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History of ATR Project

Hiroshi NISHIMURA*  Takashi MATSUMARU
Shigetoshi IWANAGA

Tatsuya NIIZAWA
Susumu SHIBUYA

Fugen Nuclear Power Station, Tsuruga Head Office
*Planning Division, Tsuruga Head Office
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Here, the history of Fugen will be looked back in the context of the ATR Project. The objective and the progress of the
ATR project, its significance and its development strategy will be discussed. In addition, it will be overviewed that it
has contributed to the technological foundation build-up of the nuclear industry in Japan utilizing achievements and
experiences acquired in the progress of Fugen’s domestic development as a national project.

Demonstration reactor construction was abandoned due to the economic reasons and ATR development was brought
to a conclusion with prototype reactor, Fugen. However, it is hoped that the achievements of Fugen, along with the
summary of the ATR project in this text, will contribute to the nuclear fuel cycle and FBR development.
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Operational Performance of the Fugen Nuclear Power Station

Masao NODA  Kouichi TAKAYAMA Tsutomu SAKAMOTO lwao OHNO  Yoshio NAKAMURA

Fugen Nuclear Power Station, Tsuruga Head Office

TF A 13, 197SHICHIR 2 2R U T ULR254EMIC b 72 0 58 L 7285 21T\, 2 ORoB7EES itz
219(%2,400 /5 kWh, FHERFIZ13/77,00080, FHRFH3RIZ62%IGEL Twd, 7z, DI L
=MOXIRBHE 772K A TE D, MOXBIELZ IR b I K R DR EIHII L T E 2 HT 5
LBz, bVBEIZEBOTHID THEIRER £ 7 )LDl 5efs S ¢ 1B cdh 5,

F5FA ) Tl SEIREGE b BT oL, Stz X570, flic 0@, KRR, gl
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i, TNETOMIEZMLT, W OLD 7Ty MEILZ GO - RS2 L 7205, winy ATRD#
ORISR L 72 AL EAERE L Tuin, s Dilllisiiio 9 b, ATREFRH DS DIZOwTIE, ATR
FLEW DGR D FAHF, Et DS R E ImL 72,

TSWTFA L T, B, SR codeEe, ATREMWFRA OREIC N 2 BT I I 0 LA 72858, RAF
RMIRIEAT AT 2 LS TE L,

Fugen has been operating safely for 25 years, since it attained its first criticality in 1978. The total power generation
during its operation was 21.9TWh, its generating duration was 137,000 hours, and the average utilization factor was at
62%. In addition, a total of 772 MOX fuels were used, making Fugen the world$ biggest utilizer, which demonstrates its
safe and stableuse. At the same time, Fugen is the first reactor to complete the nuclear fuel cycle in Japan. To improve
the safety and reliability of Fugen after commencement of commercial operation, equipment and water quality were
improved, and radiation exposure reduced. Equipment was also replaced and mended to maintain the integrity of plant
as a countermeasure against aged deterioration. Although there have been a number of problems and accidents,
including plant shutdowns through operation, there is no essential problem that originates in the ATR design. The ATR
features among these operational experiences were utilized in proof of designing feasibility and improvements of ATR
demonstration reactor. Favorable achievements in Fugen attribute to the facilities and the management based on many
years of operational experience and to the technological developments for the problems, which are peculiar to the ATR
reactor.

gooooo
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Advanced Thermal Reactor, Operational Achievements, Generating Achievements, Trouble and Accident, plutonium,
MOX, Periodical Inspection, Unscheduled Shutdown, Improvement of Equipment
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Establishment and Demonstration of Plutonium Utilization Technology

Takashi IJIMA  Yoshiaki KATANO Meiji KUBA* Takenori SHIMIZU*!

