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Irradiation-induced Dimensional Changes of Fuel Compacts

and Graphite Sleeves of OGL-1 Fuel Assemblies

Kimio HAYASHI, Kazuo MINATO, Fumiaki KOBAYASHI
Tsutomu TOBITA, Teruo KIKUCHI+, Shiro KUROBANET
Mamoru ADACHIT and Kousaku FUKUDA

Department of Fuels and Materials Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received May 18, 1988)

Experimental data are summarized on irradiation-induced dimensional
changes of fuel compacts and graphite sleeves of the first to ninth
OGL-1 fuel assemblies. The range of fast-neutron f£luence is up to
4x102% n/m? (E>0.18 MeV); and that of irradiatien temperature is 900 -
1400°C for fuel compacts and 800 - 1050°C for graphite sleeves. The
dimensional change of the fuel compacts was shrinkage under these test
conditions, and the shrinkage fraction increased almost linearly with
fast-neutron fluence. The shrinkage fraction of the fuel compacts was
larger by 20 % in the axial direction than in the radial direction,
Influence of the irradiation temperature on the dimensional-change
behavior of the fuel compacts was not observed clearly; presumably the
influence was hidden by scatter of the data because of low level of the

fast-neutron fluence and the resultant small dimensional changes.,

Keywords: Dimension, Change, Fuel, Irradiation, Graphite, Matrix,

Coated Fuel Particle, Neutron, Shrinkage
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DL 323 1Cixi +Caxd +Caxd 31 ) =0
[0 4%F:

Ci Z'X?;+C2 EXi‘FCa sziffxgiyi=0 (8)

B), 7, QXE2FEDTITHADECT AL

rx? rx! oyt of Ix, v,
rx rxt 3xd C: | = | Zxly, (9)
rx! Zx‘:' EX? Cs EX? Vi

i35, TOirH % Gauss — Jordan GJ‘ZﬁiEHjm T > TR T, G, Gy BRSO,
2 THERALT - 5 DfF LR HR
toHET L - T LR~ 9IROGL— 1 BEHADEE 7 — # it 2V TR E B -,

4D/ D@)=—-168¢ + 1.40¢%, 0<p=10.4 (10}
b=t TIBHEE (1090, /m2 867, E> 0.18MeV)

COREERMT -5 EDT 4 v F 4713, Fig2d Wiz R T2 90 3EBETEHR. 2EN
BFEiddas, HlAEFo=03 (F4Hb3x10%n,/m?, E=>0.18MeV) O&E T THE R
DOFf, 4D/ D=-038% &M 5, L, ROEREAEES04THD, ChEELELESL
CEFENBELIGAZETTEERETET 5,

KDL 2EWITRT L HiL, B+ 7w BH 74 £ B0Trk0RCEBNBEFOIYAE
BTs0, WRorbokb LARFTOMNRERAC AL RT3,

42 EHIT-TEILBEF-—¥EDBEE

1 ETHERN LT 0OGL -1 BETHBE D vovy rRIEZV OO, Sdidi: FEE R
K EEIEON 2, —F, Bt 72l B0 T3 %1000,/ mt (E > 0.18 MeV) BE, 472
Db, OGL-1HE L0 1AV SEAES TOBRE 27 RS- #BRES AT
be FNODEBE F— 4T THEKHREST ATETH 5.

CCTHE, OGL- 1 B &@mE+ » T2Vl 7 — 4 22 TEHD TIREAFEOEHAST 4.1
EislE U AETROAEROA T LT ICRT,

4D/ D@ =~ 1100 + 0.216¢*, 0<¢=3 an
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WX T ES B IR LO~a3BREELABC 2 LRk A T, LOLEMT-5&D7
49T 4 IBRTETAUMEIFDEREL 0T, ZhoRBEE LA -1, B+ o
TeNBE T -4 (4D D) EOOKD 7 4 v F 4 v IR E Fig 26 WiRd, BIFAUTH S
EEZB, BENKEERSTAZE, ¢=1 (10¥n/m?, E>0.18MeV) T4D/D=—0.88%
THB, $Hp=03E8L4D/D=-031%BL10, 4 1HGDESDID,/ D=-038% i
ol &5, AERSENR S L TRrORNEHERT 5, 2770, ook 5 ERREHL
WF— BB ENLICONT, BREPEIESNEDIZMKRTH LY, BEFENEEEIAEJE
DLW THAILEZL T S,

N, BiEd e Ve BRICED SEEHES OGL -1 BHOIBE LRI 900~ 1400°CHEE
THAED, BREFTT E5IHEEER~AOFEZHICE SN T, /L 448K 30hT
HEAHE, BEE -7 LBETRERY A 70l L0BIEEL XVvOEHB A RE b 0T E
LdHo, B#d L, SFEERCHY ARNEEOHRERATO RO T TERC IR RE

HERHOIBLEDEFZ T A,

43 ERIPHBRHAFFE(HTTR ) OBREH4EOBEE

HTTR DEW S TORIEEE, Stk FBHR (E>018MeV) @EHTT x 10", m’
BAT13x10%n,/m* TH 4, ThoEHEBMT OGL- 1 B o BHEMALEL %25,
Tt 7T VBHOBRRER OIS IR L0 TH A, BHER % 900~ M00CEE &4

, @R SBRE D N7 P AREALE (4D/D) IHFHT - 0.66%, FKT-LOGHBIEEL
Wh, FLA2ENER L L A, By Ve VEE T Y TEREEEEOEENSIEL L
XN T NI AEEE B 0, BEHEECS - TRRE2EEDNOAHE S = A LED
BAEAEER D,

. 3
14 AEF—5Eops N

OGL -1 Bt L U4+ 7 & VST & - TEFFCIE Lk o v ey F o bt Eik
i F R EICH LT T 0y~ L, AEF -5 & B L 08 Fig 26 THAS D OGL~ | Bs
DEETHFRFEIECERACH LD, FHfr 7oV L ABREERLEDTINLHTIR
SRAME 2 vy r OBSHEZ T AVR BEER BEED OB -rZEEEEEETSH
L LA,

EAEOBMHEEOMARE Fig 27 0 md, PO AVR #iEHZ, OGL— 1| Bl 5k 0%
4 7tk HTTR BREHBEELE UKD w7 25 M, BEIORUELC 72/ —
B4 v —52B0T (A3 <t i) w7 REMES) A —N-a—- FERE->TEELZHDT
&5, tﬁbﬂm&iHTTR%ﬁF%Hﬁﬁﬁﬁi&T%%mcﬂbt;WRﬁwﬂiaN-
TR LB Tmmrﬁﬂ&fﬁ7 As(k%b<A33)7bU/72®M%7E$@
it Fig 28 10 & 5 i S W BRI 5V TS BB REES S 5 hh T 51

OECD Dragon {570 Y= 7 + OkHZ HTTR BIE LB —8iE (A —v—3- 5L OF

_gw
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AT 3 KIS V80 M) TREE AL, Lal, by 2 2 BRICHHKD -7 2%
R f 2 SHEEC RAESR SN A, §8H B v + D8R 0 EH R OIRE
DS HKECD & 12 Fig 20 E SN A L Hic HTTR BEBIEIC H~T T HITEE S 1D
KE,

KE® Fort St. Vrain F#EHE 2 7 7 AR (hot—slug injection) &3 HEICE T
s sV BTS2 K L - 2 BB TS E O GUREHEEE) omEi
Z3RD= ) Y AMESESETEAT L FETHE, COH, FAZEERRT L9,
Bk (747 ) BHEEELOLUL, BEsg vy -2 EDECLTHBEERD T 5,
COHETRHER FRIERE~60v0l. % &EMOE DK (~30vol. %) CH~NTEH HBR T
BHNWTELTHARH, BE a7 b (fuel rod &Fd2) DS THEELRIES <+ &
72 50BN TEKROTRIUECKTT 2L EPNTHD, 20 TEELBHTTR ARE
BRELS AVR BBl L0 &/vx (AT é0(17,18}

Fig 29 B#El o v 7 + DRE DB L 2BE B L ORAEFOE 2RI R LIS
peh s Y TRISOWER T2 0 B8~ + U o 2 2 0E3 DSBHITMEDS A 21 OTHEEED
EIHCPEE > CTTRISOMBN Fid <t w7 2 o EMIEAERG 5, 4 — /3 — r T
COERIEIIIEAETHY, BAOTEVENRCL AL, BEOMEGZ T ) v 7 2B
259 I MAB, %5 VEARTE TRISO BB T Am2LNRFESHNTHY, RERO
KPS > RN TFOMBICH 2T 1 Y v 7 27 75 0 B5ET 2o COW, B
TOBAEBBE 7 ) 57 2 LOBEHHTEZ L BIREBOBENSE LS, Chitzs s
AR £ BRI IT /A 5 ~ RA PyC BOBSILTICA D ¢ LD BT B LOT,EEH
P T BRI B TR ORESE DA £ BEES AT BD
HTTR BRME 5 250 2 THIOX ) GHiEE — Fick 508N FRIESEE S i fll

TN,
45 TRELEDHORE

AHEOHBEEZURORBEORBOGRICHKR T AFHFHNI L E LT, O2 vy PR
DIFERITH~T, REODPMEESOTOLIT (~20%) KEdb-1cl &, BLXOQRFEEDE
WY BTEENEFHDROBIBALER N -2 E, BhiToNnd, ZNSDRALEDT
#Ela vy FOBRTREELOBBICOWTEET B,

29, TRISOWBE FLOMABE s vy r TRHTRRIC L 2FTEETIHEERE~
Yy 7 ROSEEMKERESNE, CHEEHEEBBD 1 2TH5 SiC o BH THEES, FlZ
2 1040°C, 4 x 10”0 /cm? (B> 0.18MeV) T 0.05%DBHE L b THTHY, BT
BHT2EE LTOTRELLIChTHTHEZ Ltk 5,

(1) BEla v~y rOEF~TEE/ORAHE

AL FECERER ESEC L - TRE LB s vy v (T6F - 6 A 4+ 7 v BEER

K, T6FP 1A 1~DF pmptcid, > 1.3 x10%n/m? (E>0.18MeV) @ EEch ik FHH &

LT
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E X DiEE < HEDNHEE »
Lo T A, 1A 16«10 n/m? (E>0.18MeV) TRESONMEIZ 0.8 %, HEDIH
B2 1B ThHotr, ABHBRETZF-8ABI TR~ ¢A F+ 7 vBEIC L 2RE O
FicbRenT»ad,

