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Outline of the “JOYQ" Upgrading Program (MK-III Program)

Akihiro YOSHIDA ~ Takafumi AOYAMA  Yukimoto MAEDA

Experimental Reactor Division, Irradiation Center, O-arai Engineering Center
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A “JOYO” upgrade program named the MK-III program was started in 1987 to develop future FBRs. The main
objectives of this program are increasing the capability as an irradiation test bed core and developing innovative FBR
technologies.

Based on the results of survey calculations, the core and plant modification program, which consists of increasing the
neutron flux density of the core, modification of the cooling system, modification of the plant availability factor and
upgrading irradiation technologies were decided. The licensing work was completed in 1995, and all the modification
work was completed in 2003. “JOYO” will start rated power operation along with several irradiation tests in 2004.

Also the planning investigations were done for the installation and demonstration of innovative technologies, such as
a self-actuated shut down system (SASS) using a curie point electromagnet for the Japanese demonstration FBR and a
double-walled steam generator for future FBRs.
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JOYO, Fast Breeder Reactor, MK-IIl Program, Irradiation Capability, Modification of Cooling System, Plant

Availability Factor, Irradiation Technology, Innovative Technology, Self-Actuated Shut Down System, Double-Walled
Steam Generator
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Design Works for the “JOYQ” MK-II Core from a Viewpoint of Improving the Irradiation Capability

Akihiro YOSHIDA ~ Takafumi AOYAMA  Yukimoto MAEDA
Experimental Reactor Division, Irradiation Center, O-arai Engineering Center
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Whole design works of the JOYO MK-III upgraded core was carried out. Design goals were selected based on the
objectives of MK-IIl program such as increasing a fast neutron flux and an extension of the irradiation space. As the
result of the neutronics design, maximum fast neutron flux was increased by a factor of 1.3, and the excess reactivity
and the shut down margin satisfied design goals. The specification of the coolant flow control system was determined
based on the thermo-hydraulics calculations, and it was shown that the maximum cladding temperature and the
maximum fuel temperature satisfied their design criteria. The specification of shielding subassembly that reduces a
heat generation of spent fuel at in-vessel fuel storage to the sufficient level was selected. As a result, it was confirmed
that the MK-1III core shows expected core performance along with the integrity of the whole core as a nuclear facility.
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Upgrading of Core Components

Kouichi TOBITA Tomonori SOGA Takeshi MITSUGI
Irradiation Center, O-arai Engineering Center

Mk OWSERE D L2 IR & Uz eatm (MK-TIEHE) 2xhs L, MK-IIFOD &7 2l 3 5
MRS RO - W2 TR o7, COMREEATRIZ, BaCXL v F2MEEL, WME2 SO TWS, 20
72 MK-INH LTI E N7z BaC XL v b OWHRENF— 2 % & LGl 217 o 7. P Doihikfifkic
FEOTIREEE, S D TSR O B R DR D BLSE D & U H @ DIE RS2 & ko tz, KEHE
T, ALY v ZPHFICENT 7 294 MlT v SAERCRENIA — AT+ 4 PR ER 2RI L 72, £,
BaC BB BRI LIS X 2 @2 R T 572, NaX > FRHIEHEZBITEL 72,

AT, NS OB O W TEIOBlE» S LT 5,

Regarding the “JOYO” MK-III program, aiming at improving its irradiation capability, shielding subassemblies
which were newly introduced into the MK- Il core, were designed and fabricated. This shielding subassembly has high
shielding capability with boron carbide pellets. The design was based on the irradiation behavior of the boron carbide
that was obtained from the MK- Il core.

And as a result of the enhanced neutron flux level in the MK-IIl core, lifetime extension of the control rod and the
reflector was also required to decrease the reactor operation cost and the total amount of radioactive waste. A ferritic
steel wrapper tube and a high nickel austenitic steel element were introduced into the reflector. And a sodium bonded
control rod was developed to extend the lifetime of the boron carbide - cladding mechanical interaction.

This report describes the development of JOYO core components from the perspective of those designs.

ooooo
R, WE, MKCI, GIE, A, SR G, KR, HOMRESE, 7274 Mll, MNiA—27
F A4 b, BsC

Fast Reactor, JOYO, MK-1Il , Control Rod, Reflector, Shielding Subassembly, Long Life, Core Component, Ferritic Steel,
High Nickel Austenitic Steel, Boron Carbide
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Results of Current Fabrication Technology Developments and MOX Fuel Fabrication for “JOYQ” MK-O Initial Load Fuel

Masashi KAYANO
Plutonium Fuel Fabrication Division, Plutonium Fuel Center, Tokai Works

TV b = MRS ZPIRE AL v b GG TR I MRHGE 238 U € FBRIARHIGE SN DB 27> Tw 5,
199555525 2000412 TRALERRE )y DI &2 HIZ, ERHLBARO NIRRT, dos, wifsfisdz a2,

Mk MK-TIRDEEAT AT ODSEER L v P ELGEIR o ORI REHR, #10 TOMBHELETH D, ARRHE
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ARRHEGE IFFT TN TR Y CE 2 2 &, FARMIRRELE X D bR Ly MGEIRZIE5 2 L TE
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In the Plutonium Fuel Production Facility (PFPF), MOX fuel fabrication technologies have been developed and
demonstrated through MOX fuels fabrication for Experimental Fast Reactor“JOYO” and Prototype FBR MONJU since
1988. From 1995 to 2000, replacement, modification and repair works for process equipment were conducted to improve
performance of the MOX pellet fabrication process in PFPF as scheduled shut-down maintenance.

Because the MOX fuel fabrication for“JOYO” MK-II initial load fuels was the first fuel fabrication after these major
maintenance works, the performance of the MOX pellet fabrication process in PFPF was evaluated though this fuel
fabrication experience.

This MOX fuel fabrication was completed within the scheduled period and showed higher yield of product MOX
pellets than before. Therefore, the performance of the MOX pellet fabrication process in PFPF was improved by this
maintenance work.

Furthermore, the quality assurance system for MOX fuel fabrication was strengthened by acquisition of 1S09001
certificate in 2002.

ooooo
IR, W, MK, MOX#NRHEGE, feifibaye, BOEd, 28, <v >, 1S09001

Experimental Fast Reactor, JOYO, MK-IIl , MOX Fuel Fabrication, Technology Development,
Process Equipment, Replacement, Pellet, ISO9001
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“JOYO” MK- Il Renovation Design and Work on Heat Transport Systems

Kazunori ISOZAKI  Satoshi ICHIGE ~ Jun OSHIMA*  Hirotaka KAWAHARA
Takashi ASHIDA ~ Takakazu SAITO  Kozo SUMINO  Takiho UEDA

Experimental Reactor Division, Irradiation Center, Oarai Engineering Center
*Kobe Shipyard & Machinery Works, Mitsubishi Heavy Industries,Ltd.
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The main components in the heat transport system such as intermediate heat exchangers (IHXs) and dump heat
exchangers (DHXs) were designed, manufactured and replaced in MK-III modification in order to increase the heat
removal capability of the experimental fast reactor “JOYO”. Replacement of these large components was conducted
under the following difficult work conditions. 1) Limitation of work space, 2) Fuel subassemblies and molten sodium in
the reactor vessel, 3) High radiation environment for primary cooling system, 4) Treatment of radioactive sodium
(radioactive sodium and corrosion products such as ©°Co, 5*Mn). There are few experiences of this kind of work in the
world. In the renovation work, the cooling system boundary was opened during the sodium piping cutting, treatment of
sodium and welding of piping enabling six major points such as radiation dose control and sodium impurity control to
be carefully examined and an optimum working plan to be established for operation and work management. The

effectiveness of this method for sodium system renovation work such as sodium pipe cutting and treatment of sodium
was confirmed. This result will be used for the maintenance and system modification of a sodium-cooled fast reactor.
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Sodium-Cooled Fast Reactor, JOYO, MK-III Modification Work, Sodium Pipe, Prevent of Oxygen Ingress, Pressure
Control of Cover Gas, Seal Bag, Treatment of Sodium, Welding

ooooo 0oooo 0oooo ooooo
W R B R VN7 7Y Bl 7 7 > b
B = 1) =¥ RS — 1) — 5 F T F— LTI
HEEEHH I (EfT ] FOT 7 R e
"B, OMKIRAR RS D BRF R RHIY A B 07 7 > b
I B, S 75, MK A 75> bk HHEAE, MK
o5, B AU T i VIR -
e BT, SOl R,
SRHHRIE S PRAFREB I

ooooo 0oooo 0oooo ooooo
SR R BT R W R ST R
55— F— LR i F— TR # =Ll i F— LR
BT FEE2ff (2l ML BT FEE2ff
B AT R B 1 RIHIR i 1KAHRS0 B 2 KR
DGR SR % 0 {5 I B, B, MK % 0 (55 B,
SR, MK MK KR LRI MK KR
ARSI G St PRI S GE
i SIRBAEEE

0o00000000NeMO b OoOrmm



o o

gooooon
oMKOUODOOooooOoooboooooooo
gbobobooboobobooooobobon
gboboboobooboboooooboobgoon
gbooboboboooooboboboon MK-
oooooomwitd gdomMwt oo ogoooo
oboboobooobooboboooooboogoo
oboboboooboboboooooboobgoo
goboo0ONaODOODOOoooooobobooooo
ORXMOOOODOOoO0DOOoOoOogoDbHXO O
gboboboooboboboooooboboo
oboobooooooon
gboboobooobobobooooobobgoo
gbobobooobobobooooobobgoo
gboobooooooboobobogooooo
goobooogon
gbobobooobobobooooobooboo
OONaOODOOO
oboboobooobobobooooobobgoo
gooooboONaObOOOooooooooboo
goomHXboooooobooooooobgoo
CPOOUO®CoI*MNOI I OODDDOOODOD
UooogoooooboNabDOoooo
gboboboobobobooooboboon
gbobobooboobobooooboboon
UbooboboomoboobobooobONagD
o0ONaOOOOOOOoooooooooDo
gboboboobooboboooobobgon

mooobooboboboobobOorog b omo

gooooo
gooobooMKOoOOooobooooooo
gooobooooooobobooobboo

ooooooooog™

gmogoobogoood

gobooooooooobbooobbooon
gobooooooooobbooobbooon
goboooooobooobboooobboon
gbobooboooboboboooooboom

goboooobooooobbooobboaon
gboboooobooooobbooobboanon
obobobooobobobooooobobon
NaO OO OMK-OOOOODOOOOoOoo Mmoo
O0O0MK-OOODOOD OOomMvhOo 0D O OO
ooooooooobooobmiHXoooooo

NalO DO DODOOOOoDOOODOOO0ODOO00Ooo

oMwvhooooooooobooobouoboo

goooooboboobooobNabODooogo
OiHXOODOONaOODOOnOg oo oobgo
U0000ONad D O00OoDoobOodog oD gmxXg o
O NabOOOooooooooooooo
omHXgoboooobooboooobooo
HXOMK-OOOODOOooooooooooo
gboobboobboboooboobbooon
goobooooobooonobooomXgoo
gobobooobobooobboobobooon
gobobooobbooobboobobooob
gobobooobbooobboobobooob
goMKOOOoooooooooooboooo
gdgbobouooobobooobboaobobooab
gdgbobouooobobooobboaobobooab
gooooobobooooobomiHXoboooo
goobooobooboboobooobooboooon
goobooobooboboobooobooboooon
goobooobooboboobooobooboooon
gooboooboobobooboobooboobogoon
gooboooboobobooboobooboobogoon
gooboooboobobooboobobooboon
gobobbooooooobboooobobOoooo
O000000000FROTDO0O0OD0O0O00O0
gooboooooooobobbsusgon
OMKOODOOooOoobooOoomoooooo
goobooboobobobooobooboobooon
ooooomoooMKOOoooodkwo OO
goobgooooobobgooooo
gogbobobboboboboboobbon
MKOOOoooMwtD oD oooooooooo
ooobobooooboboboooooboboMKkO
gboooooboooboobooboobon
gogooboobooboooobbovkoooono
gobobooobobooobbooobooon
gooog
gbHXODOoooOoooooboooobooboooo
gobobooobobooobboobbooon
gobobogobobHeXgubuogzogoo
gbdgobobgoobobuoboooooaoon
MK-OOOODOOOoOOooooooozooOoo
goobooobooboboobooobobooon
goobooooooooooboooooogo
OkwD OOOkwO O O O 0O 0O OO™rpmO O

0o00000000NeMO b OOrmmi



OOrypmO 00000000000
gbooooobobboobogoooboogoobo
DHXOZ ODOOODOODOOOONaODbooo
gboboboobooboboooooboobgoon
OoooomoooOokwo oOokwo oo d
oobobooboo0obooboboooooboogo
oogoo
goooMKOOOOOoODOooooooooDo
gooboooDiHXgooooooboogooooo

gmpooooooon

oooooobboooooooobooooboo
gboboboooboboboooooboobgoo
gbobooboooboboboooooboobgoo
gbooboooooooobooo

oMKOODOOoOoOooooobooobooooo
obobooboooboobobooooobobon
ooooooboboboboooooooooooo
ooooooboboboboooooooooooo
Uoob0Doboo0obo0obo@™moooboNabOono
gboboboobobobooooboboo
goooboOobbb0oO0oONaDOOoooooo
gbooboboobooboboooobobgoon
gooboboboooobooboooobboooooobo
oMKOOODDOOoOMKOOODODOooooooo
ONaOOOODDODDOOOOOOOODOOODODO
gbooMKOOoooooooooooooobgo

2RFMINY BE 2 KRN a il
L 470°C 1,085 t/h

EIHXOER 28 | 470°C 1,186 t/h

gooboobooboboboobooboobooon
gooboobooboboboobooboobooon
goooMKOOoDoooooboobooobgoo
goooMKOODODOoODooOoooooboooo
gogobooobobooobbooobooon
gogobooobobooobbooobooon
gogobooobobooobbooobooon
gogobooobobooobboobobooon
gogobooobobooobboobobooon
ooooooboobobmoboobooooobo
gobobooobobooobboobobooon
gogbobooMKOooooooooooboooo
gogbbooobobooobboobboo
ggbobooobbooobboaobbbooob
gdbobuooobobuooobboaobobooan
gooboooboobobooboooboobooon
goobooooobooboboooobobo
gooooboboooboboooobooMKOO
MK-OOOOOOoOoOood

goooooon

omoooooooo™

ONeOOOOOOOOODOOOOOOoOoOoOO
NaOODOOODODOOOODDODODODODOODOO
gooooobobDONaOOOooooooooo
goboboobooboboboobooboobooon
goooooboboboooooooooobobo

| Mmk-1 [ MK-I

o A B2 )
| (B 81) 356 Se— T
340°C | _;;Mfa'

1RFh I 55&9
sooc |1

S
BFFER
| 100w

p—

1400 I
140 ‘370°c| [ 1,085 t/h |
RFFRH S | 350°C 1,335 t/h |

1TERFI-MW VY RE 1 RENafE

DHXM3EH 48
MK-T MK-II
{E8AmEHE | 1,225m | 2,400m
AR E|7, 380mYmin|7,700mYmin

=3

I >
, m/

2

1 REFEA L TE—FRU
FERIRozE 2%

goomMK-Oooooooooooooo

0o00000000NeMO b OOrmm




o o

—————
— I. 2 RMEOEY

Il 2READES

A\
1 ERADEY W |
> | : 1 ZBAARE
= il iy b
& | il il lllite
- (: () “ “” R
el —— &
“ “]' A 18R e—0 B
IR 1 o e
Ml 2
il
sl ||}||
2RBELYE "J‘ M \"H: [RET T
1l
'ii HH] lllll“]!.
U
N g g
IRUHORE | J‘
| " J,_ Y
1840mm
EFIHX
28 7, 870mmx A{E 1,840mm, F|E 32ton " A : 6, 170mmk x 3, 915mm¥ x 2, 970mm, =R 35ton
goooHXoooooooooo
| MK-I1>5-0w? | | MK-II+ 25 =0y 2 |
Na. ] Ha. L
1 |t ) - — 1 |kt ko
2 [ttt Fa ChM ) H TR 295k — 2 |etermm chmE
3 |t am U H—| 125 | zexpas s
4 HFE A (R ) . 20 F ERTREE BTiE AT — 4 | (A
5 |FEmE EmE) = 1RE | SstvonpEE [ 5 [EEnEEDES)
6 |RFAFHO R A & k% | EmmEER o [RrEnnseraEs
7 |REEAC B RES 4 | mE | mme—mma — 7 |[REFADADHELE
8 [1ReHHERE H ] 12z | zexeEes — & [1osenmte
B |2MAHETRE == 2R ERGREEE — 8 |2aUREERRIE
10 (4FFFRY LS - — 10 [IFRTRYD LRTEE
1 iR LR =1 — 1 [FERE R L
12 |1 RESHRERA T 0T ~. WFF AITL r|7 12 P REsEREREL T YT
13 [ REER YT =T — 13 paEhRRERR T
14 [13AERA— 7oK T ed | 2mF ENAREE BFF AOSL 14
15 [aEsE LR eEES H 1%% | w=—z—sa@i [ H 15 [seese tpnenes
16 [mEBnEEs H RE | opmREE — 16 [EEREENEES
17 [EEERENE - RTHF AOT o H 17 |[EmESRELE
18 |EmaE H || 12 | we—e—san — 18 |EmEE
19 | TS e 2ERR BREREE =1 19 |mE
20 |FRMTFAVL—ia m — 20 |FRFI—2ay
21 |FRMAITL i — 21 |FRRITL
22 | —FieA — n

o oboobooboobobooMKk-ooMMK-Oooogog

000000000NeMO O 0OTma



gboooobooobboooooboboooobo
NaDOOODOODOOOOODOODOOooOOoobOOooDgoo
gboboboobooboboooooboboon
UbooooooooooobDbobobObONabDD
gboobobooboobobooboanoogo
gbooboboobooboboooooboobgon
gbooboboobooboboooooboobgon
Ubooob0OONaOODODOONaODODOOOOO
gboboboooboboboooooboobogoo
gboboboooboboboooooboobogoo
gboboboooboboboooooboboo
oogoo
goooooooboboiHxXooooooogoo
gooboooooooboobo
ooooHXoc OO
OoobooooobDmiHXoOoONaOno
obooboooooooobobonog
gboboboooboboboooobo
O0ONaDODOODOODOODOOOODOODOO
obooboooooobooboom
gbooboiHXooOooooboooooooboo
ooooooo
UoOo0DmiHXODOO HXOOooOoogo