Fugen Nuclear Power Station, Tsuruga Head Office
*Technical Administration Division, Plutonium Fuel Center, Tokai works
*1Technology Co-ordination Divistion, Tokai Reprocessing Center, Tokai works
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The prototype ATR - the Fugen Nuclear Power Station (NPS) attained its first criticality in 1978 and has been
operated safely and reliably for twenty-five years, demonstrating the soundness of the concept and the quality of the
basic design of this reactor. In the early cores of the Fugen NPS, the plutonium came from reprocessed fuel in overseas
countries and then from a Japanese conventional thermal reactors program. In July 1988, MOX fuel, which contained
plutonium recovered from Fugens own spent MOX fuel, was reloaded into the core, demonstrating the complete nuclear
fuel cycle in Japan.

This indicates not only the success of full-scale plutonium utilization at Fugen, but also the completion of the
plutonium cycle in Japan by utilizing plutonium recovered from LWR fuel at the Tokai reprocessing plant and reusing
plutonium recovered from Fugen$ spent MOX fuel. Furthemore, depleted uranium recovered from LWR fuel and tail
uranium from the enrichment plant in Ningyo-toge works was reutilized for MOX fuels to complete the Uranium cycle.
These great achievements embody the establishment of the nuclear fuel cycle, which has been the fundamental nuclear
energy policy in Japan.

ooooo
ATR, &FA, 7N E=7 5, MOXESRHHITGERT, SO, HDEHE MOXIRRIEE, MOXMURHHLEL,
KRR £ 70y, ARy

ATR, Fugen, Plutonium, Achievemnet of MOX Fuel Utilization, Core Management, Core Characteristics, Facility of
MOX Fuel, Reproccessing of MOX Fuel, Nuclear Fuel Cycle, LWR
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The Pressure Tube Inspection and Integrity Evaluation in Fugen

Nobuo ISHIZUKA  Kouzou NAKAI Koichi TAKAYAMA
Fugen Nuclear Power Station, Tsuruga Head Office

254 RS X NI HIRIEEYT TS ITFA L DI LZERRT 2 HENE O >R % i L 72,
BHETHID T Zr-2.5%Nb BRI 2 FRH L 2 EE IO 0T, 4 7 VERREDR N BFE U 7o il &
L <ot R (ISI; JEESNRLAIRELE), €22V 7 (NROZIML, BEREGICX 2R
W4 DB Ar) ZHIc 26 MFEML 72, PN a= AEGEDENE ZPIETFIEIc X 2 7)) — 78
KPMERINTVWBZEDS, STFATRIENEE=2 YV 72FE L, EEOMHEIEZMMEL TWE, &5
12 Z DR & IR 2 DFE CRITRIVEMAN IS 2500 S N7 RV E MBI O B SRR 2 B HH U C O EqE, 515850
FE B DR A IR EE I AE D ML i 2 ki 2 G NI SEfE U 7z, WAy, SRR D ST A o NEG & L7 FE 045 I i 1 7z
R, FRHMOISHHNERD & IMBERE LS MR BN LRSI, o itakiRFEmd
R I iz,

We have confirmed the integrity of pressure tubes that composed the reactor core through the 25-year operation of Fugen.

For the pressure tubes, which employed heat-treated zirconium 2.5wt% niobium alloy as material for the first time in
Japan, a total of six in-service inspections (ISI; macroscopic inspection of inner face of pressure tubes, etc.) including
monitoring (follow-up survey of change in diameter and defects using ultrasonic flaw detection) were carried out, using
inspection devices developed by Japan Nuclear Cycle Development Institute (JNC). Since irradiation creep phenomenon
of pressure tubes made of heat-treated zirconium 2.5wt% niobium alloy was recognized, and pressure tube monitoring
was implemented to confirm their integrity. In addition, post irradiation examinations (PIEs) to get fracture toughness
value, tensile strength and hydrogen concentration value were implemented at the same time as the pressure tube
monitoring using pressure tube specimen loaded in special fuel assembly. Based on the evaluation results of ISI and
monitoring, integrity of irradiated pressure tubes were confirmed. Various PIEs also verified the material strength for
the utilization. Satisfactory length of residual life time of pressure tubes was also confirmed.

