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Assessment of Fuel Integrity of the High Temperature Engineering

Test Reactor (HTTR) and its Permissible Design Limit
Kimio HAYASHI, Kazuhiro SAWA, Shusaku SBIOZAWA and Kousaku FUKUDA+

Department of HTTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashijbaraki-gun, Ibaraki-ken
(Received September 29, 1989)

This report describes the results of integrity assessment of the
HTTR fuel as a part of safety design of the reactor. Functions of indi-
visual coating layer of the coated fuel particles were investigated to
clarify the characteristic properties of the HTTR fuel. Integrity of
the fuel under normal operating conditions of HTTR was shown to be main-
tained through analyses on fuel failure and due to kernel migration
(amoeba effect) and corrosion of the silicon carbide layer by palladium.
The fuel integrity has been demonstrated by successful results of the
irradiation performance tests. By considering the failure behavior of
coated fuel particles, the permissible design limit of the fuel was de-
termined such that the fuel temperature should not exceed 1600°C under
abnormal transient conditions. The validity of the determination of the
limit has been confirmed by results of heating experiments of coated

fuel particles at extremely high temperatures.

Keywords: Safety, Fuel, HTTR, Design, Integrity, Palladium, Corrosion,
Kernel Migration, Coated Fuel Particle, Failure, Abnormal

Transient, Accident

+ Department of Fuels. and Materials Research, Tokai Research Establishment



JAERI-M 89-182

1. B R T LT LT T e PSPPI P PP PP PPI PP 1
I N L LT T PO 1
1.2 EEEFAEE v mereeererre e 2

1.2.1 HZEMDSEGE  ---roeeererrvrrom it e )
12,2 PBEEEEREFITEE  coooe v e s SO 2

9 *&ﬁ@k***ﬁ%@%*&%%@ﬁﬁé ..................................................................... 4
2.1 #&%W*_{,*ﬁ%@@ﬁﬂ ............................................ e a e ey 4
0.0 BIFERBOITICEEEE e 4

3. EEIEGEROMBELOEAEE e 13
3] BREEDBEPEIEOIAEE Z T v e e 13
3.2 EEEEESOBEOBAMICET BHIGE 14

30,1 BRELEFEER (7 A — /SHREL) coorerererreensrares it s e s 14
3.2.2 PAdickBSICEDIRER e N 15
3.2.8 BAEEICPEAPIED FEH ceerern 18
3.9.4 BULEROBEBRBORE o O, 18
395 ﬂg‘%@%@%ﬁgﬁ XL TP LN EPP LI LRI 18
3.3 HTTREEEEZEET TOBREOEEEDIE v 20
3.3 1 BREMETBEIESEED TR ---vveerrerere e 20
3.3.9 Pd it L BSICEDEEEBEDIFEM oo Carreraeeraarraeas 22
3.3.3 PFERSFE OO BEME  -ocvvrrrrerrvmrsr o m i ne s o e 24
3.3.4 BUEHOWEEORIIC L ABIBOFM e s 24
3.3.5 FBHBEAMHOERM oo et i eve e e eeetrareaiaeeeeea ey 25
G4 L B ereereeeetteeereeeseie e 25

4. BREIOEBEEFFIRA oo SR 4G
4.1 EEREIEZ T e e e e A9
4.2 EHSEBOBRER THEBORSMICETAME 4G
4.3 BEIGBET/LEOBER FHEBBOEEOEMTEEE 592
4.4 BREEELSRADIAOETR e 53
R B o R T O PSP S PSS PV S 53

B, TE - B eeteeeceerenieiieeeninsien e e T e et ee e e 66

s . L P PRSPPI 67

ZRFE LR cvooeoreeere e et e 68

1831 #EBER TFOMBEBOMBECEITARE 71

322 BEEBEROBEOBSICHTAFEE 75

ii



1.

2.

3.

4,

JAERI-M 89-162

Contents

IntrodUction  teueisuetiasncannansssessranrsvensssosssnosnsssnnn
L.l IntroduCtion seeeseeseesscrnroneseansesesn cr i e eat ettt e et
I.2 Design criteria ......... Gt hat i ecaenrare e e s

1.2.]1 Definition of terms

LI R R R R R I B B N A R A B A B I R I N

1.2.2 Related design criteria ...iveriesivesesccnoncracna cesans

Functions of individual coating layer of coated fuel particle .