2WmF UL
FRAFLOREE
18

1RFLT S
HARBE

1 RUIL

e
— s
@' R R kL Ra)

O0O00oOooooOoNaOOODODOOoOOoOoOooo
U mmO
D000 mHXOoooooooooooooo
Oo000ooooooooooooooooooo
O0000oooooooooooooooooo
O0000oooooooooooooooooo
O0000oooooooooooooooooo
ogodooooobooooooobooooooao
goooooboooooooboboooooooon
ooooimHxoo
doooooooooooooooOooooon
gogooooooomiHXooooooooo
Oo0000oooooooooooooo
OO0O0OiHXOoOoooooo
oooooooooo
ooodooooooooooooo
OoodoooooooooomHXooood
ooooooo
O0000ooooooooooooogIvXoo
odooooooooooooooooooo
ooo
OooDAO0o0oo0Ao0D00o0o0o0ooooooo
OORTOUOOOOOOOOOOOPTO

2 A =Dy
SREY OI
2WF YL
18

ERFLARET

BE (AQ)

128

goboomHXgobooooooo

000000000NeMO O OOTma




o o

gboobobogooooboobgRrRTOPT goooooboboboboooobobo
gbobobooboobobooooobobgon goooo
gbooboooooobobooboon gooobobbooooooooobboooobon
Oo0Loo0ooOo0ALo00ODORTOPT
gbooboboooooboobgRrRTOPT gmboobobooboooo
obobooboooboboboooooobo ooooDooooboboboooooo
ooobooboooon oooboDboODbODbODbOONaOOODOODOoooooo
O0O0DbO0OO0ONa»OOODHXDOO ooooooboobobooboooboboooo
gbooboooooobooboooooono (oMo obobooboobboobboOdNad
Ooo0ooooobooooNaODOOoboogno oooooobobobooboooboobooon
oooooooooobo ooobooooobobomoboobondmmrd
O0ONaDOOOOONaDDODODODODDODO ooomgoooboboboooooo
ooooooooomm
goDHXODHXOODOOOOO O@ONaODOOOOONaOOOODODOOOOO
gbobooboooboboboooo [ Pmanamemn
gobHXOOoOOooo OoobooooobOoboboooNaObOonoono
gbobobooooooboobboobobooon NaDOOOOOOOooooooobooooo
ObHXODOOOOO goobooobobobooboooboboobooon
goobooboobooboooboobogobobRXoOoo gooboooboobobooboooboobgoooon
oobobooooobobooboooo goobooobooboboobooobobobooon
oooAad0boooaooooRrTOPRPT goobogooodgNaOOOoboobooooooo
gboobooooooboobgRrRTOPT goobooobooboboobooboboobogoon
gbooboboobooboboooobobgoon gooboooboobobobooboobooboon

gobooooboobooon

wEE 2000 | 2001 | 2002 | 2003
R R 24 FRE1AEE FERLIAFE FRSEE
Ll 4/s[al7[s[alwlifrzl1]2[a[a]5]e[7]a]alw/nlz[1[z2]a]la[s]6]7[alalto/n]r2[1]2][a[a]s5][al7]8][a]t0]1]12
Esvan ' i =2
35 SE BRI (20006.1) , (1L b -
aeza [ Ne Ekp ij | | | NaZETA MR Th Ly il ot [NATET A e} Is
— || NaFus | Na Lt 7 — =
e e e ey
#1360 :
EMREEE | g 23y
LT
J":' MK - A 0 s G ) '
— : | |
5 Al — b ! o .4 Ji 1
o EEPI-ARORL Raks EEMrac S8 AREE | g s &
K EIENERE  FIHEE |
Ilﬂ |ZEHXPE R IBIHXRLZ - SHXIRA |
ﬁ. | | L 1 1 A A |
¥ 42 pciERRE; REGETE sz
= DX KR E’E%ﬁ- ik B axmacakrdoram) 2 SaL
jg [DRxE® i '
| | |
fr,{ MK + I} i :45!&)
& ] Bt B |
T
#® ‘ —— ' -
5o & ?1 ' SR
1} T AR IIHIX HEMERR(T | £ a@cfmz)
za?z;éiasfd-lsu‘lg%%ﬁ-rtﬁ:ﬁ; |

0o00000000NeMO b OOrmmi



gooooon

goooooboo
gbobobooboobobooooobobon
gbobobooboobobooooobo
gboomHXbooooooboooooooboo
O0000000OmSwhODOODODOOODOOOO

UoooooobDmiHXDDOoOoooDoDodALARA

O As Low As Reasonably AchievabledO 0 O 00 O
O00000ooooooooooooDoooog
O00000ooooooooooooDoooog
O00000ooooooooooooDoooooog
O0o00ooooooooooooooooog
O0o00ooooooooooooooooog
0o0odoooooooooooooooogdg
0o0odoooooooooooooooogag
0o0odoooooooooooooooogag
0oodoooooooooooopooogdg
go0odooooooooouooopooogdg
go0odooooooooouooopooogdg
goodoooooooooooopoooogag
oooooooooo

gooO0ooooooooobooooogoooog
goodoooooooooooopoooodg
goodogOoooodooomomoog
goodooopomooooooooooooog

gooboooobobobooooboobooon
gbobooooobonooboonoobod
gooboobooboboobomooboooon
gooog
gogobooobobooobbooobooon
gboobbobboboooboobbooobn
0000o0oo0obOoobOooOmsvOOOoOonO
g0o0ooDMOdooooooooooooo
gogobooobobooobboobobooon
gogbobooobobooobbooobooon
gobboobobooooboboobobooon
ooobooobobomobooboboooon
gogbobooobobooobboobobooob
gdgbobouooobobooobboaobobooan
goboboobONaOOOOOoooooooo
ooooooooooboboon
goobooobooboboobooobobgoooon
0oo0ooobooobooobobOobgONan
goobooobooboboobooobooboooon
goobooobobobooboobooboobogoon
goobooobobobooboobooboooon
god

godNaOOOoo

ONeOOOOOOOOOO0OOOoOooooooo
goooooo

6000

5,000 — R < RS

| HEEEOMN43% (2001598218 T) I

I | | |
FEMEEI< AR
5,235Man - mSv
| L | |

/ EIF

(FHfmiEE
(BRERED

—FEREGERSH

4,000

CREHERT

e

4

e
IBEHXME

3.000 Era
FHmE)
RERME J

Man * mSv

I

FEIHXEN

= EERERS Y. DEEE. nBRE
I

ERAENI<EE

=
0

2,000

B EA LD

EEE
7 RUDLRE
{REAL HRERAY

2,235Man - mSv

1,000

_—

P

[

0

10/30 1129 12/29 1428 2127

FMELSOEEEM (20005F108308~200159421H)

3/29

428 HI28 6/27 727 BI26 925

o

gobooboobooboboobg

0o00000000NeMO b OoOrmm




o o

gboobobooboobobooooobobgoon
goboooooobbooooobooooobo
gbobobooboobobooooobobon
goobooobooooooboon
UoboobooooobbomXobHXDODoOOgo
ooooooooooo
oboboobooobobooooo
O0iHXODOooooooboooooobo
oooboooooboboboooooobo
oooboooooboboboooooobo
O00000Dg/m 0000000000000
oooogo
O000doooooooggEacroMod O
ObHXOOOOOOOOoOOOoOooooooo
ooo0DmooooooboboooNaObOd
obooboooooboboboooooobo
obooboooooboboboooooobo
0000000000 oDmOmOo00000
00000000 000DMOm 0000000
O000D0DMOm00 0000000000
g oooboobobooooobobogon
0000000000000 0DO00MMOm?
OMg/mO000g00 000000000000
ooobooooobobobooibomomm
OO0D0gMOMOm*000MMg/m 00000000
gbobogooooobobon
gboobobooboobobooooboobgon
gbobobooboobobooooobobgon
00000000 M0Om? OMMg/m*O0 g0

goooomiXooobooooooboogo
00000 000m’x OM0g/m* 000 gODHX O O
0000000000 mIDx 00g/m* 000 g
0boombgdooooo
gooboooboobobooboooobooboon
ooon
ooobooobooboooboooboobOooon
oooobooOOoooooobONabOOOOoO
ooooooboobobooboooboboooon
0odgOboboooobooobobooon
oooboooboboboobooobooboooon
0000 0dmgiomdgd Do oo
ooobooobobobooboooboobooon
obooboArdoogono
oooboooboboboobooobooboooon
oooDoo0oArd0booobooobooon
ODmOm 00 Ar0 0 0000000000000
Odmppm@ O OD0OOO0OO0OOOODOOO9OO
gooooobooog
gooboooboobobooboooboboooon
o0bo0ob00obbmgb 00 0 00Mdgd O
gooo
gbooboobooboboobooboobo
gobobooboobobobooboboobooon
goobooobobbobobobONaDboon
goobooboobobobooobooboobooon
goobooboobobobooboobobooon
gooboooobooobobArgbobgooon
gooooobbooooogooobooboooDbo

=)LNw D (REFFO-TRuO2R) OFER
Y-y OFPOBEEEE: R =1,000ppmU T (2E500ppmlUTF)
FRAERNDN—-NADOREEEE: == = 300ppmllTF
EFE =1,200ppmlFE

V=LV DER D {FERIAYT S (JO—T7, NaDREABREE)
b i ! SRR O=ERICEDIED—ERE

(Y- ILERANEEZOTRELED)
BARNOYSUBEHIEE (FEERE~EELETEREFE

3 S K 2 RAUEIFREAIO— TRy 2RFRUSIFREBY—IL/ VD
1 RSB EAY — LN w D P2 S RUSHRER)

CR#AIR /NS U BHARE TR E D)

(BASERUFIEER)

goboooobooboooo

0o00000000NeMO b OOrmmi



ooooobbmbpembooooboogon
0000000000000 mONa0OD0O0
O00D0DA0DD0000000Mm 00000
Mm00000000000000000000
gboobobooboobobooooobobon
gbobobooboobobooooobobon
gbobobooboobobooooobobon
oobooooouoooooArDbbooon
obobooooboboboooooooooAr
gbobooboooboboboooooboobgoo
gbobooboooboboboooooboboo
gboobooooooobooboogoooon
gboooooooboboooooobboo™o
gooooboboooooboboood™ppmd OO
goooooooobbooooogooooboo
OONaOOODODODOODDOOOOOOOOO
oboboobooobooboboooobobon
gbobobooobobobooooobooboo
gbobobooobobobooooobooboo
gbobobooboobobooooobobon
UbOO00ONaOODOODOOOOOO0ODOODOO
o000 0oobppmd OO
gbooboboobooboboooobobgon
gboboboobobobooooboboon
gboboboobooboboooobobon
gbooboboobooboboooobobgoon
gbobobooboobobooooobobgon

gooboobooboboboobooboobooon
goobooooobbooooobboooooon
gobOONaDDOOOOODDDODOOOOOO
goobooooboboobooooboogoon
gobooooboddppmO 00000 oOO0O0O0O
goobooobooboboobooooboobooon
goobooboobooooboooo
gbooboobooboboobooooboobooon
oooboooboobooobooobobooon
ooooobobooo0ooooooooooo
ooobooobobobooobooobooboooo
ooooooboboboobooobobooon
OO0ONaOOOODODODOOOODODOODM
00HO0D00D000O000000D0ONaD OO
oooobobooooooobOoooOoNadono
gooboooboboboobooobooboooon
goONaOOODOOOOOODDOOOOO
gooboooboobobooboooboobobooon
goobooobooboboobooobooboooon
oooobobobobboooooooArDoonono
goooobbooooboooooooobooo
oo/ 0dhgm oo o0/ 0Mguo oo O
goooooon

goooboboogo
gooboobooboboboobooboobooon
goobooboobobobooooboobooon
god

(YT Ly 1:G8-1-N2 401 ppm 3: G5-1 He 0 ppm
O E AL, U T RER R0 OTFMMBEN 2 VEEAR Y OTMBREH o
| - 2: G5-1-H2 1 ppm 4: G5-1-02 0 ppm
2] 1 XFRHRAOOFKHREH 2 1ERAZAOOFMBRAEO 2
ppm Ppm { ppm ppm
1250 10Q| ] 250 250
|
EIHX(B) OB E
1000] 80 K _ | 200 200
| ; ‘
0 o | EIMGAEENSE | Sharnen | e e
t e e EIHK(B) AL BRE S I 1
500 40| o0 100
250 20| 1t] 50
0 g . o o
1 [ e oA -9 = oA L[l

gobboooboobooobuooboo™onboo

000000000NeMO O OOTma




o o

gbobobooboobobooooobo
gbobobooooobobobmobooon
NaDODOODOOOODOODOOOOOOODOOoo
gboboboobooboboooooboobgoon
gbooboboobooboboooobobon
oboboobooobooboboooooboogoo
oboboobooobooboboooooboogoo
oboboboooboboboooooboobogoo
gboboboooboboboooooboobogoo
OboobOooooobooooOOPaO0onoon
goooboooboobodoPaboooonm
gbobooooobobooooo
gboboboooboboboooooboobgoo
gboboboooboboboooooboboo
oboboobooobobobooooobobgoo
O0000000b00b0O0oOooOoomkrPab O
OO000000O0oOOoDOobOO0obOobOoodkrPa
gboboooooooboobobogooooo
gbobooboooboobobooooobooboo
goooboooboboboobooboddpPab
gboobobooboboboooobobgoon
gboobobooboboboooobobgoon
goombddrPa D000 OOO0OODODODO
gbobobooboboboooobobgon
gbobobooboboboooobobgon
googo

gooooboo
gbobobooboobobooooobobon

UboogoooboboboobodbOgNagn
gboobooooobobooog
gooboobooboboboobooboobooon
goobooboobobooboooobooboon
oooooobooboooboooboobOooon
000o0Do0ob0o0oooooboOoooomiHXgono
ooo0oooDbbOO0o0o0oooooDoDbDDbDOOd Na
oooooobooog
oooooobobobooboooboboooon
oooboooboboboobooobobOooon
oo obooooogd™mmO O
oooooobobobooboooboboooon
ooooooboboboobooobobooon
gooboomobooboooNaObonbogoooo
0oooooobooooooNaOOoonono
gooboooboboboobooobobooon
gooboooboboboobooobooboooon
gooogd
goobooobooboboobooobooboooon
gooboooboobobooboobooboobooon
goooooon
gooboobooboboboobooboobooon
oobooooobooooMdobooooonDoon
gbooboobooboboboobooboobooon
gooboobooboboboobooboobooon
gooboobooboboboobooboobgoon
goobONaOOODODmMmooooboooo
gooboobooboboobooooboooon

{REALESREF : MEYE CON—HIAEADCHL THEEST D)
1 RAHNREE | OREDEH=MIEF vy D, QRERER, NaffE#=MIETS5T
2 RABHREE : BEEVRR, Nalfhls, RERSH=MEILETSY

» > @FHA

Mk
iS5 5T T 22
=
u - 3
T [ =]
RN Al PIEM a B

- >

UMD F » v TRUS—TJ+EEARR () . BIETST+BELR (B

TR
la) OV e
*'_'-q__}ly L= '“:Q Fok
mE wead  mE | bt
i - J
I8 L]

GIMFESDRALE TS 2

goboooobooboooo

0o00000000NeMO b OOrmmi



gboobobooboobobooooobobgoon
oboooooooooboopnoooboooboon
gboboboobooboboooooboboon
gboboboobooboboooooboobon
gooboogo
googobboooooNagooooooono
goooooooboooobobooobbooon
ob0ONaOODOOOooOooooobooooo
gogoooboooobooogNaggoonono
goboooooobooobbooobbooon
oMb omoooboobgoo
gobobooobobONaOOODOOoOONaOOOOo
gobooboobooooboobgoboobon
ooBMOObDOoOoOoOoboOobOONaOODOODO
gboboooobooooobbooobboanon
gbbooodbbodbNabooooooooo
gbooboboooboobobooooboboo
oboboobooobooboboooooboobgoo
oboboobooobooboboooooboobgoo
oboboooooboobgon
gbo0O0ONaODOOOOOOoOooooooo
gboobobogooooNaDOOoDooobobonog
O000000xM™mg/em’0 00000000
UONaOOOOOooooODODODDOODODODOD
gbobobooboboboooobobgoon
goobooooooooobooooooobo
UONaDODOODOODOOOOOOODO
gooobooboboooooo
gboboboobooboboooooboboon
gbobobooboobobooooobo
gooooooobooobobooobbooon
goooosusIoooooooNaODboono
goooobogoobooobooooooooon
0000000000000 00o00oooo
gooooooobooobobooobbooon
gobooooboooooboooo
0000000000000 0OO0% CrO0Mo
OOSTPATID OO ODODODOOOOD O Na
gobooooooooobbooobboonon
000oooooooooo™moooooooo
gboboooobooooobbooobboanon
gboboooobooooobbooobboanon
oooooobooooboooommmnoo 0o O
obobooboooboboboooooboobgoo
obobooboooboboboooooboobgoo

goobooobooboboboobooboobogoon
gomoooooooboobooooboobooon
gooboobooboboboobooboobooon
goooboooon
goobooobooboboobooooboobooon
ood

gooboboonog
oooooobooooboboooogoboo
ooobooobooboooboooboobooon
NaOOOODOOOoOooooo
0000O0o0b00DbOooon TIGE Tungsten In-
etGasU D D OQOooTicOODOOODOoOoOODO
gooooobooboboobooobobooon
ooooooboboooboooboobooon
ooooobobooooooooboooooo
oooooooobobooboobArdbonon
ooboooooooooooobboooooboo
gobooooooooooboboooooooo
gooboooboboboobooobooboooon
goobooooooboooooooooooo
goooooboooooboooboogoboobo
DPad0 00000 OOO0OOOOODOOODOOO
gooboooboboooboobbobbOdpPal
goobooobooboboboobooboobooon
gobooOoprPa00DODOODOODDODO
gooboobobOobPadDPaO0DODOD
gooboobooboboobooooboobogoon
goobooobooboboboobooboobooon
UooMmgdorPab D0 O0ooooon
gooboooboobmuoboobONabOoogono
oooooooooboooOooodmmOnOO
ONaOOOODOODOOODOOOODOOOO
O0ONaDODOODOODODMDOOOODOODOO

gmoobooooooon
UONaDDODODOOONaOOODODOOOOOOODO
gobobooobobooobboobobooon
gogbobooobbooobboobobooon
ONaOOOOOONaOOOOOOoooooao
ggboooooood
ONaODOOOOONaOODOODOOODODOO
gooboooboobobooboooboboobooon
goobooobooboboobooobooboooon
goobooobooboboobooobooboooon
goobooobobobooboobooboooon

