Human Resources Crisis of Future Japanese Nuclear Power Plant
by

Koichiro Hide, Student and Senior Research Scientist
Shibaura Institute of Technolo@raduateSchoolof MOT
Phone: +813-58597420 Fax: +813-58597421/ Email: m80700@sic.shibaurat.ac.jp
Central Research Institute of Electric Power Industry
Phone: +8346-856-2121/ Fax: +843-58537421/ Email: hide@criepi.denken.or.jp
Taizo Yamaguchi, Student
Shibaura Institute of Technolo@raduateSchoolof MOT
Phone: +813-58597420Q Fax: +8146-856-2249/ Email: m80700@sic.shibaurat.ac.jp
Kazuo Fujita, Professor
Shibaura Institute of Technolo@raduateSchool of MOT,
Phone: +813-58598643 Fax:+81-3-58597421/ Email: fujitak@sic.shibaurdt.ac.jp

Abstract

Commercial operatiaof nucleampower plants in Japan started in 1970. In fiscal 20086, fifty five plants having
the power capacity of approximately 49.5 billion W are in operation, and produced383otrillion Wh which
occupies about®6 of the total electricity consumption of Japan. According to METI's reggaitiedfiLongterm
Outlook for theEnergyDemandandu p pl y unt i | 20300, i ssued i n &hdlr ch
be required until 2030 in order to achieve theergy strateig target of Japanln fact wo plants are under
constructiomnow and eleven plants aseheduled to beonstruced If all power plants have beaompleted total
number of nuclear power planiguld besixty eight,resulting tothe expectedutputof approximatess billion W.
However ‘Capital fund and 'Human resources" thatould realize METI's scenario are not clarifieget.
Objectives of this paper are to clarify tfaets of'Human resources,” "Technology innovation" a@apitalfunds'
requiredfor the new and/or aging nuclear power plants in Japartonclusion,two remarkableissues were
withdrawn one is the decreasing trend in the number of workers,aantheris the distation of generation

structuredue tooccupational categias

1. Introduction

Amount of sipply of the primary energy in fiscal year 20@6orded23,448PJ in Japaifthat consists obil at
47.9%, natural gaat 15.4%, coaht20.6%, nuclear poweat 11.43%, hydrgowerat 3.5% and 1.3%fogeothermal
andotherrenewableenerges such as solar, wind efc. Figure 1 # showsthe history of individuaprimary energy
supply in Japan since 1953. It is noted thatfirst oil crigsin 1973be@mea goodchance of diver§ying energy
sourcsin Japaras beinghuclea power and natural gdisst introduced. However, the rate of selifficiency ofthe

total primaryenergyin Japan was 80% in 1953 kigcrease gradually to reaclt.8% in fiscal year 2008ecause
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Japan depends on the import for most of emerdf nuclearenergyis considered to be semomestic produsd

energy howeverthe rate of selufficiency becomes 17.3%. $hould be noted thahe rate of selsufficiency

including nuclearenergyincreases more slightlgincethe first oil crigs. This indicates that "nuclearenergy is

important energywource forthe energy security in Japan, and suggests necessity and indispensabléoenibegy

Japais energy policy in the future.
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In addition, thehistoiical transitioral dataof individual energysourcesproducingelectriaty andtheir power

supply composition of Japaare shown in Fig 2 %. This figure shows that the total power generation of the

electrical energy gradually increasand the power suppcomposition shows that nuclear power increases greatly

while oil decreasesapidy. Theshear percent of electricipower supply in fiscal year 2006 was @ill 0%, natural

gasat 26%, coalat 24%, nuclear poweat 30%, hydro powent 9% and 1% of gebermal andother raewable

energes It is predictedthat the amount of power generation by nuclear power increases further toward in 2016.
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The Ministry of Economy, Tradend Industry (METI) that recognizedclimate change in theglobal
environment thatausedrom energyconsumptiorin recent yearaccording taaggravation of unexpected energy
conformational changm Japarand the global warming isssievith such ain the international energindustryas
beingannouncedh "Long-term outlook for energy demand and supply" in March, 2008

METI assumed that it was necessary to evolve the energy policy of Japan according to the following three
basicprinciplesin orderto solveglobalenergy and environmental problemamely'Securefor the stable supply
"Be friendlywith the envirmment"and"Utilizing marketmechanisni.Moreover, METIinsistedthatat leastine
nuclear powerplantsto be added as concrete figurdoward 2030, because nuclear power generaiias
recognized to ban important energy source for Jajafuture