2.1 Classificaticn of coated fuel particle ..iviiieerivoeacnnnnns

2.2 Main functions of individual coating layer .ueeeerecesccesse

Fuel integrity under normal operating conditions ..eeveseescens

3.1 Philosophy of fuel integrity assessment ......... cesarsenenn

3.2 Research on fuel integrity under normal operating

Conditions. sieesscesacnn

3.2.1 Kernel migration (amoeba effect) +iviiervecrsonssnnnnanns

3.2.2 Corrosion of $iC layer by palladium ...... ceenenterienas

3.2.3 Increase of internal pressure with burnup .......... enee

3.2.4 Defects of coating layers during productionl ..veeeceve..

3.2,5 Irradiation performance tesStS ...vecceenneen- crrreraaras

3.3 Assessment on fuel integrity.under normal operating

conditions ceveeevenrven

3.3.1 Assessment of kernel migration disStance ...eessecscesress

3.3.2 Assessment of distance of SiC-layer corrosion by

palladium ......... L e es e e s se s s et et ettt a s ..

3,3.3 Assessment of pressure vessel failure .....iiveiannnnans

3.3.4 Assessment of failure due to defects of coating layers

developed during productionl .teeeeeonvsonnees ceessesaenne

3.3.5 Assessment of irradiation performance ..veeeveevesnenress

3.4 SUmmMATY c.eeieecnne-n- .-

Permissible design Iimit of fuel ..ciiieiniiiencnnecrnnransennns

4.1 Basic philosophy .......

R A I R I R R T I R B B B R N R S R I I R )

4,2 Research on integrity of coating layers of coated fuel

particles at extremely high temperatures ......... verserse e

'4,3 Criteria for coating failure of fuel particles under

5.

abnormal transient conditionNsS ...eecesrescasorsossessassesse

4,4 Limitations other than permissible design 1imit ..uieeeesnses

4.5 SUMMAYY .esveveccenannan

Summary ..oeeiiescrsenacnnenn

L R R I R R R R R I O I I R R Y

L LA IR A I I N B A R RN R R Y

T N - T CHEN NC R S

—
woow

14
14
15
18
18
18

20
20

22
24

24
25
25
49
49

49

52
53
53
66



JAERI-M 8¢-162

Acknowledgements .evecessesssracnacsessassassnssssssssssroaraaseacs (7

References

Appendix 1

Appendix 2

T R TR I P Y

Supplements on functions of coating layers of coated
fuel particle ..iieieecrevesraacsasneseransrarsrsaressrer 7]
Supplements on fuel integrity under normal operating

conditions ....cciieeanann setresranananers cereenecaraan 75



JAERI-M 8§9-162

1.1 [@FUL&HIC

AR EE R, BFSEEERERFZED TV AGBMRAHOREREN 2450 TH 550 T BH
7545 (High Temperature Engineering Test Reactor, EITFHTTR ) ORI DO IRE
LT, BEENFELRE TS AZREEOEEREN FROEE 2 v~ 7 r OEEEREROE
DM IHBEFITBEROBRFOBRIC DL TRE~NI D TH 5,

W, BEoReEG 0 I L, BHORIH T, BERROBERSECRENLETFET
mf@,%ﬁnmﬁ«ko

(1) BEOHERREOEE LAREGEOMEDT

Eitic kit 25 7 2 FREEN THME ORI, 209570 1969 F (B 44 ) Tk
pons”, Tnlk, BEOWE BE, B BEEE, EORESNEHEC VTR
ABRFEBHFEMTHNTE R, CALDRBFAOER, BE ORI, SEEH, EFEEK
EroofastRen, BREKRESESEE T T - s 8ERINTE Y, HTTR OFELBREELT
DESUERUVESEZRIET S5 6D LT >T 5, _

$7, WERHTTRERBRE QRS A, #E A -5 —OBEAR BRI >250,
BESEMEOREDR EAES LNT A,

FEEEEG, LRIBRHEERP OB ONIRYUHRRY 77— 5%, HTTREHTTO
%%@&Uﬁéﬁﬁﬁ@ﬁﬁﬁ%%@bt%wféé KHEFONFIROTTROBET 5
*% ) (LIF, HTTREEES £ B hEE LV S) CRMS AT B,

(2) AEWEFOMHE

TEAE 12 TR, AHEEZCURT 2 AR EOEEHERTIHEDTERD#
A o0 TR T 5,

R, FB2ETRESE A 2PREOF/NEREA TH LW EREN TOWERE (LUF THRR
FHBE] Ls D) OBEEICo L T~ E, BB FHEBRADBRERUB BRI 1
# (PIFSIC) 5AE7 3w /M OR-~TED, TUH, SR VZFEREIBKEEDEE
WS RE L BB N U EEHORE, ROBEBMHINEHEDNATRELBEVETRT
FRES T3, £2T, WEBEEOBIERFREEIC >0 THERE L, BEOMERKURE
B OBEZA SIS AEBEE LT

