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Distribution of Fission Products in Graphite Sleeves and Blocks
of the Eleventh and Twelfth OGL-1 Fue! Assemblies

1+t

Kimio HAYASHI, Kousaku FUKUDA, Harumichi TSURUTA™ and Teruo KIKUCH

Department of Chemistry and Fuel Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gup, Ibaraki?ken

(Received March 31, 1994)

The 11th and 12th fuel assemblies were irradiated im an in-pile gas loop, OGL-I,
installed in the Japen Materials Testing Reactor (JMTR) of Japan Atomic Energy Research
Institute (JAERI). Distribution of fission products in the graphite sleeves and blocks
of the assemblies was measured by gamma-ray spectrometry. The 11th fuel assembly was
aimed at testing the irradiation performance of mass product fuels in trial manufactur-
ing of the first charge fuel for the High Temperature Engineering Test Reator (HTTR) in
relatively short irradiation, and the 12th assembly in iong-term irradiation. The 12th
assembly attained a burnup approximately as high as that of the HTTR driver fuel design.

In the graphite sleeve of the I1ith assembly, high concentration peaks of fission
products were found in the axial distribution. Exposure of failed fuel particles was
not detected on the surface of fuel compacts, while fissures of graphite matrix at over-
coat boundaries were observed on the surface. These results led to a presumption that
fission products, which were released from failed particles located inside of the fuel
compact, was easily transported through the fissures of the matrix to the inner surface
of the sleeve.

In the graphite sleeve of the 12th assembly, ''°"Ag was detected together with
other fission products of '°7Cs, '®*Cs etc. Silver-110m showed characteristic distribu-

+ Department of JMTR Project, Oarai Research Establishment
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tion: this nuclides was less concentrated at the region with highly concentrated *°Co
which is presumed to have been transported from melted sheath material of thermocouples
to the graphite sleeve. It was inferred from the distribution that the transport be-
havior of ''°™Ag had been influenced by co-sorption or by pore structure change in the

graphite material of the sleeve, which had been induced by metallic elements including

cobalt.

Keywords: Fission Product, Cesium, Silver, Graphite, Diffusion, Failure, Coated Fuel
Particle, OGL-1, HTTR, HTGR
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Table 2.1 Comparison between fuel specifications and irradiation conditions

of HTTR design, and 11th and 12th OGL-1 fuel assemblies.

HTTR 11th 12th
Design 0GL-1 0GL-1
Fuel Compact
Inner Diameter (mm) 10 8 10
Quter Diameter (mm) 26 24 26
Length (mm) 39 40 39
Packing Fraction
of CFP (vol¥%) 30 30 30
Graphite Sleeve
Inner Diameter (mm) 26.25 24.2 26.2
Quter Diameter (mm) 34 30 34
Length {mm) 577 790 730
Fuel Rod
No. of Fuel Compacts x]
per Rod 14 18 18+1
Fuel Compact
Stack Length (mm) 546 720 720
Compact/Sleeve Gap
{Diametral) (mm) 0.25 0.2 0.2
Fuel Assembly
Shape Hexagonal Hollow Hollow
Cylinder Cylinder
Graphite Block Size
Outer Diameter (mm) - 80 78
Length (mm) - 785 785
Diameter of Fuel
Insertion Hole (mm) 41 32.8 41
No. of Fuel Rods
per Assembly 33,31 3 1
2385y Enrichment (wt%) ca, 3~]0 19.307 19.133
Max. Burnup (¥FIMA) 3.6 1.6 3.9
Max, Fast Neutron
Fluence
(10%2'p~%,E>0. 18MeV) 1.2 0.17 0.31

x] 18 standard compacts (39mm“) + one short compact (18mm“)
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Fig. 2.1 Structure of 11th (upper figure) and 12th (lower figure)
0GL-1 fuel assemblies.
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Fig. 2.2 Method for measuring axial and radial distributions of fission
products in graphite sleeve.
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3. fFER I X OF B