Nuclear power generation is important for the energy policy of Japamevermost ofJapanese have a very
negative public acceptance againstat@mmicenergy because of unhappy experisio@tomic bomktraumaof 63
years agoFigure 3 and 4 show exampdeguete . This result of the questionnaire isganeralanswer ofthe
people in Fukuprefecturewheremanynuclearpowerplantsare locatedEven for inhabitantg the prefecture who

felt nuclear power familiar, the majority was always "Uneasiness"l&aghything, uneasiness" for nuclear power
generationNeatty 70 % of the answeringpersons answered as "Keep the current status" or "Careful promote"
about the question concerning promotion of nuclear power generAtimegative image concerning this abear
power is recognizeds aproblemin advanceo be solved without faflor promotingnuclear power generatian

Japarfor thefuture.
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While reviewing he industrial establishment in Japan, especthlistransition of workforces is an important
factor for promothg nuclear power generatioRigure 5 showshe transition of work foces in Japar® . From this
figure it is suggested thadtal population ofJaparbegns to decrease afteeaching gpeakat 127.8 millionin the
fiscal yearof 2004,however the population of work forces (ages betwee@Slbreaches its peak in tfiscal year
1997, then gradually decreasdés the future. This populatiotransitional problem is a big issuéor Japanese
industrial developmenin future. This fact causes the sanpeoblem given for the nuclear power generation
promotion.

We have severgroblemsto be solvedwhen nuclear power generation is selected as a meauthitvethe
energy policy of Japafor the future "The operating fundgcapital expenditur@nd operatingexpensey' is a
critical factor todevelop and toperatethe nuclear poweplant faclities successfullyOn the other handhere is a
problem of technological losdueto the retirementof baby boom generation'shé generation of 1946 50 years
having hugepopulation borrafter the War, which results decreamg work forces. As for"Human resources", it is
recognized that it is one of important problems that should be immediately sbhedbjective of this paper
therefore,is to analyze thepast historicaltrend up to the presentindto predictthe futurescopeof "Human
resource” that relates tthe Japanese industry mficlear powegeneration so as tarify the issues and to discuss
on thesolution

million people
140

120

31.8%
100  ITTTTAI AU AR AR RRRRE AR R
over 65 age

80

go [umnmnmnm 157 65 age KRN TR

40 P i R

20 S —— L

under 15 age
0 1 1 1 1 1 1 1 1 1 1

1970 1980 1990 2000 2010 2020 2030

Fig. 5 Total ppulation of Japan artcansition ofwork Forces !

2. Current Status andFuture Scope ofNuclear Power Generation in Japan
2.1 Construction Situation of Light Water Reactor

Commercial operatiaof nuclear power plants in Japan started in 1970. In figeat of 2006, 55 plants
having the power capacity of approximately 49.5 billionnein operation, andnpduced about 303 trillion Wh
of electricity, which occupies about03% of the total electricity consumption of Japafigure 6 shows
transitionalhistory of the number of starting planiis operationin Japan and theotal number of nuclear power
plants under constructiomuring the yearThesefigureswere drawn by authors based on the latest homepage

information ofelectric power compaes, which are partiallgifferent fromthe figures issued BYMETI's plan !
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Figure6 (a) shows that the peak exdsin 1985whenfive plantsstartedoperation inthat year. However, the
number of plantstartingoperationin each year betweet98and2008 decreasesubstantiallyascompared with
the previous yeardn averagethe number ofplantsstarting operatio during a yeaiin Japan from 197@p to
present is approximately.3 plans /year. On the other handwo peals on thetotal numberof plants under
constructiorappeaiin 1975 and 1985espectivelyas shown irfFigure6 (b), whenmore thanl5 plants wereinder
constructionObviously this historicalfigure shows thain Japanconstruction of nuclear plasihas been continued
at least two plants a year withobteaking off Thereforetechnologicalknow-how and project management
required forthe nucleaplant constructiortould be maintained idaparso as to establistechnological legendn
fact, the nuclearindustry in Japan was luckyhe current plan of nuclear powglant should besteadily advanced

according tahe schedule announced'ltong-term outlook for energy demand and supigward 2030.
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Figure 7 showsistoricaltransition oftotal power generation capacity nuclear plarg as well aaumber of
plantsin operatiorin Japanlt reached up to 55 planighich had49.5billion W of the power generation capacity in
fiscal yearof 2006.In this figurewe can recognizéno time periods, whichs a period when numbeof plants
increases rapidlgnd another one is the period when the expansion becomes Alctlerding to"Japaneseutlear
power promotion plaf®, the former is definedas "Construction period and the latter are defineds

