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Achievements of Japanese Fuel Irradiation
Experiments in HBWR

%
The Committee of the Halden Joint Research Programme

Tokai Research Establishment
Japan Atomic Ehergy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 31, 1994)

OECD NEA Halden Reactor Project started in 1958, and JAERI has
been participated in the Project since 1967 on behalf of Japanese
Government. During the participation peroid, not only JAERI but also
many Japanese companies and PNC, which cooperated with JAERI, have
carried out many irradiation tests of fuel at HBWR. The fuel irradiation
researchs in Halden Reactor Project are composed of joint programme
which the Halden Project executes by the member's common consent, and
participant programme which the participant executes under bilateral
contact between the Halden Project. The committee of the Halden
Joint Research Programme was organized by agencies and companies,
which jointed the cooperative reseaches.

This report summaries the achievements of the Halden Joint
Research Programme on fuel irradiation tests between Jan. 1991 and Dec.

1993, as the Halden Project renews the agreement every three years.

* The Committee of the Halden Joint Research Programme (March 1994,

not in order)

Teruo Furuta {(Chairman, JAERI) Jinichi Nakamura (JAERTI)

Katuichirou Kamimura (PNC) Motoyasu Kinoshita (CRIEPI)
Masayuki Nagai (NFD) Sadaaki Abeta (MHI)
Shinnich Kobayasi (NFI) Hiromi Kubo (MAPI)

Akira Maru (Hitachi) Terumitu Nomata {(Toshiba)
Sumio Yamagami (MMC) Kazushi Komatsu (NDC)
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The eight cooperative researchs have carried out and completed at
the end of the period except one, But, the research which have not

yvet been completed in the period is also included in this repoet.

Keywords : Halden, Cooperative Research, Fuel Irradiation, HBWR,

Progress Report

(3



3.

4,

JAERI-Tech 94-021

= IR

F % 0% (HARIET AT roeeererrerrorrrmessressisisinsn st 1
s v HBWR €O BAFEH PuO,- U0 K o REHBR

(BHFJHT « R HREI I BE TR EE[]) ererrerrerereremsmmssressranr it 6
O 1 RIFGE I -veverererereressesansrese et R 6
0 R T veererereeeereseses e e R 6
3 BRER e s [ U U P OPU RO PP POPP P PPRPPROt 8
ATRESEFEZE O HBWR Ic B 2 AWBRRE (FHF - BERHEFAREZERD - 19
3.1 TEEEF v SRR TR OIIPPOP TSP AN YR PR 19
3.9 BFFGRPRIA weeerereeeeere s r e 19
G BRI ceeeeueerine e e 20
B F R BB I BT BFTE (GBS RITERRIT) cvereerrererroress e, 29
L BRI eeeeeeee e e 29
D BT eeeeeeeeerereeeeaenes e retettatteeata e e earaeteaaarataraaeaeaaassteresaneaaanarans 29
) 3 ’EJE% ............................................................................................................. 29
Ao F v HBWRICE I 2RISR O BB EE T 2K (HXEREEARR) - 36
L IR e eeeeeeeeee e ese s e S s 36
D EFETR P B ee e oo e e 36
3 ERER creereeeene oo 36

BABbBgE (MOX) CoREEECET >~ vF vIFTORER

(T T EEMR) revvvrersrenrsrresss oo e e s 45
B. 1 TTEZE B eermrressssnrnserotesen et 45
B. 2 TIFIR P rerer e et e s et s 45
6. 3 ]ﬂz% ............................................................................................................. 45

ALFUHBWRIE ST A KWUREKRUB & WRRHORMETH T WA

(TEL BRI T BEMR) -oveereresnnrer e r et 50
1 T ZE R - vevrenrerrrrnnnrenrnres e st i e s 50

7' 2 B:F%P{]E ....................................................................................................... 50
.3 bﬁ% ............................................................................................................. 50

AVF VIR B AEHEES FY =7 A BERUKERE
DR EE BT BHITE (SEETEEE) e 56

T~ = DRGNS IIE R A R 56
8‘ 2 m%mg ....................................................................................................... 56
.3 Ejz% ............................................................................................................. 56

SUF VIR BI AN v d —F A — 7 OREEECHT 2 E B

(5)



JAERI-Tech 94-021

(SRR T T HEBR) corvvrererersermsme s eh et 62
9.1 o o R L R e L e A LSRR B2
9. 2 BJFZT PRI B eeeerrermrero e s 62
e T T T e T L L LA 67
10. 1B (HARETIIFIIEIN) cvovrererrerrersssmsm i 74
SRFEE +vovesessesenere e 79

@



1.
2.