TP EAEROHERL BL(BTHE, 20T FTHREGOHEHEIIIELL S, 1
EAOhBC LR, ABSOOGL-1 BHOL S EERHE FRHNESHEOH (S04 x10%/nf)
i1t

RsoRES > HENER @
L150, BEEHESE SICHASE, BIASER@PRITELHICEELTHE,

TRR TR ARSI L S0 T, ROXHHHEETH -/, $HbE, B
KTEEBHREEL, 20NERcEHIMI0 baliARDESBREVL S, BB VY
- RIS L— B0 S A OB E I S & B S EICEST AL (L, B - R
Yoy 7 2CBNT, NV F—RELEERBEY L THEEPET @ & 5 RADRERIZAE D
5k a0 D s L s, BEMAD ¢ HHEOEIR A V¥ — REOIEIC & - TRINE .
Dy FESHUOSERM I cWIKBIREEL 23T TH L, —, 3V PEEAS
@, BB alt A EOWE L N v - REOIBHIMES NS, UL LnbREH
B D EEFEDES DBIERIAE 2560 EBRE NI,

DRI L - TEREBHTASERMASERT T 52 S RFETE 3 500, KEHBOFIT
AERWBOETT BT & RHATI AV, COBER SV THERNETH 5,

2 Ew@EE R

wi o vy r OB r Y v 7 ROBHTHEELEEZSBRICE, FERIBMHOE T
R B 75 niaEe i 550 S ERAMHHHRRERY (7«7 —) &Y
v FRIEEDNA VT — £ DS H SE- TV B HSBEREENE (1G-110 EHOBE 2800
C) -, NV —ORELELEV, T L TES < MY v 7 2 SRR RS & A
VLA b OOESEEAEY (A0 HTRR FZERE D o7 + DFE 1800 °C) 7o
. A 7Y~ DEEHLE B RN T RN TEY, RTINS L) CBIMUEOBV £
Wi 50 THEO B TEE B BT B LED B B,

$TEERAMMOBER GERT, crystallite, BERHBEFAL T EHTS 2) DIER
GREII R~ ) v LRERED 050 BB T IO DHAREEEA S, OB O
HREORANT 0« 23, B D TORERE Sk OFREBZC & > CRERTIH T
BorodLatian, AU ITRICEHLUET (PKA) D12 0¥ - SH280EG IO
RERFLEELT, BUSHLART - FEESCLTHE, BEVTHEC, HUsBsn
RETOBBEISNS VB, ENCERTFEETLN0, bEORTHEL3EASER
ShBC EiChs, FOBE BEN (aliFR) TRELOLHIIUEL, ¥icERCiET
PR TANE0 C LB & WE AW (c A R Y 2, BREESSHEL, BT
PR & A QAR D TR RIBRG ORI SBEVPEO NG 21D, £OTEREL
BE)IEMICIE A,
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BOMENRTH, BREREIKE VY, BERBRNOES LRSETEN TEA{LEHrE
ﬁ%mﬁﬁéﬂ%@ k

e L TEEREMMEO DR HEE{ L FEE RN OMERORESPB TR,
BROAHSEE ORI, 4 v 5 — ORI L BELONES 55, KES 1}, BaDE
AR D BE B <TG 23 850°C~ M 1200°C OB EEH TRE LR L HICRE(H BT E%RL
., FOEHELT, ChODEBETRITRENBLULOES L RESTHEE{LicES
L, BHEBESS LT - TIOBEHEIRMBERENELHTUELLBTHELEDERH
ERE LI

ZHREEBHTUEHERD c i AOERBSAICE > TSR, adhiEOIFENEL
W, BHRACEECERIRNES L TEMNG, BHRESEN LEENE TENfEPE &, £
RMITHAS > TR NP ERSNE LS R0, SARROBHEBILETEE 1007 5 4
JOFREEMI - TEANKERCET 2L SiCI 5‘3”"(3“ COWF L turnaround ” & L THI
ShTEY, IhAPENEEBRBEHNEE L > TELGLZ EPHONTL 4,

AL, EERESMIIET AMEROENFRIZEECELFNTEA R ZE T ED
T, AR L - TTEEELRL S,

(3) E#=r 7 20 TEEOBEE

BRI B0 A TRIUER, B8~ L 02 2035 HEEEENT £ 0 —ir ks B
FOBRERBANCE LS B~ Y v 7 2 GERBE BRI v - ORI EENE
WZEMRAEELLCLELTHT SN,

BREREE S 1100CE BEVWEETERSNAREMBETHE ASR- ORB < ASR-1RB
Tl 1G- 110 4 EHEEBEMBICIL~T A2 0 BH THEEES 5 Lice 2 DRHORE -
BB OIS AL S L EMMLOBVHEE EBRBO BRI AS N EBHLAT
L 50(28,32—35}

CRLOERGERS D, © MHEBIML” OEAFBRES N, Delle 3™ B IO BHRE
T by s 2 OBHTEEEHSOREROBHBELOREDEMEP SO - T 5 LEE
Ao LT, BEHIEHEBCEKEL BRHEEIDSETOT7T -tk > TRHEXEEL S
7, BEOERMMLEEIRNMICEIEZ5DEEAT,

CDEZHCE->TAREDERENEST L ED0EETHE, §H4hE, AREOEBTH
EEh i TR AR <, $ABHEEES 600°C~ 1400 CEEn iy, Mo BHESR (U
LA oMBEEFPOLECEED LD HENDRE LI, —F, KRERD ORML
#H NS EENIEREICTT 2 o0 BRIGEPBE S N, BREEREOEEBPHFCRRONGT S
ShEDEEZ AL EMTE S, ‘

T, Dot ARENRSOES AL, FORISHARBESMEEEHIT turnaround
HELBENHTET, ~BRCEHRE- T v 2 2OFRHEHEBHTHE SN TV S turnaround
LREETE B, 1L, AMEZOHE T turnaround HE S NSV, T Rid@E@dErp i T-FH
B EAT~4%x10%n,/m? (E>0.18MeV ) H@EHEORB~ + Y v 7 2 DIBESMT turnaround
DRONZBHEBHHIO 1AES NSk THEEEZL TV 5,

HEARTEZ ) o 7 A DBHRSTEEA BT ERN - SFNCTENT 2/ HICRO L HTTER



JAERI—M 88—107

WEZLND, THbE, Ny yF—HE (22 TiR7 /-l 5B LEBE D v
2 b ERUCEBTRILS TR CFOEELEANTET 3, —H BERIRICIOHEO XK
EFE &0, BEtoasT BFERELBSE UERFORESIDEL L7 ol lE Tk
FALEE L DEEER~B, O, BHEZOECK X ARG EOETERETEEERO
BOEEANLZ EPERED,

(4) #Ela von s r ORE PEETH T ABRHERED

LAERTRLEESIKAS Y » 7 2 DR TEE mccwf@%% & DR S IC B
nT 5 (Fig 28), LA L OGL—1 8 Tl EEd i FREESEY (£4210% 0,/ Ml E>
0.18 MeV) 12T HE S NE (, TORTE LD T v+ BLIURBEEHODOT TRV
BT (OEED) <7 vrothie, BEREOROCIKE ZERDVL(SNTLE - /0lH
PEDIER O,

—F, B Ay TN TRA2ECEAR L ok SIS Y A 7 O8I RE Y
KE (T Lo, SR ETRHEBR RS (33100 n/m*, BE>018MeV) i@ b1
b & TREREICEEREOE T L ZEENABICENE A 2D ERBR LI

SEOBHBRBIIEBL TRINGOACHEEL, T2HL0—E0RETSREEE TR L
THEOBDTFELF -7 5#RETLE0HEBE L —HIEITHINETH S,

46 BHRY-TOBETHEEREAUNG - RAU-—THOFEYr v 7

EEFH T OV T 4 B BT Lk S el 2 vy 1 LD s RETEE LD NS e, €D
5% OGL- | B TrE#EpHE TRABRMEO DT, RIURBE 277000 0EORITECRESR
BOEHCLBE TV FCH L THEDOS O TEELT -9 TRBT 5DH# LV,

L L, BEEFBRCHCTL ATENEESE B CHERESRVOT, BEFANICHE -
HEEIC L - TAIET 57, SHEEEREORETHE CENEEHEL 227 -y DATFHAEHEL
14, 8WOGL— 1 BEMKIC >V TIRINEEMBL 7o 3 -HERTEPOBIZIIKEHRIC 20T
FIEHEETO TERECEREE FTE LT S,

RE D vov s R EES Y - TRIOF - o THOVWTHELTE, v oAy Ty sH#
O OB TREERBLUOERD FEENSESE) CHEOM TR THBEEC LY
WESicEEtans, BEo vy r LR - TOBMERFETH~LLEBRAY -TDIES
2k 2 0ot P g R T oM N EERICRTEDF « v TRIEEAT 2FACH 5, 154
BT bR LAk i EE b TR OMIN S S TENERI HTTR O &4 FTREE
YO FDESBREVDT, COALLLFry TRIZEART HHMICH B0

LD EFERNTRE I AL T LT Mlichb, FE 53 TOGL-1RHE LU
JMTR &+ 7R VBEICBVT, 3257 b2 ) = THEOF v THEDQDITEE o vy
FASE D RS s i & WA RIS ETE S, L LERS, oo TROMNEY » v 78R
EEDETA2bk0L, E- THABIHETERRE EEES—EDLETIREED LR %6
t-6d, HTTR DFETIT CHWMRI DT EREESN TV A, Fh, Fe v 7RIS

BoBIERR  SEEREORRBRO R ELTITE > T 7 3739
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5. &4 Ey

BET2FERFEERO—ELE L TOCL- 1B BE D vy r BIUER 2 -7 OR
ST B O &1 - fro OGL—1 BEMKIZ S8 TERBHZRE (HTTR) 2448 L7
BE - EEOFAHF AV -7 OCGL-1 TRELAL&DTHL, B2 /o7 +DEEIII0 ~
1400°C, S22V — FTOEE IS 800~ 1050 CERETHTTR O&M %R /2 LT 54, Fl bk
FREBEBEAT~4x10%n/m’ (E>018Me&V) & HTTR DB ARHE (1.3 x 102 n,/m?,
E>=018MeV ) iBREL T,

KRB L > THUTOEREE .