0o00000000NeMO b OoOrmm




o o

oooooooooooooboooobooono

0mo 0@ Nmm0 | 0000 Nmmd ooomoo
oooo oooo oooo oooo
0ooo0 | OO0 | 0000 | 000 | 0000 | 000
oo o [om
n] L I Sl I FEEEEEEEE] A EEEEREEEE A
oo o [om
oo o [om
0o DoooDooo | feeeeeeee| OO feeeee- oo - no
Mo aas ais mom oooooo
oo o il
n ] I Rl I EEEEEEEEE) A EEEEREEEE A
STPAT] [REN] NN m
Mo
B scill | o mm
n] 1 I Sl I EEEEEEEET) A EEEEREEES A
oo oo il
oo o il ooo
000 | 00000000 | feeeeeeees| OO feeeoeoee- I
NN 1D mmw oooooo
oo o O
n ] N Sl I EEEEEEEEE) A EEEEREEEE A
oo o o

0:

N

0oooAQOOOOOOOOOOOOOOUOOODODODODODODOO

ooooooog

,1—'_'2 gooooooo
1
[

0 -

o |

gboboboobooboboooobobgoo
gbobobooboboboooobobgoon
gboboboobobobooooboboon
gboboboobobobooooboboon
gboobobooboobobooooboboon
gbobobooboobobooooobobon
gbobobooboobobooooobobon
gog
ooobooboooooobo

oboboobooobooboboooooboogoo
oboobooboooboboboooooboobogoo
gboboboooboboboooooboobogoo

goboooobobooobomooooobboon

Oo0oo0oboobOo0oboobOoboOdpPan
gobobooooooan
gooogoooboooon
gobooooooooobbooobboonon
gobooodobooooobbooobboaon
uobooodobooooobbooobboanon
oboooooooo
goobooboboboooboNabDOoooooono
oboboobooobooboboooooboboo
oooboooooooooONabDDOOoOoooo

0oo0oooooo.d o0
) poooooooooooooooooo

gooboobbooooooobooobNagO
gooboooboobobooboobooboobooon
goboboobooboboboobooboobooon
goobooooooobobon
goobobobgooooooon
gooboobooboboboobooboobooon
gooboooooboboobooooboobooon
goobooboobobooboooobooboon
ooooooboobOooobooobobooon
oooooobooboooboooboobOooon
oooboooboobOobooboooboboooo
oooboooboobobooboooboboooon
ooooooboboboobooobobOooon
ooobooobobobooboooboboogoo
gooogono
gooooo
ooobooobobobooboooboboooon
goooooboboboboooboobobo
gooooobobobobooooobobo
gooooobobobobooooobobo
gooooobobobobooooobobo
gooooobobobobooooobobo
gooooobobobobooooboobo

0o00000000NeMO b OOrmm




gboobooooooobobooon

gboooboooboogoobobooboobo
gbobgooooboboboboooobo
gbobgoooboobobobooooobo
gbobgooobobobobooooobo
gobobooobobooobbooobbooon
goood
goboooooooboooooboNagonono
goooooboobooooobboNabDo
goboooobobogoboooobbooon
gobbooobobogobbooobbooon
oMmooboogoooobobooooooboon
gobobooobobooobbooobbooon
goboogoooboo

omoooo
oMKOODOODOOoooooboooooooo
goboobboO0o0oONaODOOoobooooo
gooONaOODODOOOOOOOooooooo
goobooooooboboogNaODbboOogo
gbobobooobooboboooobobgoo
gbobobooooobooboboboood™
oo oooboboboobomuboon
gooooobooooooobooooooobo
oo omoogoooo
UboobOobooo0o0oONaODOOO0OONaDOO
gbobobooboobobooooobobgoon
gooooo
gooobooboboboooboobobooooobo
gbobgoooboboboboooobo
oobooooooboobobooooooobo
ooooooooboobobooooooobo
obobooooobobobooooboobo
ooooooooboboboooooobo
oooooooobooboboooon
ooobooooooobbbooooobbooo
ooobooooooooooobobobooo
ooboogooooboboboooooobo
obobooooobobobooooboobo
ooooooboooo
oooboobobooboooboboboobooobo
ooooobooooooooobooboboooo
oboboooooboboboooooobo

gobooooooooobobooooboog
gboooDmodNaObOOoOooooooooDoo
UONaOOOODOONaODDOODOODODO
gogoooo
goooooobooobboooboooooboo
goboboooobobooobbooobobooon
goboboooobobooobbooobobooon
gobobooogoboooobbooobobooon
goboooooboooobbooobobooon
goooogooo
gooooooooobbooobobooobboo
goboboooobobooobbooobobooon
goobooONaOOOONaOOODODODOOoo
ggboooobooogbboooboobooan
ggboooobooogbboooboobooan
goooooboboooooo
goobooobomooooooboboooon
gooboooboboboobooobooboobogoon
gobobooobooboogooooo

ogooo
0000000 000000MO000MO000000
000000700000 NoIDOmMOImo
0000000 000000000000000000
0000000000D0000SUsToOO0000
00’00000 NoMOOIDO O
00000000000000 0000000000
0000000000"0000 eye, vol[DO NoOd
pDOMOOIno
00000000000000D0000000000
000000000000000070000 eyed
vol 110 NoJO pMOMOOID0
000000000000000000MKOOOODO
00MOMO00000000000’000000
MINO0000000000000KDOODD
00000000000000000O0MK-OOO0O00O
00MOMO000000000000000000
000000000000 0KDO0OI0
000000000000000000MK-OO0O000
00MO0MO000000000’000000
MNO0000000000000KDOOImD0
000000000000000000MK-OOO000
O0MOM HXO0OO0D0D0O000"000000
MINO0000000000000KDOOImDO
0000000000000000000000000
000000000000000PNC TNOIDMED
Ommo

0o00000000NeMO b OoOrmm




Ooooomoodaad

B¥E, OO0 000SUSIOOOOO MK-O
00000 oooooo

ooooo

J 1Y O

goboooooooooooboooo

Remodeling of Coolant System: Development of SUS316 FBR Grade and Its Application to “JOYO” MK-O Intermediate
Heat Exchanger

Kazumi AOTO
Advanced Technology Division, Oarai Engineering Center
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A development project for FBR grade type316 stainless steel (316FR) with superior high temperature strength than
that of usual JIS SUS316 was started in 1982. This newly developed material realized better performance on high
temperature strength due to extremely lower carbon and appropriate nitrogen contents compared to those of the usual
steel. Quer the past 20 years, the specification of 316FR, the development of its material strength standard, creep-
fatigue evaluation method, assessment approach for environmental effects and others to design the FBR plants were
completely finished and this steel was adopted as the main structural material for the primary intermediate heat
exchanger (IHX) of “JOYO” MK-III. There is no similar instance both in Japan and foreign countries of newly
developed steel being applied to the primary components in the actual plant within such a short period of its
development. This great result was realized through close and careful cooperation between R&D, which developed the
steel, and the plant operation management. The application of 316FR to IHX improved the resistivity of MK-1Il for
thermal transients and realized the simplification of some parts of this component such as removing the thermal liner
applied to the entrance nozzle of the primary circuit.
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Development of New Steel, FBR Grade Type 316 Stainless Steel, Elevated Temperature Structural Design Code,
Material Strength Standard, “JOYO” MK-II , Intermediate Heat Exchanger, Resistivity for Thermal Transient,
Simplification of Components, Creep-Fatigue Evaluation Method, Evaluation Method for Welded Joint, Assessment
Approach for Environmental Effects
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Upgrade of Reactor Operation Technology
Hideaki ITOH Toshiaki SUZUKI Toshikatsu O-KAWA
Experimental Reactor Division, Irradiation Center, O-arai Engineering Center
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To improve operational reliability and availability, the operation technology for a fast reactor was developed in the
“JOYO”. This report describes the upgrading of the simulator, plant operation management tools and fuel handling
system for the MK-1Il core operation.

The simulator was modified to the MK-IIl version to verify operation manuals, and to train operators in MK-III
operation.

The plant operation management tool was replaced based on the operation experience to increase the reliability and
efficiency of plant management works relating to plant operation and maintenance.

To shorten the refueling period, the fuel handling system was upgraded to full automatic remote control.

ooooo
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Sodium-Cooled Fast Reactor, JOYO, MK-I, Simulator, Education and Training, Plant Operation Management
Tool, Fuel Handling System, Deposition, Automation, Nuclear Fuel
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Results of JOYO MK-III Function Tests

Hideaki ITOH Hiroaki NORITSUGI Manabu YAMAZAKI

Experimental Reactor Division, Irradiation Center, O-arai Engineering Center
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The fast neutron fluence is 1.3 times larger in the “JOYO” MK-III core than in the MK-II core. To achieve this, the
fuel region was expanded, two of six control rods were shifted, and reflector subassemblies were replaced by shielding
subassemblies in the outer two rows. To accommodate the resulting 40% power increase, the sodium coolant flow rate in
the primary system was increased, and the two intermediate heat exchangers and four dump heat exchangers were
replaced.

MEK-1Il function tests were successfully conducted from August 2001 to March 2003 and the performance of the
primary and secondary cooling system; flow rate of the dump heat exchangers, preheating of the intermediate heat
exchangers, sodium purity, operability of cooling loops, core flow distribution, etc. was confirmed to be satisfied with the
design criteria.
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Sodium-Cooled Fast Reactor, JOYO, MK-IlI Program, Function Test, dump heat exchanger, intermediate heat
exchanger, core flow distribution, sodium purification
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“JOYO” MK-O Core Performance Tests and Results

Shigetaka MAEDA  Kenji YOKOYAMA*
Takashi SEKINE  Takafumi AOYAMA

Go CHIBA*
Yukimoto MAEDA

Experimental Fast Reactor Division, Irradiation Center, O-arai Engineering Center
* System Engineering Technology Division, O-arai Engineering Center
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The fast neutron fluence is 1.3 times larger in the “JOYO” MK-IIl core than in the MK-IIl core. To achieve this, the
fuel region was expanded and subdivided into two enrichment zones, two of six control rods were shifted from 3rd row
to 5th row, and reflector subassemblies were replaced by shielding subassemblies in the outer two rows. To
accommodate the resulting 40 % power increase, the sodium coolant flow rate in the primary system was increased from
1,100 ¢/ h to 1,350 t/h, and the two intermediate heat exchangers and four dump heat exchangers were replaced.

MEK-1Il performance tests began in July 2003 to characterize the upgraded core and heat transfer system.

As a result of the reactor physics tests at low power, which were completed by early September, it was confirmed that

calculation results agreed with the measurements within uncertainties. Thus, the validity of the nuclear design
calculation was confirmed.

goooo
MHBs), MK-NLGHE, PERERAER, HRills, SRISOGIE, SIPEahaE, TR, SRR

JOYO, MK-1Ill Program, Performance Test, Reactor Physics Test, Excess Reactivity, Control Rod Worth, Shadow Effect,
Isothermal Coefficient
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Development of Irradiation Technology for MK-III

Masatoshi SOROI Ryouichi KITAMURA  Takeshi MITSUGI
Takashi SEKINE*  Takafumi AOYAMA*

Irradiation Center, O-arai Engineering Center.
* Experimental Reactor Division, Irradiation Center, O-arai Engineering Center.
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In addition to 6 types of off-line rigs ( UNIS-A, -B, -C and CMIR, SMIR, AMIR ) and 4 types of on-line rigs
(Instrumented Test Assembly : INTA, Material Test Rig with Temperature Contral : MARICO, Upper Core Structure
Irradiation Plug Rig : UPR, EX-Vessel Irradiation Rig : EXIR) used in the “JOYO” MK-II core, a capsule type
irradiation rig, the upgrading of MARICO and D-type irradiation fuel assembly were newly developed in order to
conduct irradiation tests of various fuels and materials.

In addition, the development of an evaluation code, dosimeter and temperature monitor has been advanced in order
to grasp irradiation conditions such as irradiation temperature and fluence accurately.

Here, the present state of the irradiation technology development is described.
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JOYO, Irradiation Technology, MK-II Core, Irradiation Rig, Dosimetry, Temperature Monitor, Irradiation Test,
Neutron Dose, Core Management
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Development of Post-Irradiation Examination Technique for MK-III

Tsuyoshi NAGAMINE Hiroshi YOSHIMOCHI Yasuhiro ABE

Fuels and Materials Division, Irradiation Center, O-arai Engineering Center
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In the MK-1IIl core of the fast experimental reactor “JOYO”, which raised the irradiation performance sharply, new
irradiation tests are planned for MA-MOX fuel, long life fuel with oxide dispersion strengthened ferrite steel cladding,
metal fuel and so forth.

In the Irradiation Center of O-arai Engineering Center, many post-irradiation examinations (PIE) have been
conducted since 1971 for various types of MOX fuel, fuel cladding material, etc. irradiated mainly by JOYO. And
recently, for the irradiation tests in the MK-IIl core, the technical development of PIE and the arrangement of facility
equipment have been advanced.

This report describes the latest technical development of PIE including the re-assembling of irradiation rigs and the
fabrication test of MA-MOX fuel, in addition to the outline of three hot laboratories belonging to the Irradiation Center
and the achievements of PIE.

googoo
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JOYO, MK-1Il Core, MA-MOX Fuel, Irradiation Test, Fuel Cladding Material, Post-Irradiation Examination , Hot
Laboratory, Irradiation Rig, Re-Assembling, Fabrication Test

ooooo ooooo ooooo
IR A A LR Rkl =2 e WS b ekl = e
BRI i I
et T il AT Bt 5 il EATB 1
R RE O i MA SRS Je O Wik gept AR O
SRR DI HLSRHF MOX R R FEff -+ 3 S A
SRR FE i - D WAl D FE v & 7 A A
Rlair i - SR AE g

0o00000000NeMO b oOrmm

wDBHFE - B
P



o o

gooooon
gbobobooboobobooooobobgon
gbobobooboobobooooobobon
gboboboobooboboooooboobgoon
gbooboboobooboboooobobon
gbooobooboobobooboobooboooo
gbooobobooboobooboboobooobg
goboooooobooobobooobbooon
gooooooobooobobooobbooon
gooooooobooobobooobbooon
gobooooooooobbooobbooon
gboboboooboboboomobooobogoo
goboooobooboooobbooobboonon
goboobogbooboooobbooobbd
MoooMKOOOoooboooooooooo
OMA¥OOOOOOOOOoOOoooooobsood
0000 00000o00mo0ooooooog
obooboobooobobobooooobooboo
goooon
gboboboooboobobooooobooboo
gboboboobobobooooboobgoo

gooooobobobooooooooooobo
gmooomMkKObooooooooboooo
gooboooboobobobooobooboobooon
goooooo
gooboooboobobooboooobooboon
ooooooboobOoooboooboobOooon
ooooDooboobooobooono

oooooooooooog™
O0D00D0DO0oooOOoo0oOooooooooo
goodooompooooobobooooobog
0000000000000 Fuels Monitoring
Facility dFMFO OO ODOO0OUODOOODOOODOOO
Oo00ooooooooooooooooooo
0000000 D Alpha-Gamma Facilityd AGFO
O000oo0ooooooooMAOOOODOOO
0000000000000 0DDODOd Materials
Monitoring FacilityO MMFO O O OO0 O0O00O0O
ooodooooooOdoUooooorRMFOOOO
0o0d0ooooooooooooogoo
odoOooooooooooooogoo

mEREE F4ALw] FERBRIF 1815

JMTR

Prototype Fast Reactor "Monju" Expenmental Fast Reactor *Joyo" O\re:?;nsﬂl\{’gmm
Fomnean | Toreea | EEUY e > WENERR
Core Fuel Assembly lanﬁfruﬁfs? Cay frediation | | Contral Rod Fuel Pins o mﬁﬂkﬁm .
...‘Qiﬁﬂ%ﬁﬁiﬁiﬁﬁﬁﬁﬁﬁ
Fuels Monitoring Facility “FMF”

'
e ammL

.

Alpha-Gamma Facility “AGF”

[ B 5 R AL BR I AR j

UOODFRMFO D OODO

!