3.

4.

5.

6.

7.

8.

9.

JAERI-Tech 94-021

Contents

Introduction vovesercnvesrennsns e eveerecir e veeeeae. s (JAERD).....

Irradiation Examination of Pu02-U02 Fuel for Light Water

Reactor iml HBWR vveevsvnrasvrsaronstsasssnesnasnonnsensansas {PNC).....
2.1 PUTPOSE cuvvrveservsnannens craerenunn arenenes chsiearesa e
2,2 SUMMATY 4o erseavansnaeonnssnoearsastrassasasssstesesssnsnsnss .
2.3 Achievement ..ieisiserersnsrsssrssscenstsssnrssasssnsnsnensstsnsnons

Load-follow Irradiation FExperiment for ATR Fuel Rods in

3.1 PUTPOSE +s.uveversnerasanscnns caserrentre s caaeeans Ceth s
3.2 OSUMMAYY +vvvissarsannnnecnessasssssrsssrasessssrsan Ceeeenes cesraane
3.3 Achievement ....ceovevcevossnes e fre e rerses et enn e theneaes
Research on LWR Fuel BehavioT ....eesvesvsessancesssseess (CRIEPI).....
4.1 PUTPOSE sanneennan o eerrsraeraee ittt e treeenn
4.2 Summary ...... L eseatserseunsatanear ey . Chesanans e
4.3 AcChievVemeIt ...e.sesneesssosarsotatvstarssscsenronsoreasssoasnasnss
Irradiation Study of Advanced Fuel Behavior in HBWR ....... (NFD)...n.
5.1 Purpose ..eeeee. thereaear e aeareas e caveresanaaa cenn
5.2 SUMMATY weveeorvanscsnnsonnanns Paersesesersar et e eaeas i
5.3 Achievement ......ceeev. b eesea et et e e
The Irradiation Test of PWR MOX Fuel in HBWR .......... cee s (MHT). . ...
B.1 PUFPOSE +tsveavsveransracnstsrosans terer i i ey veresana
6.2 SUMMATY sevvserranrenssnnnsstsaassossnarseasssnasanssssssssnassnns .
6.3 Achievement ....... e .
Study on Irradiation Behavior of KWU and B&W Fuel
in HBWR ...ueuwnes e rearasteneresnanansasesaansrarerss(NFI)...uo
7.1 PUTPOSE sierervrnannss e e ratratares et A e et v e
7.2 SUMMATY sevrvncscrsocensos e rreeittsaseasteraranacta ittt e rs
7.3 Achievement .....ccceeeovaneranoenas Cheer s e eneuns .
Study on Irradiation Behavior of High Content Gadolinia and
Advanced Fuel in HBWR vveevevcrrossssnnnannsnsosasonssnnses MAD)Y o0t
8.1 PUurpoSE sivesascsncnnns Cieee e earraneia i e crrsee s
8.2 SUMMATY «.vitesersnsnunneorsossarsasssssnnsasstosnsssssaannnsns e
8.3 Achievement ........ et iiseras sty Peeenasann e
Irradiation Test of y-thermometers in HBWR ........civunu (MAPI).....

G.] PUFPOSE vvvvvvnsssosnnsonnsnssanarnnnsnracsussannnnns essresserraas

(7

w O O

19
19
19
20

29
29
29

36
36
36
45
45
45
45

50
50
50

56
56
56
56
62
62



9.2 Summary

9.3 Achievement ....

10. Summary .....

Ackowlegement

CIE I B

JAERI-Tech 94-021

..... . PRI
. . s
e .. s

TR e

R
s r e .
Y ..
. s e

8

PRI IR SN I R )

P N

t e e s e

eevvoo (JAERI) ... ..