ooooo
ATR, SFA, JENE, Zr-2.5%Nb{vé, e, OHBRMSRE, €=2Y 7, 29 -7, KGR

ATR, Fugen, Pressure Tube, Zr-2.5%Nb Alloy, Inspection Equipment , In Service Inspection, Monitoring, Creep, Post
Irradiation Examination
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Development and Demonstration of Heavy Water Management Technologies and
Heavy Water Recycling Technologies

Akira MATSUSHIMA  Takahiro HANEDA ~ Syouichi HAYASHI Shikou KIYOTA
Fugen Nuclear Power Station, Tsuruga Head Office
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¥, Co-60FDJEFELERMNHTT 2 BEHAEBICZ, EARFORHME LTEKICEENS MY F 7 LK
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Fugen developed its unique heavy water control and management methods with the 25 year-operational experience
and various demonstration experiments. Development of water chemistry control technologies was also successful.
Maintenance of water quality became possible by reflecting the results of mechanism analysis and experiments
implemented to upgrade the water quality against the heavy water deterioration in the beginning operation.
Development and improvement of work management method, monitoring method, and protective equipment were
carried out because of the characteristics of HWR which requires radiation control of corrosion products as Co-60 and
tritium contained in the heavy water. Additionally, establishment of heavy water purification resin treatment
technologies suppressed the amount of degraded heavy water which generates in exchange work of heavy water
purification resin. Furthermore, economical efficiency was improved by developing a heavy water upgrader which
condenses degraded heavy water effectively to reutilize in Fugen.
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Tritium, Heavy Water System and Helium System, Water Chemistry, Demineralizer, Radiation Control, Monitoring
Methods, Tritium Protection, Internal Dose Control, Heavy Water Upgraders, Fugen
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Developments of Water Chemistry Management in the Fugen Nuclear Power Station
Hisatsugu TAKAGI Satoshi MORITA Yousuke NAQI Takuya KITABATA
Fugen Nuclear Power Station, Tsuruga Head Office
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With regards to the chemistry control of reactor coolant, a water chemistry control technique, which mainly aims to
confirm and maintain the integrity of reactor construction material including fuel clad and aims to lower the exposure
dose, has been adopted at Fugen NPS just like other LWRs.

Fugen applied hydrogen injection from 1985 for the first time in Japan, until its operational termination, as a
countermeasure against stress corrosion cracking with equipment and piping of reactor coolant system.

Additionally, Fugen implemented full system chemical decontamination for the reactor coolant system in 1989 as a
measure to reduce the dose of radiation to which workers are exposed. However, re-contamination was recognized and
zinc injection was introduced as a technology to suppress the re-contamination. Zinc injection was carried out to the
reactor coolant system from 1999, just after the third chemical decontamination of Fugen NPS.

The establishment of these water chemistry control techniques ensured the suppression of stress corrosion cracking of
the reactor coolant system. At the same time, it reduced the dose of radiation to which workers who are engaged in the
periodical inspection outage at Fugen NPS are exposed.
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Fugen Nuclear Power Station, Water Chemistry, Hydrogen Injection, IGSCC, System Chemical Decontamination,

Material Integrity, Zinc Injection, Reduction of Radioactivity,
Suppression of Dose Rate Increase, Reduction of Exposure Dose
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Tritium Control Technology in Fugen

Koichi KITAMURA Kazushige NINOMIYA Kiyoshi OZEKI*

Fugen Nuclear Power Station, Tsuruga Head Office
*Radiation Protection Division, Tokai works
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In Fugen, Tritium is generated mainly from the activation of heavy water used as a moderator. How to reduce the
radiation exposure from tritium is an important issue in the continuous operation of Fugen.

The heavy water system design employs a very tight structure to prevent heavy water leakage and vapor diffusion. In
monitoring, a filter-separation-type ion chamber tritium monitor was developed to avoid interference with the Rn, Tn and
daughter species. For tritium monitoring in working areas, a portable ice-condensing method was applied. While
working, using monitoring and skin-diving suit type tritium protection gear successfully reduced the personnel dose with
tritium intake. Furthermore, strengthened countermeasures in the heavy water Upgrader$ building by increasing the
monitoring devices and reinforcing the tritium removal ventilation system enabled minimization of tritium emission.