"Maintenanceperiod'.
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Fig. 7 History and forecasff total nuclear pwergeneratiorcapacityin Japan

2.2 Schematiclmage of Future Nuclear Power Generationin Japan

Figure 8 showsschematic image explaininibe process of shifting nuclear power plants in Japéime histoy
and toward future which is cited from'Japanese nuclear power promotion p‘l@nissued byAgency of Natural
Resources and Energy in 200tis diagramshows thatlapanesauclear power generation plashift as follows
(a) "LWR period" that uses existing light water reastbaving40 years of assumed longeyit{h) "Maintenance
period” that gives aging plants maintenanggler plant life extensiorschemes, (c)Replacement period" that
replaces decommissioning LWRsd (d) "FBR (Fast Breeder Reactor) period” tfiaglly could use uranium fuel
efficiently.
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However, plant conversion is not edagk For example Figure 9 explainabout sometechnological issues

in "Maintenance period" of LWR!. Typical degradation events thabuld occur in changing difficult pastof a

high aging plant are as follows§iBrittleness of reactor pressure vesdak to nutronirradiationo i | r riomd i a't

assisted stress corrosion cracking in reactor ineofalCa b | e

deagdi Loatiren e

.therdertadat i ¢

prevent such problems, mamgsearchand performance development (PD) programsaaheanced inJapanat

present
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Figure 10is a schematic diagrashowng transition of thecumulative degradatioof LWR from the damage

initiation up to the solution. This figureoften presentedit academic societis a very understandegexplanation

about thedegradationbehavior of LWR. In this figure Sshapecharacter curwe show following situations

consisting of (1damage initiation (2) research and developmeri8) lution, and (4) emission As for each

damagecase size ofdamee time required forsolution are different.In case of seriousashageit requiresabout

20 yeardor reachingthe solutionin theworldwide scale.We believe that even@amage that occurs in high aging

plant would be solvedin future as well as currentlamage. On the contrarythe possibilityis still left to be

variable in future aanunexpectedegradation everiteyond our presumabéssumption
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2.3 Capital Fund Spent for Nuclear Power Development inJapan

The proess of nuclear powetevelopment of Japan from the past to the futurediszzissedn the foregoing
paragraph. "Capitdlund (investment +expenditur®' spentfor the nuclear power developmentresviewedhere.
Figure 11 showshistorical record of the amounts of investment and expendituetated to nuclear power
developing activitiefrom 1960 when the nuclear power development was behese monetaryfigures were
adjustedasreal value of themoney inreferene year of2000 using price inflation deflator.For example, total
amount of investment and expenditapent in 2000 was about 3.83 trillion yen a year.

Althoughthe amount othis capitalfund shown in Figure 1is notfor LWR only, it may be consideredt
represent the trend &fVR capitalfund because the capithindrelated to the LWRbccupies major portion of the
total expensesThis figure apparentlyshowsthat capital funds for bothmining and manufacturing and electric
utilities sectorsimmediatelyincreased aftethe first commercial LWR started in 1968hen itincreasd on a
straight lineby 1985 andeveled off aalmost constant amount afterwards.

By extrapolating thigrendwe canguessthe magnitude of requireckpital fund for Japad nuclear power
development in futurethat is,current constanievels of capital fund expensesuld be continue@ven infuture.
This suggests not causing tissuesconcerning the nuclear power development fund in the future eAsilfor
governmentfunds spent for theresearch and developmesgctor inthe nuclear poweindustry becameonstant
after 1985and continuea similar tendencgs the abovdt is concluded that capital funds required for respective

sectors of nuclear power industry would be cwndid at the similar magnitude of current expenses in future.
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Fig. 11 History of capital fund sperfor nuclearpower generatiorin Japari”

3. Analysis on Human Resources in the Nuclear Energy Industry

Figure 12 showdapas transition of humber ofvork forcesengagingin the nuclear powerindustry We
drawn this graphbased ondata cited from the successive annual reports entifMutlear power industry
investigation of actual conditions repoH* Numbers ofclerical workes and technical workerboth increass

rapidly betweenl965 and19&. After 1983, howeverclerical workes and otherseem to belmost saturated and
8



they turned to decrease substantiallgwn to 2006 0n the contrarytechnical workersare alsosaturatedn mid
1985 but the nmber seems to be maintained thereafter.