62
67

79



JAERI-Tech 94-021

OECD/NEAOAAFVETHEHE (UF. "V FrHEELT. ) & /47270
ANVFYieh s EARBNETE (HBWR) 253 2EEBHHET 1 95 8FRMIAS
n‘%mwﬂﬂ%%mf37¢ﬁmmﬁéﬁﬁbﬁﬁmﬁofméoB*m\1867&&5
EETHHEF (EH) 2RFWEE LTAHEMAL CHLREEITORORNEANEE
ﬂ%ﬂ%ﬁﬂ%a%ﬁﬁﬁmmﬁbéﬁﬁbtvvvyyﬂ%%ﬁof%to$ﬁ@kﬁ\m
HgHOAE s BBOFRAVFY e FuY 7 P BEMT 5ARNKE L MEHEBE T
AMEZRGEARD S, HEAONAXRRE LT, BREHPRCREHORBFRARE L b
EEEANF c EBRNEASZERE (BR) PEMAM oM THARALZHEE L TTable
| lerd i3 nBERHRRAEMLCE R, CROMEORBR, & o LHROW
N EACHEORT b BHARBEOHENARINTVE E LD AVFVEHEZE
FaERSfScEELcEewon~JAERI-M 84—-031 I~ FHBWRE X
ZMHWEEERE)  BLUJAERI-M 82—155 M AFYETHFHERBT S
HAORBEMHPE) — L7 LFAHE (1988—90%) OHE-LLTARIN, H
E%ﬂﬁﬁﬁtkk%ﬁ&%%%t?&&%R%ﬂwf%ﬁmﬁim%k%<ﬁﬁbto

HRABEREFNEDBEREB SN CHA L RBOEB LR THEINTECEY ., FORE
ﬁﬂmvbﬁl99lﬁlﬁbégsﬁl2ﬁ®3#$ﬁmﬁﬁﬁm%&briméntm%
. Tablel. 2RTFT IS B SKUENM o BBEEOMELZEREHRER IO
THIEMA, BEHESSEFHATENEOMT199 141 0A» S FHLRLRBIRE T~ 7
K BF AN v F—EA— s OREARBRET BHE 1ERERNS H, At 8HOBA
ARiTbht,

ER N LEREIUZHMPERCES L. 1 H2RERTHEISUREZD > THED
REMREBOENEIERIVAEERT IS L LA ST,

choOERAPELYEN, o, HRREDE D ERAFELT- TV SBERTFZO
MESECHBShi V7 v AARESRERERAAARIEN, EX» SHECESRE
2hEHBLRNATSEDET-CEL, 2LT, BoNHBROARE, FHEOEN
RN ADECHABEFNF2SCATEEL TN, SHOKEHALET > TV E DM
HRHGEL VS —20HETHbNTY 3NN FyEAREL2E&LZIEET 5 ATHHER S
STRRPAETH» oo

P, APERAALFYARAFEL LCPEIRBEMHIARERIN T IHEZIAT
R, BEESOMARET I L 2N ELHLbOTH B, Lith-> T, KAREN
EFHOLORBATVEREDTLE - HERBLIRATVRLVHIEGHF I LRBEARINKL
W, 27, NRHESHEERERSNTVAHIRROVWIREREROBEXREDLETS

HIhiw,



Table 1.1

JAERI-Tech 94-021

AV F IR & B EERRE OB RER
(1.1975 FELIFTREBEB O & D)

Hi sy

No | &S [/ B % H r) g R | (GRd/
1|IFA K Bf| J PDR— I ORRE TR 11/87~10/68 11.3

? i_g_g Iy Bt 11/67~ 8/68 4.2
31149 & | ] PDR—O¥KORMEE (R 5/88~ 5/69 7.2

4150 ] b 5/68~ 4/70 11.5
511589 1%H | UO;—PuO, KIFE O §/68~ 5/70 9.4
61160 & b 3/69~ 5/790 5.3
71206 |#@ £ ATRIERORESE 1/71~ 9/72 5.0
81207 |® " 5/71~ 1/73 7.2

9,208 H B BHEATO~NY v b e 25y FHEEE 1/71~ 9/71 6.3

101200 K B | REEERERROED 5/71~ 5/73 10.1
{210 F # I | SHITFORSES 1/71~ 5/74 | 26.7
1212118 SL | A—=FTNEA SRR, by b2 Sy FHEER | 171~ 874 | 18.0
13212 |= # | PWREMEEOWGE 1/71~ 8/73 28.8
41223 | ® F| n—FTEL SRR, Svy e 73y VHREFEH 5/71~10/74 | 22.5
5224 | & Ut | EEEEREOSY o ke 75y FRIEER 2/72~11/73 | 11.8
16225 | & Wt | #REARS OHR 2/12~ B/72 3.5
1712830 F # TI| ~vybersy FUEEA 1/71~ 3/74 | 22.0
18410 |H M/ Z| #Ehi@E~ryr H KR 11/73~ 2/T7 11.3
19141118 wE Z {- 7 5 v FAETAEH : E R 11/73~10/78 | 25.8
id412 ! # = | BHMEG O\FrERST ) ~HTIRR 5/74~ 8/78 9.3
21{421 = #F| vy POEELEIE 10/74~11/78 5.4
221423 |8 #1 ATRHEUO,—PuO, RO §/15~11/78 4.4
23 424 B ## I ~“Lro oLt 10/74~ 5/77 9.3