SEHEF FEEEL RERHRE
Assembly Parts , Absorber Pin and Structuml Matenals

[ RS 4 SRR B j(i
Materials Monitoring Facility "MMF™

googooood

gooooooooo@m@mMADOOOOOOOOOOOOOOOODOOLOULDODOLDOUDODODOODOODUMNp@MmODODOD

MAmMOO0Oo0omemm oo

goooooooomobsmoooooboooooo@my.oMboooboooooooooooboboobobboboboboo
gomoooooooooooo@moooooooooooooooOoooooo

0o00000000NeMO b OOrmm



0mooooooooooodEMRD

OFMFO M OOCOODOOCORMRFOODOO
oooooooooooooorRMFOOOO
goomooooooooOoooooooooag
gooooooooocoooooooooooag
O00000oooooooooooooooog
O00000oooooooooooooooog
O0o0000oooooooooooooooog
oooooo
MDooooo0oooooooooogboogoo
O00000ooooooooooooDoooooog
O0o00ooooooooooooooooog
O0o00ooooooooooooooooog
00000000000 OOOFRMFODODOO
goodoooooooogooooo
0o0odoooooooooooooooogag
0oodoooooooooooopooogdg
go0odooooooooouooopooogdg
O0o0d00oooooo0ooooopoooUad
yooooooooooooooooooogo
goodooooooooouooopooogag
goodooooooooouooopooogag
oooog
OFMFOOOOOOODODDOODOCOODODOO
goodoooooooooooopoooooag
000000000 000ooooXgoooo
gooooomooooooooooomog
goooooocoooooby oooobooooo
gooooooooooooooooooooag
O00000oooooooooooooooog
O00000oooooooooooooooog
O00BOOOOODOODOOOODOOOOOOOO
O0o0000ooooooooooooDooooog
O00000ooooooooooooDoooog
Oo0o0ooooooo
OFMFOODOOODOODOODODOODOOODOODO
O0o000oooooooooooooDooooog
OO0O00O0oDoOoooooooXgecrtTooooo
0o0odoooooooooooooooogdg
O0oddoooooy ogooooooogog
0o0odoooooooooooooooogd
goodoooooooooooopooogdg
O [ Material Testing Rig With Temperature Con-
trolD MARICOOODOODOODOOOOOOOOO
goodoooooooogoooo

gmoobooboooobobAGRD

OAGFOOODOOO0OO0ODOOCOOOO0JIMTRO
ooooooooocooOooooooooooog
oooooooobcbady OOoOoOooOoOOO
00000oo0ooo0oooooooDomoo
000o00ooooDmooooooooDoooono
O000o0oooooooooooooooooo
00000000000 DFRO Rapsodied Phenix
00000o0ooooooooooooooooo
goomoMoXxoomoooooooooooo
goopoopooooMoXOooopooooDoooo
O0O0000oDO0ooOoOooooDoooooog
OOFMFOOOODOOOOOOODOOOOOO

COOrRMFOOOOOODOOOOO

gooad

goooo Jonn

o o0 0 o o

ooooooo
ooO0ooooob |ooooooo
ooopoopoooo

gO0O0ONaOD |O00ODOO0OODOODODOO
gobooooo |oboooboooon
00000 |obooobo
ooooooo |oooodd

o o0 o
0oooo 0O o o ooooooooo
oooooo

o o o

O o0 0 goooooood

0 0O 0O |0Db0o0ooooo

oooooO|ooooooao

o o0 0O

ooooon oooooooooooo

0O 0O O0O|0b0o0b0yOoOooooo
oooooobo |ooooo

oooooo |(cooooooooo

OO0O|00 |00 |00 |00 |0 |o|oo|Oo|<Oo|ggo|oo|\og|jgoo

00000
DO0O0D O U
ooooQ
000000 (00000000
O O
ooooo oooo OHeOODODOO
0
poooo (8000000 hhgggoog
O O
0000
0 o ploooooo
0O 0O 0O|0000000000
oooo O 0O 0O|0000000SXMAD
000000000 0o0o0oloooo
O 0O 0|0000000000SEMO
0O 0O 0O|00000000000
O 0O 0O|0000000IMAD
O 0 o
0ooooo émmmé]g 0000000o0o0o0oon
oooog

0o00000000NeMO b oOrmm




o o

guborMFODOODOOOODOOO

OOOAGFOOOODOODOO

0ooo
oopopg |8 0 OO O 00 o0 o
0ooooooooo
0000000 |MoooooogiTvo
0oooooooo
0oooooooon
00000 |moooo
ooooooooon
0000000 |mopopop
0000000 |0000000000
0 0O 0O 0|0000000000
SEJDE 0O 0 0 0O|Moooooog
0pooopn/00D0000|0000000000
ODO0000D0|MO0D00O00oooon
0 0O 0O 0|0000000000
yO00OOODO |My 00000000000
0O 0O 0O 0|0000000000
0 0O 0 0|@Moo0ooooooog
0 0O 0O 0|0000000000
000000 |Mo0o00oooog
0O 0O 0O 0|0000000000
000D0D0|DMoooooooo
MARICO"[
R 0 o | IMARICOD O OO0
0 0
Jopop |E0O00000 000000
0000000 |00000
cTOOO
Shpgp X0 €TO O |OXocToooo

MARICO"[] Material Testing Rig with Temperature Control
gooooouoouoooooo

gboobobooboobobooooobobgoon
gobobooboobobooooobooon

oXobooooboooboobmrPOOODODO

gboboboobooboboooooboobon
gobooooooooooboobod

ODAGFOOOOO0oODODoODoDOoOoogoooooo
ooobooorSO0DbOODOOOOODODOO
gobooooboobooooMAODDOOOAmO
goboooooobooobbooobbooon
goooooooooobbooobbooon
gbogobooboboooboboooboon
MAOOOOODDODDDODOOOoOooooooooo
gbooooMADOODOOOOODOooOOoooon
OAGFODOUODODOODODOOoooboobobgon

goooooooobonoMMED

OMMFOOMMFOMMFOOOOOOMMOOO
oooooboboooooooogoooboo
gbobobooobooboboooooboobgoo

oooo 0oo0ooao o o o o o

0000000000
0 TigO 00

xooooo
HeOOOOOOO

NoODOO" |0 D00D0OO

g0oo0000 |00o0o0oooooo

NoOHOD O™
goo0oo0Oo0O0O |oboooboooooooboo
gooooo
w|O0O00000
NoOH40O O oooooo ooo0ooooooo
ooooooo
ooooo
w|O0O000ooa0o
NoOH4O O ooooo oooo
ooooooo

NoLlOOO®™ |0 00000 |00000

gooooooog

NoODO O
90 o0 o goooooon

NoOD O " goooooog
NoOD O "* gooooo

oo goooooon
No[DIO O oooooao oooooo
NoDOO" |D 00000 |00DOO

w|FPODOODO
No[DJO O OO0 0o o FPOOOOOOOO
No[MOO"™ |XOOOODO | XOOOOO
NoMOO"™ |0 O 0O 0O |000000

gooooooo

oo
No[DIO O oooooao oooooooo

0O 0 0 0O|0000oooooo

90 o gopo0oQUD |ODbOboOoboooooo
oooooooo

ooooooo goooooooooo

oomooo |pooooo

M A 0O O|oOy>Ooooooo

U 0 0OlggoooadD |DoOooooQ
0000000 (00000000

0 0 0O |piOoOOO00 (O0OO00OO0O0

O/MID0 D0 |000000OTG-DTAO
0o 0 0O|00000|ooboooboooo
o o0oo0oao gooooooo

ooooooooopOyD0OO
goboboooobtobOy OO0

gooobbooooouoobobobboooo

oooboooboobobobooobomooobo
gooooooodMTROODDOODOOODOO
ooooooooooobo

oooooooooooboobooMMED
MMFOOODODOOMOOOooOOooooogoooon
gooboooboboba Oy OOOobDOoOOoO

0o00000000NeMO b OOrmm



oobooooopRrIDOOOoOoOOoOoOOgp O
y OooomoooobooboboboMMRID
NoOD OO NoOHODOODOODOODODODO
gooogooogoo
OMMFOOOODOOO0OO0OOO0OO0OO000000
0o00ob0oo0o0ob0obOob0be 0Oy DODOO
oobobooboooboobobooooobooooo
obobooboooboboboooooboobogoo
obobobooobobobooooobobogoo
goobooooooo
Moooboboboooooooooboobgoo
gbobooboooboboboooooboobgoo
OO0y OD0OOOOOOOObObOObODObnO
obooboooooooobobonog
gbobooboooboboboooooboboo
gbobooboooboboboooooboboo
gboboobooobobobooooobooboo
OboobooooooboooooobOoTEMO
ooooobboo0obO00n0oFrETEMOOODO
gogo
MoooMKOOoOooooooooooobgoo
gboobobooboobobooooobobon
gbooboooebDMOObDOoOOoOoOoOooDOODOn
gbobobooboboboooobobgoon
gbooboogooooo

gbooobogoooooo
gboboboobooboboooobobon
gbobobooboobobooooobooobgo
goobooDDbOoAGFOUIIDD OO MMEDOIT
goMMFEDOOIOO O OO0 O 0 FMFOOLOO
OFMFODDODOMOOOOOOoOO0O0oOoOoOoooo
oo oo ooogbbobooodoo o
gogobbooobbooobobogbbodOrrn
oboboboooboboboooooboomoo
gboboboooooboboboooooboom
gobooooooooobbooobbooon
goboooobooooobbooobon
gobooodobooooobbooobbooon
ggbooboooboooaooo
OMmoooooooovMK-oooooooogoo
oobobooooobooboboboooo
MoooMK-OoOooooooooooogoo
oboobooooooobobgon
UMmoooMKOOooooooooooooo

goomvMmMrOOOOoOOOOO

oooo 000D OoDO0O0D0O0aD
0 0O 0 0O|00000LO0oogoo
0 0O 0 0O|00D0oooooonDg
SDDSDDS ooooooo
0O o O
OoO00°|000000|0000000
00000000 |0000000000000
O 0O 0O O|oooog
0000000 |0oD0ooon
ED%NE 0 0O 0 0O|00oD0oLboooooo
0000 |0000000 |0000000000EDMO
OoDO0° | 000000000 |0D000000MMO000
w|00D00D00D0loDooDo
oooo 0 0O 0O O|00D0000oo
O 0O 0O O|0ooooo
000000 |000o0ooo
oooo® |0 0O 0O 0O|ooooo
0O 0O 0 0O|000000O0O000O0oO
0 0O 0O 0O|0000O0DooDo
ED%ME 000000 |0000000000mon
OoOoD® 0000000 |ooooo
. |lDooooao
NoDODO® |5 "5 5 p|00ooO0o
NoOOOD®|O O O 0O |00O00O0O00O0O0O0O0O0O0
NoDOOD® |0D0O0O0ODO
NoDOOO" |00000000 |000DO0000O0D00O0
0O 0O 0O O|POODOODO
0ooooooooo
L0 o oo
NoOO O ooooo
0000000 |0oDooon
0O 0O 0O O|0oDo
NoOOO® |DO0O0DOOD |0000000D0O0000OO0
0ooDO0OO0O0O0ooooO
0 0O 0|0000000 Qe 1eMO
0 g|l000O000|000ooooo
U 0 0O|TEMOCDOO |0DDOO0OOOOOOD
00 oo 00000000 |0000000000000000
0o0O0O000 |000o0ooo
0 0O 0O|0000000|000000000TEMCO
ooooooo
00018 00 Ulggpooooooiceo
oooooDo
0000|5 g g o
o o0 0O oooooooo

0000000000y O0)
00000000 OBOy 000

obooobooooooobboooooobooo
goooooboog
goobooobooboboobooobooboooon
0000000 MOXODODODO Rapsodie OO
goobooobooboboobooboboobogoon

0o00000000NeMO b oOrmm



o o

WE- 1 = MK-1I
mm;m SR | O ME-T (FRAH AR L) l == | MK
Ee -| #1982, 11/22 (&) || 2003.7/2
R e e 100MWSE Tz K— MBS
PFBEOT0 (B7)—FFBOB0 (B8)
Ru Phont CATES) —Phuadt (R B PRAOSO_(AMIRS)—PRADTO (ANIRT)
[PFBUGO (B3) —PFBOG60 (86) PFBOBU (B8)—PFB090_(89)
PRCO10 (CMIR1) —PRCO20 fCﬂIRE} PRCNU (CMIR4) —PRCOS0 (CMIRS)

20 250

= i (2msapnons ) e OO0

16 - o & A | 200

14 . o2 CaY-—~170A-FH | ™~

] P - BB %

1 H M o1 150
¥ 1 o i LR
4o 10 i B5U) #
¥ 8 s o RIEAH 100 1B

H @ mﬁ

6 = ] i

4 % ml 50

gkl Lifaf

0 .I'f " . H . | nn 0

1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002
FEE

gooboboboooo™oomoobooboo

gboboboooooobooboboobboooon
gbobobooboboboooobobgoo
gboboboobooboboooobobgoo
gooboooboooooMoXbDboooooo
goooooogo
gbobobmoboobboboooobobgoon
goooooooboboboooooogoooobon
gbobobooboobobooooobobgon
gbobobooboobobooooobobon
gbooboobooboboboosusnoogn
gboobobooboobobooooboobgon
oboobooooooooboooobooood™
obobooboooboobobooooobooogoo
obobooboooboboboooooboobogoo
gbobobooobobobooooobobogoo
gbobobooobobobooooobobogoo
ooooon
gooboooDmoomovkKOoooooogoo
gboboobooobobobooooobobgoo
gboboobooobobobooooobobgon
gbobooboooboboboooooboboo
gooboooobooooMoXoooooooo
obobobooobobobooooobobon
oboboobooobooboboooooboobgoo
oboboobooobooboboooooboobgoo
gbobobooobooboboooooboobgoo

Ooodooooooooooooooooooo
oooooooo00ooo0muoooooooog
Ooooooooooooooooooooog
Ooodoooooooooooooooooog
ooog
Oo0odoooooooooooooooooog
[0 CEDARO Code for Thermal and Deformation
Analysis of Reactor Fuel PinCO O OO OO OOO
Oo00ooooooooooooooooooo
oo 000 uoooooooooooood
O000oooooooooooooooooog
Oo00ooooooooooooooooooo
ogodoooooooooooobooooooo
ogbooooooooomobooooooog
ogobdooooooooooooboooon
ogooooooobooooooobooooooo
gooooooooMK-oOoooDooooooao
gooooooobooooooobooooooao
gogooooobooooooobooooooo
goooooooooo

ooooooooboobo

ooobooobobobooboooboobooon
gooboooboboboobooobobobooon
goobooobobobooboooboobgoooon
ooooboooboobo0omoooMK-0O0

0o00000000NeMO b OOrmmi



doddoooooooooooooooooo
dodddooooooooooooooooo
doddooooooooooooooo
oooooooooXxXocecToo

oo booddy ooboooo
000000 XO CTO Computed Tomography[D
ogoooobdooooooooooooooaa
gooobooooooo XooooooooX
goooboooooXooooboobooood
O000000o0ooooooooo™Moooo
goooooodoooooooXxoooooX
godooboobooooooouoooooda
gdbooooouoooboXxpooooootm
dnoodooooooooooooooooon
doddddooooooooooooooomo
gogd
OXocToooooooooooooooooo
000000000000 DDDDOOBundle-
Duct InteractiondBDIZ" D 0000000000
dodddooocToooooooooooomm
dodddoooooooooooooooooo
dodddodooooctToooooooobomcT
dodddoooooooooooooooooo
Ooooooo™™
doddodooooooooooooooooo
doddodooooooooooooooooo
dodddoooooooooooooooooo
dodddodoooooooooooooooon
00o0ooooooDooz0mmmmOondnon
00o0o0Doo0oooooooooooooosx
OmmO 0000000 OOOOOOOOO0O
ogooooboooooooooooooooaa
ogoooobdoooooooooooooooaa
ogoooobdooooooooooooooaa
goooobooooooooooog
Odo0odoooooooooomooocroon
goooobooouoooooouoooooad
goooobooouoooooouoooooad
godooboooooooooooooooad
Odo0o0oooooooooodmmmOOdoOdn
godoobooouoooooouoooooad
O00000dMmmmmOO000000O00O0O0OOO
dooooooooooo
dodddoooooooooooooooooon
dodddoooooooooooooooooo

1900

1800 ———

1700 +
T4 vz LA

1600 |

BAERGE (mm)

10mm

1500

DAwHYE

1400

Ormm

]sm L L L L L L I
0 02040608 1 121416 18 2 22 24 26 28 3 32 34 36

SuERELEMHE L EQER (mm)

gooctoooooobbooooboboooooo
goooon

goobooobooboboobooboboobooon
gooboooboobobooboobooboogoon
gooboooboobobooboobooboobogon
gbobooooobobobooooobon
gboobooboobobobooboboobooon
gooboobooboboobooooboobooon
goobooboobobobooooboobogoon
gbobgoooobooboboboooboobo

goooboobooDo

gooboobooboboobooboobooboon
goobooobobooobbooobooon
gboobboobbooboooboobbooon
gdbodobbotoooobbooimoob b
doooooooobobbboomPab OO
gogbobooobobooobboobobooon
gogbobooobobooobboobobooon
gobobooobobooobboobbooon
gogbobooobobooobboobbooob
gogoo

ggbobuooobobuooobboaobobooan
O0D0ODOOAGFOOODODOODODOO/ND O
goobooobooboboobooobooboooon
goobooobobobooboooboboooon
gooboooboobobooboooboobOoooon
UoobooobooboboDoemMmmUndmm

0o00000000NeMO b oOrmm




o o

gboobobooboobobooooobobgoon
gbobobooboobobooooobobgon
gbobobooboobobooooobobon
gboboboobooboboooooboobgoon
gbooboboobooboboooobobon
gooooooobooobbooobbooon
gooooooobooobbooobbooon
goboooooobooobobooobbooon
goobooooooooMoXxoooobooo
000" 000000000000 ooooog
goo0bbooooooobobooOoonon MoX
goboooobooooobbooobbooon
gobooooboogd
goooMAOOMOXODOODOODOODOODOOO
gobooooboboooobbooobboaon
goboooobooooobbooobboanon
oboboboooboobobooooboboo
oboobooboooboboboooooboboo
gboobooooooboobobogoooon

ooorFPOODOOOOO

gboboboobobobooooboobgoo
gbobobooobooboboooobobgoo
gbobobooboobobooooobobon
gbooboboobooon

gooooobooooooogorPOOO0ODO
gboobobooboobobooooobobon
gbobobooboobobooooobobgoon
gooooooooouooooborPODODO
gboobobooboobobooooobooobgoon
OooooooooOoooooooOodo fsec

goooomooooooobobbbbobobbooon
goobooboobobooboobooboobogoon
gobobgooooobrPO0DOODODODOOO
goobooboobobooboobdy goooo
gooboooboobobooboooobooboon
ooooooboobOoooboooboobOooon
ooooDooboobooooooo

oo oooooboooMoXoooooo
ooooooooobooobobhmmbooobooy
oooobobooooooorPODDOOOOO
oooboooboboboobooobobdy 0o
000o0oo0ooobooD FPOOD CsHIIOCSHT
ooooooboboogobooobooboogoon
ooobooobobobooboooboboooon
goobooobobrFrPOODOOOODOODOD
0o0o0ooobobOoboobooobOKrOXed O
gooboooboobobooboooboboooon
gooboooboboboobooobooboobooon
ooboobobOXeDOODODOOKrODOOOO
gooboooboobobooboobooboobooon
goobooobooboboobooboboobogoon
gooboboooboobooobooobOKrO
gbobooboobobobooboobo
gooboboobooboobOobdrETEM
goobooooboboboobooboobooon
gooboobooboboobooooboobooon
gboboboooooobo
gooboooooboboobooooboobooon
goboooooMmMRFODDOOOODOOOO
oooooobooboooboooboobOooon

(K)
E

A

Bt &
el
[l
(=]
(=]
-
-
—0—
——————— %
—O0—
00—
—O0—
*—
[ ]
HH

T T T
HH# : Journal of Nuclear Materials vol.204(1993)p. 85-92

HEH | PuO2 (wth) TRk
Krankota A 20
and Craig X 25

O 18

0 20
AG S A 25
| vl

L 0 Y,

VERIZ AT A N

HTeNE AR
o LT ANE

60

80 100 120 140

OB E (GWd/t)
gboooooMoXoooooooboooo

0o00000000NeMO b OOrmm



IR AL

B REERT LS

il
tibded A
IR

= !._" HAY LTSt L
M Yy o
M EEE; (IR RIRVE]
|7 pO00k D O
% S0 samesnea H=Ej}fl“ﬂﬁ”m§'ﬁ
& =
1~(888
-..
- @_#!\Ei
r_;:,‘ 500 T T T 2700
w )
8 PRFLRE
# 400r
= Cs
+