H3ETCILEWESIORSMICM T AMETERGER, RSO ER R
oW Tili5, BILELETH, BEESRIEST IAEHIEEH 2R 5BOERICEDE,
BT RRARREZTOH LT OBYUOBRIERIC OV TRT, SH5ETHHL, BT FHARH
ElofetRk et 45 ihd 2 £ T, BHEELIBRUREREHHBE T — 7 30N EEE
HHEEDTHL, FLT INL0RBATDHH, &, EBREVERCH>VLTORRPE
FiAL D WTEIC L B2 - AL, BEHOFRMOHRICoOVLTLFMICEL S 5,



JAERI-M 82-162

REOHESTICEOT, 128ICRTHATHEEITRUE 4 B BREFEMOESR L oxt
B0 TE &,

RO LB, AEEEONE BRI TR OB 5 250 F ORAMICEE S 2 & 0T
B0, BT Ty s ORETEEEDIBENRE T >V Tt B OB Bt nT
[

b, B2EOMEBOBECH T AHEENE 1L, B0 E0nEERENO RIS
BEEMHE2ICEE B TR

12 merns

ARSFITIORT 5 ARMEHADBE BN ORSUR UHERRACH T 533 H5t oW
BELITITRT,

1.2.1 HEDTH

FRECH O HBESLOHBOEREL FiE 4 5,

(1) TEEORFERRM ] &, RFEOE &BIE LT, BMEOEBENESL LERSNS
BETHY, o, BEL TETFOBEEZT I ENTEIRBE I,

2) TEWER] &, FFEMCrhh bEE), ik, B8 BENESOEFIEERO
BRRTH-T, TOERRENRTEOFIHNTHDL EDE 5,

{3) TEFERE! &, @FFELERIEAL9%, (Al ShOAEME FRBECIAZ SR
FIREETCH - T, EGEROBRELAELLEVERLETV I,

(4) TEBERFORFELEEENL] &3, EFFEEOHFGBEHC FTEINZE—OBBROK
s L REMEE X EEROE —BRERP NS SHUOEIE TRET A EFHINE
ATLITE - TET 2EBEDREL VS,

(5} (W] &, [EGEHRORELAEE L] AHMAZEERETH-T, BETHHE
B THLHD, HTFEREROLEEADOEHS L oBESNLEDE VD,

1.2.2 BIEZET G
BREL (BREMA) DEREAH O BT, FMECTHRT AR S EEMET 5 045N TFiEd,
BERHE (BEE) IBO8FOoERERUBE, BAigE, By ) - 7EL2ZEEL, @2
WAHRSINEEDICETTH, CORY, BHERTEEBGEHRE EERO BT IGBEL()
RRIZBWT, ROFHEHET LK IR T 5
a. BEFEEGROHBMREN T SOBSHERMOKRE %D 5700, BiEdhicRsd
LN T HBEOBHEFSFEL 2 5/ NS REICHET 2,
b. EGZFORECAELLEHCEVT, BRENTHEBOTENHIERY PAd It L 3S5iC /B
BERDBEROBEIT L 2MEN THEBOE LWEEE LI B0y, BEESEE
(2 1600 CEHA LV CEET B,



JAERI-M 89-162

c. KD s b, BOHE (EE LTHGH) ROBSHE UESRKET & Bk
& DRESERORC L AREMER L THR, ROZHEETOLS 2T 5,
NS DEFH OIS BN S RO EE R B IEROE A SRl FOEER
EoBILE 05,



JAERI-M 89-182

2. MEBRPPRLT OBER DAL

HTTR OEHC IEBBRER T HHO LN, COBMBEOERE, B OB LR o
M ERF CHiRRE, BARFEHOLS CEBEEMBES CHE TV A0 L IIRN Y, FicHMEET
HRBCHILETODIETH S, 20T, HITRBHOBEAMWEEA oM 45 0, 58
A 2AFEHC B BHEAE TOMBREN TORBEORBI > L TXBEE ST & te, T
ARESAOR LADOBE» SEBWEB T L OMERIC >V TR L, 2OBRAL TR
EN

HTTR i Ef T 2HBMER T 3, Fig. 21 IRTEB D, BEN A S MRRES TNEICH
BLIELODTH 5, BMMNFEERG A2 OIECESEERMRRE (H18), SEEAS
%ﬁﬁ(%zg),ﬁ%ﬁhﬁ(&@(%3%),%%E%ﬁ%ﬁ%(%4%)%ﬁﬂ&b,m
B TRATAGDBERDO KB EHIET %,

BHRTOE, UTICORT LD i, HTTR B T2 kB BB N FORBERRUHE, A
EoFic &k 2&iR 72 FMEBEORRASE 2 TEEINAZLOTEH D, HTTRABEOHS
FROMBIE TEOMIENEIPD ONTVWEEEL D,

2.1 mEMEETomE " "