JAERI-Tech 94-021

Table 1.1 »~AFvFick 3 HERHOBHRE R
(D.1976 ELIBBHMBO L D)
199451 AL
Ko ?g OB Bt A H iy 0T 1/ (gﬁfjﬁ%
24| 501 B w/E Z| 1FA—D 1 SRR 12/79~10/84 | 25.0
251502 |8 L Z B FREsiiE /77~ /739 8.5
26508 K B | FRERIECESNYy b e 25y PR 6/77~ 2/80 | 23.0
271510 = F | BERER O 3/78~ 3/79 5.0
28514 | | EAFEHUO—PuO,~vy FOfEXLEY , 7/78~11/88 | 40.5
29/ 515K | 1 FA—Db O 8usER 8/T1~ 3/81 | 17.0
30{519 18 /# ¥ EEUE (BWRSGEH) 8/79~10/84 | 14.0
311620 | K B | BWREL IRAHR 6/82~ 1/85 | 23.0
2|5623 R B | BWR~—ZHH 2/80~ 1/85 23.0
B | 524K | PWR-— g 2/80~ 1/85 | 20.0
4| 525 | & | PWRBH 2RI /82~ 1/85 | 20.0
35| 5209 |8 7 SKFHEP u0,— U0, BHGEY B6/B0~10/86 | 25.4
%530 |# = HFU =T ADBBRORS 11/81~ 3/84 8.0
37{639 | = | A ¥Y=7 ADEEBORE] 2/84~ 9/85 | 10.0
38| 551 | HAHMGHR | BREOENOR 12/86~ [ feee
33554 |® | 1 FA—DDb5R~—Hg 11/85~ 6/93 | 31.0
015565 | B # | ATREFEROSFEEER 11/85~ 6/93 | 32.7
411559 |= % | PWRHUO,—Pu0, BHORH 12/87~ 2/83 | 383.9
21581 |= | BN P =T AD RO SEHERORST 6/90~11/92 | 17.8
31565 B # | BKEREUO,—~P uO, BRI (IFA-514 ER) 16/90~11/93 | 49.9
44| 566 | AAEHBEER | RRSEnEs 4/90~ g
45| 592 | ZFEFH Hyvwt—% 2 — 7 O 8/92~12/93 12.3




Table 1.1

JAERI-Tech 94-021

NOVF R & B BARRE O REER
(I.1993F LR BHEFIED D)

199441 A8
#4 sy
No | &% 2 Wt ES H ig] B gt IR | (GRd/t)
6586 | = MOX#EROLHSE EV
47/601 & R ) AZER




Table 1.2

JAERI-Tech 94-021

N F v HERRE-R

& H

2 ok # Mo

2 % M M

A FryHBWRTO®BKEH

HERF JaET

BHF - HENERRAER

HEAN524E BFGH

—

ERRBEEIZA31H

B&ETF g

ATREFFHEHOHBWR BHGBELIIRIH
LU AHEEERR BNEF « BBHMRPE RS ~

ERESEIZAZIH

BAkFHENBECET 2HE HEREFDHEH BEFOS34E THIH
() B R RBFRET ~

ERLStE12H31H

ANFyrHBWRikBF 25 H
BHE O ET - ET AME

BARET DU ED

HAEEBHME (HK)

BRFOG14E 5 H20H

o~

IR 84 12H3IH
BAB{LYEEMINORH | ARETHHAR HieIFE12H10H
HMTZ2AVFUyECORS | ZFETE (K) ~
BN LR BAEIZHSIA
ANLFYHBWRIE B G AW | BRBEFDHHRK BEfn584E 8F 1d

BB UBRW B4Rl o B G 2 Bh @
Wil 3 5%

FET#E L (%)

-

ERBEE1ZASIH

ANVFUHRCBYARBENY | BXREF DK SERGEIOH TH
V=T AVERBLIOURKEHE ZZFHETITE (&) ~
OREHEBCHT 5K EEEEEI1ZHIH
NLFLPTETD HAR T Hetsm R 34EIOR1H
Hrved—2— s ORBRER | ZFEHFHLE (B ~
BT RHE ERESHE12H31H




JAERI-Tech 94-021

9. LT HBWR TO®KIEH PuO:- U B 0 AT 58
Irradiation Examination of PuQ;-UQO; Fuel for
Light Water Reactor in HBWR

(B4R - B HBREZRED

2.1 WEEH
HBWRIZ BT, ST OBAFEPuO-UOZR S B LI HAMOX) D BT B ¥ /i L. MOXHA

BORENS XUBHT OISR v HE L. BHOERFFHE, RELORITEHET L.