B

He, Kr, Xe/R E (ppm) B UCs—137

EBAIEA S DFEBFFRE

goorFPODOOO0ODOODOODDOODO

O Transmission Electron Microscopell TEMO O 0
O0o0000oooooooooooooooog
ooooooooOoDmMmOoOMONnmOO0O0ooooOD
O00000oooooo0oooooDooooog
O00000ooooooooooooDoooooog
O0o00oooooooOnmi0ODOOOOO0
O0o00o0oooooooooooooooog
0o0odoooooooooooooooogdg
000000 DO0oooOodooOoooOOobs
gooooooOmOOOO0OO0ODOQOODOOOOO
goodoooooooogouooopooogdg
go0odooooooooouooopooogdg
ooooooooo

0000000000000 OooTEMOODO
00000000 00oo0o0ooooodnmOOg
O000000o0oDoDooooooooooo
000000000 DO0O0DDDO Field Emission
Transmission Electron Microscopell FE-TEMO O
MMFOOOOOOOOOFETEMOODOOOO
0000000000000 0Xgooooooo
OEDSOOO0O0OO0OODOOODOFETEMOUODOO
Oo0doooooooooooooooogoo
OO0o0o0d0oodoooOnmOO0O0O0OO0oOoOO
00000000 ooooooooodg
OO0ooO0oodOnmOOO0OO0O0OO0ODOOO
ooooooooo

0o00000000NeMO b oOrmm




o o

goooobsoooobbobobobboboboboDn
gbobobooboobobooooobobgon
UooboobD0oDOnmODODnmO 0000
UboMmmoboooboooboooobobooobon
EpsOU0oooooooooooooooog
My oommmooooooooooo
ooyoOTioooooOoomooooooooo
gooboobooooobobooooboooooobo
Oo0oooooooogyY.ko.000n0oon
O0O000OFETEMODOODODODOODOODOO
gboboboooboboboooooboobgoo
gboboobooobobobooooobobgoo
gboboobooobobobooooobobgoo
obooogooo

oooboobobooooobobon

OMMFOOOOOOOOOOOODOOOoOoOono
gboboobooobobobooooobobon
gobooboobooooobbooooooooobo
oboboobooobooboboooooboboo
gbooboboooboobobooooobobgon
gbobooboobobobooooboobgoo
gbobobooobooboboooobobgoo
gbobobooboobobooooboobon
gboboboobobobooooboboon
gboboboobobobooooboboon
gbooboboooboooooobon

(K2

I
{
I
v _
iiliu.m i T vy
00 20 40 60 B0 0.0 120 14.0 160 180 20.0
IRILF— (keV)

oooooooooT-Yy-QUOOO0OO0MmMmOoO0O00 O altFFT

OpMO000000OO0O0OEDSOOO0OmMcODOOOOO
gooooocuboobooooooboooobooooo

gooobstooooOouoboOoOOFrE-TEMOODO
oooooooooo

gooboobooboboboobooboobooon
gooboobooboboboobooboobogoon
goobooooboboboobooboobooon
goooooo
goooooobobOORMEFODOOmmO 000
gooboooboobobooboooobooboon
gooboooboobobooboooobooboon
gooboooboobobooboooobobooon
ooooDooboboboobooobooboooon
oooooobooboboobooobobooon
oooboooboboooboooboboooon
oooobbobooogooboooogooooo
oooboooooboobooooooogobooon
oooooobobobogoboooboboooon
gooooobobobooboooboobgoooon
goobooobobobooboooboobobooon
gooboooboobobooboooboboooon
gooboooboboboobooobobgoobooon
gbooboooboobobooboooboobOoooon
gobobooobobgooooooo
goobooobooboboobooboboobooon
gboobooobooboboobooboboobogoon
goobooobooboboobooboboobooon
gobobooboobobobooboboobogoon
gbooooooooo

gbooboooooobo

goobooboobobobooooboobooon
goobooboobobooboooobooboon
gooboooboobobooboooobooboon
gooboooboobobooboooobooboon
gboooboobooobobooobobooBOO

HWEMI&EIC L5685 MT
e, |
VRIS
EEE————
CLdd oy EEE IR
L —— . ——
IZFarNERE
| e
ERHEE
P RAL ] R

oobooooooboooobooobooooooogd
oooo

000000000NeMO O OOTma



O00D0OO00OO0O00ODOD0OOCore Materials Ir-
radiation Rigd CMIRO O OO0 OOOOOCOOOO
gooooooooooooooooooooag
oooooooooooooooooooooag
000000 ooooooo™
[ooDoOMK-OOOOoooooooooooo
doddoooooooooooooooooo
dddddoooooooooooooooon
0oooooOoooooooobooogooc
gdddoooooooooooooooooo
00@Mobooooobooooboomooo
gdddoooooooooooooooooo
gdddoooooooooooooooooo
gdddoooooooooooooooooo
ggoddouoooooooooon

god MARICOO O DO OO
000000000000 O Material Testing Rig
with Temperature ControClMARICOO O 0O OO
go0odoooooooogouoooopooogd
gooobsOOoOoOoOoOoooooooooogg
goodoooooooogouooopoooogag
goodoooooooogouooopoooogag
goodoooooooooooopooogag
OoOo00ooooooooodemddooMm
gooooooooooooooopoooooag
O0OO0OoooO0oooDoDOoOooooooooooox

N o

E T 7 ge
Yetg1) 1‘\ A
l;“\_‘« hqllg; \f
grmaen |0

MARICO ||
#1lm '6|

IYRURIR M = |
A \

i

gobobmoooooobooooobboooooon
OMARICOODODODOOODOOOODODOOD
goobooboobobobooooboobooon
goobooooboboobooooboogoon
goooobooboOerMREOODOOOOOOOO
Oo0OoOMARICOODOODOOODOODOOOO
ooooDoobo0obOoooboooboobooon
oooboooboobobooboooboboooon
OO0OMARICOOOODODOOODOODODOODO
oooooobooboboobooobooboooon
oooooobooboom
oooooobooboooboooboobooon
oooboooboboboobooobobooon
ooobooobobobooboooboboooon
ooobooobobobooboooboobgoooon
gooboooboobobooboooboobooon
goobooobobobooboooboboooon
oooooooobooobo
goobooobooboboobooobooboooon
gooboooboboboobooobooboobooon
goobooobooboboobooboboobooon
gbooboooboobobooboobooboobogoon
gbooboooboobobooboobooboobooon
gboobooboboobbooMARICODODOODO
gooboobooboboobooooboobooon
gooboooobobobooobooboobooon

RABEOEBE

IR MTERAE
DAY {Fi+

OO0OMARICOOODOODOO

0o00000000NeMO b oOrmm




o o

gboobobooboobobooooobobgoon
gbobgobogooooboobobogooooo

goooboobobooooboboboooboon

gboboboobooboboooooboobgoon
gbooboboobooboboooobobon
gooooooobooobbooobbooon
gboooooobooboobooboobogon
goboooooobooobobooobbooon
gooooooobooobobooobbooon
gooooooobooobobooobbooon
gobooooooooobbooobbooon
gobooooooooobbooobboonon
gooboooooooboooooboboo™o
ugoMKOODOOOooODoDooooooaoDoDoXe
bbb KrOoOogoobobooooooaooo
uobooodobooooobbooobboanon
gboobooboooboobobooooorMSOO O
gboboboooboboboooobo
oboboobooobobobooooobobgoo
gbobobOooboobobooooobobon
gboboboobooboboooobobgoo
gogo
gbooboboobooboboooobobon
gboboboobobobooooboboon

e
WS L3N

R B_r,_, (3 b 2R P R T
]

FAH R K Y

m —

HAKE FEIE o LT T

52 H AEAL bR

(R
FLX ! 2mm

gobooboobbooboobobooboon
EEN

ooobooobobHeDOOoooooooOoO
gooboobooboboboobooboobooon
gboboooooboogon
gooboooooboboobooooboobooon
ooooooboobOooobooobobooon
oooooooRrRMSOODOOOOOODOOOO
godbobddccbOOoononooooboooon
oooboooboobobooboooboboooon
oooDbobOoooob0bDHeOODODDOOOODO
ooooooboboboobooobobOooon
ooobooobobobooboooboboogoo
ooobooobobobooboooboboooon
ooobooobobooobooobooboooon
ooobooobobobooboooboboooon
goobooobobobooboooboboooon
gooboooboobobooboooboobooon
goobooobooboboooooboboooon
OOFMFOOOOOOODODDDOOODODODOO
goobooobooboboobooobooboooon
gooobobobooogoobobooogoooooo
gbooooooboboboooooon
goobobobgoooooboo
gcobouoobooboa@abbooboobgoobogon
goomooooboboboobooboobooon
gooboobooboboboobooboobooon
goobooboobobooboobooboobooon
gooboobooboboboobooboobooon
gooboooooboboobooooboobooon
ooooooooodoewdt00ooooog
00db0o0o0o0oooooboogoggsustd
oooooobooboooboooboobooon
oooooobooboooboooboboooo
oooooobooboooboooboboogoon
oooobooooboooobcoboogon
ooobooobobobooboooboboooo
gooogo
ooooooboboboobooobobooon
ooobooobobobooboooboobooon
gooboooboboboobooobooboobooon
oooboooboobobooboooboobooon
ooobooooobooboog
oooorRMFODOODOOOODB Oy ODODO
ob0dbo0b0OO0ODbOO0OODOOOODOOOO
gbooboOMARICOODODOOOOODOOOO
goboobooobooboooboobocecoogon

0o00000000NeMO b OOrmmi



gbooboobooobooboboorMEODODODO
gbooogooogo
gboboboobooboboooooboboon
gboboboobooboboooooboobon
gboobobooboobobooooboobgon
gobooboooboboonooooboooboMm™
xOmmOboooooooooobooooooo
goooooooooobobooobboonon
gooooooobooobbooobbooon
gooooooobooobbooobbooon
goboooobooooobbooobbooon
goboooobooboooobbooobbooon
gnooooobchoobooooobabgn
gobooooboboooobbooobboaon
gboboooobooooobbooobboanon
gboobobooobmoboovMkKooooogoo
gboobobooooobooboboooon

goMAOOODOOOODOOOOOO
OAGFOODOO0ODODOOODOOoOoooboobgon
gooooooooboobobobobo0o0o0oggTRrRU

00°"00000000000MAOOOOOO
goobobAmOODODO00Oo0oobDOon Am
gooobooMoXgooooooooooboooo
0000
goooooboooboMAOOODDOOO0ODOO
ooobooobooboooboooboobooon
OMAOODOOODODODOODODODOOOOODO
OOMAOODODODDODOOMAODODDODOOOOOO
oooboooboobooobooobooboogoon
oogd

gmooboboogooooo

oooooobobobooboooboobgoooon
oooooobobooobooobobgooon
ooobooobobobooboooboboooon
O"x°xO"mO000000By O0OOOOOO
oooboooboobobooboooboobooon
gooboooboobobooboooboboobooon
goobooobooboboobooobooboooon
gooboooboobobooboooboobgoooon
gboboooboobobooobobooooobo

cooobooooooooooo

oooooooooooon

G0 LOC e C 2 LINEOLOG FCE VTHS 0

gobooooood

ooooooooo

goboobboooboooobooo

ooooTrRUOODOFPOOOOOOOOOO0OO0O0O0O0O0O00O0O0O0O0O0O0O0O0O0O0O0O0O0OPuOUOOO AmONpOCmOFPOODO

ooogo

0o00000000NeMO b oOrmm




o o

gboobobooobOmbOooooobgoon
gbobobooboobobooooobobgon
gbobobooboobobooooobobon
gooooobooobogoobooooooobn
gbooboboobooboboooobobon

goboooobobooobooobbTRUDOO

gooooooobooobbooobbooon
goboooooobooobobooobbooon
gooooooobooobobooobbooon
gooooooobooobobooobbooon
gobooooooooobbooobbooon
gobooooboogo
gooogoboboobbooobboo
gooboooooboboAmOODOO MOXO
uobooodobooooobbooobboanon
uobooodobooooobbooobboanon
gbobooboooboboboooooboobon
oboboobooobooboboooooboboo
oboboobooobooboboooooboboo
0000 bob0ooMoM@gd 0 00bODbmo
mooobobobgoooboooboboooboooo
oog
goobooboboboooboboboooo
gboboboobobobooooboboon
gboboboobobobooooboboon
goTicooooDoooDoooommmbOOdO
gboboboobooboboooobobgoon
gboboboobooboboooobobgoon
gooooobogoimvobooboooobooo
goooooooooobobooobbooon
gboobooooXpooooooooooo
goboobooooooooboboooon

gmoogobogobooooooo
gooboobooobobobooooobOoogo o
gboboboooboboboooooboobmo
gobooooooooobbooobbooon
goooobobooooogoouoeoooo o
O0o0b0O0o0OomooooMoXodAmd O
MOXOOOOoOOoOOooOooomoboogoo
gbodgobobooobobgooboboan
obooboboooboobobooooobobon
gboobooboooboboboooooboboo
OAmOOOODOMOXOOODOOOOOOO
gooboobooooboAmOdOMOXDODOODO

gooboooooboboboobooboobooon
god

gobAmbOOgMOXODOODOooOOooOoO

gooboboboDDoODoo0oooooPuGLOOO
AbuDoobooboboooooooboobogon
gogobooobobooobbogoobobooon
goopoouoOonDoooooDAmODOOOnO
OO0 PuODOMOOOMOXOOODOODOOODO
gooboobDpPuCLOODOOOOOOODOOO
UbooooobPuDDODODOD AmELDO
OOwtDooonoooooAmOOoMOXO O OO
gobogoobooouocODboooobooboogon
gobobooobobooobboobobooon
gogbobooobbooobboobobobooon
gogbbuoobooogobobogooboo

OAmOOMOXODOOODOODOOOODOOOO
000000 0o0dDdxOhrd OO OO0 ArdO
HOODOOODODODODOOooOoooooboguoeouono
gooboooboobobooobooobooboooon
goobooobooboboobooobooboooon
gboboooboobobobooboomoobo

BRITRIE TEMHESE

B E
(

Fanig
7

"E
v

RS
v

HINFLRS ) e i 1
v v

1R B Rl
v

v
R FlwgEE
v v

iﬁ:_fl A BERE

AMALES
v

2315
¥

FlmgERE
=
A PG

gobobogoboobogoooo

0o00000000NeMO b OOrmmi



gbobooboobgouehonoboonoogn
goooooogo

goooooo
ODAmOOMOXODOOOOOOOOOOOOOO
obooooooboooooboooooDOseEM
oobooooguodobpPuo.DOOOOODO
obooboooboooMoXoonoooooo
vo.Jouonooooooooooooooooo
gboboOopPuCODO00OODOODOODOOODOODOOO
ooobooooooon
gobooobobooooobooooboobon
gobooobboobooooooobooooobo
gobooobooobooooooooooobo
goboooboooboooobooooboooOo
gboboboooboboboooooboboo
OooooooooooooooooboobOodMmin
O0g/ccO0mmT.DOOOODODOOOOOODO
000000000 O0oOOmindMKrO O0MOOg/ce
Mmoo T.D00b0o0oobboooboooboo
gobooobooobobooobobooooo
gboboboobooboboooooboobgoo
gboboboobobobooooboobgoo
gboboboobooboboooobobgoon
Oo0OoOooOoAddH.00000 00O xOhr
gbobobooboboboooobobon
gbooboboobobobomo T.ooobgn
gboboboobooboboooobobgoon oooooooogseMOo

PuC.OOOOOOOOOOO

coooooooocoobooooo

ooodo ogoodo Doooono |Dbobooooo
Qoo oooon Op mO O m*g0 0 ppm0O 0 ppm0O
ADUDO O
uo.0 o ooooooo Omo gmo grm M
Puo.0 O gooooood O O gomod [N

ADUOO0000000000000000000000000000000000000000
000ooooooooooooooooooooooonoonooooooooooooooo

coobooooobooooboooboooo

oooog (M min I min T min [T min
Ooooooo 0malg MmJ/g [MmJ/g MmJ/g
0o0ooon Omdg/ce OmOglee Oglce OMg/ce
OMIm%T.DO OMIM%T.DO OMmM%T.DO OMmMo%T.DU
0oooo Oglcc Oglcc [Jg/cc [Mg/cc
O[%T.DO OM%T.DO OM%T.DO 0[%T.DO

000000000NeMO O OOTma



o o

gboobobDooboobobOoAmDOO MOXO O
gbobobooboobobooooobobgon
gbobobooboobobooooobobon
gbobobooboobobooooobo

Omo0O000000MADOOOODOOO
000000000000000NpMOOO0
OD00AMMOOOO0OO0OCMOOOOOO0OO
0000000000000000000000
000000000000

ooooooO
O00000000MOXOOOOmmOOOO
00000000000 00mOOOOO0O0O00
OODOx 00000000000000000
000000000000 0000000000
0000000000000 0000000000
0000000000000000000000
OD00000000O0NpODAmOCmMO O OO0
000000000000 0000000000
000000000e0 0000000000
000000000000 0000000000
oooooo0ooo

ooooo000000O0
OO0ONpOO
0*AmO00000%NpO NpOOODOOOODO
0000000000000000000000
00000000000 O0%Np00O00O00O
00000000ONpODODOOOOOODOO
O00O0FNp00O0D0000D00O00OOOO0O00
O000O0%Np000O00FNp0DOOOOOO0
oooooooooone
00AmO O
0000000000000000000000
0000000000000AMOOO0O0OO0

O00000000AmOOO000O0*AmO00
gooboobooboboboobooboobooon
gooboobboooAmObDoOonoDbOObDOOn
gooooobboboooooooooobobon
00000000 ooo**AmO00000*"Am0
ooboobooomooMoXoooooooo
O0*Pud000*AmO 000 0O*"AmD ny O
O00o00o0o0oooooooooooooon
gocmOOd
OAmOCmOOU0O0OO0O0OD0OD0ODO0ODO0ODOOOOOO
ooooooboboboobooobobooon
goooobooboobooemboooogon
00000 oobooooooomaewd/st
ooo0ooOo*ocmOOOoOoOoOooOoOOoOOoOO0OO0O0
ooooooooomodoewd/tb oo ooo
CmUODOOOoOoOOoOobDbOoobobooooboobo
gooobobooobooboboooooembogn
goobooobobobooboooboobobooon