No worker has ever taken tritium exposure abnormally, and tritium emission has been restricted to less than control
targets by these tritium control technologies.
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Radiation Control for Trittium, Radiation Protection Equipment for Tritium, Filter-Separation-Type Ion Chamber

Tritium Monitoring, Handy-Cooler, Tritium Protection Gear, Work Control for Tritium, Strengthened Countermeasures
in the Heavy Water Upgrader$ Building, Tritium Internal Dose Control, Tritium Emission Control

ooooo ooooo ooooo
LA B LA BB
SFACEI B S A DI R
SRR G 3 BT, A(LE P AU
% A BB - T BRI 0
PR VO TS 5 | RO 5 | BRHCH LI
FAEH, BRI EAEH, BRI EEH
BECH K y PR H

2ol

000000000 NeMb O oOTam



oood

gooooon
gboobooobobobobommwid DD OO
gboobobooboobobooooboobgon
gooobooooooobobooobbooon
Umpooooooobobooobbooon
goooooooooobobooobobooon
goboboooboooobooooboobg
goboobooooooobbooobbooon
gbogopoboboboboooobobon

D000 0000000OdOoMBg/em’ 0000

goo
goboboooooooobbooobbooon
gbOOdCetDODbODbObDOoOonoobOobOong
ggboboooooooabobooabon
oobobooooobobomooooboobgoo
obobooooobobobooooobobon
ooooon

oomooooooooobodoooon

goooooo oooo
HOOOOOOOOoOoDOo 2l n,y OH
SHeD O OOOODOODOBOOOODOOOOO 3

oooo Hél n,p3H
‘Lo nx JLIOOOODOOOOOO U n,n0a CH
0000000000 ooooooa 10

0ooooo Bl n,2a BH

goboogoooo

goooooo

gooboooboobobooboooboobgooboon
ooooooboobooobooobooboooon
ooooooboobooobooobooboooon
ooooooboobooobooobobogooon
goooooboobooobooobobooon
ooooooor
gooboooboboboobooobobooon
goooooboboboobooobobooon
goooooboboboobooobobgooon
gooooobobooobooobobooon
goooooboboboobooobobooon
goooooboboboobooobobooon
goooooboboboobooobobgooon
goooooboboboobooobobgooon
gbooboooboobobobooobooboboon
gooooobooboboobooobobooon
goooooboboboobooobobgoooon
goooobobbooooooooooboooo
O00ooooooooor*™ ™
goobooobooboboboobobooboon
gooboooboobobobooboboobooon
gooboooboobobooboobobooboon
goooooboboooooogoooobooboo

200
|
B
0
300
L.
250 g o@wo&ﬁfd g %5
© S ¢ ®
& 006906'9 %
5 oY
5 200 o ST 8
2 il
% dﬂ"’% o
e 1 &, &%
4 150 o g8
D
LN M”d
z o
£ 100 & :
% &°
L] %%gwm@
d;’o
50 /nxnd
0 ®
1978 1979 1980 1981 1982 1983 1984 1935 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

gobooobooboobboon

Ooo0000000NoeMOb oo



S— B
TAQ— THSUERwExLY
Ao—ZX— )L # b M ATTE 2 £

ooodoboboobooooooboboooooOoOooboobooo

gboboobooobobobooooobobogoo
gbmoboboboooooboobobooooo
obooooooboboboooooboobogoo
obobooooobobobooooobobogon
oboboobooobobobooooobobogoo
gbobobooooobooobooboboboo
oboobooooobobobooooobobgoo
oboobooooobooboboooooboobgon
goboboooooboobobooooobobgoo
gbobooooobobobooooobobgoon

s et i

ooooooooooobooboooo

00 o00oo0o0ooooooo*™ ool
goobooooooobobooboboboooobon
gogobooooboobobooobooobobobooon
oooooobooboooboooboobooon
oooooobooboooboooboobooon
oooooboboooo0o0oooooooooo
O00000000O00ONm/hD 0000000
ooooooooboobobobogoooo
OONmYh 0 0000000000000000
O000000000OONm/h D 000ogd
goooooboboboobooobobooon
O00000000DMONM/h00000000
ood