22 HIRAF
221 &
(1) % 1 KFAER(IFA-514/IFA-565)
HE 4 MR S R(IFA-S 1) DBRENEEET B L UBLE R BBRISIEE L ) 5, s & V7R
I BWTIESAETA L VB L. BHEEILR KT L. BHEETROESHEFHMEL L
#739,400MWd/IMOX (44, TOOMWA/M) T = 720 F D%, BFHRERY V= 7 —HFRAIIBNTE
L. FBREETHRT Lz, $7:. FASUBAEESEOCROBHERD ) LIRTERRET
TOREEE Y RET L0, FBRE) FIFA-SES)ICEF L, FE2EIA2E8, 6. FRSFI0A
S CHH T o7, BAROTHMIIE. #56400MWAMOX(64,000MWdAM)ITE L 720
IFA-S14BbEHE S RIC DV Tid, BT OEET— 4 (BER.GERE, REEENE. BEE
BIUBER Y v 7)) BIUBRFHERRT— 5 2 HOBESERFELAT L. 27k,
[FA-S65E S-S HIZ oV T, Wit nsET— ¥ £ AV RESTEMY R T L. BE%R

BriToTwh,

(2) % 2 RHER(FA-529)

6 F BAEL 4B S R (IEA-S20) DEREL 38 5T B & UL 2 IBAISIFE & ) 5, BTz v 7 IR
BWCEEHISSETE L H 5L, BBRIGIEI0R ITRT Lz, BER TROESHETFYRERILH
25.500MWdAMOX(28,900MWAAM) T3 = 72, £ 0, BHHREBT v = 7 -F7UMICTERL,
BERIGIERE T Lz, $7-. B oeE7— 5 (BERLRE. RE, S L UTRAA

y oy 2 @) BLUBHERER7 — 7 ¥ BV BHERFHEAT LIS



222

JAERI- Tech 94-021

BB

(1) % 1 KSEE(IFA-514/TFA-565)

[FA-SI45 73, 125 A4—TTaT8N, AALICEHMRT ZOBEESRESI LT
L, FTO8 47— E2HOAR—FBIUFIRDF 2~ T THEESN TS, FEEDL
TS, BRERGRE, 7L TAREN. BEEGUBIUTHBEAY v 2 BT T 5 LD DRI
SVWTEN, FhoORBEERN T A YOHESIEDLETFg2-1IIRT, 7. BT A~
& & LTid, BEHBR (PERLVy b /PERLy b)) BLUBERERE G508 =
BREALTWVA, '

[FA-514/IFA-S65 DEREHEIZER TH A Z & ¥ BT, HAIIIIEXSBWREAFE L [F] UALH
Thb, BERAY v 7EIZ1L80mMmTH L, PuO& RIKUO: & #BMESHIT L - T, BLE
58wth R Lo BE LAV TUHET.D.OREILHRE La~Ly F AV Tv5, RodNodt6
EREISIMOFERL Y b EOHTHE, Ny PERFEENF v v 7id, #2404 mDia. TH

%o IFA-514/TFA-565D T B4 £ Table 2-112F £ D TH b

(2) 5 2KHEE(IFA-529)

FA-520it, L F2BD2 2 7A5 —hbl-THED, TREN6 KT ODERMHETHS
FThLbhTwh, EBATA—-FL LTI, HEF- Ly b Er vy TRBLUTBAANL 7 D
BIEHEAEHAL TV, O~ Ly FOEEFEL T BRFEREIEE LA 2 g
EEERE MHE) 1240 ERLAMOXEADCPuU=1DEHE TRV y F 2BET 25HE &,
TEAL TV b oA e TRMEY T v R ERIRS LIRS (MBE) HVAREOTEHEOR
EHETHD, 1ROWEHEL M T ZIRFHC, MHACRE LA ABEDHEO VTIPS
EENTVD, Fig22ill IEHEDSHZEOEB LT A — s OHAEDEERT BRAY v 7 &
i3, #550mm, PuC:EALEEIZ8 3Iwt%. L v FEEIIM%T.D. Thd, XLy b -EEREDF v v