0004 | ®CmE@ &
W MCm * *
A MCm !
0003 |- : % §
X M50m ; 'E
0002 |- i3
g L]
% 0.001 3 B B u
A |
i 0.000 » .4 i 4
i pe-05
g —
& MiCm
* " »e |
E 10E-06 | 4 2o * 2o
§ .
1.0E-07 y
' ] &
1.0E-08 a
1.0E-09
0 20 40 60 80 100 120 140
$BIRE (GWdh)

omocmOO0O0O0O0O000O0O0O0O00O0O0O0OO0
ooo

Az Polished

1700°C x 2k
95%Ar-5%H: SFEE

goobobAmOOMOXODODODODOOODODOO

000000000NeMO O OOTma



gooogog

gooooo
gbooboboobobobooommoogoon
gboobobooboobobooooboobgon
goboooobbooo™moooooboboon
goooooooboooobobooobbooon
gobooooobooobbio0mobOdMK-
ggooooboooooMADDDOOOOODO
gobooooobooobboooooboon
goboboooobobbooooobDbidMK-
gboooooboboboobobobon
MA-MOXO OOODOODOOoOoooobshogn
goboooobooooobbooobboonon
gboboooobooooobbooobboanon
gboboooobooooobbooobboanon
obobobooobobobooooobobon
oboboobooobooboboooooboobgoo
oboboobooobooboboooooboobgoo
obooogooo
gbobobooobooboboooobobgoo
gbobobooobooboboooobobgoo
gbobobooboobobooooboobon
gbobobooboboboooobobon
gogo

gooo

000000000 0O0O0ODD DOOoOobOUOooooo
—JO00mMFMFOAGFOMMFODOODOOOOOO
—'0000000000DooOooOOoOoOoooOd
000000000000 OINC TNODOImiaDd
pO0o000Mm0OImo

000000000000 O0OO00000O00O CEDAR
goo0"oo00000ONoeMOpMOOI MO

O000000000000OO DooooOO XoceTo
oooooooOoooooooooorooood
ooooo0O0OvelDONodO pIDOIODOOTIOO

ooooooOoooOoOoODD DODooooooooo
goooooOor000ogoNoDIdpMmoOro

0 O KO Katsuyama, T.Nagamine et al! Application of X-
Ray Computer Tomography for Observing the De-
flection and Displacement of Fuel Pins in an Assem-
bly Irradiated in FBR”, Journal of Nuclear Science
and Technology, Vol1J, No.O, pp. 10O D00

0 O K.Yamamoto, T.Hirosawa et al.[ Melting Tempera-
ture and Thermal Conductivity of Irradiated Mixed
Oxide Fuel”, Journal of Nuclear Materials, Vol [T17,
pOmoOIo

ooooooOoOooOOOO0O0OD DOO00OO0O0O00oo
g0ooooooooooooooooor"oooog
00 NoMd p[MOoO1d .00

o00000000O0ooomooooooooooo
“ 00000000000 o0oOoooooooo
000000000 donOINCG TNOTOOIT-
o0 pooOoogOorm 0o

O00000O oooMOXOOOONpOAMO O OO
000'm™@oooooo00NoDhoOmI—.od

0o00000000NeMO b oOrmm




ooooomood

Bl RS, MK-OODOOOOOooo

oooooooooooo®*oooooo®™oooooo™

._] O Y O 0000000000000D00000000

tO0O0rBRODODODOOOOOO
ngpgoo000o00o0o00000oo0o00oDooooDOooon
nopooo0oooooo

Utilization Program of MK-III and Its Prospects

Takeshi MITSUGI Hitoshi NEGISHI*  Yukimoto MAEDA*!  Eiichi OKUDA*2

Irradiation Center, O-arai Engineering Center,
*FBR Cycle System Development Office, Head Office,
*1Experimental Reactor Division, Irradiation Center, O-arai Engineering Center
*2Planning Division, Tsuruga Head Office
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JOYO is now in the final stage of the MK-IIl modification program. It will start MK-1Il core operation in the spring
2004. Various programs have been made to utilize the MK-IIl core, which will be reflected in the “Feasibility Study on
Commercialized Fast Reactor Cycle Systems, “MONJU” and so forth. The programs include irradiation tests for high
burnup fuel up to 150 GWd/t, minor actinide containing fuel, advanced fuels such as metal fuel, Vipac fuel, and a self-
actuated reactor shut-down system.

In other aspect, JOYO has become valuable as a fast neutron irradiation facility world wide, it should be utilized not
only in the development of Japanese fast reactor cycle systems, but also in international study on basic science and
technology.

ooooo
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JOYO, MK-1Il , Fast Breeder Reactor, Feasibility Study on Commercialized Fast Reactor Cycle Systems, Irradiation
Facility, Irradiation Test, Safety Examination, Utilization Program, Prospect

ooooo ooooo ooooo ooooo
B RPALER izl - FE 7L — Beffidk i 7'V — 7T
[ 7Tk ik BIIN=T) =4
TR A 2, [LIERERT EAE "B ORI 77 b " AL R
AR OB VA ES A NOP A, MK RE R, Al W ORE - I
EROGIEABI S AFHE D5 + RIS 2 %8 fied
PRl s iR H%, WHEBHFER iz RIRRIUR T T4
A PR IR AT DY % L DITfE [RHREERA% AR IR
# E PRI T (T4 L4

o PR (4

0o00000000NeMO b oOrmm



o o

gooooon
MoomoboobobobooobooMKOOO
gbobobooOnomoooooooobgn
goormoooooobobooooooobgn
gooboobooomooooooooooo
oo™ ooorSoooooboboon
gooooooobmoboomoooobooon
goooooooooobobooobbooon
goooooooooobobooobbooon
goooooooooobobooobbooon
gboooboubgobobooboboooon
gboooboboooboboobobooooon
gbopooboooobooobooooobooo
gboobobooobooooMkbooooooono
gboobooboubooboooMmkbooooon
gooboooooobmoooboboooooboo

obooogooo
MOooobo0obob00omomooobooboo
gboboboobooboboooooboboo
UmMoboooooboooobooboboooon
gmobobooboobobooooboobgoon
gooooobooooooooobobbbo
gbooboooobobobooboob KOO
MK-ODODOOoOoOOooooooooooooobgoo
gboobooboobobooboMK-OOO
goooooobobobooooogoooobon
gboboobooooovkoooobooobogoooo
gbooboboobooboboooooobgon
gboobooooMKODooooooooooo
oooboobooobo0oboboooooboogoo
oboobobooobooboboooooboobogoo
oboooooooboo
gbomooooooooboboboooogoo
gboboobooobobobooooobooboo
gboboboooboboboooooboboo
gboboboooboboboooooboobgoo
obooooooon
gooooo0ooonogoEBRIOFFTFD OO
SuperPHENIXO OO OO OO OO PHENIX
obobobooobobobooooobobon
gooooobbooombobbooooooo
oboboobooobooboboooooboobgoo
oooobobgooooooboboooboooo
gbobobooboboboooobooboo

gooboobooboboobooboobooboon
goobooboobobobooobooboobooon
goobomoboobooobooooboooon
goobooobooboboobooooboobooon
gogobooobobooobbooobooon
gogobooobobooobbooobooon
gogbobooobobooobooo™ooogo
gogobooobobooobboobobooon
gboobboobboboboboobbooon
gogbobooobobooobbooobooon
gogbobooobobooobboobobooon
gogbobooobobooobboobobooon
gogoo

oMmoooMK-OoOooooo
gmorSOoboobobobooooon
orFrSOb0oooobobooooooobgooon
goobooooooobooomoboboooon
obooboooboobobooboooboobomgo
goobooobobobooboobooboobooon
gooboooboorBROODDOOOOOODOODO
gboobooooobobobooon
grSgboobooboboobooboobooboon
goobooboobmoboboboogooon
goobooooboboboobooboobooon
gooo
gooborSOgbobogoboooboobooboon
gbooboooboobmooo
goorFBROOODODOOOODOODODOODO
OFSOO0OFBROODDOOOODOOODOODODOO
oooooooobobobooooooon
gooooobobobooboooboobobo
OoooOooewd/tb oo
gooooobooooooboooobobog
gobobooooboooobobooooo
gooboboooogobobooooboooog
goTRUDOODOODOODOO
ooobooobobobooboooboboooon
gobobooooboobbogoebstogonoon
gooooooboboooobbooooobog
O0O0OMMPNCFMSOOODODOOOODOOOO
gooooobooobobooobobogTrRUD
gooboooboobobooboooboboobooon
goomoooooooobobbboooooon
gooboooboobmobooo0oorBROD

0o00000000NeMO b OOrmmi



L 3 2005 2010 2015 =
IR l ODS SRIBH HHESH 2T
[ ODS $EIE H 7 LS BRI R 2 MR
[ oDs mEHERAMR | R BB
[ ROFLRA BRSETOBD | §
TRUSHERRRIL TR Al{n-MOX,Am-Np-MOX’SﬁfJ7‘h)bﬂ§1 SEFTRORRSY
ol [ ERRTRUZEBHECMERS | | spempetns
l BEBR B 0pooo0o00oo0o
SRBHORERE AT LB | fae iR
BHERFLRREROMSE [ Sy B RS RRN FMSO00000000
[ FM LG - B RS L BES
REHEGBSMEHRE (LLFP) : .
Friedod [ sooums S
l BB P LS HBNE OB
REIFE LR OB S Bk HIEHERS B AR
ERES RS AR 2

coorFBROOOOOOOOOODOOOOOCOOODOO

gbooboboobooobooboboboooon
gboboobooobooobogo
gobpstopoboobpoooooobooboboon
gobobbooooobobobbon BOREDO
gboboboobobobooooboboon
gooborSO0O0bobobooomoogn
Mcwa/tb o0 ooooooooooooogoon
gmoobogooboobsugoogoboon
gooooboooommoooooooobo
gbobobgogbooooboobobonb
dOcwd/t0 000000000 oooooDon
oOdoewd/t0 00 0000000000000
ooOmooooboobooooooboogoo
gbobobooobobobooooobobogoo
obooboooooooobobonog
gboboooboboboobooobobogoobs
00000000000 oooboodPNe-
FMSOOOOOOODOOOOODODOOODODODODOO
gbobooboooboboboooooboobon
oboobobooboooboobobooooon
goTRUOODOOOODOOOODOO
gbooboobooogoooooobooMoxXxuogno
gboobooboooboboboooooTrRUbDOO
gbooboooooobobobooomuooon
gbobobooboobobooooobobgoo

gooboooboobobooboobooboooon
goobooooooon
gTRuObDOOOO0OO0O0ODODODODOODOO
OAmOMOXODOUODOODOODOOOOOOOO
gooboAmbDOMOXODOOOODODOOO
goobbbooooboooooobobbOodAm

goooMoXoboogooobooboooboo

UM oOoo000AnOmD BGNpOImOd BMOX
gooboooobobomooobgooon
gboobooboobobooborsobobgoogon
gogobooobobooobobooobooon
goobooobobooobboobobodgrPO
gogobooobobooobbooobooon
gTrRubobODOoooooboobooobDooOornoo
gogbobooboobooobboobbooodrs
goooooewd/t0 0oogoooooooo
gooo

gogbooooboog
gogbbooobbooobboaobbooob
ggbobuooobobuooobboaobobooan
goobooobobobooboooboobooon
gooboooboobobooboobooobo
gooboomoboboooobooooobon
db0CuZrDODO0O00DODOV-Pu-ZEIO OO
goobooobooboboobooobobobooon

0o00000000NeMO b oOrmm




o o

gbobobooboboboomobobbgn
gbobobooboobobooooobobgoon
gnoooboobobobooooobobgoo
gooooon

gooooboobgooboooooo
oboboobooobooboboooooboogoo
oboboobooobooboboooooboogoo
goooooobooobboobogon
goobooooooo
oooboobooooooLLlrPOODO
gTRubOOgoogooooboobooooon
gooodLLFrPOO0OO0OO0ODOOOODDODOO
gboboboooboboboooooboobgoo
gbobooboooboboboooooboboo
gboboobooobobobooooboboo
oooooboboboooooooboooogo
LLFPOODOODOOOOODOODOODOODODOOn
gbooooooooo
gooooboooboOoLLFPOIDO TcODODOODO
gbobobOooboboboooooboboo
gbobooooboboooooboobgoo
gboboboooboobobooooboboo
ooooooobobobofbooooogoooobon
rooogobobgobooooobobooboooo
gbobobooboboboooobobon
gbooboboooooboobobogn
gooooboboobooooo
gbobobooboobobooooobooboon
Ub0moooobooobobobOdOlSASST
obooooooon
oooboobooobo0oboboooooboogoo
OO00odbAacr-MoO0 OO 0OD0OO00OD0OO0ODOOODO
goboooooooobooobobooooOono
x[OIMHoooooooooooooboooo
goobooooobooooooboboooobo
Moooobooboboooooboobbobgoo
gooboooooboboggsAssOnooooon
goOormooooboboboooooboobon
goboboobooobobomooooboobgoo
goooobooosaAssOooooooooo
oboobobooobobobooooobobgoo
gbooboboooooboobooboobooood™
gboboobooobooboboooooogoo
gooboooooMnmooooooooooo
gboboboOnoobobooooobobgoo

gbooboobooboboboobooboobogoon
gooo

ghmoooobobogoboooboobo
[mogobbobooboooobobobobooon
goobooooooMoXODoooonooooo
go00ooo0DoD0oooooombo kwo oo
gobobooobooooorBROODDOOODODOO
goooooooooobboborBROODOOOO
gobobooobobooobboobobooon
gogbobooobobooobboobbooon
gogbobooobobooobboobbooon
ggbobooobbooobboaobbbooob
ggbobuooobobooobboaobobooan
ggbobuooobobooobboaobobooan
gooboooboobobogoTRUODbOObDOOOO
gooboooooboobobooooboobo
goobooobooboboobooobooboooon
gbooboooboboboomobooboobogoon
gboobogrBROODOOODOOODOODODOOOO
gboobogooooooobobobooooobo
gbooobgbooobooboobooboooboobo
god
gomooboooboobobobooobooobobo
gboooooboboooon
gooboobooboboboobooboobogoon
OoO0oooooooOooooooogmewarst
ooodmewa/t0000goooooooog
oewd/t0 D0Ocwd/t0 00000000 o
gogobooobobooobbooobooon
gogobooobobooobboobobooon
gogbobooobobooobboobobooon
gobobooobobooobbombooooo
gogbobooobobooobboobobooon
o@mooobooooboboooboooogoon
oooooobooboooboooboobooon
gogbobooobobooobboobbooob
gooboogd
guoTrRubOODogobooOooooooabooo
goooooboboooooo
MoboobOooboobooboboboooboOoTrRU
goobooobooboboobooobooboooon
goobooobooboboobooobooboooon
goooboobooobooboobooboooboon
goboooooboooooobbooooooo

0o00000000NeMO b OOrmmi



goobooooooooooobbooomoon
MKOODOOOOoooooooooooooo
goobooboboborBROOOODODOOODOO
goooooo
UFBROODDODO0OO0OO0ODOOOO0OO0OODOOO
goooooooomuooooboooogon
goboooooobooobbombooobon
gboboobooooooooboobobogooon
gboboboooboboboooooboobogoo
oooboobooobobOorBROODODDOODOOO
gboboboooboboboooooboboo
ooooboooboboooooorBROOOOO
gboboobooobobobooooobobgoo
gboboobooobobobooooobobogoo
oogd
gbobooboooboboboooooboboo
oooooooooobobon
oboboobooobooboboooooboobgoo
obooooooboogn
gbobOoobooobooooooobobonoon
ObOFrFBRODOODOOOOOODOO
goorSObooooooboon
Uboobobo0oOodmo oo god FBRO
gboobobooboboboooobOoogo
gboboboobobobooooboboon
gbobobooboobobooooobobgoon
gboboboobooboboooooboboon
gboboboobooboboooooboboon
gbobobooboobobooooboobgon
obobooboooboobobooooobooogoo
O0000o0oo0obo0obOoooooobovoxXo
obobooboooboboboooooboobogoo
oboboboooboboboooooboobogoo
ooooooooobobbooboorSOOODOO
gbooboooooobooboogon
Mooboobooooooobobobboboon
obobooboooboboboooooboobgoo
gboboobooobobobooooobobon
gbobobooomuooooboobobogooon
FSOOO0O0DO0bOO0bDOoooooobobooon
ooobooooomoooboobooobobsod
ooo0doopoboboooboOoOooewdsto O
goooooooooooooooTrRUDDOO
oooooobobooboooooooooooo
goobstuboooboboboooooboobogn

goobogoooooobobgn
gomooboooboooboobobooooobobo
goooooooo
moobmooboboboobooooboobooon
gogoboooMKOoOoooooooooooo
goboboomoooboboooboooooboboo
gogobooobobooobbooobooon
gooboooboboooborBRODOOODO
gboooboboobbobobooboobboon
ooobooMKOOOobooomooooobo
gooouooooooooobbbooogooo
goooomooobooboooooobooobg
oMooboboooooboboo@oboooon
gogbbuoobooooobobooaobooo

gmooooodOoooooood
godoooooooooooooooogoog
o0moooooooUoOoooooooogog
goodooooooooooooooooood
OOoOoOoooOooooRrRTCBOOOOOOOOO
goodooooooooooooooooooog
ooodoooooocooooooooooooo
ooodoooooocooOooooooooooo
ooodoooooocooOooooooooooo
oooooopooocooOooooooooooo
oooooooooooo
ooooooooocooooooooooooo
ooooooooocooooooooooooo
O000o0oooooooooooooooooo
O000o0oooooooooooooooooo
O000o0oooooooooooooooooo
O000o0ooooooooooooooooo
OFBROODODOOOOOODOODODOOOOOO
0000000000000 DO0ooDoooDO
Oo00ooooooooooooooooooo
Oo00ooooooooooooooooooo
Oo000ooooooooooooooooooo
oooooooooogoo

D00 OdO0O00OENndofLift000C0OO0O0OO
Oo0doooooooooooooooogooo
OO0d0oO0oooU0opDOoooOooooooodg
000000 ATWSI Anticipated transient without
scramJ 00000000000 OOOODOOO
goodooooooooooooooooood
goodooooooooooooooooooog