(1) ez vy r O TEEMEISHRPEFRESCE L TREERNCELR L, TORE
BBREOE T 28R HARICRER N, - o

(2) WE2 s rOFEERESGETHTRAR S OERERCEE LT, OGL-1H
IS o0 TIEAN 4.1 iK%, OGL—-1 & JMTR £+ 7B eEFic oo Tt %
72, HTTR OFFT~DOEEAE LT KX EHERT L,

@) #E a7 rORSOIFERIAROIIEREL D 8 HABKEL -, BH A+ 728
Hickswt, S@&ptkFERES OCL-1EHOEE I RECFRICIFOERPSR SN,
(4} EfAR ) — TORMETEELCEL THREORW T — 7 3 8 RBEAEROB&TESh
BHS, —RER & L T Eadch v IR | OB BT > TSIEEINRE R H1EINd 2 T & DiREEE
Ehf, BRI - TOREEIBE 2 v FORERL D G/NS T EBED LR,
SHOFEL LTE, OGL- 1B TROBHEE S - TICR - - £ &fithtt FRE &
9% L (~1x10%n/m*, E>0.18MeV), HTTR KV EETTOMHE 2 v /37 + @
THRAEY, 5LUBHEEORBIE~LT L, BLUQRE Y — TORARDTHES
BEACBEL, BEBAOY v 7EEBHC>OTEELIZF- 4 PWEBET L L6
2Nnd, i IMTR i+ + P v BHOBAVREHICE - T—E0RERE T TEV Elit
HrRHE S THEHNEITE - TRE 2 37 r~STEZE LI 2B REORE S B~NA D L8
VETH B,

ANEOF— 4% HTTR OFFte 288K, R FTAESERO T - VREBTHLE- T
BEIHANEHOACENEMNTHIAY, TORCEBHEHEEDOEVICIL ARHEEZ CHT 3
EEPLETH B,

oo

AHEDOGL- 1 BHAB LS EDLITH - T, BEEORT B L PEFAFHY s 7K
BB RS 1, B 2R BEEIESIUHBEROZN, BEHEORELL D
AN Y & f R AR LAES R oRa, BHEERARCIBAS - RBHHERERE & v
P REHREOEMICECRB LI, Bty + 7 REHEEORARK S L Rk TR IT 2
THEAEORSOHE - #@BE LTHEHCW AL LCEEHLT T, 3-AHEEDOMERKDI - TH
Bafg - e E T EE A EERHE B L ORBTREICEH L 4,
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5. &% e

EEA A FFEARO—EE LTOGCL - | EADOBE 257 F BEXORE 2 ) - 7 DB
WTHEEBOMAE ST - 2, OGL -1 #EMKIZER THRBRTIE (HTTR) ### L 1-
BE - SFEOHFEAFZL-T OCGL-1 TEHLALAGDTH L, Sz Y7 rOEFEIZI00 ~
1400°C, B2 1) — 7OEE 1T 800~ 1050°CEETHTTR O&H%imi LTV aY, SHEt#
THREEBIRREAT~4x10%0m* (E>0.18MeV) & HTTR o5 ABEHE (1.3 ¥ 10¥ n/n’,
E =018 MeV) iC iR BEEL TV,

FRBICE > T TR 5.

(1) #Elo vy rOSTEEETEEPHE P BAETH L TEIFERMITEN L. < OkEHE
WREOEWCL 2R EABRICER N 2,

(2 BRE 2 voNy p SRR LR S SEEFREE R S OBRESITNCEE LT, OGL-1H
B0 TIRAN 4.1 0%, OGL—-1 & JMTR # + 72w BH 220 TIZWR %
fofzo HTTR OEFF~OBEHL L TN EFH#ES 4,
(3) ez vy ORI OBERINZDNFEEL D SRS REH -1, HH+F + 7R vE
BT, SEDETENES OGL- 1 BECEELI 0 KEVRFRHFCERBR O N,
4 Bz - TOHEETELSCHLTEEOROL 7 — 4 3F 8 MBKHARKH OBE TR o
A5, —HREMER & LTS W T RS B ORI AL - TN 18T 5 O & SHERR
SNt o082 ) - TODEEEREE D vy rOIFER L D bhE N LD N,
SHROFELLTHE, OCL-1BFHiz W THORREREE—ECR-> L3 3edtH THRER
EnE L (~1x10¥n/m?, E>0.18MeV), HTTR CiEWE&F FTOBE = v /%7 + D
FREESY, BLOBHEEOEEEENLCE, BLUQEMR Y — FORHTEDTEE
BERCHEL, BEBRAOY » » 7EMAEBICOVTEHELHY A F -y 2NEBS 2 LMBHT
SN B, o JMTR EEH+ + 72 v BHPL BAFEFIC L - T -EOEBEEET TEL sl
HTEHEBST TBHEETE - TRE D v 7 TR T 2RHEBEOEELH~Z 2 L4
WBTH B,

FFEDF— 7 EHTTR OFFc AV 2B, WRTLISERO T sRBIEE-T
BLESNARNFAVA LML TH LY, TORIBRENBEEOERENITL AZAEESICHT 5
EEBLETH H,

#

EEED OCL — | BHRBEED 3105 1 - T, MEKDBE b & RS 2182 5 17 FHFA
HHIRFME BB NES |8, 28 B 3EL L OHERORN, BEREOREL LD
SR M A ST TR 0K 6L, S R IC B & 17 BT R LA B I B o
o RHEEOSEICE CRB LS T, BTt b T REEEOBAE RS E R AR T 1
FERITE Db DIE - FEE L CHGA C & CRE LS To £ EREEOMRIC S - Tl
A0 - Fo ik - MR TR BERERRE B L CRETRETRE LT,
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Table 1{(a) Outline of specification of OGL-1 fuels

Fuel number First Second Third
Number of rods 3 3 1
Number of compacts 54 60 20

Compact I.D. (mm)*1 8.0 20.05 8.0 z0.05  18.0 #0.1

Compact 0.D. (mm) © 24.0 0.1  24.0 20,1 36.0 +0.1
Compact length (mm) 40  #41 36 +1.0 36.0 £1.0
*1 +0.5 +0.10 +0.10
Sleeve T1.D. (mm) 24,2 -0 24,2 ~0.05 36.2 .05
Sleeve 0.D. (mm)™1  30.0 0.5  30.0 0.3 46.0 0.2
fm * s
Comment on fuel Prellmi;ary Mk —TIT 3 Mk-ﬂlv3
design

%] Inner diameter(T.D.), ocuter diameter(0.D.).
*2 Preliminary design: kernel diameter 500+20pm, buffer layer
4045um, IPyC 30%5um, SiC 25%5um, OPyC 45+5um; loading fraction

of coated fuel particles 22%1 vol. Z%.

3+
(98]

First conceptional design: Kernel diameter 600%30um, buffer
layer 60%7um, IPyC 30%5um, SiC 25#5um, OPyC 455um; loading
fraction of coated fuel particles 30+1 (after third fuel,

30+2) wvol, %.
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Table 1{(b} Outline of specification of OGL-1 fuels

Fuel number Fourth Fifth Sixth

Number of rods 3 3 -1
Number of compacts 60 60 20
%1 *3
Compact I.D. (mm) §.0 0.1 8.0 18,0 #0.1
%1 %3
Compact O.D. (mm) 24.0 0.1 24.0 36.0 z0.1
Compact length (mm) 36.0 0.5 36.0%3 36.0.£0.5
*1 +0.,10 %3 +0.1
Sleeve I.D. (mm) 24,2 ~0.05 24,2 36.2 0.05
*] . %73
Sleeve 0.D. (mm) 30.0 +0.2 30.0 46.0 #0.2
%3 *3 %2
Comment on fuel Mk~T1T Mk-TT Mk -II

%1 Inner diameter(I.D.), outer diameter(0.D.}.
%7 See Table 1(a).

%3 The same specification as for the fourth fuel.
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Table 1{(c) Outline of specification of OGL-1 fuels

Fuel number Seventh Eighth Ninth
Number of rods 3. 1 i
Number of compacts 60 20 20

% * % *
Compact I.D. (mm) T 8.072 18.07° 18.0™°
Compact 0.D. (mm)*1 24 ,0%2 36.0%5 36,0%5
% % %
Compact length (mm) 36.0 2 36.0 > 36.0 2
& % % %
Sleeve I.D.  (mm) * 24,2%2 36.2°° 36.27°
% * %
Sleeve 0.D.  (mm) T 30.072 46,07 46.07°
*73 *3 %3
Comment on fuel Mk--TT Mk -TIT Mk -1
Domestic Biso- Mass—
%4, X6 %
matrix particle production
*] Inner diameter(I.D.), outer diameter(0.D.).

*2
#3
x4
%5
*6

The same specification as for the fourth fuel.

See Table 1(a).

Domestic graphite matrix was used for rods 1 and 2.

The same specification as for the sixth fuel.

Biso-coated fuel particles were mixed by one wt.% with the
rest triso-coated fuel particles in compacts 8 and 9,

Coated fuel particles were produced by an enlarged apparatus.
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Table 2(a) Outline of irradiation conditions of OGL-1 fuels
Fuel assembly number First Second Third
Irrad eriod March 1977- Dec. 1977~ ‘March 1979-
- P June 1977  Feb. 1979 July 1979

Irrad. cycles *1 2(#39,40) 4(#42-45) 2(#46,47)
Irrad. time (efpd)’2 39.0 71.6 40.7
Max. burnup OWd/t) 3 4478 6807 4279
Max fuel temp. (°C) 144273 1468™3 1322%3
Max. outlet temp.

of coolant °c) 1075 1020 932
Max. thermal-neutron

fluence (102%n/m?)*4 1.53 2.84 1.4
Max. fast-neutron

. * , ‘

fluence(lozqn/mz) 5 1.24 1.96 0.89

Max. linear heat
% .
rate (kW/m) 3 318 370 640

*#] TIrradiation cycles of the Japan Materials Testing Reactor
(MIR).

#2 Trradiation time In effective full power days.

*#3 Calculated from heat generation,

#4 Energy < 0.683 eV, fuel compact position.

*5 Energy > 0.18 MeV, fuel compact position.
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Table 2(b) Outline of irradiation conditions of 0OGL-1 fuels

Fuel assembly number Fourth Fifth Sixth

Irrad eriod Nov. 1979~ Dec, 1980- June 1982-
< P June 1980 April 1982  July 1982
Irrad. cycles L 4 (4#48-51) 7(#52-58) 1(#59)
*
Irrad. time (efpd) 2 78.0 142.3 21.9
Max. burnup (MWd/t)*3 13599 23733 3580
’ *
Max. fuel temp (°C) 13500 136270 148070
Max. outlet temp.
5% coolant  0o0) 925 1010 904
Max. thermal-neutron
fluence (1024n/m2)*4 3.24 4 .84 0.69
Max. fast-neutron
fluence (1024n/n2)*3 2.32 3.79 0.41
Max, linear heat %3 440 447 820

rate (kW/m)

*1 Irradiation cycles of the Japan Materials Testing Reactor
(JMIR).