gooooooboobgoo

0000000000 DO00D000MMkevD O
opbO00bO00DbDO0O0ODbDOoOobDOoOobOoODO
goooooboboboobooobobooon
goooooboboboobooobobooon
gooboooboobobooboooboboobooon
goboboooboobobogoo
goobooobobobooboobobooon
goobooobooboboobooboboobooon
gbobooobooboboobooboobg
gobobooboobobogooo
gobooboooooboboooooboobbooobon
gooboobooboboobooboboobooon
goboboooooboboooobooooooooboo
O0O0O0ORNOTNOOOO000OOOODOO*Bg/em?
goboboooooboboooooobbooobon
ooboooooobooooobobooooobon
gobooooooboooooboboooboo

gobooboobbooboboooo

o o o oo ooooooo

goooo [pooopmooo

OBg/cm®0 (D000 |0D00O0 mooomony

goooooooobooo

Ooo0oo0Oo0ooaoaoano

-2 o
7.4x 10 oo oo oooooooo

oooooooooooo

ooooooooooo
ooooooooooooa
opopooooooogooo
Ooo0O0oO000oo0ooobooo

ooooo0oOoO0oOoooao
0o0000000000O00O00C0O

Ooo0bo0O0oooaodano

Ox 10° omo | 0mo
ooooo| omo

ooooooooooooo
oooooooao

o oooaooaoanb
o oooaooaoanb

ooooO0oooooooooo
ooooooooooooa

ooooooo

ooboooooooooooo

m| O O | O O Ox 10° |00OmM0O| 0o

Jo0ooooooooooooooooooooooooooooooooomoooooobo

000000000 NeMb O oOTam



OoOoOod

gooboboooooobooobo
Uboobooboooboobobo0o00bRnOTNnO
gboobobooboobobooooboobgon
gbobooboobooboboooobobgon
oooo0o0o0oooo*™ o000 oU0oooong
gboobooboobooboboooobobon
gooobooboooooobobooogooboooobn
oooobbooooobobboooboobooo
obobooooobobobooooobobogoo
gboboobooobobobooooobobogoo
oooooooobobooOrRnOTmUbOnDgon
oboooooobobobooooobobogoo
gbooooomboobooooooboobogoo
obobooboooboboboooooboobogon
obooboooo@moo™moooooboobogon
gbobooooobobobooooobobon
gboobooooooobooboooon
ooooooooo
gbooboooooooobon
gbobooboooboobobooooboobgon
gbobooboooboboboooobobgn
gboboboooboboboooobobgoon
gboboobooboboboooobobgon
gboobobooobobobooooboobgon
gboobgoboobobobooooboobgon
gbobobooboboboooobobon
goooobooooooboooogoooon
o oboooobooooobooboobboobooo

y FIEAERE

—_ - —

gobobomoooobooobobooooon
gooboooboobobooboooboobgooboon
O0cm000000000000000000
goobooobooboboobooobooboboon
gooboooooboboobooobooboobon
goobooobooboboobooooboobooboon

(O*Bg/cm’0000000000000D0O0OO

ooobooobooboogooo
gooooobooog
goooooboboboobooobobooon
goooooboboboobooobobooon
ooooooboboooooobobgooon
goooooboboboobooobobooon
gooooobobobooboboobobgooon
goooooboboboobooobobgooon
O000000000M*Bg/cm’0 00000

goboooobooooooOooooboobooooo

BRAR

MEREMSE

ok

B FWHR

gobooboooboboobooboga

000000000 NeMoOooram



goobgoogoo
gbobgobooboboboooobobgon
gboobobooboobobooooboobgon
ooboooooobobooooooboogoo
ooboooooobobooooooboogoo
obooobooobobooooooboogoo
oboboobooobobobooooobobogoo
ooboboobooobobobooooobobogoo
0000000000000 0m*Bg/em’ 00
oogd