3.1 81 1 REERPOF PoA

(1) Bépa ) - 78 AROF P2

MEHRA, B, COBRHIAY - 7HAMNOF P LIUCHBLERDO SR OMERR
PRE2RT, ST, BHEHAE LCHEEBBOMERHEEFig. 3. la~3. ldER T,
KH. Fig.2.1b TS hOPHEREP TR TALDRIFHNMESRRLTV B, U
T, HEERRILEELEHY B, '

Fig.3.la~3. lcie BV T, 2V -7 LA A oH81 30mmBITNE 20mmOitE
in‘”CS\”TS\‘”Sm‘“Ce%&§”Tu®E—ﬁﬁﬁ6néo&tx
RUSH520mmOEiz'° Ru (REEAETR " RutBMBEEHRELS 2
SR hoH v eE@ABREIhE) Or—2sRR6h32, Ch5OFPEMER. HEH
BETHroREEh b0 EZEIONDE, TROOETTOVWTR, B)THET S,

LROBEOEMKR, '*EuB LTI E uRiEhi (Fig.3.1c) » MEEOS
ik, FTROFPHBOSTE IHEMEMABENRL, B L2280 PORHY OBHLERK
WTHB0C o DT (Fig.8.1d) RV, COT &hd, MERER, EcBHiPor
IS E uB LU CE uOKELR X o TERLEDIOTHE LHMTE S, BHUE
OERBERT>VWTR, 3.3MIKEELD S,

(2) Hza vy N7 PABEE

(DB RAEFPHEY - BB 282y~ tORBEAFHBSETH
BLi-Lo A, HEHEAKNTY (UF, BT V) OBRHIBRINLDL - 10
R L BBy A2 04— N0 ' EREABVEHBELTVWEORA R
(Fig.3.2¢) o Cho@A—N—2— +EROEBR, FPREY-JUBTXIET S
oy PRESS, FOErOBB NP RBRONT,

BB, Fig.3.2a FT LA, BB VvAZ VRERRIRGO L5 D O EHH»
Honi, LaAlLs 2ALO0OWMARBRLTESE, BHULAHENTRARONLLO
O, BRLTVB LHBTI2HBFRNTRES A2 - (Fig.3.2b) o

(3) HROMEHERLOLES IUVF PBTEDHORE

chETOOGL- | BTk, B2 -~ 7HABEOFPoficBwTEY - 78R
SN, LRIy 27 b REARSVTIHBRFRBE S ENE S, TOHlE
LTREIMOCGL -1 #EHERID, BHZA YV - T7OoHARAR I ' Ced LT
PP hOFRBEY - IRELRL O,



JAERI—M 94075

—F., BEROGCGL-1#BE&ETE, BRI VA P RECKEBNTRBERILT,
BEIVv A2 ONBEMASEEC L CTHBN FRERS A, 2LT. ERHNHA
KR EEBARFAREETR 25 v 7 Tho e [XH(I2)DFis. 381, ZOK
HEOES R, BV —70MAARFPEEY-2ZELRT, PTCsBIU
134C s QI HFABHRE, BIRBHERLEATRDOLTHoTe ELT TOMO
FPHRE, flAid *“CeB V'S bRDVTS, BHA V-7 RFINTEEY -
YRELNED o, CHALOBERR, WRAKFH»LIHBEINLFPEEGEGR " Ce
125G b)) AEMT Y v 7 AONEFHR IIEBYRERZZ I B L & HEYR
MEBHNAIVWC skRO2VTHBEHT M) v 7 22T AMEBARRERSZ LD
., B A N - TR BBAFNBEFPEEY - 2RELRV O EEA L 1P,