*#2 JIrradiation time in effective full power days.

*3 Calculated from heat generation,

*4 Energy < 0.683 eV, fuel compact position.

*5 Energy > 0.18 MeV, fuel compact position.

*6 Measured by W/Re thermocouple.
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Tahle 2(c) Outline of irradiation conditions of 0OGL-1 fuels,

Fuel assembly number " Seventh Eighth Ninth
I d eriod Nov. 1982- Jan. .1984- Jan. 1985-
rrad. perd June 1983 June 1984  March 1986
Trrad. cvcles *1 3(#60,61,63) 3(#64-66) 7(#67-73)
%
Irrad. time (efpd) > 58.0 53.8 145 .5
_ *
Max. burnup (MWd/t) 3 10500 8285 22062
‘ * *
Max. fuel temp (°C) 138076 1391 7 134377
Max, outlet temp.
of coolant (°C) 1031 913 906
Max, thermal-neutron
fluence (10240 /m?)*4 2.15 1.70 -
Max. fast-neutron
fluence(lozqn/mz)*B 1.60 1.20 2.84
Max. linear heat
: ‘ 82 810
rate (kW/m) 475 > 1

*#] TIrradiation cycles of the Japan Materials Testing Reactor
(IMTR) |

%2 Irradiation time in effective full power days.

#3 Calculated from heat generation.

#4 Energy < 0.683 eV, fuel compact position.

*5 FEnergy > 0,18 MeV, fuel compact position.

%6 Estimated from other thermocouple readings.

*#7 Measured by W/Re thermocouple,
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Table 3 Anisotropy factor of irradiation-induced dimensional change

{length to outer-diameter change ratio)

Fuel Max, fast Temp.*z Anisotropykz Av§rage %1
Rodkl neutrgg flgence . factor anisotropy
(10" n/m“) (°C) (<) factor (-)
1-1 0.89 1109 1.02 1.06
1-2 1.20 1343 1.25 _ 1.14
1-3 1.22 1259 1.25 1.24
2-1 1.41 - 1145 1.10 1.03
2-2 1.92 1404 L.44 1.20
2-3 1,95 1335 1.13 1.12
3-1 0.88 1347 a4 -
4-1 1.67 1079 1.10 1.02
42 2.27 1393 1.17 1.20
4-3 2.30 1254 1.13 1.12
5-1 2,72 © 1123 1.24 1.39
5-2 3.69 1281 1.12 1.20
5-5 3,75 1339 1.24 1.23
6-1 0.41 1467 - -
7-1 1.15 1195 1.39 1.45
7-2 1.55 1348 1.21 1.32
7-3 1.58 1331 1.21 1.03
8-1 1.15 1289 1.58 -
9-1 2,81 1375 1.09 1.13
mean ‘ 1.23 1.18

%] TFuel assembly number - rod number

*) Average temperature at the maximum fast-neutron-fluence
position (compacts 7,8 and 9); length to outer-diameter
changes }AL/L|/|AD/D] at the same positiom.

*3  Average for all compacts in the rod.

*4 Not listed because of large scatter.
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Coated Fuel Particle
Packing Fraction: 30 vol.%

Graphite Matrix
Petroleum Coke : 16 wt, %
Natural Graphite !bh wt.%
Phencl Resin Binder: 20 wt.%

Weight fraction
(before carbonization)

Fuel Compact

Fig. 2 Composition of fuel compact.

Coated Fuel Particles

Mixing Drying Smashing Qvercoating

-Graphite Powder
Warm Press

L Binder

—Solvent Primary
Carbonization (Inert Gas)
Secondary Vacuum
Carbonization (1800°Cth)
(Degassing)

l

Fuel Compact

Fig. 3 TFlow diagram of fuel compact preduction.
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Graphite Matrix Powder Retating Drum

Coated Fuel
Particle

Fig. 4 Apparatus for overcoating of graphite matrix
on coated fuel particles,

Die

()

Upper Punch

Lower Punch

Central Rod

©eE

Fuel Compact

’,,,——” Graphite Matrix

Coated Fuel Particle

Fig. 5 Die for molding into hollow fuel compact.
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[A] OGL-1 fuel assembly (three fuel-rod type)

W/Re . Fuel 7C
Hastelloy X T.C. Graphite o o rod compact  holder CA T/C Hos‘relloy X

| block
A.{ ‘ Bﬁ(
1

| H

A~

;i
A-A' cross section B-B cross section  C-C' cross section

[B] 0GL-1 fuel assembly (single fuel-rod type)

Hastelloy X o Fuel il Fuel WChoder /¢ pgstelloy X
rod / compact / :
e/ L Y
- : [||"“L:]||1;f'7mjf4 _ /
LT : Sfam T _!
o)A P

g5 -'_IAl "‘IBI

AA—A' cross section  B-B' cross section C-C' cross section

Fig. 6 Structure of OGL-1 fuel assemblies holding three and a single rod.
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N\
e (E—
b . 9

0
200 m Electric micrometer
{(for straightness)
1 e - ~<J— Fulcrum
[}
1000 pm

Electric micrometer
(for inner diameter)

L Sliding device for
measuring inner
diameter

pf?j?k%&ﬁéﬁééﬁ%&ﬂﬁi44???7%44??77%44ﬂ

ANNNNN
<=

Sample

Fig. 8(a) Apparatus using a sliding guage to measure the bowing and
inner-diameter profile of graphite sleeve“™;
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4D 4D
@ .2 .0 o2 .8

Deviation (left) Deviation (right)

@D, 0 O, . & @

Straightness

Left-hand (:).¢ r(:) Right-hand
electric micrometer

electric micrometer

— | , ]

¥
]
+

I ' }
— . — e — e s g e
—_————— ——
Pulse-encoder \‘h—_—-i<=:::=* K Pulse-motor
Sample

Fig. 8(b) Apparatus to measure the outer-diameter profile of
graphite sleeve (6)
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Fa
0.5 [ 1°
Fast-neutron B
4th 0GL-1 T fluence
- (Rod 2) ® Diameter AD/D ]
B A Length  AL/L T
-1.0 3 L L 1 | L L L I ] I 1 1 | ] 1 1 1 1 | 0
0 ] T T | T T T T | T L 1 T I 1 T T 1] I O
B _,1r’ir’2 _
i L N
Y O
I 22 2e 2e,22
~0.5 [ ® T s
5th OGL-1 .
(Rod 2)
"l.O 1 2 | 1 i L L i ] I 1 ! | 1 1 1 i | 10
0 T T T T T T T T T T T T T T T T O

15

-1.0 ] I L ) ] L L 2 . ] ' 1 1 ! 1 L L I 1 { 10
1 5 10 15 20

(Bottom) (Top)

Fuel Compact Number

Fast-neutron Fluence (102%n/m2, E>0.18MeV)

Fig., 9 Typical results of irradiation-induced changes of outer diameter

and length of fuel compacts in 0GL fuel assemblies.
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Fast-neutron Fluence (1025n/m2, E>0.,18MeV)

0 0.2 0.4 0.6 0.8 1.0
T T T T T T T T T T Y
5th 0GL-1 Fuel
L

0.2 R (Red 3) i
= 135 .
o .
g - ee .
5
& o * Outer—-diameter

0.4 o * L -
o O, ‘// AD/D
2 o O &
g o
e B 00 T
" o
; X
E 0.6} / -
~ Length AL/L

-0.8 L I 1 ol 1 L ] I 1 1 )

Fig. 10(a) Relationship between fast-neutron fluence and irradiation-induced
changes of outer—-diameter and length of fuel compacts
(fifth OGL-1 fuel assembly, rod 3).

Fast-neutron Fluence (1025n/m2, E>0,18MeV)

0 0.2 0.4 0.6 0.8 1.0
T T T T T T T T I T 1
N .. -
9th 0GL-1 Fuel
i:g -0.2 - hd .
) o @
i - ° Outer-diameter
=) o e = T
I o e
AD/D

5 ../ /

-0.4 b .
n! -
g oo cecaes
S o oe
@ - @ -
: /
@
=] o
S -0.6 k- Length i

AL/L
-0.8 i 1 L 1 : 1 1 1 1 1 L

Fig. 10(b) Relationship between fast-neutron fluence and irradiation-induced
‘ changes of outer~diameter and length of fuel compacts
(ninth OGL-1 fuel assembly).
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12{(a) Ratio of axial to radial dimensional changes as a function
of fast-neutron fluence (maximum fluence position).
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Fast-neutron fluence (V/m?, E}29fJ) .
1.0 2.0 3 0™
1 Ml I
—— 14007 ~ 1300%
----1300C ~ 1200t

. —-— 1200 ~ 1100t
N 1100t ~ 1000t

Fig. 13 Effect of irradiation temperature on dimensional change
of fuel compact as a function of fast-neutron fluence.



JAERI-M 83107

Fast-neutron Fluence (1025n/m2, E>0.18MeV)

0 0.1 0.2 0.3 0.4

T T T T T T T I '

- . 7th OGL-1 Fuel 7
(Rod 1)

Dimensional Change AD/D (%)

—0.3k A

A H i ] ] I 1 ] ]

Fig. l4(a) Irradiation-induced dimensional changes of fuel compacts of
seventh OGL-1 fuel assembly (rod 1) as a function of fast-
neutron fluence.

Fast-neutron Fluence (lOZSn/mz, E>0.18MeV)

0] 0.1 0.2 0.3 0.4
T T T T T T T |
i 7th 0GL-1 Fuel i
g (Rod 2)
®

2
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o o® 00
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i
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E . conm e .
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-0.3k bt .