ooooobooooo
obooooooboboboooooboobogon
gbobooooobobobooooobobogoo
obobooooobobobooooobobogoo
oboboooooboboboooooboboon
oooooobobooooooooooooon
obobooooobooboboooooboobon
gboboooooboobobooooobobgon
gboboooooboobobooooobobgoo
gbobooboooboboboooooboobgon
gboboboooboboboooobobgn
gbobooboooboboboooobobgoon
gbobobooboboboooobobgon
gbobobooboboboooobobgon
gboobobooboboboooobomgo
000

goooooo
gbooboboobobobooooboobgon
gboboboobobobooooboobgon
ooooobooobobooooooboogoo
oooboooooooboboooogooboon
oboboooooboboboooooboogoo
oboboooooboboboooooboobogoo

AERE AEERE
gobooooboobboobog

gooboooobgoboobogoo
goobooobooboboboobobobon
gooboooobooboboobooobooboobooon
ooooooboobOoooboooboobogooon
ooooooboobOoooboooboobogooon
oooooobooboooooobobooon
gooooobobooobooobobooon
gooooobobooobooobobooon
gooboooboboboobooobobooon
Oooooooooooo®*s g
goooooboboboobooobobgooon
goooooboboboobooobobooon
gooboooboboooooom
goooobooboboooooboboboooo
gooooobooboboobooobobgooon
goooooboboboobooobobooon
gooooobooboboobooobobgoooon
gooooobooboboobooobobooon
goobooobooboboobooboboooon
gooboooboobobooboobobooboon
gooboooboobobooboobobooboon
gbooboobmmooooooboobgoobooon
goobooobooboboboobobooboon
gobobooboobobomooboboobooon
gooboobooboboboobooboobooon
gooboobooboboboobooboobooon
god

R UFY L
mER "

- SeEE
s = 24nd/h

T4
UFoLA

r
(NARD Y

BRELRUFOLESY, RUFTLL—LE=S
ooobooomoogoobooooogon

gogbooboooobooboobbooobog

0000000000
Hooon 0 Bg/cm®0
oooooo N
00000000 D> o o
00000000 O (9900mx o0
00000000 o .
00000000 D> o o

000000000 NeMb O oOTam



OoOoOod

gbobgobooboboboooobobgon
gbobgobooboboboooobobgon
gboobobooboobobooooboobgon
gbobooboobooboboooobobgon
gbobooboobooboboooobobgon
gboboobooboobobooooboobon
gboboobooboobobooooobooboon
ooboboobooobobobooooobobogoo
gbobooboooboboboooooboboo
gboboobooobobobooooobobogoo
gbooboooooooo

obooooooboboboooooboobogoo
obobooooobobobooooobobogon

| A b : U D—R AT |
\

IL-LEE - SUS304

HIARERI —b AL

gooboobooboboboobobooboon
gooboobooboboboobobooboon
gooboooboobobooboobooboboon
goobooobooboboooboooboobooboon
goobooobooboboooboooboobooboon
gbooboooboobobooboooboobgobon
oooooobobooobooobobooon
oooooobobooobooobobooon
goooooboobobooboooboboooon
gooooobobooobooobobgooon
gooooobobooobooobobgooon
ooooooboboboobooobobooon
goooooboboboobooobobgooon

AFaZr A=Ak

IF A=A

2P i—bAR

ooboooooooooboooooogo

FUFTLBRERAR

B Y 3""7#%:9’ ' \
\\ AN

= B
T = T N
= PV T T T e
i =teza | =
s ¥ ¥ & % 3
LR LEE LR LTI P T LT 24 »9-‘
a..:f:,;ji;z::; j
_,_,_L e | KERFUFOL
5 i BERS
R r-‘J-f-j/ # % Lé % T #
LE=AN —e Lo o