0o00000000NeMO b oOrmm




o o

000000000 O0OooOoooooooog
0 O O O O 0O Unprotected transient over power[d
uToPOO OO OO0OOOOOODODOO DO OO Unpro-
tected loss of coolant flowd ULOFO O OO OO DO
O0o000ooooooooooooooooog
ogooooboooooooooooooooaa
ogooooboooooooooooooooaa
goooobdooooobooooumwoood
ogoooobdooooooooooooooaa
ogoooobdooooooooooooooaa
goooobdoooooboooouooooodd
gogdooooooooooboooooooo
g

omoooooooon

(o0 Moooooooooooooooon
0o ooooooooooooooooon
O0odoooooooooooooooogg
O0o0oooooooooooooooogg
O0o0oooooooooooooooogg
O0o0ooooooooooooooooogg
O0o0oooooooooooooooogg
O0o0oooooooooooooooogg
O00ooooooooooooood
O0000U00ooooooAdoopDoooooog
O0o00ooooooooooooooooogg
0000000 uoopDoooooooogg
O0o000oooooooooooooooog
O000ooooo0moooooooooog
O00000ooooooooooooooog
gooooboooooooooooooooaa
oogad
goooobdoooooooooooooooad
goooobdooooooooooooooaa
ogoooobdoooooomooooooodd
0do0o0ooooOoooodoooooooooo

EZTLVELY EIEFIALT=L
2398 4050194

FIFH=—Z
LD THETESL
5%(214)
FEHELERIEH |
RALTALY
23%(94)

gogboogooobogoon

gooboooboobobobooooboobogoon
goobooboobobobooooboobooon
goobooobooboboboooobooboon
goobooobooboboobooooboobooon
ooooooboobooooooboobooon
O0o0oobDCEA0DODODODOODODOn
oooog
ooooDooboobobooboooboboooon
goboboooobooboboomoooogo
ooooooboboboobooobooboooon
ooooooboboooboooboobooon
ooooooboboooboooboobooon
ooobooobobobooboooboboboon
oooboooboboboobooobooboooon
oooboooboboboobooobooboooon
gooboooboboboobooobooboobooon
gooboooboobobooboooboobgoooon
goooooboooo
gooboooboobobooboooboobobooon
gooboooboobobooboobooboobooon
gooboooboobobooboobooboobooon
goobooobooboboobooboobgooboon
goobooobooboboboobooboobooon
goobooobooboboboobooboobooon
goboboooobobboboboooboobo
goobooboobobobooooboobooon
gooog
goobooobooboboboooobooboon
ooooooboobooooooboobooon
ooMKOODOOODDODODODOoODOooooboooo
000ooooooA0ooDoopoooDooog
oooooobooboboobooobooboooo
ooooDoobooboooboooboobooon
ooooooooooboboon
oooboooboboboboooboobmobo
ooooooboboooboooboobooon
ooooooboboboobooobobooon
ooobooobobobooboooboboboon
oooboooboboboobooobooboooon
gooboooboboboobooobobgoooon
gooboooboboboobooobooboobooon
yooooooobgoogooooboooboooo
goobooobooboboobooobooboooon
gooboooboobobooboobooboobooon
gooboooboobobooboobooboobooon

0o00000000NeMO b OOrmmi



gboobobooboobobooooobobgoon
gbobobooboobobooooobobgon
gooooo

omooooooo
000000000000 0000D0O 0D 00 DOED
00000000000 o0ooooDoDooooo
O0o000o0oooooooooooooooog
o000 oo0o0ooooDoooOog
goociFODOoooooooooogon
OOGEN-MIODODODODODOODODOODODOODOD
ooboooooooogoooboEOOOOOOO
O0pPuOODOODOODOOOOODOOOO
O0o00ooooooooooooooooog
0 O O Advanced Fuel Cycle Initiative JAFCIO O O
oooooo
OGEN-lVOOOFSOOOOOODOOOODODO
OO00OSFRIODOODOOOOGRRMIOOOOOOO
OO0O00LFROODOODODOO0ODOOOODODOOO
000000000 O000ooOooooosSkFrRO
GFROLFROODOODOOOODOODOOSFROOO
goodoooooooooooooood™
goodoooooooooooopoooogag
ooooooo

omMmoooMkK-Oooooo

gooooo0ooooobobobmgdiMK-
goobooobooboboboobooboobooon
goobooobooboboboobooboobooon
oo obobrSO0oooooOoO
gogobooobobooobbooobooon
obobiooooooobogobooon
O00OrmooogMARICORDOODODDOOODOODO
gogobooobobooobbooobooon
gogobooobbooobobooooo

oooogo
ooobooooobobobooDooboon MK-
oooooobooboMOoooobooboooon
gooboooboboboobooobobooon
oooboooboboboobooobooboooon
gooogd
ooobooobobobooboooboobobooon
goobooobooboboobooobooboogoon
ooomobooboboobooobooboobogoon
gooboooboobobooboooboboooon
gbooboooboobobooboobooboobogoon
goboboooooobbooooboooooooo
goooboobgoobbooboobooboobgoon
gobobooooobobooooobboooooon

£ &

EETHE

Wi~

1. FBRY A 2ILOEFER L
(1) BEEELODSHEES)

(2) B HURBFETA - La-F7 0t
&8, 2

(3) F S an fil{H R

(NarK K B 45 %)
2. BIRAGERE [V IR ({h CEA L DRFFE )
(MATEINERY, RERFP) EmmromER
3 ReERALECET 5HE
(1) BCIEENEFE L HER(SASS) ]
(2) B RSB - it I\
L R i il [ e |
(4) ATWSHEE £FDRER ' -
4. SBWPEY 1 LRITHR | P
5. SHRFI A N B

comooovk-000O0d

0o00000000NeMO b oOrmm




souo @) (=) @E)=

ADU[D
0 ADU O Ammonium Diuranate 00 0 O OO
ADUOODOOoDOOooOoDOooDoooooooog
O00D00D000ooooooooooooon
O0oDo0ooDooooooooooooooon
oooooooooooooooon

AGF
0000000000000 000OOdo Alpha-
Gamma Facility0 0 OO 00000000 MOOO
odoDo0oDoooooooooooooooon
goooooooooooOoooooooood

Am
Ooodoooooooooooooooogg
Oo0ooooooooooooooooogg
MO0 00DoOoodoo0ooooooo
ooooo

AOOOODODOO
gbobgoooboboboboooobo
goboboooooboboobooo

B.COODOO
goboboogeCcObDnoobooooooooon
gboogboboooboombmotda O
goobooooobobooooooboooooo
gboobobooobooboobooooboo
gboobobooobooobooboooobgn
googbobomooooobooobon
gboobooboooboobobooboonoo

BDI
oo0oDo0ooDooooooooooooooon
00 0000 Bundle-Duct Interactiond [0 [0

BUUOOOOOOO
ggbboooboboooobbooobooaoon
oboboooooboobobooooboobo

gboboboooooobobg

CMIR
00000000 d Core Materials Irradiation
Rigd 0 O

coobobonog
gobooobobooobboonobooon
gobooooboboooboo

DFR
UUddddd Dounreay Fast Reactor U U

FE-TEM
0000000000000 O0 Field Emission
Transmission Electron Microscope O [0 [

FMF
O0o0dooooooooooooooooo
Fuels Monitoring FacilityO OO0 O OO0OdQdQOd
O000d0oooooooouooooooogo
Oo0odoooooooooooo

FP
0000000 Fission ProductsO OO0 O O
O00D0OO0ooooooooooooooon
oooooooooooon

s oooooogon
gisomooooobooooooogon
oooooogoooiisocobogonbooooon
oo oobogobboobboado D
JsOoooonponog

JMTR
O0000D0DODODODODODDD Japan Material
Test ReactorJ J [

000000000NeII0O 0 00Ima




MARICO

O0000D00DO0OO O Material Testing

Rig With Temperature Control0 O [T 0 00O O
goooooooooooooooooooo
goooooooooooooooooooo
ggdd

MK-O OO
gobobooobobooobbooobbooon
gobbooobobogobbooobbooon
oo oomooboooobobo
MOMwbOooooooooooboboomoo
ooomvwitd 0 0 0DOoMoooogooo
ooobogoooooooo

MK-O OO
ooooooboobbboboooobobooo
oo ooboooboob oo
ooMwitD dgooooooobob b oaoo
oboboooboboboooobo

MK-O OO

gooboooooboooobooboooMkboOood
gbobooboboboobobobooo
ooooogooooooooooooo

MMF

godoooooooobbbbbbOdd Mate-

rials Monitoring FacilityD 0 (0 0000000
goooooooooooooooooooo
good

MOX0O O
odooopoooouo.0o0oooooonDooo
OJrPuCOO0ODODOODODOOOODODOODDOO
0 O 00 Mixed Oxide FuelO 0 0 O O MOXO
ooooo

Phenix
ooogooooooooogogg

PNCID
oJNCOOOOooOoboooobooboooo
gooboosudooooooooJasoon
goboooboboogobboonooooon
gobooobobooobboooobooon
gobogoog

PNC-FMS
gJNCOODoOoobooooooboooon
obooboboboooooboboboboon
oooooobooooooooooboooo
OOwdMoODOODODOODOOOONbOVODO
oboobOobobooooobobobooboon
gboboboboooooboboboobooon
obobobobooooobobobooboon
gbobobogoooooobo

Rapsodie
O0o0ooopooooooon

RIMS
00000000000 O0000Od Laser Reso-
nance lonization Mass Spectrometry(] 00 0O 0 O
O0000oooooooooooooooo
ooooooooobooooooooooon
goooooooobooooooooooon
doooooooooooooooog

SEM
00000000 DO Scanning Electron Micro-
scoped 0O

TEM
00000 D0O0OO0OO Transmission Electron Mi-
croscope ] 0 OJ

0o00000000NeMO b OOrmm



TIGO O

O TIGO Tungsten Inert Gasl OO TIGO O O
O00D00D00o0oooooooooooooon
O00D00D000ooooooooooooon
ooooo

XOcrtog
gobooboogoxXxgogoooboooooo
gobobooobobooobbooobbooon
gobobooobobooobbooobbooon
gogbooooboood

XOooooooooo
oboooobooboboooooXooooboo
obobooooobooboboooooobo
obobooooobooboboooooobo
gbooogooon

gboboooobooobgon
goMoOXODOOOoooooooobobooooo
boboO0O000OO0ODODOOODODOODO
gbobgooooboobobobooooobo
gbobgoooboboboboooobo
gbobgoooobobobobooooobo
b0 O0000bDO0OO0OO0ODO0OOODO

ggoo
goboobooobobooobobooobbooon
gobobooobobooobobooobobooon
goboooobobogoboooobobooon
goboooobobogoboooobobooon
gbooboobooboobogooan
gogobooooboobooobbooobboon

gooogoo
ggbboooboboooobbooobobooaoon
ggbboooboboooobbooobobooaoon
oboooooon

goooooo
goboooobogobobooooboooon
goboooobobogobobooooboooon
gobooobobogobobooooboooon
gobooobobogobboonoobooon
gooo

gobboobobooooboboobbooon
gobooobbogobboonoobooon
goboogbbooobbooboboogon
gooooan

obooogooooo
oboobobobooooobobobooboon
oboobobobooooobobobooboon
gbobobobooooooon

OoOOoooTEDO
O000dooooooooooooooooo
O0000oooooooOooooooooog
O000000oDooo0ooooooodTEDD
Thermal Expansion Difference Temperature
MonitorODO OO OO OO0 O0+£MI00O

goooboooon
gbooboboboooooboboboboon
oboboboboooooboboboboon
gobooobobogoboboooboooon
goboooobobogobobooooboooon
gobooooobooobobboooboobogod
gooooobobooooon

gooog
gobooobobooobboonooboooon
goboooooobog

oooogooooo
Oy oboooooooooboboboooon
Ob00bdy oboooooboboboobooon

000000000NeII0O 0 00Ima




gbobogooooobooboog

gooogn
goboobooobobooobobooobbooon
goboooobobogoboooobobooon
gobobooboboooboooooboog

OO0oooooon SASS
[0 SASS [ Self-Actuated Shutdown System [ (J [
godooooooooobooobooood
bodooooooooobooooboooog
godoooooooooboooboooog
Oo000ooooooooooooooo

obooooooooo

oMOXODDOOOODOOOOooooooooo
gbobooooobobobooooboobo
gbobooooobooboboooooobo
gbobooooboobobobooooobo
gbobogoooobobobobooboobo
gbobgooobobobobobooobo
gbobgooooboobobobooooobo
gbobooooobobobo

gooo
gbobgooobobobobooooobo
goboobooobobooobobooobbooon
goood

gooogn
goboooobobogoboooobobooon
gobobooobobogobbooobobooon
gobobooobobooobbooobbooon
gobobooobobooobbooobbooon
gobobooobobooobbooobbooon
gono

gooboooon
obobooooobooboboboooboobo

gogbobooobooooooooooooon
goobooooooboooooobooogooo

goo
gobooobobogobboonoobooon
goboooboboogoboboonoobooon
gobooboooooboboobooboobon

oooogooooo
gbobobooboooomoooooooon
oboboboooboobobooomoooo
ooboboobooooobobobooboon
obobobobooooobobobobooon
obooboboobooooobobobooboon
obooboboobooooobobobooboon
oboobobobooooobobobooboon
gboboboboomoobobobooboon
obooboogo

gobobooooobobobooon
gboobobobobooobobobobon
gbooboboboooobobobobon
gbooboboboboo

goon
gbobobobooooobobobobon
gobooobobogobobooooboooon
gooooooood

gooog
goMevO D DOOOODOOODDOOO

0ooogosustr
gobooobbogobboonoobooon
JssusTgooooooooooooon
obooboboooooboboboOOrFROOO
gooo

0o00000000NeMO b OOrmm



gbooboogo
gobobooobobooobbooobbooon
gobobooobobooobbooobbooon
goboooobobooobbooobbooon
goboooobobogoboooobbooon
goboooobobogoboooobbooon
gooooobobogoon

gooogooo
gobbooobobooobbooobbooon
ggbboooboboooobbooobooaoon
ggbooooboobooaooo

gbooogooo
oboboooooboboboooooobo
gbobooooobooboboooooobo
gobobooomoooooobobooboooo
oogon

oo
gbobgoooboboboboooobo
gbobgooooboboboboooobo
goooooo

gooogoogo
gbobgoooboboboboooobo
gobobooobobooobbooobbooon
gobobooobobooobbooobbooon
goboobooobobooobobooobbooon
goboooobobogoboooobbooon
goooooboobod

gboobgoogooobsoonooogn
gobobooobobooobbooobbooon
gobbooobobooobbooobbooon
oooobooboooboyYyo.000nogoooo
gdbobooobooogobboooboooon
gogooggn

gooogo

gbobobobooooobobobobon
gobooooobogobobooooboooon
gobooooobonbmoooboooon
gobooobobogobbooooboooon
gobooobobogobboonooboooon
gobooobobooobboonooooon
gobooobboogobboobooboooon
gobooobbooobbooon

gooogno
Mooooomooooboboboooon
oboobomoooboomboobobooon
ooooboboo0oobobobooooooboo
oboobobobooooobobobooboon
oboboooooooon

ood
gboobobobooooobobobooboon
gbobobobooooboboboobooon
gboboboooooogo

god

gboboboboboooboboboboon
oboboboboooooboboobg
gbobobobooooobobobobon
gobboomuoooboboooooooon
goboooobogobobooooboooon
gobooobobooobobooooboooon
goboooooboooooboog

gooo
gobooobbooobboonoobooon
gooboogn

oooogooooo
oboobobobooooobobobooboon
oboobobooboooooboboboooboon
obobobobooooobobobobooon

000000000NeII0O 0 00Ima




gbobgooobobobobooooobo
ooon

goood

goboooobobogoboooobobooon
goboboboooboboobobooobogon
gobobooobobogobbooobobooon
gobomooovMkKoooooooooooo
gobobooobobooobbooobbooon
gobobooobobooobbooobbooon
googooooosCcObOOOoboOoobDOon
ggboooooboooaon

gbooogooo
obobooooobooboboooooobo
oooooooobooboboooon

gbooogooo
gboboooooboboboooooobo
gbobogooobobobgoboooobo
gbobgooobobobobooooobo
gbobgooobobobobooooobo
gbobgoooboboboboooobo
goobgoooon