1 1 I | 1 | 1 I L

Fig. 14(b) TIrradiation-induced dimensional changes of fuel compacts of
seventh 0OGL-1 fuel assembly (rod 2) as a function of fast-
neutron fluence.
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Fast-neutron Fluence (10%2°n/m?, E>0.18MeV)

0 0.1 0.2 0.3 0.4
T T ' | ! | ! I T
L 7th OGL~1 Fuel -
= (Rod 3)
9.. L X
-0.1pm -
3
] o0
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=
o — ]
=
&} o0
—
=
8 -0.2 . -
w
b=
g
R . o W -
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[
-0.3 —
A i ) I ! ) 1 ]

Fig. 14(c) Irradiation-induced dimensional changes of fuel compacts of
seventh 0GL-1 fuel assembly (rod 3) as a function of fast-
neutron fluence.
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Fig. 15 Summary of irradiation-induced dimensional changes of fuel compacts
of seventh 0GL-1 fuel assembly as a function of fast-neutron fluence.
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Table A2.1(a)

JAERI-M 88—107

Data on irradiation-induced dimensional change
of OGL-1 fuel compacts {(first fuel, rod 1).

Compact Tempfl Fist ne?iggg 0 Démgnsionichhan%e (Z? Aniii;EOPY
A e T o S 7 ot IS oo
{(bottom)
1 897 0.416 ~0.070 -0.104 -0.088 1.26
2 942 0.551 ~0.083 -0.042 -0.031 (0.37)
3 984 0.660 -0.181 -0.083 -0.163 0.90
4 1020 0,750 20.132 -0.104 -0.150 1.14
5 1052 0.823 -0.139 -0.208 -0.169 1.22
6 1078 0.868 -0.153 -0.083 -0.056 (0.37)
7 1098 0.895 -0.174 -0.104 -0.113 (0.65)
8 1111 0.904 -0.160 -0.0  -0.163 1.02
9 1118 0.877 -0.139 -0.187 -0,137 0.99
10 1118 0.850 ~0.146 -0.125 -0.125 0.86
11 1112 0.796 -0.104 -0.104 -0.125 1.20
12 1099 0.732 -0.125 -0,125 -0.125 1.00
13 1079 0.651 -0.118 -0.062 -0.106 0.90
14 1054 0.570 -0.097 -0.021 -0.100 1.03
15 1022 0.488 ~0.097 -0.021 -0.100 1.03
16 987 0.407 ~0.076 -0.021 -0.075 0.99
17 970 0.325 -0.076 -0.042 -0.088 1.16
18 954 0.244 ~0.056 -0.021 -0.069 1.23
(top)
average
1.06

*] Time-averaged temperature of fuel compact,

*2 Outer diameter (D=24 mm) and inner diameter (d=8 mm).



Table AZ.1(b)

JAERI-M 88—107

Data on irradiation-induced dimensional change
of 0GL-1 fuel compacts (first fuel, rod 2).

Compact Temp%l Fast neutrgE ) Dimensional change (%) Anisotropy
Number ) fluence (10“'n/m¢)  0.D. 1.D. Length FAL/L
(°c) (E>0.18MeV) (AD/D)  (Ld/d)y  (AL/L) AD/L
(bottom)
1 1012 0.56 -0.132 -0.125 -0.,094 (G.71)
2 1082 0.74 -0.146 -0.042 -0.175 1.20
3 1147 0.89 -0.181 -(.229 -0.175 0.97
4 1205 1.01 -0.188 -0,187 -0.218 1.16
5 1255 1.11 -0.174 -0.208 -0.231 1.33
6 1296 1.17 -0.167 -0.125 -0.237 1.42
7 1326 1.21 -0.188 -0.145 -0.162 (0.86)
8 1347 1.22 -0.1%94 -0.041 -0.275 1.42
G 1356 1.18 -0.160 -0.104 -0.237 1.48
10 1354 1.15 -0.153 =0.063 -0.156 1.02
11 1342 1.67 -0.160 -0.083 -0.174 1.09
12 1319 0.99 =0.160 -0.104 -0.143 0.89
13 1286 0.88 ~0.132 -0.104 -0.142 1.08
14 1244 0.77 ~0.146 -0.104 -0,136 0.93
15 1192 0.66 -0.118 -0.042 -0.081 0.69
16 1136 0.55 -0.,055 -0.042 -0.118 (2.15)
17 1109 0.44 -0.049 -0,021 -0.062 1.27
18 1086 0.33 -0.069 -0.,042 -0.037 (0.54)
(top)
average
1.14

*¥]1 Time-averaged temperature of fuel compact.

*2  Quter diameter (D=24 mm) and inner diameter (d=8 mm).

—72 —



JAERI-M B8—107

Table A2.1(c) Data on irradiation-induced dimensional change
of OGL-1 fuel compacts (first fuel, rod 3).

Compact Tempfl Fast neutrgﬂ ) Dimensional change (%) Anisotropy

Number . fluence (10 'n/m*) 0.D. I.D.  Length AL/L
(°c) (E>0.18MeV) {AD/D)Y (Adfd) (AL/L) AD/L

{bottom)
1 977 0.57 -0.070 -0,042 -0,125 (1.79)
2 1039 0.76 -0.104 -0.209 -0.231 (2.22)
3 1094 0.91 -0.118 . -0.146 -0.062 (0.53)
4 1144 1.03 -0.146 -0.142 -0.,206 1.41
3 1185 1.13 -0.174 -0.062 -0.250 1.44
6 1219 1.19 -0.174 -0.104 -0.212 1.22
7 1245 1.23 -0.160 -0.166 -0.,144 0.90
8 1262 1.24 -0.167 -~0.042 -0.262 1.57
9 1270 1.20 -0.167 -0.062 -0.212 1.27
10 1270 1.17 -0.146 -0.083 -0.142 0.97
11 1260 1.09 -0.146 -0.042 -0.118 0.81
12 1242 1.00 -0.139 -0.104 -0.149 1.07
13 1215 0.89 -0.118 -0.146 -0.124 | 1.065
14 1181 0.78 -0.083 -0.021 -0.105 1.27
15 1137 0.67 -0.063 -0.021 -=0.105 1.67
lé6 1090 0.56 -0.049 -0.042 -0.068 1.39
17 1067 Q.45 -0.056 -0.042 -0.,074 1.32
18 1047 0.34 -0.042 -0.083 -0.006 (0.14)

(top)
average

1.24

%] Time-averaged temperature of fuel compact.

%2 Quter diameter (D=24 mm) and inner diameter (d=8 mm).



Table A2,2(a)

JAERI—M 88—107

Data on irradiation-induced dimensional change
of OGL-1 fuel compacts (second fuel, rod 2).

*#1 Fast neutron

Dimensional change (%) Anisotropy

Eﬁﬁg:ﬁt TemP. fiience(102%n/m?)  0.D. I.D. Length AL/L
(°C) {F>0.18MeV) (AD/D) (Ad/d)} (AL/L) AD/L

(bottom)
1 935 0.64 -0.090 -0.354 -0.056 (0.62)
2 979 0.84 -0.132 -0.519 -0.118 0.89
3 1019 0.99 -0.188 -0.478 -0.181 0.96
4 1055 1.12 -0.181 -0.479 -0.292 (1.61)
5 1086 1.25 -0.188 -0.542 -0.195 1.04
6 1111 1.33 -0.,222 -0,229 -0.257 1.16
7 1133 1.39 -0.222 -0.208 -0.236 1.06
8 1147 1.42 -0.215 -0.125 -0.222 1.03
9 1156 1.42 -0.243 -0.146 -0.291 1.20
10 1160 1.38 ~-0.208 -0.083 -0.257 1.24
11 1158 1.33 -0.194 -0.104 -0,208 1.07
12 1150 1.26 -0.194 -0.104 -0,222 1.14
13 1136 1.18 -0.195 -0.187 -0.14B (¢.75)
14 1116 1.07 -0.160 -0,208 -0,201 1.25
15 1091 0.95 -0.104 -0.167 -0,118 1.13
16 1060 0.84 -0.125 -0.270 -0.097 0.78
17 1024 0.72 -0.090 -0.000 -0.062 0.69
18 990 0.60 ~-0.111 -0.021 -0.090 0.81
19 974 0.48 -0.104 -0.000 -0.111 1.07
20 959 0.37 -0.118 -0.000 -0.069 (0.58)

(top)
average

1.03

#1 Time-averaged temperature of fuel compact

*2 Quter diameter (D=24 mm) and inner diameter (d=8 mm).



JAERI-M 88-107

Table A2,2(b) Data on irradiation-induced dimensional change
of OGL-1 fuel compacts {second fuel, rod 2).

*#] Time-averaged temperature of fuel compact.

Compace. Tenpl! [15E TSRy Dpmpesionlyhecse (B Aneprers
(°c) (E>0.18MeV) (AD/D) (ad/d) (AL/L)
(bottom)

1 1067 0.87 ~0.167 -0.188 -0.215 1.29

2 1136 1.14 -0.,209 -0.104 -0,222 1.06

3 1200 1.35 -0.244 -0.125 -0.264 1.08

4 1257 1.52 -0.209 -0,313 -0,243 1.16

5 1308 1.70 -0,209 -0.333 -0.320 1.53

6 1350 1.81 -0.312 -0.229 -0.223 (0.71)

7 1383 1.89 -0.229 -0.209 -0.459 (2.00)

8 1407 1.93 -0.236 -0.209 -0.285 1.21

9 1421 1.93 -0.236 -0.188 -0.264 1.12
10 1426 1.87 -0.,257 -0.,208 -0,292 1.14
11 1420 1.81 -0.,250 -0,271 -0.327 1.31
12 1405 1.72 -0.209 -0,291 -0.271 1.30
13 1380 1.60 -0.222 -0.292 -0.229 1.03
14 1347 1.45 -0.285 -0.292 -0.257 0.90
15 1304 1.29 ~-0.229 -0.250 -0.229 1.00
16 1253 1,14 -0.160 -0.104 -0.215 1.34
17 1195 0.98 -0.132 -0.000 -0.209 1.58
18 1140 0.81 -0.118 -0.,229 -0.139 1.18
19 1114 0.66 -0.118 -0.063 -0.111 0.94
20 1091 0.50 -0.097 -0.,187 -0.132 1.36

(top)
average
1.20

%2  Quter diameter {(D=24 mm) and inner diameter (d=8 mm).



Table AZ2,.2{c)

JAERI-M 88—107

Data on irradiation-induced dimensional change
of 0GL-1 fuel compacts (second fuel, rod 3).