- dogpelegrviehs |l_ !13)“
'No 1EiNo z..uoaguoal..m sguoea _.'}

Q=R AY

BEBMIDDEFroRLESS. AEE—ERETONENE
2R BN DO EFrLRILESSE. —EMRETOWE RE R U ERT O R RED &

'''''' ~5ie GBID) &RF

ggoooooooooobobobooogooooooo

000000000 NeMoOooram



gbobgobooboboboooobobgon
gbobgobooboboboooobobgon
gboobobooboobobooooboobgon
gooobooooooobobooobbooon
gooobooooooobobooobbooon
goooooooooobobooobobooon
O000000000oooooooooo*™

gbooboooooooboobo
gboooboooboboboooooboogoo
oboboooooboboboooooboobogoo
gbooooooboboboooooboobogoo
oboboobooobobobooooobobogoo
00000000000 000000000*0
oboobooboooboboboooooboobogon
obooboooooboboboooooboboo
ooboboooooboobobooooobobgoo
obooooboobooobooooobogo
gbobooooobobobooooboobgon
gbobooboooboboboooobobon
gbobooboooboboboooobobon
gboboboooboboboooobobgoon
gboboooooom
gboboobooboboboooobobon
gbooboobooobobobooooboobgon
gbobobooobobobooooboobon
gbobobooobobobooooboobon
gboobooboobobobooooboobon
ooboooooobobooooooboogoo
oooooooOmsvOOOOoOOoOoOoOoDoOoOoOoO
O00000oooooo*™

AR FOLR B
O mAKFIFoA B &
- EKPLFOLRE

FRBH EE B RE
BiiE:11TBq
Sfk:18TBq

MFILRHE ,ETBQ/ 4F)

-

0

1978 1980 1982 1984 1986 1988

1990

FE
00000000000D00D000000000000

goobooooooon

goobooboobobobooboboobooon
goobooobooboboobooobooboobooon
gooboooboobobmoooobobooboon
gooboooobooobbooobobooon
gooboooobooobobuooobbooon
gdobooobobooobbooobbooon
goodooobooobbooobooon
gogoboooobooobbooobooon
gogoboooobbooobbooobbooon
goboboooobobooobbooobobooon
gogboboooobbooobbooobbooon
goomTeg 0000 ooooomTBg OO
0000000000000 000000* M

gooog
goooomooboooooobobgooon
goobooooobooboboooooo
gooooobooboboobooobobgoooon
goobooobobobooboobobooboon
goobooobobobooboobobooboon
gooboooboobobooboobobooon
00000000000MBg/cm’ 0000000
goobooobobobobooboboobooon
goboooobooboooobooboboobo
gbooboobmoooboboboooobo
goobooboobobobooboboobooon
gooboooooboboobooooboobooboon
googbooobooboboboooobooboobooon
ooooDooooboboboooooo
ooooooboobOoooooobobooon

- 300

8

200

B PR
(MBa/cm®)

w
(=3

0

1992 1984 1996 1998 2000

000000000 NeMb O oOTam




o o o

gbobgobooboboboooobobgon
gbobgooooobobobooo

good

000000o00oo0b00o0o0oooooooOOodggPNC
TNOTO M

O OT.KITABATA, K.KITAMURA:* Heavy Water Man-
agement and Radiation Protection against Tritium in
the Fugen Nuclear Power Station”, PNC TN TTI[TJ-
RN

00 K.KITAMURA :* Tritium Control Experience in
Fugen”, PNC TN [T

00 K.KITAMURA, T.KITABATA et al. :* Deveropment
and Experience of Tritium Control in the Heavy Wa-
ter Reactor” Fugen”” Proc. Int. Conf. on
TRITIUM2001 TSUKUBA JAPAN, p.[OOITO, JNC
TWLLO T

