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A comprehensive review on 血e technical standards about human factors (HF) design and software reliability
maintenance for digitalinstrumentation and contr01 σ&C) and h如lan・machine interface techn010gy (HMIT) in Japanese
Iight water reactor nuclear power plants (NPPS) was given 血 this paper mainly by introducing the relevant activities at the
Japan Electdc Association to set up many 血dusu'ialstandards within the 廿aditional framework ofnuclear safety regulation
in Japan

In Japan, the Fukushima Daiichi accidentthat occurred on March 11,2011 has greatimpact on nuclear regulation and
nuclear industries where concems by the general public about safety have heightened significantly. However for the part of
HF design and s0丑W雛e reliability maintenance ofdigita11&c and HMIT for NPP,the author believes thatthe past practice
Of Japanese activities with the related technical standards can be successfi1Ⅱy inherited 血 the filture, by reinforcing the
teclmicalprepatedness forthe prevention 町d mitigation against any wpes ofsevere accident occunence
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1. 1NTRODUCTION

Rapid pr0部ess oflnfonnation, C011血Unication Tech、
n010gy σCT) has been contributing to the technicalim、
Provement ofdesi部, operation andma血tenance ofnuclear
Powerplants in general and especia11y in the advancement
Of血St皿mentation and con壮'01(1&C)systems and human、
machine interface techn010gies (HMIT). But on the other
hand ofvarious merits oftechnicaHmprovement by lcT,
the complexities and multゆle 61nctionalities brought by
the extensive computer application for the nuclear l&C
and HMIT have made it more difficultthan before in the

Safew evaluation to the introduced systems in the actual
Plants

In Japan, where li8ht water reactor techn010gies had
been i11廿'oduced 6'om the uS 血 late 1960S,the development
Of61Ⅱ digita11&c and HMIT systems had been 血itiated
in the 80'S・90's for both pwR and BWR plants by the
C0Ⅱaboration of aⅡ nuclear power utilities and nuclear
Power plant vendors with the govemmental support of
Ministry of lntemational Trade and lndustries (MITD
The first introduction of 61Ⅱ digitalized l&c and main
Controlroom (MCR) was for the first Advanced Boiling

Xvater Reactor (ABWR) plant Kashiwazaki、Kariwa NO.
6 Unit ofTokyo Elech'ic power company (TEPCO) which
Started commercial operation in 1996, while for pwR
Tomari N03 Unit ofHokkaido Electric power company
Wasthe {irst 6111y digitalized l&c and MCR in c011血ercial
Operation 血 2009
During the process ofintroducing 会.111 digita11&c a11d
HMIT systems for both pwR and BWRplants conS廿Ucted
in Japan, the teC111)ical guidelines for 6.111 digita1 1&c and
HMIT systems had been graduaⅡy set up by the Japan
EleC廿ic Association (正A) asthe severaldomestiC 血dusu'ial
Standards in Japan, which are not ohly consistentwith basic
Principles on nuclear safety in the world atld the related
intemationalstandards but also comply with nationa11aws
for nuclear, guidelines issued by Nuclear safety con如is・
Sion, m加isterial orders by Nuclear and lndustrial safety
Agency (NISA)' Those industrialstandards by the JEA
had been utilized fol the designing of the computerized
MCRs forseveralnewly conS廿'口Cted nucle釘Power plants
and the replacement ofold analog・wpe NICRsto digitalized
MCRS 血 Japan
It has been historicaⅡy inevitable 血 Japan to have
丘equentlar8e-scale earthquakes wlth sometimes accom-
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Panying high tides caⅡedtsunalni.1n July 2009, TEPCO'S
Kashiwazaki・Kadwa nuclear power station (seven units)
Wherethe bothunitS 6 and 7 are 6.111di8italMCRABWR
Plants, had been hit by chu、etsu・oki earthquake (ma即i-
tude In March 20H, TEPCO'S FUMushima Daiichi,

and Fukushimanuclearpowerstations(ten units), Tohoku
Electric power company's onagawa and Higashi-Dori
nuclear powerstadons (four U血ts) a11d JaP即 At0血C power
Company'S Tokai Daini nuclear power station (one unit)
Were aⅡ hit by H喰ashi・Nihon eadhquake (ma即itude 9)
With the h地hest tsunamis afterwards bringing severe
accidents at four units ofthe Fukushima Daiichi nudear

Powa'S稔don. There were n06.1Ⅱ digitalMCRplants among
丘丘een units hitby the Higashi・Nihon earthquake 血 2011
The effect ofthe severe accident at Fukush血a Daiichi

nucle釘 Power station was so enormous thatthe 壮'aditional
丘amework ofnuclear power regulation had to be tota11y
altered in Japan.1n september 2012, major goven血ental
institations ofnuclear regulation, i.e., nuclear safety com・
mlssion in cabinet office andNISA in MITI, were ab01、
ished to be integated into a neW 血Stitation ca11ed Nucle釘
Re部lauon Agency (NRA) with the nomination of six
Conmlissioners for the also newbom Nuclear Regulatory
C0轍1)ittee which has powerto decide onnuclearregulation
血dependent 丘om cabinetcontr01. Recently,theNR、 has
been busy revising almost aⅡ le即timate institutions and
guide1血esTelated with nationalregulation onnuclearsafety
W北h a completion deadline ofJuly 2013 by re且ecting on
a111essons leamed 丘om the Fukushima Daiichi accident,
Which i11Cludes severalilnportantissues on l&c and 1ⅡV11T
for nuclear power stations as we11 as for several facilities
related withnuclear emergencyresponse
In this paper,the comprehensive review wi11be made
On the industrial sta11dards for HF design and s0丑W釘e
reliability maintenance ofdigita11&c and H八11T for NPP
Which was established by the JEA and has been widely
Used in Japan as the standard method for introducing
digitalized MCRS 血 nuclearpowerplants. hlwMch f0ⅡOWS,

basic pTinciples ofnuclear safety with specific issues for
nuclearl&c and HMIT wiⅡ be 血廿oduced in chapter 2,
a bdef history of in杜oducin且 d地ita11&c and HMIT in
Japan in chapter 3, teclmical standard setap activities at
the Japan Electric Association in chapter 4, SU11血adzed
Contents of江A's standards for h磁nan factors design and
S0丘Ware reliabiliw of digita11&c and HMIT in chapter
5, and the impact of the Fuk口Shima Daiichi accidentto
nuclearl&c and HMIT in Japan 血 Chapter 6 before the
Concluding remarks ofthis paper