* . . . .
Comce Tonp®h [SSETONISE o, Sisensionat, change () 0oy
(°c) (E>0.18MeV) (AD/D) (ad/fd) (AL/L) AD /L
{(bottom)
1 1041 0.88 -0.139 -0.229 -0.153 1.10
2 1104 1.16 -0.188 -0.146 -0,257 1.37
3 1160 1.37 -0,334 -0,209 -0,299 0.90
4 1211 1.55 -0.264 -0.167 -0.209 0.79
5 1254 1.72 -0.251 -0.,188 -0.160 (0.64)
6 1289 1.84 -0,291 -0.229 ~0.341 1.17
7 1317 1.92 -0.291 -0.209 -0.313 1.08
8 1338 1.96 -0.264 =-0.146 -0.264 1.00
9 1350 1.96 ~0.,208 0,209 -0.271 1.30
10 1354 1.90 -0.236 -0.292 -0.236 1.00
11 1350 1.84 -0.234 -0.,250 -0.181 0.77
12 1338 1.74 -0,250 -0.312 -0.291 1.16
13 1318 1.63 -0,209 -0.125 -0.320 1.53
14 1290 1.47 -0.195 -0.312 -0.167 0.86
15 1254 1.31 ~-0,202 -0.312 -0.250 1.24
16 1211 1.16 -0.160 -0.209 -0.216 1.35
17 1160 1.00 ~0.069 -0.,042 -0.139 (2.01)
18 11113 0.82 -0.222 -0.250 -0,209 0.94
19 1088 0.67 -0.125 -0.125 -0.188 1.50
20 1067 0.51 -0.069 -0.042 -0.,160 (2.32)
(top)
average
1.12

*] Time-averaged temperature of fuel compact.

%7  Outer diameter (D=24 mm) and inner diameter (d=8 mm).



JAERI—M 88—107

Table A2.3 Data on irradiation-induced dimensicnal change
of 0GL-1 fuel compacts (third fuel).

Compact Tempfl Fast neutqu Dimensional change (%) Anisotropy
Number fluence (107" n/of ) 0.D. 1.D. Length AL/ L
(°C) (E>0.18MeV) (AD/D) (Ad/d) (AL/L) D/L
(bottom)
1 1068 0.384 -0.056 -0.148 -0.056 1.00
2 1132 0.508 -0,074 -0.166 -0.125 1.69
3 1189 0.607 -0.083 -0.166 -0.146 1.76
4 1239 0.696 -0.093 -0.213 -0.146 1.57
5 1280 0.776 -0.111 -0.222 -0.104 0.94
6 1313 0.830 -0.13% -0.222 -0.181 1.30
7 1336 0.865 -0,144 -0.240 -0.083 0.58
8 1351 0.892 -0.153 -0.268 -0.556 (3.63)
9 1355 0.892 -0.153 -0.213 -0,104 0.68
10 1351 0.874 ' -0.162 -0.240 -0.069 0.43
11 1337 0.837 -0;172 -0.222 -0.063 0.37
12 1314 0,803 -0.023 -0.203 -0.077 3.35
13 1282 0.749 -0,088 -0,129 -0.118 1.34
14 1241 0.687 -0.088 -0.222 -0.007 .08
15 1192 0.607 -0.083 -~0.18 -0.021 0.25
16 1135 0.535 -0.051 -0.129 -0.035 0.69
17 1071 0.464 -0,056 -0.203 -0.014 0.25
18 1013 0.392 -0.051 -0.157 +0.035 -
19 988 0.321 -0,005 -0.157 -0.021 4.20
20 966 0.241 -0,028 =-0.129 +0.056 -
(top)
average

%1 Time-averaged temperature of fuel compact.

%2 Quter diameter {(D=36 mm) and inner diameter (d=18 mm).



Table A2.4(a)

JAERI-M 88—

107

Data on irradiation-induced dimensional change
of 0GL-1 fuel compacts {(fourth fuel, rod 1),

Compact Tempfl Fast neutrgﬂ ) Dimensional change (%) Anisotropy
Number °C) fluence(10° 'n/m<) 0.D. I.D. Length AL/L
(E>0.18MeV) (aD/D) (ad/d) (AL/L) AD/L
(bottom)
1 887 0.73 -0,090 -0.354 -0.056 (0.62)
2 9238 0.96 -0.132 -0.519 -0.118 0.89
3 966 1.15 -0.188 -0.478 -0.181 0.96
4 999 1.31 -0.181 -0.479 -0.292 {1.61)
5 1027 1.47 -0.188 -0,542 -0.195 1.04
6 1051 1.57 -0.222 -0.,229 -0.2507 1.16
7 1068 - 1.64 -0.222 ~0.208 -0G.236 1.06
8 1081 1.49 -0.,2135 -0.125 -G.222 1.03
9 1087 1.49 -0.243 -~0.146 -0.291 1.20
10 1088 1.44 -0.2086 -0,083 -0.257 1.24
11 1083 1.59 -0.194 -0.,104 -0.2038 1.07
12 1072 1.52 -0.194 -0.104 -0.222 1.14
13 1055 1.42 -0.195 -0.187 -0.146 0.75
14 1033 1.30 -0.160 -0.208 -0.201 1.26
15 1005 1.15 -0.104 -0.167 -0.118 1.13
16 973 1.01 -0.,125 -0.270 -(G.097 3,78
17 935 0.88 -0,09G -0,000 -0.,062 0.69
18 903 0.74 ~0.111 -0.021 -=0.090 0.81
19 887 0.61 -0.104 -0.000 -0.111 1.07
20 873 0.46 ~-0.118 -0.000 -0.069 (0.58)
(top)
average
1.02

*] Time-averaged temperature of fuel compact.

%2 Quter diameter (D=24 mm) and inner diameter {(d=8 mm).



Table A2.4(b)

JAERI-M 88-—107

Data on irradiation-induced dimensional change
of 0GL-1 fuel compacts (fourth fuel, rod 2).

Compact Tempfl Fast neutrgﬂ ) Dimensional change (%) Anisotropy
Number (°C) fluence (10" n/m=) 0.D. I.D. Length }AL/L|
(E>0.18MeV) (AD/D)  (ad/d) (AL/L) Tan/L|
{(bottom)
1 1056 0.98 ~0.167 -0.188 -0.215 1.29
2 1127 1.31 ~0.209 -0.104 -0.222 1.06
3 1193 1.56 -0.244 -0.125> -0.264 1.08
4 1251 1.79 -0.209 -0.313 -0.243 1.16
5 1302 1.99 -0.20% -0.333 -0.320 1.53
6 1343 2.13 -0.312 -0.,229 -0.223 (0.71)
7 1375 2.22 -0.229 -0.209 +0.459 (2.00)
8 1396 2.29 -0.236 ~0.209 -0.285 1.21
9 1407 2.29 -0.236 -0.188 -0.264 1.12
10 1407 2,24 -0.257 -0.208 -0.292 1.14
11 1396 2.15 -0.250 -0.271 -0.327 1.31
12 1375 2.06 -0.209 -0.291 -0.271 1.30
13 1343 1.92 -0.222 -0.292 -0.229 1.03
14 1302 1.76 -0.285 -0.292 -0.257 0.90
15 1252 1.56 -0.229 -0.250 -0.229 1.00
16 1193 1.37 -0.160 -0.104 -0.215 1.34
17 1127 1.19 -0.132 -0.000 -0.209 1.58
18 1071 1.01 -0.-18 -0.229 -0.139 1.18
19 1045 0.82 -0.118 -0.063 -0,111 0.94
20 1022 0.82 -0.097 -0.187 -0.132 1.36
(top)
average
1.20

*#] Time-averaged temperature of fuel compact.

%2  Quter diameter (D=24 mm) and inner diameter (d=8 mm).
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Table A2.4(c) Data on irradiation~-induced dimensional change
of OGL-1 fuel compacts (fourth fuel, rod 3).

Compace temp. L o sy o e L/
(E>0.18MeV) (AD/D) (ad/d) (AL/L) AD/L
(bottém) ' 7
1 991 1.00 ~-0.139 -0,229 -0.,153 1.10
2 1049 1.32 -0.188 -0.146 -0.257 1.37
3 1101 1.58 -0.334 =0.209 -0.299 .90
4 1146 1.81 -0.264 -0.,167 -0.209 0.79
3 1185 2.02 -0.231 -0.188 -0.160 (0.64)
6 1216 2.16 -0.2%1 -0.,229 -0.,341 1.17
7 1240 2.25 -0.291 -0,209 -0.313 1.08
8 1256 2,32 -0.264& -0.146 -0.264 1.00
9 1265 2.32 -0.208 -0,209 -0,271 1.30
10 1265 2.27 -0.236 -0.292 -0.236 1.00
11 1258 2.18 -0.234 -0.250 -0.181 0.77
12 1243 2.09 -0.250 -0.312 -0.,291 1.16
13 1220 1.9> -0.209 -0.125 -0.320 1.53
14 1189 1.79 -0.195 -0.312 -0.167 0.86
15 1151 1.58 -0,202 -0,312 -0,250 1.24
16 1106 1.39 -0.16¢ -0.209 -0.216 1.35
17 1054 1.21 -0.069 -0.042 -0.139 (2.01)
18 1009 1.02 -0.222 -0.250 -0.209 0.94
19 987 0.84 -0.125 -0.125 -0.188 1.50
20_ 968 0.63 -0.069 -0.042 -0.160 (2,32)
(top)
average
1.12

*1 Time-averaged temperature of fuel compact.

*#2  Outer diameter (D=24 mm) and inner diameter (d=8 mm).



Table AZ.5(a)

JAERT—M 88107

Data on irradiation-induced dimensional change
of OGL-1 fuel compacts (fifth fuel, rod 1).

Compact Tempfl Fast neutrgﬁ 5 Dimensional change (7) Anisotr0py
Number fluence {10 *n/m*) 0.D. I.D. Length \AL/L
(°C) (E>0.18MeV) (AD/D) (ad/d) (AL/L) AD/L
(bottom)
1 880 1.18 -0.104 -0.334 -0.236 (2.07)
2 933 1.57 -0.146 -0.376 -0.278 1.90
3 973 1.87 ~0.208 -0.458 -0.271 1,30
4 1019 2,15 -0.208 -0.645 -0.278 1.34
5 1055 2.39 -0.236 -0.686 -0.410 1.74
6 1076 2.56 -0.320 -0.645 -0.535 1.67
7 1098 2.67 -0.271 -0.375 -0.361 1.33
8 1135 2.75 -0.305 -0.,562 -0.368 1.21
9 1136 2,75 -0.292 -0.521 -0.347 1.19
10 1130 2.70 -0.306 -=0.562 -0.424 1.39
11 1110 2.59 -0.299 -0.354 -0.333 1.11
12 1106 2.48 -0.278 -0.500 -0,375 1.35
13 1103 2.31 -0.229 -0.312 -0.333 1.45
14 1089 2.12 -0.250 -0.479 -0.208 (0.83)
15 1069 1.87 -0.229 -0.479 -0.292 1.28
16 1050 1.65 -0.187 -0,333 -0.250 1.34
17 1026 1.43 -0.208 -0.291 -0.271 1.30
18 1003 1.21 -0.146 -0.478 -0.187 1.28
19 975 0,99 -0.097 -0.,333 -0.194 (2.00)
20 953 0.74 -0.069 =~0.271 -0.125 (1.81)
(top)
‘ average
1.39

%] Time-averaged temperature of fuel compact,

%2  Outer diameter (D=24 mm) and inner diameter (d=8 mm}.
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Table A2.5(b) Data on irradiation-induced dimensional change
of 0GL-1 fuel compacts (fifth fuel, rod 2).