W1 IREBEEEOBERE, Db, E3RBLIVADRBBEOREREHE XA TUTO
LI HETES,

bbb, Bl 1 hBBE0RG2 ) -7 TR, FP#®E ('*'Cs, '**Cs,
126G b, %C e, SEuBLUIRu) OBREE—INRRERSRTH, JHEI VA
FYARRGBELTVABHEETI PO BEEI b0 TH S, BHINRLFPRA X
— - ' EROBEMAHEDY, BEH Y v 7 2ORBMHRIARFOREREIRY
B LBRCEG AV - THERLIE L2, #oT. B2V - TR FPBEY - 7R
HEnf,

ix, Cev Sby Eulds B~ ) vy 7 20PNERIDRFYHROREVWRRT
HO, BT by v 7 2R RENBAERE., ChoOxRRBH/T M) vy 7 ARFYK
BBINBED, Bl I RBBAETROALZEIIRBVBELY-JR3ECKVRETTS
5., ¢ bbb, Bl 1wERETR, A-N—a—- rBEROBEMXEL DR, TV
NI FPHECBEELTOWREERFLOMHE SR FPHE (Fic''*Ce. "**Shb.
6 y) OWBEY - 2RBELILDOLHEIN S,

(4) B r Vv 7 20BHMORBEOCREA

EXKOOGL—-1BBTR, BHMELIcEBHFOLITARELBH L) » 7
ZAOBRMBREERE Mo T, ABBAREF LBz N2 PREBE2VWTE, KE
Bl B U2 RPHEEBEELEANT VO T, HERBOHELVHERIITAZ VW, L L,
RERBEF— Ny FTHE LRI v A PRODVWCHBER I VEEZT L L
A, BHECIAERZES M) v 2 20BHBED S 1,

Ny, BHBHOBRH M) v 7 20OBMOBEOREKE LTRE, —BARE, O/
v -REMBORMNLBHATMHES N, OERTERERZEALONDG, DR2WVT
EZxnE, BHEEERV1IS350CUTTHY, v N7 rHERHOERERX 1800
C (LB R TREAREVWED, EERBEEIRLBH Iy 72DV T
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REP R EBENAAFLIERT I LREARA Y, T, QRAHEIETIKEIZEL
SHLUMPEELTOEMTEETHD, OGL- 1 BHO > BHBHEVRHER
BT (<102'p72,E>291)) T, BEHLCHEIRBLEITVYS Y, Ll B 1
KBEAEOREMMEHIFA 2 EE», BETHTHEFBRIZEARTL. 7x10%%0"2
(B>29f D O0GCGL—- 1 BBEDSBETHEV VY RV TH S, - T, IR & ~T o I e AY 3
LTI B ERBAHENT,

ProBES LRI LD, ABBHEO+ — -2~ PRV TE, HHEKHAOD
MEIVBLD LANEROME T3 LEALNE, BEFHFORBIT >V TRRANH
ThB,

3.2 H12WEBKEHOF PoH

3.2.1 BV —J@AMOF P 4di
Her Y — 7EMHFAOF P24 %#Fig.3.3a~3.3ckk R, iy 'TTAEBIUKHY
fbERMTcHB°Cos **Mn ORH%Fig.3.8dRT,

(1) “'mAgDAOF PREDS M

Fig.3.3ale BWVWT, P"Cs &' CsOR/HOHBIVBEL - 7MBRREIMEL
TVELENRAHIB, o, Fig.3.3bRAT VCeBLV'**SHOREE-IAELE
HESVTEABE, 2V -7 LHL2L5R300mm, H430mmBETNDE00m
mONBRBBAKFRAEELTVWELDLHEETN %,

Fhy "FEuBLIUITEURDWVWT D, MODF PEEOBELr-/LBE—HLL
AHEELTED, COZERMBBRERFPELTARLAEDDOTESEZLERLT
Wh, —Hs 'PEURDVTHBEY - RHABTRE Y, O L& AHY
IR WO LI LB PEUDEROBFENLIDAREWI LERLTY S,