2. BASIC PRINCIPLES OF NUCLEAR SAFETY

ISSUES OF NUCLEAR I&CAND HMIT

According to G. pe杜a11gelH 血 his book titled 'Nuclear
Safety"[U, he pointed out eight basic principles ofnuclear
Safety as listed in Table l
Among the eightP血IcipleS 血 Table l,杜)e 丘丑h pri11Ciple
Ofdefense・in deP杜Iprovision is considered as the speci負C
Chatactedstic of a nuclear safety system: There are four
baniers of (0 丘lel ma柱ix,(iり会.1el cladding,(iii)reactor
Cooling circuit pressure boundary, and (iv)containment
System in orda' to primarily prevent extema1 τelease of
radi010gicalproducts which should be norma11y contained
in the nuclearteactor and secondadly to mit喰ate the effect
Ofradi010gicalrelease 血壮le event ofnuclear accident. For
this pU中Ose, it is necessary to configure 丘Ve levels of
defense as i11Ustrated 血 Table 2. And with regards to the
digita11&c and11NⅡT aS 壮le subjectoftMspaper,itshould
Primanly concemwith thelevelS 2 and 3 in Table 2
There are two difficult issues for ensuring nuclear

Safety unti1 壮le t11ird leve1 血 Table 2.The first is the con、
SideTation ofcon血on cause failure [2] which should take
into acc0如t not only intemal causes by desi即, fabdcation
and maintenance ofnuclear power plant but also extemal
Causes such as natιlral disasters,6tes, aitplane conosion,
etc, as descdbed 血 Fig,1. You can see 丘om Fig.1thatthe

Table l Eight Technica[ P「1nCゆ[es for NUCLear safety

2

Adoption ofproven eng血eer血g solution

H地h quality ofen即neehng appliedto aⅡ aspects ofthe desi即, conS加Ction a!1d operation

3 Adequate qualiw asS11rance measures proportionate to the safew classification and qualification ofS柱'uctares, systems and
Components.

4 Safety analysis including its vehfication

5 Defense・in depth provisions a8ai11St c01111non cause faults such as djversiw, physicalsepatation andbatTiers both for血temal
and extemalevents

6

7

Goodpractlce ofoperation andmaintenance血Cludingtheprovisions for壮)euse ofthe lessonsleamed 丑ompast expedence

Safew C田加τe a11d attention to hwnan factors

8 Provlsionsto ensurethe doC111nented adequacy of壮le operation orgalization andthe 血dependentrole ofheregulatoty con壮01
bodles.
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external causes wiⅡ affect broader areas, systems and
Components than intemal causes forthe safety ofnuclear
Power plants. The second one is what is ca11ed human
factors ot human enot. Fig11re 2 Shows the classi丘Cation
Ofhuman enormechanism which the author ofthis paper
modi丘ed a bit 丘om the odginalscheme by J. Reason B]
by dassifying 血rtherwhether ornotthe con11ni杜edperson
has the intention to do so. such human factors are also

Common cause factors as already appear in Fig.1, but
丘om the point of design血g l&c and HMIT the normal
Consideration wi11 be given on h磁nan cognitive factors
as h喰hlighted in F喰2.

HIDE卜くAZU YOSH11くAVVA A ReV1巳W on Deve【OP{ng lndust「1a[ S捻ndヨrds to lntroduce D191tヨ[ computer APP[{C日t{on for NUC[eヨ「 1&c and HMIT ln 」ヨヨn

Tab[e 2. Flve Defense Leve[50f Nudeヨr safety

Defense 1巳Vel

Leve11

Leve12

Prevention ofabnonnaloperations and ofma1丘Ⅱ)ctions

Leve13

Con住010fabnomlaloperation and detection of
ma16、111Ction

Unsafe

日Ct

Leve14

Con廿010faccidents included i11the desi即lbasis

Unintended ヨCt

Objectlve

Leve15

Con廿010fthe severe accident conditions ofthe platlt,
including the pTevention ofaccident and mitigation of
Consequences

Hum日n cognjtive erro『

Mitigation ofthe tadi010gicalconsequences of
Si部i丘Cantreleases ofradioactive products

S1ゆ

Intended act

Fig.2. Human E買orto be considered inNucle町 Safew

Lapse

Failure of 日ttention

Mistヨke

FailU氾 ofmemory

Cleamess of

fault cause

Personal "ature

Ⅷ加{OrganiZヨtion pressu『E

Conservative desi即 and high quality ofconS加Ction and
Operatlon

Failure of knowledge l

Social, cultural,

ー{0・0・,,ー・,
etc.

Con廿01,1如itation and protectjon systems and other
SUNei11ance chatactedstics

Influencing span
Offault cause

Clear

Essential mea11S

En即neered safety systems and accidentprocedures

Vvhole plant

Additionalmeasures and accidentmanagement

Types ofねUlt
Cause

Combined

Subsystem

Randomly or
Steadily exist

Extemalsite emergency plan

Earthquake

Fire, flooding,
tsunami, tornado
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Ai『plane c011ision

Sab0怡 eact

Coupling
mechanism

UnC1巳ar

Functional re1ヨtion

Spatial

Single
Subsystem

Commonshare of

Support equlpment

Spatial

Change of physical
envlronment by

equipment failure

Spati日1, human
f日Ctors

Analytical
treatment

Individual

equlpment

Physical
environment(high
temp., high pressure,
etc.)

Functional

Explicit

Functional

Fig.1. consideration on common Mode Failure

Hunlan errors in

design, fabTication,

Opera{ion, and
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SP3tial

Spali日1

Explicit

Human

factors

Explicit

Parametric
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According to G. petrange11i[U, he also pointed out
t11ree speci丘C considerations forl& C 釦d HMIT as listed
血 Table 3.1n considering digita11&c a11d HMIT, more
attention has been given to items l and 2 0f Table 3 in
the past: For iteml as the human factors consideration to
Prevent operatorenorin MCR, while foritem 2 Con血on
Cause countermeasures in the event of system down of
Computers for HMIT. However the item 3 0f Table 3
Pointed outthe provisions against a1110ss ofeleC柱'ic power
to the MCR.1n fact, the effect of tsunami attacking the
Whole plant a丑er a large ear仕lquakewas an 血Portant factor
血 the Fukushima Daiichiaccident

3. BRIEF HISTORY OF INTRODUCING DIGITAL I&C

AND HMIT IN JAPAN

Nucle雛 Power development had been initiated in the
Iatter half of the 1960s by introducing us light water
reactortechn010gieS 化oth pwR and BWR). constmction
Of nuclear power plants had been accelerated by experi-
encing oil shocks Nice 血 the 70S, with expanding the
domestication ofnuclear power teclm010gies untilthe 80S
When traditionalanalog l&c and MCR 丘om the us had
been ilnproved by more automation by digitalteclm010gies
and the introduction ofcRTS 血 the MCR which is ca11ed

as hybrid MCR.
By reaecting the teclmical progress of computers in
the 90S, automation and cotl】1nunication teclm010gies had
Prevailed in many industries around the period.1n Japan,
a nationalproject of developing new light water reactors,
advanced pwR (APWR) and advanced BWR (ABWR),
had been conducted by 廿le cooperation ofnuclear utilities

and nuclear power vendors with govemmentalsupport
through MITI, where the realization of 6.1Ⅱ digita11&C
and MCR was one ofthe b喰 teC1111ical cha11enges atthat
time to improve various human factots problems ofMCR
as revealed in the lMI、2 accidentin 1979 and chemobyl
accident in 1986. concretely, the technical targets of
improvin8 human factors at MCR by 6.1Ⅱ digita11&c and
HMIT 釘eshown 血Table4.