Compact Tem *#1 Fast nmeutron Dimensional change (%) Anisotrepy
Numger p. fluence{102%n/m?) 0.D. 1.D. Length AL/
(°C) (E>0.18MeV) (AD/D) (ad/d) (AL/L) AD/L
(bottom)
1 954 1.60 -0.i74 -0.394 -0.195 1.12
2 1027 2,13 -0.243 -0,540 -0.313 1.29
3 1080 2.54 -0.347 -0,420 -0,361 1.04
4 1135 2,91 -0.354 -0.,499 -0.465 1.31
5 1197 3.25 -0.417 -0.830 -0.438 1.05
6 1228 3.47 -0.424 -0.850 -0.437 1.03
7 1248 3.62 -G .472 -0.707 -0.437 1.00
8 1296 3.73 -0.431 ~0.603 -0.501 1.16
9 1300 3.73 -(0.389 -0.,79C -0.466 1.20
10 1283 3.66 -0.417 -0.660 -0.438 1.05
11 1285 3.51 -0.424 -=0.624 -0.486 1.15
12 1274 3.36 -0.320 -0.520 -0.444 1.39
13 1257 3.13 -0.,382 -0.,562 -0.424 1.11
14 1241 2,87 -0.347 -0.375 -0.410 1.18
15 1214 2.54 -0.306 -0.3562 -0.347 1.13
16 1189 2.24 -0.264 -0.438 -0.389 1.47
17 1160 1.94 -0.222 -0.500 -0.250 1.13
18 1111 1.64 -0.188 -0.355 -0.236 1.26
19 1073 1.34 -0.167 =0.727 -0.264 1.58
20 1044 1.01 -0.139 -0.209 =0.174 1.25
(top)
average
1.20

*1 Time-averaged temperature of fuel compact.

*2 Quter diameter (D=25 mm) and inner diameter (d=8 mm)}.
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Table A2.5{(c) Data on irradiation-induced dimensional change
of OGL-1 fuel compacts (fifth fuel, rod 3).

Compact Tempfl Fast neutrgﬂ ) Dimensional change (%) Anisotropy
Number fluence (10 *n/m=) 0.D. I.D. Length AL/L
(°c) (E>0,18MeV) (ap/D) (ad/d) (AL/L) AD/L
{(bottom)
1 1001 1.63 -0.166 -0.395 -0.271 1.63
2 1053 2.16 -0.250 -0.521 -0.250 1.00
3 1109 2,58 -0.299 -0.438 -0.410 1.37
4 1167 2.96 -0.354 -0.563 -0.458 1.29
3 1224 3.30 -0.409 -0.,708 -0.521 1.27
6 1260 3.52 -0.451 -0.771 -0.515 1.14
7 1299 3.68 -0.458 -0.750 -0.569 1.24
8 1357 3.79 -0.465 -0.624 -0.548 1.18
9 1361 3.79 -0.444 -0.667 -0.,577 1.30
10 1333 3.71 -0.465 -0.729 -0.,528 1.14
11 1310 3.56 -0.444 -0,625 -0,555 1.25
12 1312 3.41 -0.,437 -0,625 -0,549 1.26
13 1297 3.18 -0.395 -0.,500 -0.512 1.30
14 1286 2.92 -0.423 -0.521 -0.479 1.13
15 1235 2.58 -0.395 -0.521 -0.459 1.16
16 1208 2,27 -0.299 -0.439 -0.369 1.23
17 1175 1.97 -0,277 -0.478 -0.402 1.45
18 1131 1.67 -0.236 =0.354 -0.,257 1.09
19 1092 1.36 -0.208 -0.146 -0.257 1.24
20 1062 1.02 -0.194 -0.375 -0.195 1.01
(top)
average
1.23

%] Time-averaged temperature of fuel compact.

%2 Quter diameter (D=24 mm) and inner diameter (d=8 mm).
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Table A2.6 Data on irradiation-induced dimensional change
‘of OGL-1 fuel compacts {sixth fuel).

Compact Temp% Fast neutrgﬂ ) Dimensional change (%) Anisotropy
Number fluence{1l0“ n/m*) 0.D. I.D. Length AL/L
(°C) (E>0.18MeV) (aD/D)y (ad/d) (AL/L) AD/L
(bottom)
1 980 0,177 -0.037 -0.138 -0,070 1.8%
2 1107 0.235 -0.032 -0.185 -~0.062 1.94
3 1202 0.280 ~-0.070 -0.158 -0.090 1.29
4 1281 0.321 -0.074 -0.158 =0.,111 1.50
5 1345 0.358 -0.094 ~-0,130 -0,222 2,29
6 1389 0.383 -0,088 -0.241 -0.1CG4 1.18
7 1442 0.400 - -0.083 -0.,204 -0.111 1.34
8 1470 0.412 -0.102 -0.176 -0,104 1.02
9 1488 0.412 -0.083 -0.222 -0.187 2.25
10 1494 0.404 -0.060 -0.204 -0,201 3.35 .
11 1489 0.387 -0.088 -0.204 -0.132 1.50
12 1473 0.371 -0,107 -0.167 -0.125 1.17
13 1457 0.346 -0.116 -0.241 -0.160 1.38
14 1428 0.317 -0.056 -0.13% -0.035 0.63
15 1383 0.280 -0.07%9 -0.194 -0.111 1.41
16 - 1335 0.247 -0.074 -0.185 -0.097 1.31
17 1278 0.214 -0.056 =-0.176 -0.063 1.13
18 1234 0.181 -0.051 -0.18> -0.181 3.55
19 1164 0.148 -0.028 -0.121 -0,076 2.71
20 1093 0.111 -0.046 -0.,176 -0.014 0.30
(top)
average

*1 Time-averaged temperature of fuel compact.

%2 Quter diameter (D=36 mm) and inner diameter (d=36 mm).
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JAERI-M 88—107

Data on irradiation-induced dimensional change
of OGL-1 fuel compacts (seventh fuel, rod 1).

Compact Tem *1 Fast neutron Dimensional change (%) Anisotropy
N Eer P- fluence (162%n/m?) 0.D. 1.0, Length AL/L
um (°C) (E>0,18MeV) (aD/D)  (Ad/d) (AL/L) AD/T.
(bottom) —
1 984 0.50 -0.125 -=0.250 -0.,195 1.56
2 1001 0.66 -0.,167 =0.250 -0.195 1.17
3 1019 0.79 -0.167 0.0 -0,278 1.66
4 1063 0.91 -0.167 0.0 -0,222 1.33
5 1106 1.01 -0.,125 0.0 -0,334 (2.67)
6 1142 1.08 -0.167 0.0 -0,250 1.50
7 1173 1.13 -0.,208 0.0 -0.278 1.34
8 1198 1.16 -0,167 OfO -0.195 1.17
9 1215 1.16 ~0.167 -0.125 -0.278 1.66
10 1227 1.14 -0.208 -=0.125 -0.250 1.20
11 1231 1.09 -0.208 -0.125 -0.,250 1.20
12 1229 1.04 -0.167 -0.125 -0.278 1.66
13 1219 0.97 -0.,125 -=-0.250 -0.278 (2.,22)
14 1204 0.89 -0.167 0.0 -0.278 1.66
15 1181 0.79 -0.125 -0.250 -~0.222 1.78
16 1153 0.70 -0.125 -=0.250 -0.195 1.56
17 1118 0.60 -0.125 -=0.,250 -=0.167 1.34
18 1079 0,51 -0.125 -0,125 -~0.195 1.56
19 1034 0.42 -0.083 ~0.249 -0.111 1.34
20 985 0.31 -0.124 =-0.125 -0.083 (0.67)
{top)
average
1.45

*1 Time-averaged temperature of fuel compact.

#2 Quter diameter (D=24 mm) and inner diameter (d=8 mm).
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Data on irradiation-induced dimensional change
of OGL-1 fuel compacts (seventh fuel, rod 2),.

Compact Tempfl Fast neutrg& ) Dimensional change (%) Anisotropy
Number fluence (10" n/m*) 0.D. I.D. Length AL/L
(°c) (E>0.18MeV) (aD/D)  (Ad/d)  (AL/L) AD/L
(bottom) ' - N T
1 1063 0.68 -0.125 -0.125 -0.195 1.56
2 1084 0.90 -0.,125 -0,125 -0.195 1.56
3 1108 1.07 -0.167 -0.250 -0.278 1.66
4 1167 1.23 -0.208 -0.250 -0.250 1.20
5 1224 1.37 -0.250 -0.250 -0.278 1.11
6 1274 1.46 -0.256 -0.230 -0.278 1.11
7 1317 1.52 ~0.292 -0.375 -0.361 1.24
8 1351 1.57 -0.292 -~0.250 -0.306 1.05
9 1376 1.57 -0.250 -0.250 -0.333 1.33
10 1392 1.54 ~-0.250 -0.375 -0.333 1.33
11 1399 1.48 -0.250 -0.374 -0.,334 1.34
12 1396 1.41 -0.250 -0.375 -0.361 1.44
13 1384 1.32 -0.250 -0.250 -0.361 1.44
14 1362 1.21 -0.250 -0.250 -0.361 1.44
15 1332 1.07 -0.208 -0.250 -0.195 0.9
16 1293 0.94 -0.167 -0.375 -0.222 1.33
17 1247 0.82 -0.125 -0.375 -0.222 1.78
18 1193 0.69 -0,166 -0.125 -0,195 1.17
19 1133 0.57 -0.125 -0.0 -0,139 1.11
20 1068 0.42 -0.083 -0.125 -0,111 1.34
(top)
average
1.32

*] Time-averaged temperature of fuel compact,

%2 Quter diameter (D=24 mm) and inner diameter (d=8 mm).
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Data on irradiation-induced dimensional change
of OGL-1 fuel compacts (seventh fuel, rod 3).