PllroEsy, "mAgDAOFPHEBROVWIRBLORITORBEREY SN
SEFRCP LA BHBRED oD LD o T,

(2) ''"""Ag OB

Fig.2.3a~3.3d THBIMB T . ""PrAgHERETHREINLIETE B,

1o A epRHEAERTEE, (DREBEEMOFPEEOSMEOMICHEERAGN
BOORHLT, PConnHLoMiciR,. HodhBLAOHEMRLATVWS, TED
By, CCoMNBRETCRUIATVLIETTRE, ¥L'"""TASgORERELIL TV 5,
BB, CCoDHEEAEVES, FYvEANS PLVEERBVTNy 7T F U F
ODLRIEE T ' mAgORBEY — 7/ BYHFEIRBIIMNEFEILNS, UL, RElE
OEATE, TMAZONRBY - 7RERNT BNy 7SV FRBERIBXUT TS -
fezlhe, FTEOBOHBERBHENELOMETCITWEHIBTE S,
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BOC o AR & LTE,
MEB 2V - THBLIUBRB IV N7 OB ) v 7 2AFRAHPHELTER
NTWhSCo (ERAFLHEE100%) o FHBRL-TEUKLDO
OHMERN Y —AMOBBELTETNTORPC o0 UETFHBR I TELULD
D, (FFLRBRBEL I, HEF Y -~ AHOBMIL L - Ty ¥ =AHRZO
ECoFhRICoMARY-—TABITFLAEZEBHEESIRS, )
MEZLND, LT, Fig.3.3dEHoRB ANV -7 LEH»S5H I B0mmOERS
BC oBEY -3, ERABHY - 2AHHPLO0BFTRI-THELRDOTHB LH
ABLENTES,

HEOOGL—- 1BBHHETE, Conn P TFRHARSHLEF R LTV
iy IROOFHYMEERETHIBLHEIBIENTERL, —F B 1 2RKEH
BoVTH, LEORMATQOFENRHNTr>REh ot 20D LD
EHuNmA gL C o ORHOHEERHBERRLDALIODLEEIONS,

3.2.2 BHRAV - TR FMDOF Po#

BN AANBERSF AR~ T7RFHOFPARHEZ LD TNESERT, &
TR, MEMEBERELT, AV -7 LE»2300-310mmoMETORAR
FP4Ai%#Fig.3.4a~3.4cixy AL 100-110mmofETO''"AgDidi%E
Fig.3.5lXnT o
(1) """ "AgpPiftOoF PRED ST

tomA s DIADFPEBOSFROVTR, PCo0BESMLOMBER LD
ofre B, FTC sk DVTRFig. 3. aB LUMNEILRTLIOIR, "CoPESR
FRhrhrbsed, AV - 7RFALMGREFRAERELTCVIEEALNIBRKE T Y
4 NERLTO, RROBMELERLERTS - %o

(2) 11 A'g 45T

e A eI EHT B E, B RFig.3RohB L R, BHRAT T
NEMNTSEE, AT TERE:S-TVE, Chid, BBav 7 b (BENT)
HTHERL A g At BEA Y - 7ATEMNS S ATMABIT LI ORI T E 5,

CONmAgRDOVWTIR, MOFPHEBEOREE -7 tOoMERRo NI &h 6,
BEEF PO HEINTIOTRBVERDN S, Wi LTR, OBz Y2 b
ORET P v 7 ARARHPLLTEENR TV PAgABRHELINSD, BLT
CMEE» BELEBHNTOS I CEA'MPAgEhd'""Ag ¢ LTHEREALT
BHEnht-do, REAZALID, HEOFSFOBRER>WVWT, REIEHKR» S ZHET
&\,
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LomA e DRFIIE, PCoOAMLOBEOBRVHENRELNS (Fig.3.4bB 1) ,
FHEDLE, CoNBRECRESNRTVAIENTR ' 'AgORBEREFLHE DL T
Wi, ZOMMEIZ. 3.2. IO RABARAEZRY ~THARASMOBREEGHNTD S,

PEDZ Ehd, PCo0EBEFBTCRASOLBERMEALLEbOLEESL
5, AgOHBMERMBATAIFEE LTR, UTocenELLbhB 1219,

OME1IRTBRBEC o 2ELEBTEOMBEAARIVAY - T7RBIERFRIN,
EHRORILEEREL L TERTOA g OLEHLRNBRL T,

QEHOGTAETRCo2EGL LB LEINEL. ANBEYRLLVAgRHT S
NEMEOETMNEL, ZORRAgOBBMBRMEBAL I,

BHEEOYE .