The appearance of fU11 digital MCR of TEPCO'S
Kashiwazaki・Kariwa unit 6 is shown in F地.3. This is
the {irst ABWR which had started commercial operation
血 1996

There have been four ABWRS (Kashiwazaki・Kariha
Unit 6 and 7, Hamaoka unit 5, and shika unit 2) already

in operation and two units under const皿Ction (shimane
Unit 3 and ohma planり in Japal〕.

Tabιe 3 Three speciflc conslde「ヨtion5 for NPIC + HMIT

Desi部Provlsionsintendedto give operators enoughtimeto respondto event 帥dto ensure adequate man-machlne mterface
including operator・suppod means intended to facilitate theirtask

2
Xvhere a microprocessor-based reactorprotection system is used,the presence ofa backup system of廿aditionaltype or other
means to ensure protection aoainst ma16111Ctions,induded those involving the s0丘Ware is asS11red

3
Presence ofemergency electricpowersupply sourcesincluding portable ones, but different丘omth巳廿aditionalemergency
Sources, either by type ofmachine and by type of6,1el

Tヨbte 4. TechnicaLTa「9ets of FUU DigltaLI&C + HMIT 爪」ヨPヨnese pvvR ヨnd BVVR

驫

Information shadng (improvement ofcon^山ication ability)

Reduction ofworkload

"

Objectlves by human factors aspect

Reduction ofhumanenors

多

Fig.3. FU11Digitalized Main controlRoom forJapanese
ABWR
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Conversely, the constNction ofthe 丘rst APWR plant
in TSUNga in Japan has been delayed by various political
reasons. Therefore the 6111 d地ita11&c and HMIT for
Conventional pwR was realized at Tom紅i unit 3 0fthe

Hokkaido Electric power company. The Tomari unit 3
Started its conmlercial operation in 2009. The apperance
Of61Ⅱ d地italMCR ofTomariunit3 isshown in F培.4
Ihe replacement of old analog l&c and HMIT of
ConventionalpwRpla11ts by丘111digita11&c and11NⅡThad
been also conducted by lkata unit l and 20fthe shikoku
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The histoly ofintroducing 61Ⅱ di8ita11&c and HM11
in Japan is sU11血arized 血 Table 5, where also shown is
the statistics of the number of unpla如ed shutdowns by
failure o「 a 会」Ⅱ digitalsystem. There were 19 Unpla血ed
Shutdowns fot seven nuclear power plants which employ
丘111digita11&c al)dln,11T system, butthere were no failure
Of員111 digitalsystem. At ptesent aⅡ Seven nuclear power
PlantS 血 Table 5 Were forced in加a shutdown state due to
Safety concemsin the a負ennath ofthe Fukushima Daiichi
血Cidentin March 2011
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綴祭'弓窯三琴

必や

In this chapter,the telationS11ip be加een nudearregula・
tion and induS杜'ialstandardsin Japa11WiⅡ be 負rst explained
before detailing the current efforts of the Japan Electtic
Association to set uP 血dustrial stand釘ds for Japanese
nuclear induS廿ies

2000

2

2001

2

Kashiwazaki・Kadha・6

2002

2

KashiwazaM・Kadha・フ

2003

2

4.1 Hierarchy of Nudear standards in Japan

Nuclear power facilities are not only electric facilities
but are also responsible for protecting employees and 壮le

2004

2

2005

Note

2

2006

2

2007

3

2008

4

2009

4

Hamaoka・5

2010

2011 - 2012

4

Shika、2

4

Total

Unplalmed
Shutdown

7
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general publiC 丘om radioactive exposure. Therefore, the
Safew ofnuclear facilities was regulated 血 Japan by several
Iaws and orders by different ministerial organizations:
eleC廿ic buS血ess act by M血istry ofEconomy, Trading and
Industry (METD, various laws and orders by Nuclear
Safety con)1nission and Nlinistry of Education, science
and Techn010gy (N正XT), etc, dependil)g upon the speci丘C
issues and facilities involved.1n addition, it has been

nonna11y submitted 丘om the goven血entaldivisionsto the
disposal of 血dividua1 血dustries to decide the technical
details to meet the objectives set by laws and ministerial
Orders. TMsisthe reason why 壮)ere existso many teC1血Cal
Standards which are set up by various academic societies
and industrial associations not only domestica11y but also
intemationaⅡy. Fi部re 5 Shows the relationshゆ beNeen
nucleatre部lation by nationa11aws and 血duS壮'ialstandards
Set up by publiC 血StitutionS 血 Japan by classifying four
Ievels ofhierarchy 血 nuclear regulation, thatis, objective,
functional requirement, performance requirement and
Pennissible execution method
In Fig.5,the c011'espondence is indicated be加een the
technical criteria (which is described 血 the Ministerial
Order NO.62 issued by METlbased on Electric Business
Act) and the industrialstandard set by the Japan Electric
Association (正A). The JEA considersthe safety measuTes
Of nuclear powet plants as one of the electric facilities
Which are regulatedby EleC杜'ic Business Act 加 the f0110W・
ing ways:(Dconformity to teclmical standards given in
EleC廿icity Business Actis the minimum requirement on
Pedonnance for constNction, maintenance and operation,
(ii)1ndependent safety measures should be taken by the
facility operators, and (iii)1nduS杜'ial standards to describe
the technical details on materials, design, fabrication,
testing, quality assurance, etc., should be set by industrial
Societies and associations, tl)rough a socia11y open, fair
andjustified process.

There are many academic societies and technical
associations which are con廿ibuting to se杜ing up various
industdalstandardS 血 response to the operators ofvarious
electric facilities, and for the nuclear power generating
facilities. Among them, Atomic Energy society ofJapan,
Japan Mechanical sociew and Japan Electric Association
are major 血Stitutionsto set up various induS柱'ialstand釘ds
based on theirrespective expe丘ise.

421ndU5trialstヨndards setup Activity atthe Japan
E[ectric A5Sodヨtion

There are two kinds of industrial standards by the
Japan Electric Association:(i) code indicated as JEAC・
Xlxxx which describes the definjtions, means, speci丘・
Cations, methods, proced11res, etc., defil)itely 釦d explicitly
asrequitement, and (iり Guide 血dicated aS 圧AG・XXXX
W11ich recon血ends plausible or altemative waysto imple・
mentthe requirement with血 the present stage ofteC1111ical
knowledge. As to the relationshゆ With the hierarchy of
nationalregula廿on asshown 血F喰、5,there are m即y codes
and guides by 正A which are endorsed by METI. Those
Codes and guides endorsed by METl are interpreted to
Clearly exMbit廿leme血ods ofexecU血g仕letecl〕1icalcdteda
即Venby theMETI's order
At JEA, the Japan Electrotechnical standards and
Codes c01血littee has been genera11y 血 Ch釘ge ofsetting
Up vadous i11duS廿'ialstandards forvadous eleC廿ic facilities,
While the Nuclear standards committee ofJEA has been

responsible forthose ofnucle釘 Power facilideS 丘om the
Special aspect of nuclear power facilities. As seen from
Fig.60f杜le con6g11ration ofNuclear standards conⅡnitree
Of正A, there are seven subc01111nittees to set up industrial
Standards for safety design, S廿'acture, nuclear 6.↓els, quality
assurance, anti、seismic desi即1, tadiation management, and
Operation and maintenance for nuclear power facilities
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NO.62)