74 4 X13160~340 x mDia. DFEEFHICH B, MOXL v F D2 ODBLEFEDE £ Fig.2-310R

o



JAERI-Tech 94-021

223 HSEH

[FA-S14H#9E BBBAT S 7z, BZERL v b A D BEHERD No b 6) T B { 1D 4 KILIZIZ[E]
CHENTBETH L, PERLy MEOEB LASKOKUDEER., SkWwmTH ), #AHE
SEH DB TEEIRMKW/MTH 272, Ny b E— 7 OBEEITFI49GWIAMOX(S6GWM)IT
E LT

[FA-56513# 124 MM S h, BREETHORHNATFEL2BkWmMTH D, ~L vy PE-7 D
BEEE 1340 50GWAAMOX(67GWd/M)T3E L 72,

IFA-520D BB SHEI I IE M6 Tdh o720 THS 7 A S — . k227 725 — L ) EFRUNEE
AEVy, WA HTBELSKW/m, FTHsIAF—0O~Ly bE— 2 BREREIZH3IGWIMOX

(GSGWAM) Tdh o7z, [ Y F OBEHERAE T L O TTable2-2i07R T 6

23 BFE
IFA-514,/565, IFA-529 DB 7 — 7 O iz £ h MOX ¥ o @y, HBEEIE TR
L, Fig.2-4~Fig.2- 130 R ESZHUTOMRERNE LN,

(1) PNCEIMOXEEEAS, ~L v b ¥ — o BEETSOCWIAMOXDRHEHE E TRECHET 52 &
THEF L7, 7

(2) PNCEIMOXHEIDEPH AMINEEN X, U ENEIEBL TH Y, FPAARLERLEZIRL S
niv, MEAL Y M, REHE L) ATHRSD S,

(3) MH~L v MIMBARL vy b & DFPH AREEANE Y,

@) Fry7avFosrRd, BELELSIRITLN, BERETRHT VEILLE Y

(5) PCMIZEE) 2 RO MBUHTESy— Lck I h, Ny PORKR (FLELFHR) £ by

b BEEY Yy A XOREEL. I VHETR L2272,



JAERI-Tech 94-021

[1] MISHIMA Y., Japanese Fuel Study Related to Extended Bum-
up and Plutonium Recycling, IAEA Specialists’" Meeting on
Improved  Utilization of Water Reactor Fuel with  Special
Emphasis on Extended Bumnups and Plutonium Recycling, Mol ,
1984.

[2] KOIZUMI M., OHTSUKA K., ISAGAWA H., AKIYAMA H. and
TODOKORQO A., Development of Process for the co-conversion of
Pu-U Nitrate Mixed Solutions to Mixed-Oxide Powder Using a
Microwave Heating Method, Nuclear Technology 61,55 (1983)
[3] KAMIMURA K., ABE T., and YOKOUCHI Y., Fission Gas Release
Behaviour of MOX  Fuel(IFA-514 and IFA-529), Workshop
Meeting on Fission Product Release, Halden, 19-20 September,
1985.

[4] VITANZA C., KOLSTAD E. and GRAZIANI U., Fission Gas
Release from UO3z Pellet Fuel at High Bumn-up, ANS Topical
Meeting on Light Water Reactor Fuel Performance, Portland,
1979.

[5] ABE T., KANEDA K., UEMATSU S. and SHIKAKURA S., Thermal
and Mechanical Behaviours of MOX Fuel Rods in [FA-529,
Enlarged Halden Programme Group Meeting, Leon, 8-13 May,
1988.

[6] SAIRANEN R., VITANZA C., KELPPE S., and RANTA-PUSKA K,
Steady State Fission Gas Release from IFA-505 Data Evaluation
Comparison with Release Models, HWR-157 (19806).

[7] OHUCHI A. et al, Behaviour of Gaseous and Volatile Fission
Products in BWR Fuel Rods, TAEA Specialists’ Meeting on Post
Irradiation Examination and Experience, Tokyo, Japan 26-30 Nov.
1984. _

[8] MISHIMA T., KAMIMURA K., and TANAKA K., Thermal and
Mechanical Behaviours of MOX Fuel Rods, IAEA Technical
Committee Meeting on Recycling of Pu and U in Water Reactor
Fuels, Cadarache, France, Nov. 13-16, 1989.

[9] KAMIMURA K., MAEDA S., MISHIMA T, Irradiation Test of
MOX Fuel Rods for Water Reactor(1)-Thermal Behaviours of
IFA-529 Fuel Rods., Atomic Energy Society of Japan, Apr. 2-4,
1990.