HMOFPERCRETEAESOYERLBEL TR, Cs "YR2VWTRMLNTY 3,
—FH, Ag Vo TlE, 1 %ETOBRLERKD (burn-off) - Ty HLBEKY
MEFCENL, ZAM ETREZNREELTBEEIRTVS 2N, BFHTHERA
FLTWRE W,

BRAK, 12KROGL- 1 #HE0HEMHRAY —FTROVWTE, BBH Y - AOEM
MM E LD, BREHGOERBELEBTBEILRTER -, LEL, EXROH
FEREMNLEAIT, BEREROR 0. IUYBEE SR ZAUTOB DT IREETH S
CHEEEXNS, Ll Co280C2BOMBERAR L TRFNREBSEERINT
SAMEOTNEL, 201D AgOLMEENBARTEIEE, JHEEL LTER
EAbhb,

LR ERE

HUMMOFPREOHEE R YPVTR., HOTEROFEHEL L - TEEEZRF L LML
ERTWVE, Blild, CaldaBEL VPR ETRSrOBRREEELZS5 A5,
T, BRIt REYA POBEMNELBZETHHEAShTEY @9, £DEDY
BLENTVE, AgOENBENERETBF—7RBAFLTCVEWHE, Co2aT
ERABLEIAANBIPROVEHIEI LN D,

Hetth D C s LAgOFERBIEO2VTE, UTOLIRZBALSNTVE, THROE,
CsBE1IAFVIERF v vrl (3.89eV) A, SHBRHLOTH (HEEMEL. 6-4.7eV)
RHEARTAEVRD, REREAREVEHARRCs A4 v ELTHFRETSE Y L
T, Cs* A4 VRERZ<]I nmOB/NKILITHE (trap) R TSI, BARAKRE
COERRE - FHIEHT L VB (pigration) RAEL B P 2 v3eF N (H#—©
59y 7EFN) TEBRPOBEMAHRHAI ATV S ¥,

—H, Agl3EIA A EETF vy v b (7.57eV) REHEREREHOZT N IDH VO,
BYRETRELTCEET S P, ZLT, Cs. SrARBERRI>TEHTIO
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RHLT, ASRDVTRBE L EHBH L > TBHTILVIEBAANTRINT
W39 2R, EELESRETFERDVIREH L AROBRLz AV F- DA
FOMITVORFLT ASTREIOEMNIEEVI EINGEIONLEDTH B,

EERER L OIS
ELBRIEBVWT, CoRMEOHEMNC s tAgTRER sTwREHELTE, K
TOZENFZALN B,
DCs DB, EHBEMETHARAEIL, Co23 B IROEE IV
EHRREMLEELTE, AV -—IYRAAO T D7 A NRBIEBVEROLNT LV,
@CstAg TENTOLBMBENERD, #oTCo2ICERTHOHME
LR EELBENEORENENR S,
HEBROBELZAD T, Cs tAgORMIoBBRBETIHMBAMALELI LY
Wiz, BRrEMMIh5M (wvell-defined conditions) @b & CORBMHIE & Ein
MBRHERLETS S5, ERMNFEG, FAEZRE2PLEL, AbETCHHAOHRE
RREBLEDOBHEREITIDONFNTES 5o

3.2.3 Bé¢prwvy s HOFPSMH

(1) BHRSH
WlOWHMBUAORN Ty 7HFHOMEHERBORMAFis.3.6a8 LU Fig. 3.6b
WiRrd. '2TC 8. 'C sOERBIZOWVWTIE, 3.3WTRIT B, 1'"A g, "'Mn
OEBFREE>VWTER, DTo@)TRNT 5.