By extrapolatingthese tendencieme draw two lines as shown in Fig. 12, which suggests rthatber of
technicalwork forceswould be level off at 27,0000n the other hand, the decriegstrendof the number of
clerical workforces is a serious problemvhich may reach zerafter 2015.f such a forecast is realized in future,
Japanesauclear power generation busines®uld be faced with disastrosisuation.

It is noted that after 2005, numbers of both clerarad technical work forces seem to halt decreasing trend.
Therefore it may not be good timing now to makaal judgment forhuman resource shortage.

Now, it is necessary to examine dettétusof allocationof technicaland engineering work forcesigure 13
showshistoricaltransition of numbexof people classified in individual technical and engineering categdries
showed the data after 1985 when the number of techwimdd forceshad been almost saturatatithe level of

approximately 27,000sadescribedn the previous section
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Fig. 12 Historyof number ofwork Forceengagingin nuclearpowerindustry!”

As shown in Fig. 12, numbers of persons classified'xssignes” and "Researchefs have decreased
gradually howeveronly number of pople related tdService' increass remarkablyamongthe technicalwork
forces Instead, other categories such'BRnningd "Equipment manufacturing"Fuel fabrication" "Construction
engineering' andfAEquipment Installatiamare indicating almostorstant numbers of personnel in the past history
This iscaused by theemaining personnel who were hired durfiMpintenance period” of the LWBra However,
we would like to give a warning that such a sharp decrease in the numbeeseéfthetsand "Designes” should
withdraw serious personnel shortage in research and ddaitggions which should be required for the later

"Replacement period" as well as "FBR period" in future.
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In the next,age structure of personel who works at nucleapower plants and/or government committése
investigatechere. Figure 14s composedby authorsby rearranging part of retouch correctidrased omeferencial
data from "Nuclear power promotion plan® and "Nuclear power human resources development society
investigation report®. Numerical figures count number of people belongingge bands which is divided from
20 to 70 years old with inteals of 10 or 5 years old.

Uppergraphindicatesthat peoplevorking for the executivepositionin nuclear power industry rang@lmost
equal from B to 55 years oldn the survey year of 2003s shown in the lower graph in the survey year of 2006,
howeer nuclear power energy specialists working as members of government committees range from 40 to 70
years old, except young generation from 20 to 40 yearsTbid. is reasonabléecause learning experienaad
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high level of intelligent armeededfor the specialist.Base on this analysis, we wish saggest that number of
younger specialistamust be increased as soon as possibt@ausgresentpeals of specialist's has been obviously
biased to the oldgeside.

It was pointed oubeforethat decreasingn then u mb e IRe sod a rfic h De s 6 g WesessJdpan
potential ability offuture nuclear power developmetdward"Replacement period" and "FBR peribdiere, we
made analysis on human resources relates to FHBRwre 15 showsistorical tansiticn andage structure of
technical work forces who have engaged with FBRNju" of JapanThe number of engineers related to Monju
has decreased after 198imilar to LWR caseAs for the age structure, there is a peahging between late 40 and
late 50 years old, and number of young engireer extremelyscarce It is highly warred that technologgand
engineeringelates to Monju constructicghould bdost in ten years latewhena largenumberof work retiremens
happenslt is incontrovertible that thetagnation of Monju development due to the sodium leakage accident is the
avoidablecauseHowever t may be anothetause not to have allowed yougegneratiorto join in the research and
Monju development fieldNow it is the last chance for us to make young work forces in ordeto stop

technolog lossin future before reachingrgenumberof retirement
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Fig. 15  Populatiorransition andigestructure ofengineergelates to FBR "Monju" ©°!

4. Discussion on Solutions for Human Resources Prabhs

In this Chapter 4, wdiscusson proposed solutiorfsr the issues concerning the human resoypoalslems
4.1 Expansionof University and Graduate School related toNuclear Energy

The universityis alargest educational institutiotm supply humanresources fothe nuclear poweindustry.
Figure 16 showshetransitioral recordof the number of enroliments for thundergraduate studenthe graduate
schoolstudents seeking aasterdegree and seekingdmctor degreeat the university respectivet ™. The number
of undergraduate student increasesaly from 1960 up to 1978, when it reacted the saturated condition

afterwards.On the contrary,studens seeking master degreesand students seekingloctor degrees look like
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