R、モ14:k御table
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Fig.5. Teclmical critetia and lndustrial standardS 血 the
Hietarchy ofNuclear safety Regulation in ]apan
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Nuclear standards comm1廿ee

Safety design subcommi廿巳e
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Fig.6. composition ofNucle釘 Standards con血汝ee ofthe
JaP闘 Electric Association

Qua{北y assurance
Subcommittee
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The author ofthis papet has previously contributed as the
Chair ofsafety design subc01111nittee forten years between
2002 and 2011, and a11the codes and guides of正A W11ich
the authot of this paper colmni杜ed to set up and update
d{辻ing the period are listed 血 Table 6
A11the codes and guidesin Table 6 are classiaed 加to
four categories of (D Definition of classi6Cation and de、
Signing safety grade eleC訂'ical and mechanicalequipments,
6D General safew provision ofpla11t facilities,@り Safet》,
Protection system, and (iv) Main con壮'olroom, with the Φ
numbet and the 6」Ⅱ names of individualstandards. The

Contents of a11Standards are described by Japanese.1ndi、
Vidualstandards canbe available 負om JEA upon request.

HIDEト(AZU YOSH1ト(AVVA A Revlew on Deve【oplng lndustna[ stヨndヨrd5 to lntroduce D191tヨ[ cornputerAPP〔1C8tlon {or Nude己「 1&C 日Πd HMIT ln 」3 an

Tヨble 6 CodeS ヨnd Guide〔1nes for safety Deslgn of NUC[ear power P1ヨnts Estabushed by the JヨPan ELectric Associヨtion
Class

The essential points of 加O standards, JEAG 4621-2007
(Guide on evaluating 血Strulnent dti丑 ofsafew protection
System) and 正AG4617-2005 (Guide on developmentand
desi8n of computerized human 血terface ofmain contr01
room), ate published in English as thejoumalpapers[4,5]、

Defil)北ion ofclassi丘Cation

and desjgt血g safeW 即ade
eleC壮'icalandmechanlcal

equlpments

IDNO

正AC

4602-2004

5. HUMAN FACTORS DESIGNANDSOFTVVARE

REUABIUTYOF DIGITAL I&CAND HMIT IN
JAPAN

正AC

4605-2004

正AG

4612-2010

Code on de6ning the range ofreactorcoolantpressuteboundaty andreactorcontai1血ent

Adoption of 61Ⅱ digita11&c and HMIT for nuclear
Power plants has nowadays become a common trend

Code on defhlingthe range ofen部neered safety facilities ofnuclearpowerplant andthe
related faC11ities

正AC

4603-2010

Generalsafety provision
Ofpla11t faciljties

Guide on classj61血g the importance ofeleC廿icalal)d mechanicalequipments ofsafety
6mctions

正AG

4611-2009

圧AG

4623-2008

Code on desi即血3 eleC壮ic powersupplies important forsafety

Names ofcodes andstandards

正AG

4608-2007

Guide on desi即ing inS廿山nentation and controlsystems ofsafeW 6.1nctions

Guide onved6,血g anti-envir0血lentalperfonnance of血S訂'umentation and con廿olsystems
OfsafeW 丑111Ctions

正AC

4626-2010

Safewprotection system

正AG

4607-2010

Guide on anti・thunder desi即血g ofnuclearpowerplants

正AG

4627-2010

Code on 丘reprotection desi即 ofnucle町Powerplants

圧AC

4604-2009

Guide on 負re protection desi即 ofnuclearpowerplants

正AC

4620-2008

Guide on desi即ing emergency response faciliw ofnuclearpowerplants

Main controlroom

正AG

4609-2008

Code on desi即血g safewprotection system

圧AG

4621-2007

Code on apply血g d地italcomputerforsafetyprotection system

NUCLEAR ENGINEERING AND TECHNOLOGY, V0し厶5 N02 APRIL 2013

正AC

4624-2009

Guide on vedtication and validation ofdig武alsafety protection system

正AG

4617-2005

Guide on evaluating 血Stmment dd丘 ofsafew protection system

正AC

4622-2009

Code on deslg加)g to prevent operation en01'inmain controlroom

Guideondevelopmentanddesi部 ofcomputedzedhum飢血telfaceofma血 Controlroom

Code on opetators' radiation protechon in accident condition ofma血 Con廿olroom
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around the nuclear developing coun廿ies, where it seems
to become a hottopic ofdiscussion around ma11y coun廿ies
as t0 壮le method010gical developments to introduce 6111
digita11&c and HMIT. They are (i)sofNare reliabiliw
evaluation ofcomputerized reactor protection system, and
(ii) evaluation of the adaptability of 6〕11 digital NICR to
the operators
The solutions to the above questions had been imple、
mentedinJaP釦d山Ⅱlgthedevelopmentand血Plement血g
Process of6.111 digita11&c and HMIT for both pwR and
BWRby 廿)廿oduC加gtheconespond血gmdustdalsta11dards
fortheboth of仕lem, asthe comb血ations ofcode and guide
established by the Japan Electric Association as listed 血
Table 7 for (a)sof加are v&v for D地ital safety system
and (b) Human Factors Design of Main control Room,
Which are consistent with tl)e lierarchy ofnationalnuclear

regulation as aheady shown in Fig.5. conceming the
Con負guration of兵1Ⅱ Computerized MCR,itis assumed to
equip with such h唖lan 血tedace faciHties by such arrange・
mentin a typlcalcon廿olroom asis shown in Fig.フ'
Concer血lg (a)S0丑Ware v&v forDigi稔Isafew system,
6mctional requirements for digitalized reactor protectlon
System are S1111血adly listedup in code on applying d地ital
Computer forsafety protection system (正AC4620-2008)

This conesponds to the requirement fot the reliability of
reactor safety protection system in the guideline ofsafety
design of light water reactors given by the nuclear safety
Commission. The detailed method010gies to realize the

designing of the target safety protection system and the
Procedures to prove the designed system are fomlulated
as Guide on veri負Cation and validation of digital safety

Protection system (正AG4609-2008)
Concen血g (b) Humat) Factors Desi部 ofMahlcon壮'01
Room,the g口ideline ofsafety design oflight waterreactors
given by the nuclear safety c01111nission requires that the
design血g of MCRs should prevent the operators' e買or
be the MCRs analog or digital. This generalrequirement
Statement is described in details as code on equlpment

desi即ing to prevent operation enor in the main contr01
toom (JEAC 4624-2009). The detailed methods ofdevel・
OP血g the standard desi8n of d喰ital MCR, validating the
Standard MCR desi即, and applying the standωd design
fm・ introducing 血to real plant to meet its real objective
and restriction 釘e described in Guide on development

and design ofcomputerized human interface ofthe main
Con廿olroom (圧AG4617-2005)
In order for the operators to operate the plant rightly
Without e11'or, it is necessary that the operators should
master a ce丘ain level of relevant knowledge and ski11S

for nuclear power plant operation with a ce札aln amount
Ofjob experience、 Although it is outside of this paper,
there is the relevant standards to specity血g the method