(2) AR HH

S u .y JRFAOHFHR2VTE, SEMBIMAHELR/RAL, T TRABAIH L
LT, 789w 7 #5290 -300mmOBRBYIEQHM£Fig. 3. Ta~
3.TcRRT .

REAHNATIE, 7oy 7ARE (BEBHAARE) $LUHARET '"A g R
B hni (Fig.3.7b) « HAMOFIBINETM LA KEHBTHBELTWET LE2ER
5E. BOHZY - TR HBEEIRECAgERLRZICASH, BRIy 7OHR
R RBTT A ERELIRAV, T, CONXRETHEBIALT'""A g,
BAMBNRRS THEBLTER A gH, Yoy 7O RECREL., PHTHREX
B ORI Eh b0 rELIONE, TO'PAgO V-2 ELTR, BlKos
FEAUBEHETRMHELTEThTVLDONELION S,

K, HEETHRE SR "AgkowTR, FPRHER LA BODOHE L AHY
RatlboFEom iMAELI NS, FPREBOBARIEE., AR &5IH BB & - Ty
LEBBTHB ' CPAgHRAERL, SORCHETFHEXEL (n,r) RIBI &Y



JAERI-M 94075

HomA ot U5, FPREERIZ 'TAgoBHR2VCR, BEEHBER TS LUS

i CEBENT (ABOREEC S, SICERBBALTVWAIODO4AELTOHAE
BOoBARBEREE-TVEVWED) $ICELRT»5 0L OAREERD 5. IR,
REHERELE2VTE, 2BURMEMTE ATV LAY, BH oy 72 RRE
B2y —TEHEHBELTVRERAEY, BE2 VA2 FO0BHT LY vy 7 APRFIN
TVWEAHYEOBLOAGEELH B,

PrtoEsric, BT oy 20RBERRFOI A 0y FILTR, O"AgR Ty 7
HEMLY SEFBETHRBE SR (Fig.3.7b) . IUBRBVT, *MnOREHRS
40y FAMBTE (K > TW5 (Fig.3.7c) i, *MnMs 1oy FOMBTH S
NZFoA XOBBETETHB5Ferr sy *Fe (n,p) “MnOREBER &> THEL
LD THALEIERTLTVD, 942y FARBI B *MnORNroEASL, ¥
40y FADUMAgRAZRTFOAXKAFAPELTETH TR PA g DRHLR
ko THELLSDH,, LRI 2REL: LC@A»ORRTY A0y FALONRME
K%%Lt%@&%iéﬂ\FPE%K&OE&L&“”Agﬁ%ﬂﬁVNﬁbM#é
BIFLEbOTREWEHEINS,

3.3 BUA ) ~7HAOFPHIEBYNABIUVEBBOLEREROE LD
F11lRBLUE 1 2RBHAER>VT, @FFPOEMA) —Tdeavy s b
OMBEEO LA, B XRFig.3.8~23.108 L UFig.3.11ikmd, TOFMAER 20T,
23O, CHOOHBIOBERRLZER2HAVT, SEHOLERRR D
WTEED S,

(1) "*"CsBLUV'®C s
A, MEBEOERERBERUTOEEITHEEFAIALN S,

H11® |12,k 12K
29 =7 Ay -7 Jay 7
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P— 7 OEBFLIUOHREED T BABTVE, COHRRER, MEIHhLC s
FRFPEBELIVERLABDTHIAIERRLTWV S,

—F. Bl 2REBBEOEH 7y 7 TR, Fig.3.6ak RN BL5k, **CsO
BHRCsORMERIPT VWA DR LT, hETHHERSM (B 1 2IKEBHE
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RIFL, AEHERO LHREMTHEBEMEETH A THIEEVEFAMETR.'*C s
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Fig. 3.2 Surface appearance of fuel compacts loaded in 11tk 0Gi-1 fuel assembly.
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