0000000 0IHXDO Intermediate Heat

Exchanger[
gbodooooooooobooooooood
OodombobooomXooooooood
gbodooooooooobooooooood
gbodooooooooobooooooood
gbodooooooooobooooooood
godoouooooooobooooboooog
godoouooooooobooooboooog
godooooooooobooooboooog

oooo
oboboooooboboboooooobo
obobooooobobobooooboobo

OoooodoAakwkMwOOOoOoooQoOO

goooogTbd
gobooobobogobbooooboooon
goboooboboogobboooobooon
goTbooog

gobobooobobod
gobooobobooobboonooboooon
gobooobbogobbooboboogon
gbobobobooboouoooooooooooAn
gbboodbobooogbobooooooan
OO00OCMIROSMIRODAMIRO OO OOOO
O0O0000D0Oo00OooOINTADODOO
gboboogooOMARICOOOODODODOO

goon
gboboboboooooboboboobooon
oboobobobooooobobobooboon
gbooboogo

goooooo

gboboboboboooboboboboon
gbobobobooooboboboboon
oboobobobooooobobobooboon
gbobobobooooobobobobon
ooooooboooooogooooboooo
goooooooooooobooooooboo
gooboboooooooooooboobooboo
goooboooooboooooobooooo

gooogoon
gobooobbooobboonooboooon
gobogogn

oooog
gooooooooooooobboooboboon
gooooooooooooobbooboboon
goooooooooooooooooooo

0o00000000NeMO b OOrmm



gog

0000000000000®800000B.C
goboobooobobooobobooobbooon
gooooboboooo0dHeoooonooO
gobobooobobooNagobooooboono
HeOOOOOOOOOYBOO b O'LIOO OO
goobbOHeDODDODDODOOOOOOODOO
gobbooobobogobbooobbooon
gobmobooooboovkKkbooooooon
gooboobooooooMkbboooooo
gooboboovkKOoogoooooooooo
gdbbodgbooNaObObOooooogd

obooogooo
obobooooobooboboooooobo
obobooooobooboboooooobo
gboboooooboboboooooobo
goobooooboooooobboooooon

gooogd
gboooobooobbooooobooboo
kw/mMw/cmOOOOOO0O0O

gooo
UOKrXe OOOODODOODOOODODOODO
gbobgoooboobobobooooobo
ooooobooo0ooooooooooo
ooooooooooboboono

goood

goboooobobooobbooobbooon
gobobooobobogobobooobbooon
gobobooobobogoboooobbooon
goboooobobogobbooobbooon
gobbooobobogobbooobbooon
goboboobobooobbooobbooon
goboogooboog

gooog

googboobooboobooboooobooon
gobooobobogobobooooboooon
gobooobobogobbooooboooon
gobooobobooobboooobooon
gobooobobooobboonooboooon
gobooobobooobboobobooon
gobogooog

goooooo
obobobobooooobobobooboon
obobobobooooobobobooboon
oboboboboooooboboboobooon
obobOobobooooobobobooboon
obobOobobooooobobobooboon
gooogoo

goon
gooooboboboooboboooobo
gobogboooooboboooboooomo
OooO0oshBeOOOOOODOOOOOOOO
00000ShO00y D000 Bedy M D*He
gboobobogooooo

gooogo
gbobobobooooobobobooboon
gbobobobooooobobobobon
Ooo0oOoO0oooooobbOoooooon
doMevOOoOOoooOoooooooooooo

oo TRUODO
OFPOTRUDOOOODOOODODOOOOUO
pPpudobooooboboooobbooobboo
O0PuUOODODOODOOOO AmONpOCmMO
FPOOOOODOOO

gooogo
oboobOoboboooooboboboooboon
oboobOoboboooooboboboobooon

000000000NeII0O 0 00Ima




Ak/k/0 0D00COOOOODOO

goood
goboobooobobooobobooobbooon
goboooobobogoboooobobooon
goboboboooboboobobooobogon
gobobooobobogobbooobobooon
gobobooobobooobbooobbooon
gobobooobobooobbooobbooon
O0D000D0O00D00dpa0 0O O0ODOODDO

gbooogooo
ooboboooooboobobmobOOob o
oboboooooboboboboooboobo
oboboooooboboboooooobo
gbooogoooooobobooooo

gooogd
gbobooooboobobobooooobo
gbobogoooobobobobooboobo
gbobgooobobobobobooobo
gbobgooooboobobobooooobo
gboboooooboogn

gooooo
gbobgoooboboboboooobo
oooooooobobooo

0000 0HAZO Heat Affected Zonel
goooooooooooobooobouooogo
goooooooooooooooooooog

goo
gobobooobobooobbooobbooon
ggbobooobobooobboon

oogd
obobooooobooboboooooobo
oboboooooboboboboooboobo

gooooooooooomMmwd/t0DOooonoo

aoooo
dooooooooboooooooooon
0000000 FFOD Failed fuel detection110
0000000 FFDLO Failed fuel detection and
locationD 0 0 OO

gooboogo
OOO0O0OOPellet0O0OO0OOOOODOOOO
OboobOoboooDmooboooon MoXxono
gbobooobboooboboaoooooan
oboobooog

goooooo
oboobOobobooooobobobooboon
oboboboboooooboboboobooon
oboboboboooooboboboobooon
gboboboooooobobooon

god
gbooboboboooobobobobon
gbooboboboboooboboboboon
gbobobobobooobobobooboon
gboboboooobmobobobooo
gbobobobooooobobobobon
Oo0ob0ooOooooOOooooon

goood
gobooboobooboooobooboooon
goboobooobooobooboooobooobooon
gobooobbogobboonoobooon
gooooooDoOA Kk/MWODODOOOOOO

opooogo
obooboboboooooboboboooboon
oboobOoboboooooboboboboon
obooboboboooooboboboboon
obooboboobooooobobobooon

0o00000000NeMO b OOrmm



gbobgooobobobobooooobo
ooooooo

goooboooon
goboooobobogoboooobobooon
gbooboobooboobogoogan
gmgoboooobobooobboooobog
gobooooboboobbbooobbddHed
gogbobooobobodgbHARMODOO0O

oboooooooo

oboboooooboboboooooobo
obobooooobooboboooooobo
obobooooobooboboboooboobo
obobooooobooboboooooobo
obobooooobooboboooooobo
oboooboobobrPOODOODODODO
gboboooooboobobobooooobo
gbobooooobobobobooooobo
uboboooooboboboooobo

gboboboooooboboooo
OMOXOOODOOOODOUDODOOOOO*Pul
*puOo OO oo

gbooogoogo
gbobgooobobobobooooobo
O0O000Pu/Pull U

gbooboooooooobopchOdpPLCOH

gobobooobobogoboooobbooon
gobobooobobogobbooobbooon
gobbooobobogobbooobbooon
oobobooooobobobgoopcOobogom
gpCOODODODMmMObDOoODOoOOODbO
gobbooobbogobbooobobooon
ggoogogoo

gboobooooooo
gobooobobogobobooooooon
gobooobobooobobooobooo

gooog
goboodbby oobobooooboooon
goboooboboogobboonooboooon
gobooobbooobboonoobooon
gbooooobboooboboon

ooooo
Oo00d0ooooooooooooooogo
OO000O0OD0ODDOOHot Laboratoryl 0 0O O O
Oo0o0dU0ooopoooodooooooogog
ooogdd

gooogo
goobobobooooobboooobbobooooo
gbobobobobooobobobobon
goobmooooobor ooobooroom
Moomoboobooooobobobgooboon
obobobobooooobobobobon
gooogo

gooog
gboboboboobooobobobobon
goboooobogoboboooboooon
goboooobogoboboooboooon
gobooobobogobbooooboooon
gobooooooooooboog

goboboobbodMAD
gooboobooobooumooooon
JPu0000ooooooooooooooog
OONpMOOODOODODODAmODOODOODOOO
OCmOOMAOODOODO

gpooogn
oboobobobooooobobobooboon

000000000NeII0O 0 00Ima




gbobgooobobobobooooobo
ooooooooooboboono

gooogn
goboooobobogoboooobobooon
gooboobooboobMmwh OooDoooMwg
o ooooboobboano o omooog
rogooooobobomno boomoog
gobboobomboboombooooon
gogbboooobooobooobbod

gbooogooo
obobooooobooboboooooobo
obobooooobooboboboooboobo
obobooooobooboboooooobo
obooooooboogn

gooo
gbobooooobobobobooooobo
gbooooogoo

oo
gbobgooobobobobooboobo
gbobgoooboboboboooobo
gogd

goood
gobobooobobooobbooobbooon

gooo
goboooobobogoboooobbooon
gobobooobobooobbooobbooon
gobobooobobooobbooobbooon
gobobooobobooobbooobbooon
goo

oo
obobooooobooboboooooobo
o0bO00ob0o0ooO0o00dbks0COOOO

gbooboboboooooboboboboon
gbooboogooboooo

gooooooo
gobooobooboooobooooon
gdddooooooooooooooooo
gooogooooobbbobobobbbbbn
goboooboobooboobooobooon
goboooboobooboobooobooon
oooooooooMK-OOOOO" MAGI”
goooooMkK-bobooooooooobooo
ooooogo® HESTIA» OO0 DOOOoooOo

goon
oboboboobooooobobobooboon
oboobOoboboooooboboboboon
gboboboboooooboboboobooon
gbobobooooooobonbog

gooo

gboobobobobooobobobooboon
gboobobobobooobobobooboon
gboboboboboooboboboboon
gbobobobobooobobobobon
gbobobobobooobobobobon
oboboboboooooboboboboon
oooboog

goood
goboooobobogobboonooboooon
goboooobobogobboonooboooon
goboooboboogobboonooooon
gobooobobooobboonooboooon
gobooobobooobboonooboooon
goboooooobog

oooogooooo
MoooooooDoooobobobooboon
oboboboboooooboboboobooon

0o00000000NeMO b OOrmm



gogbobooobobooobbooobbooon
goboobooobobooobobooobbooon
goboobooobobooobobooobbooon
goboooobobooobbooobbooon
goboooobobogoboooobobooon

gobooobobogoboboooboooon
gobooobobooobooobbmogod
goboooobogobobooooboooon
gooooooobod

000000000NeII0O 0 00Ima



oottt Nolll
gooooodd

gobobobuoooobboooobobobooooboogo
gboobobooobgon

oooboboooobooooooooooooooboboooooooooooooboboooon
gobodoooobobodooboooooooooobbodooouobooPrROFITOO
oobobooobooooooooboooooooobooooMMkKOoooooooooo
ooo
OMKOOOOODODOOOooOooooOoooobooooooobooobooooooo
omMoXOooooooooooooobooooooobooomoooooooooo
goboboboooboooooooooooooobooooooooooooooooon
ooboobobomooooooooboooooooooooobooooooooboboooon
cobobobooobooomobooooooooooodoboooomooooboooon
oobobooooobooooooboooooboobooooboboooooooooboooDboboOooon
coboooooorsCObOCOCODOOOOOORSOOOODOOODOOOOOOO
ooobooooooooooboooobo0ooobbooooooooooooDbboOooon
ooboboboooboooooooooooOoOobOboOoOobOoO0ooOo0omoocOoMKO
cooboboooooooooboobooooooon
oobobooooooooooobooMMkODOOOoooOooooooobooooooo
coboobobooooboooooooOooooOoooboboOooooOoOooooOooobooOooon
oooobooooooooobooooboboooobbooooooooooooDboboooon
ooboboboooooooooOooOoOooOoOoOoOoOOoOoOoOoOoOoOoOoomuoooboboOoon
gbomooooooobgboboboboooooooooboboboboboo
oooboooooboooooooooobooooboooooooooooa
cobobobooooooooooooooOoobooOooooOoooooooobooOooon
oooboboooobooooooboooooboooooboboooooooooobooobboooon
cobbooboooooooobOooobOoOobOOoOoOOOoOOo0oOO0OOI@OOm oom
gmooooobooobooboobooboobobobbooobobobooboo
ooomMK-OOOoooooooooooooooooooooooooMkK-oooo
oMmoobooooboooooooooooommuomomoooooooaon
oobobobooooooooomoobooovkOoooooooooooooooo
Mmoo moooooooooooooooooooooooobooooon
ooobooooobooooooboooobooboooobobooooooooooboooboboOooon
cooboboooooooooooooOoboOoooOoboOoOoooOoOoOoooOoboOooDoboOooon
ooobooooooooooboooobo0ooobbooooooooooOooDboboOooon
ooooboboooobooooooooooOoOoOooOoboOoOooOomOoOoOoooooboboOooon
cooobooooboooboood
ooobooooooovMkKoooooooooooooobooooobooooooo
cobobobooooboooooooooobooooobooOooooboooooOoooboOooon
ooboooooboboooooooooooooboboooobooOoooDo

000000000NeII0O 0 00Ima



TELDO 0290 2820 1122
TELO O7700 230 3021
TELO O7700 260 1221
TELO O7700 390 1031
TELO 0290 28201111
TELO 0290 2670 4141
TELDO 08680 440 2211

91900 1279
031901194
031101393

o o 2 O
Ooo0ooo0oa40 3
OO0o0o0O0O0O0O0400
07080 0698 0O 0001655
0 5090 5102 000009590 3 TELO 05720 5300211
ooooooobooo 000000010 TELDO 016320 50 2022
Jo0obOO0o00o0boo00Ooaoni11o TELO 030 515701911
TELDO 030 35970 9497
007760 250 3040
507102716
000 1681
01020

O O O
Oo0ooooaoano
oooooOoooo

0 Fr ON W PFr W O O

813770
803771

NVashington D.C. 20006

1042600 31010
FAX 1042600 2413

JNC Technical Review
No.21 00O 2003.12

0000000MO00MO0000MMK-000M00000
2003012020000

@z20030 00000000000

oooao goodobobOobOobobooooooooobo
0319-118400000000000O0O4-49
TELDO29 28211221 01 0 FAXJI029 282007980
E-Mailgihoh@jnc.go.jp0 0 O URIhttp://www.jnc.go.jp/

ooo o ooooboooog
0319-11120000000000000003115-3
TELDO29 282[0D3700 00 0 FAXJI029 282[D524
E-Mailinfo@i-printing.co.jp0 O URIDhttp://www.i-printing.co.jp/

@ 20030 Japan Nuclear Cycle Development Institute

Published by Technical Cooperation Section, Technology Management Division,
Japan Nuclear Cycle Development Institute
4-49 Muramatsu, Tokai-mura, Naka-gun, Ibaraki 319-1184, Japan




‘&c_,f;'.SSE M,J,paw

(7
x> S
& -
§ 2
x )
4
2«4 oPg
- .
o 2
% w L
/p)“

‘SNdw3k

oo @m@mooooooooooooooo
oobooobooooboobobooboooobooon
uboobooobobooboobobobooboo
Mmoobbhoboooo0odoooooooooooo
ooboobooboboooboobooboonm

ﬂ'—-l’ 2L

> R 1 2 ILEIFE RIS

p EELy j: Japan Nuclear Cycle Development Institute

L

PRINTED WITH
@)‘ SOYINK|

0000010000 000000000000000000




	サイクル機構技報No.21別冊
	グラビア
	特別寄稿
	巻頭言
	技術報告
	21別冊1　「常陽」の高度化計画
（MK- Ⅲ計画）の概要
	1. はじめに
	2. MK- Ⅲ計画の概要
	3. MK- Ⅲ計画初期の検討経緯
	4. MK- Ⅲ計画の展開
	4.1 照射性能の向上
	4.1.1 炉心の高中性子束化
	4.1.2 照射運転時間の増大
	4.1.3 照射技術の高度化

	4.2 新技術の実証

	5. MK- Ⅲ計画の推移
	6. おわりに

	21別冊2-1　照射性能向上のための
MK- Ⅲ炉心の設計
	1. はじめに
	2. 設計方針
	3. 計算条件・計算手法
	3.1 核特性
	3.2 熱特性
	3.3 遮蔽特性

	4. 設計結果
	4.1 標準炉心構成
	4.2 核特性
	4.2.1 実効増倍率
	4.2.2 中性子束
	4.2.3 制御棒価値
	4.2.4 過剰反応度・反応度バランス
	4.2.5 反応度係数等，動特性パラメータ
	4.2.6 燃焼度

	4.3 熱特性
	4.3.1 流調機構
	4.3.2 燃料，被覆管温度

	4.4 遮蔽特性

	5. おわりに

	21別冊2-2　炉心構成要素の高性能化
	1. はじめに
	2. 遮蔽集合体
	2.1 設計目標
	2.2 構造検討
	2.3 ACMI評価
	2.4 内圧評価
	2.5 設計結果

	3. 反射体
	3.1 設計目標
	3.2 材料選定及びスエリング評価
	3.3 反射体構造検討
	3.4 実機反射体製作

	4. 制御棒
	4.1 設計目標
	4.2 構造検討
	4.3 熱設計
	4.4 機械設計
	4.5 使用済制御棒の洗浄・貯蔵
	4.6 今後の高度化計画

	5. おわりに

	21別冊2-3　MK- Ⅲ初装荷燃料ペレット
製造実績と開発成果
	1. はじめに
	2. ペレット製造実績
	2.1 ペレット製造方法
	2.2 ペレット製造実績

	3. 運転実績
	3.1 仕上検査
	3.2 粗粉砕･粉砕設備

	4. 品質保証体制の強化
	5. おわりに

	21別冊3-1　プラント改造設計と冷却系機器の交換
	1. はじめに
	2. プラント改造設計
	2.1 原子炉冷却系統設備
	2.2 計測制御系統設備

	3. 冷却系の改造
	3.1 改造作業の概要
	3.2 冷却系改造の全体工程
	3.3 Na配管の切断，Na除去及び溶接作業の管理
理
	3.4 同種作業への反映事項

	4. おわりに

	21別冊3-2　高速炉構造用SUS３１６の開発とMK- Ⅲ
主中間熱交換器への適用
	1. はじめに
	2. 材料強度基準等策定
	2.1 大気中材料特性データベース
	2.2 許容値の策定
	2.3 クリープ疲労評価

	3. 環境効果評価手法開発
	4. 溶接部評価手法開発
	5. 適用の効果
	6. おわりに

	21別冊4　運転技術の高度化
	1. はじめに
	2. 運転訓練シミュレータの高度化
	2.1 訓練機能の向上
	2.2 模擬計算精度の向上
	2.3 シミュレータのMK- Ⅲ対応及び訓練の実施

	3. 運転管理システム（JOYPET）の開発
	4. 燃料取扱システムの高度化
	4.1 ナトリウム蒸着対策
	4.2 燃料取扱設備の機械系改造
	4.3 燃料取扱設備の制御系改造
	4.4 MK- Ⅲ性能試験用炉心構成実績

	5. おわりに

	21別冊5-1　MK- Ⅲ総合機能試験の結果
	1. はじめに
	2. 総合機能試験の概要
	3. 主な試験の内容と結果
	3.1 主中間熱交換器昇温特性試験
	3.2 １次，２次系Na純度測定試験
	3.3 ２次主冷却系統運転特性試験
	3.4 １次主冷却系統運転特性試験
	3.5 炉心内流量分布測定試験

	4. おわりに

	21別冊5-2　MK- Ⅲ性能試験計画と試験結果
	1. 緒言
	2. 炉心構成
	3. 過剰反応度
	3.1 試験方法
	3.2 計算手法
	3.3 計算結果と測定値との比較
	3.4 核設計計算法の評価

	4. 制御棒校正
	4.1 試験方法
	4.2 解析手法
	4.3 測定結果

	5. 等温温度係数測定
	5.1 概要
	5.2 解析
	5.3 測定結果

	6. 結　言

	21別冊6-1　照射試験技術の開発
	1. はじめに
	2. MK- Ⅲに向けた照射装置の開発
	2.1 キャプセル型照射装置
	2.2 温度制御型材料照射装置（MARICO）の高
性能化
	2.3 D型照射燃料集合体
	2.4 照射試験の効率化

	3. 照射条件評価技術の開発
	3.1 照射条件評価精度の向上，試験支援のための
技術開発
	3.2 照射試料の温度評価

	4. おわりに

	21別冊6-2　照射後試験技術の開発
	1. はじめに
	2. 照射後試験施設の概要
	2.1 照射燃料集合体試験施設（FMF）
	2.2 照射燃料試験施設（AGF）
	2.3 照射材料試験施設（MMF）

	3. 照射後試験の実績
	4. 照射後試験技術の開発
	5. 再組立技術の開発
	6. MA燃料製造及び分析技術の開発
	6.1 遠隔燃料製造設備の概要
	6.2 遠隔燃料製造技術開発の現状
	6.3 照射済燃料中のMA分析技術の開発

	7. おわりに

	21別冊7　MK- Ⅲ利用計画と将来展望
	1. はじめに
	2. 今後の役割
	3. 「常陽」MK- Ⅲの利用計画
	3.1 FSにおける「常陽」の利活用計画
	3.2 「もんじゅ」から「常陽」への期待
	3.3 プラント利用及び安全性試験
	3.4 大学等による利用
	3.5 国際的な動向
	3.6 「常陽」MK- Ⅲ利用計画

	4. おわりに



	用語集
	結言