Of operators' education and train血g established by the
Operation and maintenance subcommittee of Nuclear
Standards c01血)i杜ee ofthe Japan Elecu'ic Association
The more detailed contents of杜le codes and Guides for

both (a) and (b), are described 血 5.1 and 52, respectively
It wi11then be brieay explained 血 53 how the digital
Computer applicadon forl&c a11d 壬ⅡV11T for nuclear power
Plants has been made ln Japan

5.1 S0什Vvare v&v for Dig北at safety system

5.1.1Code onAPPιying pigitaι Computerforsafety
Protedion system l/E厶C4620-2008j
The code JEAC4620-2008 describes the 丘lnctional

requirements fol the digitalized safety protectlon system

匝画
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^
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F地.フ. An Example configuration ofcomputerized Human・
machine lnterface forMonitoring and operation

口

Tab[e 7. LogiCヨ[ order of lndU5trla[ standard for HF Design and softVゾare v&v of Dlgltau&C+HMIT

'ー^^

、4^

舶偲C0口鵡鵡dC如Sole

(入兇憩壮on coDsole

Code

亨

Gulde

Code

Code on apply血g digitalcomputer forsafety protectlon system

Guide

Guide on ved11Cation and validation ofdigitalsafew protection system
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Code on equipment desigrling to prevent operation enor m maln con廿olroom

S0丘W町e v&v for Digitalsafety system

Guide on development and desi即 ofcomputerizedh111nan mterface ofma血 Con廿olroom

H磁nanFactorsDesi即 ofMalncon廿0IRoom
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as listed in Table 8.1t requires that the system should be
eqUゆPed with the protective functions both against
ma1丘lnction in the event of troubles and false activation

during normal operation with high reliability.1t also
desctibes eighteen items of丘lnctionalrequirements

HIDE卜くAZU YOSH1トくAVVA A Revlew on Developln9 1ndU5t「1ヨ1 Stヨndヨ「d5 to lntroduce Dlglta〔 comρUter APP[1Catlon for Nude3r l&C ヨnd HMIT ln 」ヨヨn

Table 8 Code on APP[ying Digita[ computerfor safety pmtedion system

Φ

1.1

Requirement

Subject

FunCⅡonsin 杜)e event of

杜ansients, accidents and
earthquakes

1.2

13

Accuracy andresponse
Ume

1.4

Redundancy

Amongthose eighteenitems not only it 血dudesred如、
dancy, independency, physical seP雛ation from normal
1&c system, etc., which are colmnon to a conventional

analog・type safety protection system, but also it requires
Several feaれlres specific to digital system such as self、

A廿ainhighreliabilityby considedngboth 山lavailabiliw andma16ⅡIctionrate. The f0ⅡOwing
requirementitems must be satistied.

1.5

Independency

Separation 丑om
mS杠'ament and contr01

System

Both teactorshutdown system and engineered safew system should血itiate automaticaⅡy 血Ⅱle
event ofthose siωations.

1.6

1.フ

D喰italsafew protection system should satisfy both conditions ofaccutacy a11d response time as
a whole system composed by computer and therelated hardware.

F如Ctlon in case offai111re

1,8

Red如dant con丘曾Uration shouldbe takenso thatit does notlose 血tended丘111Ctions against
Sln81e fault ot S血gle take0丘orbypass.

Testabiliw

19

Envlro!血entalcondition

Independency ofeach cha血elistakenby eleC杜icalandphysicalseparation beNeen cha如els
So thatit does not lose itS 6.111Ction by a S血gle chalmel failure.

1.10

Useofemergencypower

Even m case ofpa丘ialshadng beNeenthe both, electricalseparation shouldbe considered
AIS061nctionalseparation is taken when c011血U11ication is shared.

Source

Content

1.Π

Parameter value change

Failsafe state should be a杜ained in case of如favorab1巳 Situation such as loss ofdriving power,
etc

1.12

Selection oflnput vadables

Maintenance ofsound11ess andredund抑Cy shouldbe confirmedby testing even during power
Operatlon

1.B

Completeness ofprotect
actlon

Anti-seismlc, a11ti-surge andthe other anti-hazardous charactedstics are considered

1.14

Manualoperation

EleC廿icpowersource ofd地italsafewprotection system shouldbe suppliedby emergency 血、
Stationpowersystem so that electdc power can be supplied even in case ofloss ofextemal
Powerorloss ofa11Acpower.

Display ofactivation and
bypass

1.15

Parameter values ofthe digitalprotection system canbe ma11Ua11y changed

1.16

Selfdia即OsiS 且lnction

As ma11y as practicaⅡy available,血Put vadables ofthe digitalprotection system shouldbe the
C0丘esponding dlrecaymeasurable si即als.

1.17

Cutoffofextemal ne加ork

Once started,the protect action ofthe protection system should be continueduntilits
Completion.

Protectionmeasure agajnst
UnP1砥Ⅱled s0丘Ware
alteratlon

Ifnecessary,reactorshutdown system or eng血eered safew system canbe operatedmanuaⅡy

1.18

X刃hentheprotection system is activated,丑le cause shouldbe displayed onthema血Con廿01
board. Also the state ofb沖ass orout ofinline ofthe system eqUゆment orchannelshouldbe
Contmuously displayed onthe b0雛d.

Qualiwmanagement

2

Selfdia即Osis canbe made independently for each channelby appropriate pe負od oftime, with
U〕eresultbelng ann0如Cedt0廿)eoperatorwhen肌omaliesaredetected,'

Con血on causefault

nleasure

Extemale丘ectshouldbepreventedby cutting 0丘extemalneNork.
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Appropdate protective measures aTe taken against 如Pla血ed s0丑Ware alteration t0 壮le s0丘Wate
System msta11ed on the di菖ital protection system

The quality ofd地italcomputers a11dthe s0丑Ware system should be assuredby the t11τee QM
actlvltles:

(i) S0丑Ware life cycle ma11agement
(iD S0丘Ware con負即lration management
6ii) S0介Ware ved6Cation and validation activity

Hardware equlpmentshouldbepreparedwi杜linrationalrange,in orderto ensure 6.1rther
reliabiliW 丑omthe aspect ofdefense・血 deP廿)safew
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diagnostiC 6.11)ction, countenneasures against unpla如ed
Change of s0丘Ware, etc.1t also requires the altemative
means asthe countem}easure against aⅡ 10ss ofalnctions
Of digital system by con血on cause failures. This code
had been endorsed by NISA that it satiS丘es the tecl)11ical
Crlterla requested by MITI's ministerial oTder.

5.1.2 Guide on verification and validation ofpigital
Safetyprotedionsystem uEA64609-2008j

This guide 正AG4609-2008 descdbes guidance 血for、
mation on 壮le veri丘Cation and validation to the software

implemented into the digitalsafew protection system such
as objective, execution methods (execution proced山'e,
members ofexecution, doculnentmanagementand s0丘Ware
tools for v&V), S0丑Wate reutilization and s0丑Ware c0116g-
Uratlon management.