" , . - ,
Gompace Tenp®) T3S RewEE - Dimnsionsl chnge () antyotsgor
(°C) (E>0.18MeV) {(AD/D) (Ad/d) (AL/L) AD/L
(bottom)
1 1060 0.69 ~0.083 -0.250 =-0.139 (1.67)
2 1081 0.91 -0.166 -0.250 -0,167 1.01
3 1104 1.09 ~0.208 -0.374 -0.167 0.80
4 1161 1.25 ~0.250 -0.250 -0.223 0.89
5 1215 1.39 ~0.250 -0.125 =-0.222 0.89
6 1263 1.49 ~0.250 -0.374 -0,305 1.22
7 1302 1.55 ~0.291 -0.250 -0.305 1.05
8 1333 1.60 -0.250 -0.250 -0.361 1.44
9 1358 1.60 ~0.291 =0.250 -0,333 1.14
10 1371 1.57 -0.291 -0.374 -0,277 0.95
11 1377 1.50 -0.250 -0.374 -0.194 0.78
12 1374 1.44 ~0.250 -0.374 =-0.250 1.00
13 1364 1.34 -0.250 -0.374 -0.333 1.33
14 1343 1.23 ~0.250 -0.374 -0.195 Q.78
15 1315 1.09 ~0.250 -0.250 =-0.139 (0.56)
16 1279 0.96 ~0.166 -0.250 -0.222 1.34
17 1235 0.83 ~0.125 -0.374 -0.250  (2.00)
18 1184 0.70 ~0.125 -0.250 -0.111 0.89
19 1127 0.58 0,083 -0.374 -0.083 1.00
20 1064 0.43 —0.083 -0.250 -0.028  (0.34)
(top)
average
1.03

*]. Time-averaged temperature of fuel compact.

%2 Quter diameter (D=24 mm) and inner diameter (d=8 mm).
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Table A2.8 Data on irradiation-induced dimensional change
of OGL-1 fuel compacts (eighth fuel).
* N4 . 5 .
Comace Tem?! LIS, Djssnstonsl change (5 hnfouteyey
(°c) (E>0.18MeV) (AD/DY  (Adfd) (AL/L) AD/L
(bottom) _ -
1 940 0.52 -0.084 -0.222 -0.222 2.64
2 963 0.68 -0.139 -0.222 -0.222 1.60
3 990 0.82 -0.11* -0.277 -=0.277 2.50
b 1052 0.94 -0.111 -0.333 -0.333 3.00
5 1124 1.04 -0.,195 -0.278 -0,278 1.43
6 1188 1.12 -0.223 -0.388 -0.388 1.74
7 1245 1.16 ~0.,167 -0.278 -0.278 1.66
8 1292 1.20 -0.167 -0.278 -0.278 1.66
9 1330 1.20 -0.125 -0.277 -0.277 1.42
10 1358 1.18 -0.195 -0.277 -0.277 1.42
11 1376 1.13 -0.167 -0.389 -0.389 2.33
12 1384 1.08 -0.195 -0.333 -0.333 1.71
13 1382 1.01 -0.167 -0.333 -0.333 1.99
14 1370 0.92 -0.167 -0.278 -0.278 1.66
15 1348 0.82 -0.,139 -0.277 -0.277 1.99
16 1316 0.72 -0.,111 -0,222 -0.222 2.00
17 1274 .62 -0.,111 -0.222 -0.222 2.00
18 1223 0.53 -0.056 -0.277 -0.277 4.95
19 1154 0.43 -0.085 -0.167 -0.le7 1.96
20 1097 0.32 -0.083 -0.055 -0.055 0.66
(top)
average

*]1 Time-averaged temperature of fuel compact.

*2 Quter diameter (D=36 mm) and inner diameter (d=18 mm)}.
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Table A2.9 Data on irradiation-induced dimensional change
of 0GI-1 fuel compacts (ninth fuel).
" . . o .
I O A
(°c) (E>0Q.18MeV) (aD/DY  (Ad/d) (AL/L) AD/L
(bottom)
1 1104 1.22 -0.139 -0.33 -0.250 (1.80)
2 1168 1.62 -0.250 -0.44 -0.306 1,22
3 1225 1.93 -0.333 -0.44 =0.362 1.09
4 1273 2,22 -0.389 -0,50 -0.473 1.22
5 1313 2.47 -0.416 -0.61 -0.473 1.14
b 1344 2.64 -0.444 ~0.61 -0.473 1.07
7 1366 2.75 -0.,500 -0.61 -0.473 0.95
8 1378 2.84 -0.444 -0.61 -0.500 1.13
9 1381 2.84 -0.472 -0.61 -0.556 1.18
10 1374 2,78 -0.444 -0.61 -0.500 1.13
11 1358 2,67 -0.444 -0.55 -0.445 1.00
12 1333 2.56 ~-0.416 -0.55 =0.445 1.07
13 1298 2.39 ~0.444 =0.61  =0.445 1.00
14 1255 2.19 -0.361 -0.55 -0.444 1.23
15 1202 1.93 -0.361 -0.55 -0.417 1.16
16 1148 1.70 -0.305 -0.39 -0.417 1.37
17 1072 1.48 -0.305 -0.39 -0.333 1.09
18 1008 1.25 . -0.250 -0.38 -0.278 1.11
19 981 1.02 -0.194 -0.33 -0.306 (1.58)
20 958 0.77 -0.111 -0.28 -0.278 (2.50)
(top}
average
1.13

%] Time-averaged temperature of fuel compact.

*2  Outer diameter (D=36 mm) and inner diameter (d=18 mm).
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Fast Neutron Fluence (1025n/m2, E>0.18MeV)
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Fig. A4.1(a) Irradiation-induced dimensional change of outer diameter
of fuel compacts of lst OGL-1 fuel assembly (rod 1).

Fast Neutron Fluence (1025n/m2, E>0.18MeV)
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Fig. A4.1(b) Irradiation-induced dimensional change of outer diameter
of fuel compacts of lst OGL-1 fuel assembly (rod 2).
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Fast Neutron Fluence (1025n/m2, E>0.,18MeV)
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Fig. A4.1(c) Irradiation-induced dimensional change of outer diameter
of fuel compacts of lst OGL-1 fuel assembly (rod 3).

Fast Neutron Fluence (1025n/m2, E>0.18MeV)
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Fig. A4.2{(a) Irradiation-induced dimensional change of outer diameter
of fuel compacts of 2nd OGL-1 fuel assembly (rod 1).
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Fast Neutron Fluence-(lOzsn/mz, E>0.18MeV)
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Fig. A4.2(b) Irradiation-induced dimensional change of outer diameter
of fuel compacts of 2nd OGL-1l fuel assembly (rod 2).

Fast Neutron Fluence (1025n/m2, E>0,18MeV)
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Fig. A4.2(c) Trradiation-induced dimensional change of outer diameter
' of fuel compacts of 2nd OGL-1 fuel assembly {(rod 3).
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Fast Neutron Fluence (102°n/mZ, E>0.18MeV)
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Fig. A4.3 Irradiation-induced dimensional change of outer diameter
of fuel compacts of 3rd OGL-1 fuel assembly.

Fast Neutron Fluence (1025n/m2, E>0.18MeV)

0 0.2 0.4 0.6 0.8 1,0
T T T T T T T f T T ;i

B .o.-.' 7]
o ‘. 4th OGL-1
= 0.2k .o1 (Rod 1) ]
S .
=
@ i 1
[=Ys]
=]
@
5 -0.4f 7
—
P
=]
g i J
.
a
3
& 0.6 .
=

-0.8 I ] ] | I ] ] ! 1 | L

Fig. A4.4(a) Irradiation-induced dimensional change of outer diameter
of fuel compacts of 4th OGL-1 fuel assembly (rod 1).
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Fast Neutron Fluence (10%°n/m?, E>0,18MeV)
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Fig. A4.4(b) Irradiation-induced dimensional change of outer diameter
of fuel compacts of 4th OGL-1 fuel assembly (rod 2).
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Fig. A4.4(c) Irradiation-induced dimensional change of outer diameter
of fuel compacts of 4th OGL-1 fuel assembly (rod 3)

— 106 —



JAERI-M 86107

Fast Neutron Fluence (1025n/m2, E>0.18MeV)
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Fig. A4.5(a) Irradiation-induced dimensional change of outer diameter
' of fuel compacts of 5th OGL-1 fuel assembly (rod 1).

Fast Neutron Fluence (1027n/m?, E>0.18MeV)

0 0.2 0.4 0.6 0.8 1.0
' I ! T 1 1 T T T T T
. 5th OGL-1

< ®e d 2
> _0.2[ *. (Rod 2) .
9.. .
) ®
< 5 . §
0 's.
5 0.4 S .
& - o
q .
=] o .
0
-
0w
5
g =0.6 ~
=
fna

-0.8 L 1 1 i ! 1 ] i i L

Fig. A4.5(b) Irradiation-induced dimensional change of outer diameter
of fuel compacts of 5th 0GL-1 fuel assembly (rod 2).
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Fast Neutron Fluence (1025n/m2, E>0,18MeV)
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Fig. A4.5(c)

Irradiation-induced dimensional change of couter diameter
of fuel compacts of 5th OGL-1 fuel assembly (rod 3).

Fast Neutron Fluence (1025n/m2, E>0,18MeV)
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Fig. A4.6 Irradiation-induced dimensional change of outer diameter

of fuel compacts of 6th OGL-1 fuel assembly,
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Fig. A4.7(a)

Irradiation-induced
of fuel compacts of 7th OGL-1 fuel assembly (rod 1).

Fast Neutron Fluence (1025n/m2, E>0.18MeV)
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Fig. A4.7(b)

Irradiation-induced
of fuel compacts of 7th OGL-1 fuel assembly (rod 2).
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Fast Neutron Fluence (1025n/m2, E>0,18MeV)
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Fig. A4.7(c)

Dimensional Change AD/D (%)

Irradiation-induced dimensional change of outer diameter
of fuel compacts of 7th OGL-1 fuel assembly (rod 3).
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Fig. A4.8 Irradiation-induced dimensional change of outer diameter
of fuel compacts of 8th OGL-1 fuel assembly.
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Irradiation-induced dimensional change of outer diameter

of fuel compacts of 9th 0OGL-1 fuel assembly,.
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