achieve the plant availability, the EALM (Reliability, Awvailability, and Maintsinshility) program
wag established. Thiz program which, from the outset of the design phase systemoatically assesses
the forced outage and planned owtage and provides insights to the design gprocess to improve
plart  availability. This paper is to present the results from the RAM  analysis for plant
availability and theit effects on the plant safely emphasizing itz role for the safety enhancem ent
duting the next design phase.

1. Introduction

The KNGE project iz aimed at providing the standard design of an advanced presswrized water
reactor (ALWE) ter 2001, The development consists of thwee phases During the first phase from
1992 to 1994, the selection of preliminary design concepts was made and the top-tier design
requitements wete developed To ensure these top-tier design goals the Korea Electric Power
Corporation (KXEPCOY has orgamized the plat level anslysis group to wew the top levels of
design  wverification such  as  safety,  economics, constroctakility, petformance,  and  radiation

protection of the plant in the basic design stage (phase I

&g one of the plant lewel analysis topics the plant performoance is asswed in terms of power
production capakility (e plant availability) tlwough the BAM program. The design impacts on
the plant forced outage and planned outage ate assessed to maximize the plant availabdlity, to
predict if the top-tier goals of plant availabdity factor of 90% and trip frequency of 0.2 per year
is achievable, and to enhance plant safety at power and shutdown operation modes

I . Review of the Availahility Assessment for KNGE



1. Forced Outage Ewaluation

1.1 Rewiew of Operating Experiences for Forean Nuclear Power Plant

The forced outage data of the existing plants are essential factors to predict the forced osage
aspect for the MKHGR. For this, trip tecords are investigsted for the domestic PWERs (Fori Uit
1,234, ¥VGHN Unit 1,234, and TCW Umdt 1,3, Trip cavses and failure modes time to restore,
and the courtermeamires against reoccutretice are identified for each trip case ocourred diring the
petiod from 1978 to 1998 based on the anrmal trip reports published by KEPCO. The trip cases
ocoutted  during the first one wear of commercial operation were excluded in the ahalysis

consideritig the bathbub oewe effect to get insights of plant lifetime.

Table 1 shows system level plant trip frequency tretids TwbinefGenerator and ther auxiliaries,
the most dominant contributor among the major 19 systems, caused plant trip as moatyy as 71
times 32%) during the period followed by Feedwater Jystem, Electrical Power ZBystem, CEDD,
atd Reactor Coolant Systetn. These 5 systems take wp the plant trips as much as 190 times
(853%). Table 2 ilustrates component level plant trip frequencies. The most contribotive
components, main tubine and generator, cavsed plant trip as many as 532 tmeg23%). The next
most contributive components ate Feedwater Control Walwe, CEDM control circwts and so on
Tatal trip events resdted from the fonctional failures of top 10 components amowits 148 times
(65%) during the period Table 3 shows the trend and result of the root cause analysis
Component fonctional failure, externial event, and hnwnan error account for TET%, 58%, and
14 2% respectively.

12 Fotced Outage Ewaluation

EHNGE forced maage was preliminarily ewvaluated based on the operating experience study The
focus iz to estitnate the momber of the plant trip by the same root cause of the each trip case.
Since the KMGR iz at the basic design phase, system designers equipmett vendors, and system
engineers of the plats were consulted to predict detailed design and to confirm  design
modifications and equigen ent refurbishments in each plant.  Some caugses were judged not to lead
to plant teip in the ENGE. For example, 5 trip cases ocourred doe to the faibwe of RTD
(Resistance Temperature Detector) bypass line of Feactor Coolant System. In the ENGER as well
as sotme of curent platts the thermowell type rather than ETD iz adopted for measuting
temperature of the coolant, whose cases will not ocow in the KMNGR., After screening the failure
cauges for the KNGE design the preliminary estimation on trip frequency iz made to he 0.2 per
wear atnd 2 days per wear on forced outage duration

2. Platwed Outage Ewvaluation



Flanned owtages, during which refueling and moaintenance (F/AD) iz performed, is the most
dominart factor to the plant uwnawailability, The operating experience shows that the planned
cutage duration is characterized by the plant types and mainterance activity lewels swch  as
normal outage and extended owage Therefore, a typical 45-day normal outage schedule for a
1,000 hIWe PWE was chosen as a basis to assess the platned outage of the KNGE. The RADI
atalysis has established the norma osage duration of the KNGE as 42 days by reducing the
reactor vessel head handing work loads with little impact to the maintensnce activities of the
other major components like Steam Generators Figwe 1 shows the normal outage schedule of
the EWNGE which will be further updated dwring the detaled design