Desi即 and fabdcationprocess andthe v a11d v activiち1
Ofdigitalsafety ptotection system are separately made by
differentteams independently. As shown in Fig,8 for the
Whole,itbeg血S with the ved丘Cation lto vedly the desi即
Speci壬ication ofthe digitalsafety protection system and the
{undamentalplan ofv and v activiw. According to thus
Ved6ed hardware・S0丑Ware desi即 requirementspecificauon,

both the desig血)g a11d fabdcadon ofhardware 飢d s0丘W釘e
are separately conducted, and 丘na11y both hardware and
S0丘Ware ate integrated. The sequential activities ofved丘一
Cation 2,3 釦d 3 are made dudng the 血dividualprocesses

Tヨble 9. Gulde on >e所Icatlon ヨnd VヨUd8tlon of DigltaL safety protedlon system

S0丑Ware ved6Cation & validation

System requi「白mentitems
for digltal protection system

Objective ofvedfication &validation (V&V)

System design
requlreT"ent speci打Cヨtion

1.1

:0031gn 'たbdca"00

V & v activity isto assure thatthe systemrequirements for d地italsafety protection system are dghtlyrealized血the
Processes ofdesi即, fabrication,test and alteration

12

Hardware・hardWヨre design
requirement specification

The vedfication activity is made to check杜le consistencybetweenupS廿eam specification and doW11S訂・eam one in design
andfabrlcationprocesses bythe f0ⅡOW血g aspects
(a) systemrequirementitems fotdigitalprotection system are lightlyreaected 血hardware、hardware desi即requirement
Speci丘Cation

(b) S0丘Ware is desi即ed and fabncated based on the hardware-hardware desi即τequirementspecification
(C) S0負Ware is desi部ed so thatitis ableto conduct onv&V

HヨrdWヨre

e 1 Π

HardWヨ「e

f bri 'Π

r ^^^^^^^^ー^^^^^^^^^^

13

2

SoftWヨre

desl n

HヨrdWヨ『e・softwar日

inte 〒ation

Validation activity is made in testprocessto con丘nn thatthe totalsystem a丑erthe s0丑Ware iS 血tegrated into hardware
realizes dghdy the system requirements for d地italsafety protection system

Execution ofv&V

Finヨ1System 8

F喰.8. veri丘Cation and validation ofDig北al safety protection
System

Ver所Catlon ,

^

Oftware

r1 1Π

2.1

Ve「所C白Ⅱon 2

Test

Fundarnental plan
Ofv&V

22

Executionprocedure a11dcontentofv&V ( see F地.8)

Ve"flcati0Π 3

23

V&v team (Membersshouldbe diffetentbetweenthose involvedin desi部 and fabdcation andt互Oseinvolvedinv&V,)

2.4

3

DOC畩)entation con廿01(B0壮lfor desi即 and fabdcation and forv&v activities)

Ver1罰oatlo" 4

V. V.C"νⅡy

S0丘Ware toolmanagement(when s0丘Ware tools are used for either(i)S0丑Ware desion, generation and testmg or(iD
S0丑Ware for v&VP山Poses,thoses0丘Ware tools under quali可 managementshouldbe employed

V&v fors0丘Ware re-utilization

The ran8e andjustificauon ofre・utilization shouldbe clad丘ed for each task ofs0丑Ware desi即 and generation

VenfiC日tlon 5

S0丑Warecon負gurationmanagement

Vヨ1idation

Conaguratlonmanagementbased on documentation fbrthe alteration ofboth desi即requirementspecilication and s0丘Ware,
espedaⅡywith壮)ereason, place al)dthe 血auencedranges.1fnecessary, V&v should be made on 山e alteredpaπ

2 The s0丘Ware identicalto the one implemented 血 tl)e protection system should be separately preserved
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Ofdesign and fabhcation ofthe hardware and s0丘Ware 血

accordancewiththe hardware-S0丑Ware desi即 Speci丘Cation,
and then vedfication 5 is conducted atthe hlte底ration stage
Ofhatdware and s0丑Ware. F血aⅡy杜le v andv is completed
by conducting validation test

The intemationa11EEE standard l012-1998 [6]釦d
IEEE standard 7、43.2-2003 [フ] were utilized in se杜ing
Up this domestic guide 正AG4609-2008
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5.2 Human Fadors Design of Main controt Room

5.2.1Code on EqummentDesign to prevent
Opera力'on Errorin 八lain contr0ιRoom uEAC
4624-2009j

This code 正AC 4624-2009 SU11血adzesthe 61nctional

req111rements on desig血)g the ma血 Con訂'olroom applicable
forthe differentt沖es ofcon訂'olroom (analog, hybhd and
6〕11 digitaD. As listed in Table lo, it depends on a variety
Offactors such as (i)enviT01血entalconditions and atrange、
ment ofeqUゆmentsin the area ofthe main con廿olroom

Where operators monitor and operate the plant,(iDtask
aⅡOcation between human and machine, task division

between different operation members, and the way of
血fomlation share,(iii)pane11ayout i11the main contr01
board, display, alarnl and operation support system, and
Con廿olinput eqUゆments, a11d 6V)the ways ofdeveloping,
fabricating a11d updating
This code has been endorsed by NISA thatitsatiS丘es
With the teclmicalcdteria requested by METI's n血istedal
Orda'to prevent MCR operatoTS 丘om con)11}iせ血g operation

are (i)丘lnctional requirements,6Ddesign requirements,
6iDdevelopment process and fabrication desi即 Process,
and (iv) V&v process、

Both the development of the standard MCR design
and the fabTication design process of the MCR of the
individualplant are i11Ustrated 血 F喰.9. The le丑、hand side
且OW 血F電.9 is when a di8italized MCR asshown 加Fig.フ
WiⅡ be developed as the standard design.1t stadS 丘om
the 6.111Ctional requirement process to reduce 丑lnctional
requirement speci五Cation on 壮le basis ofboth the develop、
ment objective and 6.1nctional requirement, proceed to
Standard desi即Processto be made on廿lebasis ofnot only
the development objective and mlctionalrequirement but
also design requirement, conduct on v&v process and
丘naⅡy reduce the resultant standard design specification.
On the other hand of standard MCR design, the right、
hand aow in Fi8.9 Conesponds to the fabrication desi即
Of individual MCR 血 an actual plant.1n this case, the
Ori部nalstandard desi部 Speci丘Cation wi11 not be directly
applied but modi6,itin accord釦Ce with the actualplant
Condition and desi即 requirement. The modiaed speci負、
Cation wi11be 仕len checked through 壮le v a11d v pTocessto
reduce the fabdcation desi部 Specification to be referenced
forrealfabrication ofthe MCR

Both intemational standards of lEC 60964 [8] and
NUREG・070o reV2 [9] were utilized in setting up this
domestic guide 正AG4617-2005.

enor.