[10] MAEDA S., KAMIMURA K., MATSUMOTO M., Imadiation Test
of MOX Fuel Rods for Water Reactor(2)-Mechanical Behaviours
of IFA-529 Fuel Rods., Atomic Energy Society of Japan, Apr. 2-

4, 1990.



JAERI-Tech 94-021

[11] KAMIMURA K., FP Gas Release Behaviour of High Burn-up
MQOX Fuel for Thermal Reactors., IAEA Technical Committee
Meeting on Fission Gas Release and Fuel Rod Chemistry Related
to Extended Burnup., Pembroke, Canada, Apr. 27-May 1, 1992.
[12] KIKUCHI K., NAKAJIMA Y., and MATSUMOTO M. Post
Irradiation Examination of MOX Fuel Rods., Atomic Energy
Society of Japan, Mar. 27-29, 1993



JAERI-Tech 94-021

| _ Table 2.1 Specification Data of IFA-514/565 and IFA-529

IFA-514/565 | IFA-318 |
‘ Pellet
| Fabricatlon Method MBx | MH= 2 /MB
! Shape Solid / Hollow Sclid
: Surface Treatment Ground / As* 3 As
| Quter Diameter (zm) 10.56 10.47 ~ 10.64
Inner Diameter (= 35 =4 -
Density (%T.D.2 : 94 a4
PuQ: Concentration (wi%) 58 8.3
U= 235 Enrieh (w1%) - Nat.U Nat.U
Cladding
Material Zry— 2 Ziv—12
Quter Diameter {(z=z) 12,33 12.33
Inner Diameter (=) 10.80 10.80
Fuel Rod
Fuel Stack Length (ma) 1380 1 230
Pellet—Clad Gap (zm Dia) 2720 ~ 260 160 ~ 340
Filling Gas He He
Filling Pressure | atm | 2um
Assembly
Number of Fuel Rods 6 12
[Upp:r Cluster GJ
Lower Clusier §

* ] Mechanical Blending Method
=% Co-conversion Method with Microwave Healing
* 3 As—Siniered Pellet

* 4 only for Hollow Pellet

Table 2.2 Irradiation data of IFA-514/565 and 529

M.AX.Pellet Ave, LHR | Pellet Peak | Average Irradiation*i
Peak LHR | (Rod.Ave.} | Bum-up Burn-up Time
{KW/m) KWim) | (GWdAMOX)[ (GWdAMOX)| (Year)
Soilid Pellet Rod 51 24 49 40 9.3
on c
[FA-514/565 (23} (38) (48) (12.2)
48 21 48 39 9.3
Hollow Pellet Rod exn (59) (49) (12.2)
Upper Cluster 50 22 33 25 6.3
IFA-329
Lower Cluster 50 24 31 28 6.3

*1 Irradiation time is definded by the time that the rig is in the reactor.
#2 {)including IFA-5635 as of August 1993,
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Table 3.1.1 Fuel Specification

Fuel Rod Type

Reference

Remedy 1

(Zr-liner clad)

Remedy 2

(Hollow pellet)

Fuel Pellet
Type

Form

Inner Diameter,mm
Outer diameter,mm
Height , T
Density ,% of TD
Pu Enrichment ,%
239pu+?4ipu / PutU

Fuel Cladding
Material

Inner Diameter,mm
Cuter Diameter, mm

Fuel Rod
Pellet/Clad Gap,tm
Active Length,mm
Fill Gas,bar;He RT
Fres Vol. =1
No.of Test Rod
Rod Name

Sintered MOX
Selid

Dish,
Chamfered

12.4
13
95

3.4

Zry-2

12.7
14.5

300
500

3

16

2
Al,Bl

Sintered MOX
Soliid

Dish,
Chamfered

12.4
13
G5
3.4

Irvy-2
(Zr-liner)
12.7

14.3

300

500

3

16

3
AZ,B2,B4

Sintered MOX
Hollow
Chamfered

3.5
12.4
13
95
3.4

Zry-2

12.7
14.5

300
500

3

25

2
A3,B3
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Table3-1-2 HBHEHFEBRBELE - BHEEE

18 =]