EMNGE has simplified reactor wessel head area by tilizing an integrated reactor wessel head
package. An Integrated Head Assembly (TH&) is designed to incorporate all of the reactor wessel
head componerts into one modulefFigwre 10, The THA casing is designed so that one can use
the multiple stud  tensioner daring  refueling  outage. The multiple stad  tensioner  allows
sitnWtanecusly detensioning and tensioring of all the reactor wessel sads This enables the
removal of the head area components and reactor wessel head at once The use of [HA is
estimated to save almost 3 days in comparizon to the typical seven-day schedule of existing
plards. Prior to refueling in existing PWRs the equipment on reactor wessel area has to be
removed and temporatily stored before removing the reactor wessel head This process has
resulted in inereasing the owverall refueling duration as well as the personal radiation exposure.
An [HA is being designed to consclidate the following into an one-package component design
the head lifting rig, lift colunns; missile slhield, CEDM forced air cooling system, electrical and
instrumentation cabling, insilation and reactor wessel head The THA lifts the reactor wessel
closwe head and the head area equipmment at one time Therefore, the amournt of critical path

titie required to reach the reactor wessel internals can be reduced.

Furthermore, the KMNGE will have advanced design features such as a permatent pool seal
(PR3 and a gquick opening fiel transfer tube blind flange (QOBF) to reduce refueling wotk load.
The PPE is installed betareen the reactor pressure wvessel and the sarrounding refueling cansl floor
to permit flooding abowve the wessel during refueling Since the leak-before-tredk concept is
applied to the reactor coolat piping, the possibility of the local pressarization in the reactor
cavity iz eliminated It becomes posable to permanently install the refusling pool cavity seal
(tertmed as pool seal). Thus the need for assembling and disassembling temporary pool seals is
eliminated. The current blind flanges are installed with bolts to seals off the contaimment building
transfer tube penetration sleewe dwring reactor operation. Therefore, it takes long time to lift, and
to temporarily store it. The QOBF, however, can reduce wotk load need for lifting it from the
area during refueling

It iz expected that these design features shorten refueling work as many as abog 3 days So
for the KNGER, it would take 42 days for refuelinginsntenance (RE/AD cyele per 18 months (ie,



28 dayafyeat). While currert domestic maclear power plants are operated with 12 ~158 month B/
cycle, ENGE is being designed to have a capability of operating owver 12 month fuel coycle, from
post refueling startup to the subsequert post refueling startup as per EPRI TRD.

An extended outage iz another type of outage It is extended by the works such as IBI (In
Service Inspection) and Turbine/Generator overhasl. Ultraszoric Test of the teactor wessel is
petfoarmed  according to the 10-year ISD program. Contarnsment ILRT and  turbinefgenerator
ovethad are assumed to perform every 5 wears and Steam Generators replacement is assumed
ofice during a A0-wear plant lifetime. Although the oquarditative estimation of their effects ae
difficult, the extended outage is estimated as § days per year based on the operating experience
of ¥GH 3 and Ko Unit 1. Thus the total atewa platmed outage was estimated about 34 days

pet weat.

. Effects on the Plant Safety

The shutdown safety model of ENGR P3A  consists of indtiating events and recovery
information based on generic industry data as well as plant specific data sach as YGN 3
refueling perspectives. The existing at-power faults trees have been modified and enhanced to
cotisider shutdown operation configurations. There are some reasons why plant sk during
shutdown is comparable to that during plant operation One is that some of systems and their
combinations are placed out of serwvice for extended mairdenance: some of electrical power and
decay heat removal are disabled for example. Another is that reactor coolant inventory may he
greatly reduced to the midloop for refueling Finally, the reactor system, wvarious other systems
and the contsirnment may be aligned open to the atmosphere Refueding mode of the plant will
hting ahout more radiation-exposing state, though level of decay heat is considerably low

In the cowse of developing KNGE outage milestone schedule, some outage impacts by ENGER
design features are identified For KNGE, the Shutdown Coding System (305 overhaal schedule
in Figare 2 can be removed on the schedwle. The owvethawl of 3C3 of YON 3&4 can be
petformed only in the condition of the refueling cavity fully filled during refueling. On the other
hand, the KNGR 3CE with backwp of contaitwment spray system (C3E5) endhles the system do
withoat Techwdcal Specification (T/3) Limiting Condiion for Operation (LCO) wiolation duing
the power operation mode wnlike the cotventional 303, which makes online maintenance
possible. It is anticipated that such an effect tings much benefit to the EKHNGE o;sage
maragement and shotdown safety, The EADM analysis in section [ indicated that owverhad
duration could be significantly reduced by using the adwanced design featires such as IHA, PP,
and QOBE. It will cordribute to the shutdown safety at the T/AS operation mode 5 which is still