5.2.2 Guide on DeveιOpmentandpesign of
Computerized Human lnterface of八lain
Contr0ιRoom l/EAG4617-2005j

This guide JEAG4617-2005 gives the guidance to
realize the requirements given 血 the code 正AC 4624、

2009 Concretely as the human interface of computerized
MCR. As shown in Table 11, the contents of this code

Table lo. code on EqUゆrnent Deslgnlng to prevent ope「ヨtion Error in Maln contro[ Room

N0

2

Monitonng 釦d operation area, main
Con辻olroom

5.3 Aduauntroduction of DigiねU&c and HMIT
System in Japanese Nudear povver ptants
The nuclear utilities and vendors view the relation

beNeen the codes and guides by the Japa11Elech'ic ASSO、
Ciation as described in both 5.1 and 52 by the f0110W血g
Way. The codes give more cle釘血fonnation on the 6.1nc、

tional requirements than by the regulatory requirements
fot desi底ning the facilities, systems, components and
equlpments, The guides recolmnend use611血fonnation on

Usable models, methods, procedures, etc, for desi即血g and
fabdcating the facilities, systems, components and eqUゆ、
mentS 血accordance with仕le speci丘Cations givenby codes

3

4

Target

5
Main con壮'olboard

6
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Comfortable enviromnentalcondition (temperature,i11Um血ation, noise)

Layout at)dwork space to prevent如due worMoadto the operators(task
aⅡOcationbeNeenman andmachine, between operators,infonnationshare, etc.)

Pane11ayout

Display system, alann system, operator suppod system

Con廿01且ⅡIctions (easy operation to prevent human enor,血terlocks),ⅥSualize
State ofautomatic operation

Application ofventication al〕dvalidationprocess forthe development,
implementation and teplacement

Content

175



H旧EレくAZU YOSH1卜くAVVA A Revlew on Deve[opmg lndU5tΠヨ[ stヨndヨ「d5 to lntroduce D」glta[ comρUter APP[1Catlon for NUC[e8r l&c and HMIT ln JヨPヨn

Tabte 11 Gulde on Deve[opment and Deslgn of computerized Hurnan lnterface of Maln contro[ Room

1、FU11Ctionalrequirements

Subject

2.Desi即 requirements

1.1 EnS11r壮lg monitm' and operation 6111Ctions for every plantstate

12 Selection ofnecessary eqUゆments ofm0血tora11d operation員111Ctionsto ensure safeW 且111Ctions

13 Ensudngume aⅡOwance ofoperators' operation action

1.4 Reliabiliw ma血tenance ofi11f0如ation integation 6111Ction by computet

1.5 Notify loss of itS 丑ltlction

2.11nformation system (appropdate monitodng a11d operation system,血formation naV槍ation)

221nfomlation presentation (1ayout, shape,血tegration,丘tto operators' hab北, readabiHty and visibility,
Presentation fonnat, h釘dware display)

23 Con廿011ers and actuators (consistentlayout, shape, grouP血g, selection and operationmethod 負tto
Operators' habit,touch operation, basicaⅡy no GO OU中Ut by a si11gle opelation, etc.)

3.Developmentprocess
and fabrication desi部
Process

Contents

2.4 Alarm system (alann reduction, display of6rsthit alann, alann hietarchyby imp0武a11Ce, operators'
teset 且ⅡIction, etc.)

2.5 Large display (visibiliw by a110perators, automatic display change, controlby operator, etc.)

4.ve丘flcation and

Validationprocess

2.60peration supportsystem (presentation ofnecessary suppod infoTmation a11d its explanation, etc.)

2,7 Work space (ergonomics desi即 oflayout, shape,i11Um血ation, etc.)

2.8 Selection ofauxiliary equipmentS 血the main conh'olroom

See Figure 9

4.1 Forlnation ofevaluation team (operator, human intedace desi即er, ergonomiSり

4. procedure and contents of

Vedfication & validation

Needs 【chヨnge of
OpeYa110n rnodθ,

modernizatlon)

BヨCkground ofdevelopment

Requlrer峅ent5
forfunctf0Π&

de$四n

Funclion req

Seeds( progress
Oftechoo!09y,

1ΠΠova110Π)

42.1 Reduction ofevaluationitems

Developme

Design Teq

422 Se壮血g evaluation cnteria

423 Evaluationmethod Φesk-top evaluationby checklist, Mockup,
Dynamic evaluation, simulatorexpedmenり

nt objectlves

runctioo

requirernent
PToce5S

Func Req
Spec

42,4 Selection ofeventsto be evaluated

Background of
F3brlcatloo desl n

Fig.9、 Developmentprocess and Fabrication Design process
Ofcomputerized Human・machine lnterface

S恰ndヨrd design process

42.5 Feedbackt0 壮le desi部 Specilicationandre・evaluation

Need at 怡rget P1ヨnt
For P1ヨnt e口Ulpmenls

Ver所Cation & Vヨ1id日tlon process

42.6 Documentation
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De51gn
Spec
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Fabricati0Π

desi9n

At this point, the author of this a丘icle would like to
Sunm)arize by what way the rea1 血廿oduction of digital
Computers for the l&c and HMIT systems had been
Conducted in the nuclear power plants in Japan 丘om the
Iimited experience ofthe late 80s and early 90S.

5.3.11ntrodudion ofDigitalcomputers forNudear
1&candHハ11TbyKansaiEledricpower
Company

The KansaiElectric power company (臨PCO)isthe
monopoly company ofeleC廿'ic powersupply 血 the Kansai
area ofJapan. The KEpco had been the leadet company
OfP圦IR inttoductions in Japan since the 丘rst c011Ⅱnercial
Operauon ofMihamaNO.1111)it 血November 1970. KEPCO

rocess

Ve「雨C日tion &

Valid日tion

Process

Fヨb

De5」gn
Spec
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has now eleven pwRunitsin せlree nuclearpowerstations
a1110cated in the 訊7akasa Bay area

The application of digital computers in pwR plants
at KEpco had been directed into tl]ree areas:(i)exP如Sion
Of plant automation,(iDmodemization of main contr01

room (MCR), and (iii)extended capabiliw ofdata logging,
transmission and con血Unication for plant n〕anagement.
The author'S 鵜P0π[1田 SU11血arizes the first 加o issues
Of①釦d (iD atthe time of 1994.