A T REEFHEH

IFA-554,/ 55584%
1R L o b
#1 =1 iy B By i | VR Nty A & E
' REEMEY
= = 12.40mm =] y.id
i 1% hENRL v b hENL Y R
: (Frwvira: (Fa4via-
Fv T TE) Fo T E)
Ly k _
7 ML - T
E it E 3.40wt% 1.15~3.40
wt %%
2.MAER
q M O£ 50 0mm 3700mm
WEBEME ShAhOA-2 JIIAAA-2
(Zr514F+—)
HEEINE 14.50mm ER
HEETNE 0.8 2mm B i
PIC¥ vy 7 300um m
HAHRX He 3.0 kg/cnwa a 5 v
3.BBET M
TEMGE 37, 400MWd,~t 43, 000MWd.“t
(E#8) (BRETRK)
BHEOHERE 55.8 kw.,”m 49.2kw./m
(X%8) (EXETEREX)
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Table 3.2 Fuel loading in IFA-554/555

agr Month 'BE/10 [B8/3 'B6/12 87/3  [88/2 BB/12  |B9/S ‘83/12
—8es2 _BE/10] ~BT/N -'88/2] ~88/1 | ~'89/3| ~BS/I| -~
; ' (@) :
Loading NO. ""@""*‘@" G @’*“‘@"‘“@"‘é . "‘"@'}'
upper
Posd Al Al
Pos.5 | A2 A2
[FA- |Pesb | A3 AS
554 | lower
ggi'”iond Pos| | Bl | B4——84, | B3 83, | B2-1-82
Pos2 | B2=gFB2, | BIl—T—<7FBI | B4 784, | B3
Pos3 | B3—¢ g3 | B2—¥——-732, | Bi— LB |
— LN /!\\ xD TN AT 37 1 BN
[FA- R T I \¥ R I RO AP PR
555 B4 | B g2 3 | B4 BI B2 33 84

Test (No.

Power Cycling

I
AAAAAANAAANANANNDNAONAN
[QH )] (3] 4y (& B 7 (| g oy (10 (123 (13 (16 1Sy () (7 [§t3]

) i | | | |
T

Red in IFA-555/
{Rod In IFA-554

Fuel Rod Exchaging

)

| ! !

] i | ! | 1 I
A A A FaN A TAN FAN A
{84{8H B[{BZHBZ{B3HBS{B4HB4(BH(BlfBZ)(82(83H83{84J
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Research on LWR fuel behavior
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5. V5w HBWR IS %17 2 B et o G 88 B ¢ 5 pF 54
Irradiation Study of Advanced Fuel Behavior
in HBWR
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Tahle 5.1 Additive concentration, grain size and density of fuel pellets.

Fuel rod Pellets Grain Density
type size
Cum) (g/cm?)
Undoped stndard 12 10.6
gpg?ggg large- 83 10.6
9x9 0. 2wt%T 102 doped 93 10.9
0. 25wt%A1-Si-0 doped? b4 10.5
0. 25wt%Ti-Si-0 doped* 153 10. 8
10wt%Gd;05 doped 58 10.3
Undoped-standard 16 10.6
Undoped !arge- 43 10.5
grained
8x8 | 0. 7wt%Nho05 doped 110 10.8
0. 2wt%Ti0; doped 85 0. 8
1. Owt%K doped? 15 10.8
0. 5wi%3 doped® 28 10.4

1Synthetic aluminosilicate or titaniasilicate
2)Kaolinite
3)Bentonite
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6. RABILBEMOX) DB ICE T 5 /LT VIFTOBEEER
Irrdiation Behaviour of IFA-559 MOX Fuel Rods
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Table 6.1 Specification of the test rod

A 2 % 5 A 7 A B

pra # % P 5 U O, MO X JO, MOX
E Z (mm) 8. 18 - B. 23 -
Pu' E{E (wt 2] — 6. ¢ — 6. 0
U—2 3 SEEE (wtX%) g. @ — g. 0 —
PuO, & {gm) — =400 — £400
Ly bEREF v 7 170 - 110 -

(zm)
AN AICE 10. 5 (He) 1. 0 (AT)
{kg/cm? - 23]




Table 6.2 Irradiation Condition
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#OH B PR TE K Fén Rk Fen R AR

BAEEEL (Mwd/MU) s 71 (W em £ F BWem
1 U0, - typeA 45100 180 340
2 U0, - typed 28800 150 333
3 MOX - typeA 43000 180 333
4 MOX - LypeA 29100 185 322
5 MOX - typeB 43700 185 338
6 MOX - typeB 30700 209 338
7 U0, - typeA 33300 120 301
8 U0, - typeB 20400 140 289
9 MOX - typeA 33800 125 315
10 MOX - typeA 21100 135 270
11 MOX - typeB 33800 125 318
12 MOX - typeB 21800 145 301
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