0o0oooooooooo oooboooooa
goooooOor"  oooboooboon0 Vol
No.[1 p1 0001 JNC TWIIT O (T T

doooooobooooo ooooboooooad
goo” 0booboOobDOd Nod, pMOIImO

00000000000 ODoDoO00oDooooOooo
Jooooooo0oOoO0o” ooooooooomo
gooooooo pmoOroo

0 [ K.SUZUKI, H.NAKAO et al: Experience of Occupa-
tional Dose Reduction at the Fugen Nuclear Power
Station” Proc of Int. Conf. on Radiation Effects and
Protection, pl OO0

goooboobboo0oorx boooboooobobooda
goo” 0000 NoM plmprmn

Mooo0o0o0oooooor boboogoboooooo
O0” 0000 NolJ, p[MOfIdg

Ooo0000000NoeMOb oo



ooooomoooo

E‘ﬁ.ﬁ‘iﬁf-‘é O00o0oooooooo
O0o0o0o0ooooo

coooooboboboooboooooooooobooooo

goooOooOoo0oooooooo

Establishment of Computer Aided Technology for Operation, Maintenance, and Core Management

Masaki IGUCHI Kazutoshi ISOMURA  Tsuyoshi OKAWA Naoto SAKURAI
Fugen Nuclear Power Station, Tsuruga Head Office
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In Fugen, the accumulated know-how of skilled operators, maintenance engineers, and core management engineers
have been systematized by using the latest computer technology. These computerized systems have enhanced the
technology of operating, maintenance and core management. This report describes the development of a reactor feed
water control system with fuzzy logic, a refueling support system, and an automatic refueling planning system. Since
operation of reactor feedwater control at low power requires a delicate operational technique and the knowledge and
experience of operators, the application of a fuzzy algorithm was deemed effective in Fugen. Its good performance
comparable to that of experienced operators can be realized. The fuel-handling operation takes proposed plans, fuel
management and efficient operation by skilled operators. Al technology was applied to fuel-handling support system
using past operation results and experience of skilled operators. This system is as capable of fuel-handling as skilled
operators. Planning an adequate fuel loading pattern is time-consuming even for expert core management engineers.
The Automatic Refueling Planning System (ARPS) was developed using Genetic Algorithms (GA) and a Simulated
Annealing (SA). It has been verified that long-term fuel loading patterns of the Fugen NPS evaluated by ARPS are
equivalent to that of an expert core management engineer.
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Management, Fuel Loading Pattern, Genetic Algorithm
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Activities for the Fugen Decommissioning Project in the Future

Katsumi KISHIWADA  Takuya KITABATA  Shikou KIYOTA*
Yukihiro IGUCHI*  Tsuyoshi TAJIRI*

Planning Division, Tsuruga Head Office
*Fugen Nuclear Power Station, Tsuruga Head Office

PRI 50 F AKBEIT T, THIRIRIRGT 50 F A BT ORI Y RO HEDHED JFITDWT) IKHIE,
BE RSB I LB R AT 2 17 9 7 E O HEf 2 SIS ED TV 5, KB OHMIZ, "TSTFTA) DReEDD
AN B S EOFENC T T, HELREMZH T2 EI12H B,

PEIERYE OF T E, FHATEA (R TR ARSLEKRR L E THITFA ) BT OO AR & B
W - SELICEIN S, RIETEIIOWTE, AN E LR Th D, HTFARORAET
LOB%E, HARRD MY F I LADBREFEOMIE, TP T7 ) VR AT LD R ERFEML TW5,

F7-, PHREKOBEIRSEDOEMIZ X 0 150 Nl Eic2w» Tk, HRE2KY, BBcABT 22 &
X0, FEROR IR DOBEIEEEICH 5T 2 2 EBBETH S, DD, HENNOFFER & DR
I D1 %2 1T > T 5,

Based on the report titled Activities of Fugen NPS after permanent shutdown, Fugen has been preparing for the
project, including necessary development of technologies.

The development of decommissioning for Fugen is divided into two areas. One area is development of unique technology
for dismantling special components such as the reactor core and the heavy water system. Another area is improvement
and enhancement of existing technologies. Especially, the former area requires effort and comprises development of the
reactor dismantlement, tritium decontamination of heavy water system and engineering support systems.

Moreover, the technical results of technology development and decommissioning activity should be organized and
opened to the public so that they can contribute to other decommissioning projects. For this purpose, information
exchange and co-operation with domestic and international organizations are underway.
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Fugen, Decommissioning, Heavy Water, Tritium, Reactor Dismantlement, Systems Engineering
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