fieed careful control for decay heat rem oval,

LOOP(Loss of Offsite Powet) iz an important intiating event during stntdown operation Since
onie of the two Emergency Diesel Generators (EDGS) is oot of service according to the TS



mode 4 twough 6, the only one engineered safety feabwre train incuding EDG can be operable
as a mitigation action after LOOP evert. If both emergency diesel generators are available dwring
shitdown operation, the plant risk due to LOOP which is almost take up more than 50% at this
titme will be grealy decreased. To avoid mairtenance actiwity for emergency diesel generators
duting shatdown operation, Teclrical Specification relaxation for online maintenance of at-power

cotidition is recotmnended

Figwe 3 shows a EHNGE midloop operation scheme Reduced itvvertory is defined as having
the reactor coolant lewel of 3 feet below the flange or lower and midloop operation that the
coolant is reduced to the mid-poird of the hot leg so that nozzle dam can be installed The
EHNGE has extensive instrumentation for reduced inventory operation and also has improved
piping to lower the chance of cavitation of the 3CE  pumps But the most significant
improvement should be implemented in procedures and operator trairdng to align the 3C3 and
CHA3 system for configuration control. Also aggressive wvalve testing and maintenance program on
the 3CE and T35 would reduce the shutdown risk

There ate some indtiating events which can lead to potential core damage Almost all the
indtiating everts cause plant trip in the accidert sequences. The results of RAM study provides
information to redoce initiating ewvent frequencies and thus to enhatice plant safety at  power
operation  mode. The results shows that secondary  steam  removal  systems  including
tuthitiefgenerator ate major contributes for trip causes of korean nuclear power plant Ewven if it
algo shows the reducing trend of trip frequency in recent years, still more concert is needed to
further reducing the transients by secondary system failures.

I¥. Concluson and Discussion

The plant awvailability factor dwring the lifetime iz expected to meet the goal of 0%, The trip

frequency iz expected to bhe less than 02 per wear based on trip experiences of the domestic
tuclear power plarts and KHNGE design concepts. In addition to avalability, by reducing trip
frequency and plarmed owage durddion the it is assured to enhance safety at both power
operation atd shotdown modes Although main pwrpose of the RAM program is to enswe the
plard awailability, it will be further developed with closer relationship to the safety during the
rext detailed design phase. This integrated process will be checked by Relishility Assuwrance
Frogram(BAP) which can be applied in the onegoing development of KNGER to enswe the safety
and avallability evaluated in PEA and RAT
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Tahle 1. System Lewel Plant Trip Fregquencies

Astem Trips Fr;r?mu:;cy FPercentile Remarks
TG and Awxiliaries 71 0.86 318 % | Total Trips
Feedwater System 40 0.49 179 % ;223
Electrical Power System 3% 0.46 170 % | Awverage Trp Frequency
CEDMI 43 0.28 103 %% D 2.7 frear
Reactor ©oolard System 1 0.23 21 % | Total Operating Vears
Subtotal| 190 2.30 8532 % D B2.34 wears
Table 2. Conponent Level Plart Trip Frequencies
ComponentSubaystem Trips Frequency (freat) Fercentile

Tuthine 26 0.32 117 %
Cenerator 26 0.32 117 %
Feedwater Cordrol Valve 23 0.28 103 %
CEDM Control Circuit 17 0.21 TA ¥
Off- site Power/Switchyard 15 0.1g 6.7 ¥
Turbine Governor Valve 3 0.10 36 %
Transformer 2 0.10 36 %
Feedwater Pump 3 0.10 36 %
Electrical Bus g 0.10 36 %
Mlain Steam Isolation Valwve T 0.09 31 %

Subtotal 146 1.77 654 %

Table 3. Root Cause and trend of the Plant Trip

Trip Frequencyifyear)

Description Du..ringI All It.h.e (ijﬁn:g::tmui:r?fm Duting Recefﬁ 5 Vears
Period(78 ~96) after commercial operation) (92 ~98)
Functional Failure 2ATTA5%) 1. E5(76.7%) 0.95(71.7%)
Human Error 0.56017.2%) 0.36014.8% 0.20020.0%:
External Ewvent 0.1605.0%) 0.140 5.8% 0.057 3.3%)
Othets 0.02(2.3%) O.060 2.7% 0.07¢ 5.0%)
Total 327 271 1.47
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