Accord血g to Ret[1田 dle exP帥Sion ofpla11t automation
in pwRs by digital computers had started to replace the
analog con壮'olsystems with d地italcomputetS 丘om pedph、
eralindependent processes such as waste management
System to digitalization of various plant control systems
by uS血g 111icro processors, h訂'oduction ofmicro processor
based d地italcon廿olsystems for most ofnon、safety class
Systems had been succesS6」Ⅱy realized in KEPCO's ohi
NO.3 Unitin 1991 andNO.4 Unitin 1993

The application of micro・processors for safety、class
Components (teactor protection systems and engineered
Safew facilities) together with the 血Ⅱ digital MCRs had
been extensively conducted for both APWR and ABX入7R

by the cooperation of aⅡ nuclear utility companies and
nuclear power plant vendors in Japan 血 the early 1990S
From the preceding development stages ofnon safew class
mlcro processor based control system untilthe time of
Safew class digitalsafew systems, the v and v teclm010gies
for software reliability of micro processor based digital
Con廿olsystem m nuclearpowerplants hadbeen eS仇blished
in nuclear vendors by utilizing poL 印roblem oriented
Iangua8e) with constanttilne step con廿olby avoidance of
Complicated multゆle steps or nesting in programming
The s0丑Ware tools by 即'aP11iC田 h)terface for easy program、
ming and enor checking had been also developed based
On poL. The development processes o「会」11 digital safety
Systems and 且111 digitalized MCRs are the same basis
techn010gies being established d11t血g 壮)e realization of会111
digitalized l&c and HMIT for both ABWR and pwR 血

Japa11, and the expedence al)d knowledge ob仇血ed through
the developments had been said to be documented as the
relevantindustrialcodes a11d guides by the JEA

5.3.2Proving 7est ofthe Reliabilityoflvudearl&C
The test of provin8 the reHability of nuclear l&C
Systems for both BWR and pwR in Japan was conducted
be加een 1984 and 1989 by Nuclear power Engineering
Test center under the sponsorshゆ of MITI [11]. The
tar8ets eqUゆments had been (D preampli丘a's and motor
modules of sRM and lRM ofreactor neU柱on instNmen、

tation,(ii) pressurizer heater tenn血al,(iiDhi8h range area
monitor,(iii)血StNmentation rack, and (iv)S0丘Ware logic
Contr011er. The conducted proving test was composed by
two kinds of test:(i) performance degradation by the
Contlnuation oflongtilne nonnalpower operadon (thennal
a即ng, radiation a即ng, vibrating ag血g and mechanical
a8血g), and (iD pedonnance endurancetest 如der accident
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Conditions oftemperature, steam, radiation and chemical
Spray. The test results of this proving test were reaected
to the establiS1血ent ofan 血dustrial guide by the 圧A in
Table 6: Guide on veritying anti・envir0如lental perfor、
mance of lnstmmentation and control systems of safety
血nctions(JEAG 4623、2008). sjnce this proving test had
been made under LOCA condition,it ca血ot be said that
the reactorinS杜'Llmentation may endure the severe accident
Condition as was occurred at the Fukusbima Daiicbi
accident.

53.3Comparison ofAPWRち1&CDeS匁n with EPRI
URD

In Ref [1田, it is interesting thatthe 血ter、comparison
Was made between the design conditions of Japanese
APWRandthose ofEPN'SURD foradvancedlightwater
reactors [12]' Alnong many compared items,the f0ⅡOwing
Items are lnteresting ones:(i)the MTBF (mean time
be加een failute) of totalsystem was five years by EPN
IJRD, whjle 壮lat was loo years by Japanese APWR desi即,
(ii) MTBF ofkey systempartswaS14 days byEPNURD
While that by Japanese APWR,1 months,(iii) MTTR
(mean timeto repair) by EPN URD waS 4 hourS 印ルrage
With 8 hours maximum, while the taTget of MTTR was
30 minutes by Japanese APWR design, while (iv)there is
a great discrepancy on severe accident preparedness
be加een EPN URD andJapanese APWR desi部. Thatis
to say, Japanese APWR design aims at hi8her teliability
for normal opetation and maintenance, whereas it lacks

On the provision for nudear severe accident. concretely
Speaking,there is no conespondence between EPN URD
andJapanese APWR desi即asto dleprovision ofTeC1血Cal
Support center(TSC) and Emergency operat血g Faciliw
It is also notable that in Ref.[1田 it pointed out the need
Of introducing various l&c system for Japanese APWR
With respectto severe accident management.

Jノイ'J、一含Y、ノ〕ノ
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6. 1MPACT OF FUKUSHIMA DA11CHIACCIDENTTO
NUCLEAR I&CAND HMIT DESIGNING

Now it is a common understanding in Japan as the
mam reason why four 磁lits ofTEPCO'S FukuS址11a DaiicM

nuclear power station failed a丘er the largest eanhquake
f0ⅡOwed by highest Tslula加 in Japanese historicalrecord
Before Fukushima Daiichiaccident,severe accidentpt0Ⅵ、
Sion in nuclear power statlon had been left to utility'S
Voluntary activity reviewed by national regulatory body
in Japan (both Nuclear safety c0如nission (NSC) and
Nuclear and lndustrial safew Agency (NISA). TEPCO
Could not preventthe core melt and hydrogen explosions
in four如its one by one a丑erthe TS如amihitthe maida11d
After the Fukushima Daiichi accident, TEpco almost
became bal)kNpt for various reasons related to the Fuku、
Shima Daiichi accident, and both Nsc and NISA were

17フ
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dissolved to fonn newly Nuclear Regulation AuthoTity
(NRA) under the Ministry of Environment. Now the
NRA has been busy with refonning a111aws and orders
Conce血ed with nuclear regulation in Japan, whete the
Iegislature refom〕ation of severe accident prevention and
C0如ter-measures are cen柱alissuesto be revised如tilJuly
20B [13],in orderto cope with the restart application by
壮le eleC壮'ic power compa血es ofaⅡ Shutdown nuclearpower
Plants in Japan a丑erthe Fukushima Daiichi accident.
This redirection of nuclear safety regulation also
requested thatthe l&c and HM11 desi部ing should cope
With the leve14 in Table 2 0f five defense levels of

nucleω' safety from the fonner levelS 2 and 3. since the
direct cause of Fuhlshima Daiichi accident was largely
the earthquake a11d the ensuing tsunami, it was already
Pointed out the necessities to take into account of the
f0ⅡOW血g e口forcement 血to the present nuclearl&c system:
(り Addition ofl&cs to endure severe accident- pressure,
Water level, temperatLlre sensors to endure severe accident
Condition, and addition of 負ltered vent with enforced

Colmnunication chalmels, and (iD Backup electric power
Preparauon for maintaining air condition, iⅡUm血ation,
and radiation 丘lter 血 MCR
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フ. CONCLUDING REMARKS

A comprehensive review on the technical standards
On human factors (HF) design and software reHability
maintena11Ce for digitalinS廿山1)entation and conh'01(1&C)
Systemwith h如)釦・mach血e 血terfacetechn010gy (11MIT)
in Japanese light watetreactornuclear powerplants (NPPS)
Was given 血this papermainly by 血廿oducing therelevant
activities at 廿le Japan Electric Association to set up many
industrial standωds with血 the 廿'aditional framework of

nuclear safety regL11ation in Japan.
In Japan, ale Fuk口Sh血a Daiichi accident occU血ng on
March 11,2011 had a oreatimpact on nuclear regulation
andnuclear血duS廿ies where concems by仕)e generalpublic
about safety have heightened significantly. However for
the pad ofHF desi即land s0丘Warereliability maintenance
Ofdigita11&c a11d 1丑V11T fot NPP,the author believes that
the past ptactice of Japanese activities with the related
teC1111ical standards can be succesS6.111y inherited in the
6.1加re, by reinforcing the teclmical preparedness for the
Prevention and mitigation against any types of severe
accident occurrence
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