B % TIBER X MU T I T ORI & AT Table 2.1 i0md, A
R R SRILEC & B B EORERER T8 X 41, Peach Bottom &5 0 4§13 1
Wi E LCHY BN, L L, BT AL5i, F1EE L TEBEHENMIRERELHW 5
CERED, 2T~y KT8y 7 GREOBRED ¢ £ BHIRIVE T 10, Chils, 2 1
BiCiE C ORIBENIFT 5 B CESEAMEEES TV 5TV 5,

BT TREALS W0 HBREET 2, BOMRE" SREMEITT (BISOR )R UM
EHEMENLT (TRISOA) T& 3, BISO MWBRENT TR, S8, ERHRBHOBE, «
vy L7 BB AT R O A A EI T E 0725, B TRISO M S B Wk &
FOEHBERET TV S, £/, KEDT Y2 - VESES2HF (MHTGR) &8 L < &
BTHEOETHTE, VRS HTTR &RIU < YF BB T 8 S NB5HE & 75 - Tl b

2.2 BHEAROEISHEE

) BHREASERZE GB1E)

BEEEAGERERER, BEZRELOENRCIOMBL SR 221D, AMilos%
EBROEBRERE (B28) 5, BRHRFcIBETIOEHCEEET T 5,

HWEBFR TR O ICE, SEERSRREDASICL S BB FERA Sho
Fig 221N L) UMM AR T L 2 SFERORIREOIGF D20, HEOBHE (2T



JAERI-M 89-162

Ny KT8y ) BELE Y, BEERSERER CNCEBRERER T OEEH < -
DREBASNZHOTHE, BFEERDEREL SEERASBERACENTLHZAETHD
BEA L, REMAHF BRI L2 U 2RY 3 BRSSHEANREEE (22 8)
TR LIT < <, - THBEBOBEEAE C DiT < < H 5, :

$7, EEEHRAMMEREE 75 v ORATICHE » TBEEH & RS 15 SRR OE 52
RO —BILRTEA R 252 5O EM AR 5, —B{LRE S 23, MEHED U,
TENTY 7 VBEART L Ll THELKBRO D b o B S B,
SRS NZbDE, BABRZLORIGEE - THELEZEDTHA,

Tz, EEERMFRRBE, BEEOENCH S B0 Y « ) v J 2RI 555
T B, BEHEDR v 2 ) v 1d, FURKE S B SR YGRS R DL chic (R4
SNBLERE->THEERBDTH D, BEERSHRZE, BREOR T2 » 72 RIEIL,
BWEMNRRE (BB RUFOAMORERICHEEOR v 2« ) ¥ I & SNELERT
LOEENT HRENEZR-> T 5,

9] SEERAREEE (5208

EEEANEEE E2B 1, SEKOBABERYERET SRNEET 5, SRERS
DO Kr O IR Fig 231077 SARMARERN O % CLERESE, %
1T ORICRT LS, SEERSRHEDOLHREOVNS LT, BB EHET NS
ST, F2EABATH B SEKE BRI O KL EE FOME &5 S EVEL T
BLUE,

I, BEERNERES B2 1 BI3BRUBLBE &L CSERESBEER RO
—BLREBH AL L HBNITRIHA GBEEE2EH L T %,

iz, TOE2BEE, HEENETEN I > THLSICHEBORESORE, FEHOxFLY
zanigy (CH3SICl ) EAXREBEORIGIC L » TEL 2E(/kE (HC) A8 ENE & RIET 5D
B B & Ebic, BEHEDS 52 & SICOKIEPREED R 255 ¢ C &I £ T, B
BSICHREBEOESLTMICT ARIEEE LTV,

(3) SICHE (%38

SICEIE, TERRRDERIRC B SIS L TN RSN 2E ¢ 5, SICHD Xe
DIHAFEE Fig 24 £F Y, SHRESZERNOE L EREAE, £2ORKCTT
£9 0, SICHOEMEHIVNS VOT, 3BT 28 & BRI SRR B O 56
NEGT B, F—ORE P THEE L TRISORPIEMBEMEEL T (HTTR B ARBEK DR
BREETLRCAR & BEEASRREBRUSEERSRAREBOL» LML 8
(BISO) MK T/ 6 DSLBIRD K NEERY TH 5 Cs D RINEIEOLEE LIz b D%
Fig 25 iR, &7, SICBERUESHERSRRREDND Cs Qi HFEHE]EL b0 %
Fig 26 1074, o SICEBOES BN Cs BEIEAE LTV 3, CARSICBICLSS
B AR B O RIS ESA SV EETT HITH B,

SR IR DR ES, SIiC OTEE(LE Fig 270 1GRT. CORM GRS &
51z, SiCIE O FEEAN &, BB T O T HEEE % R+ 5 Mie 2R L
Tl B,



T

JAERI-M 89-162

Tk, SICEBR, SEEHENMREE (B48) 0BMIECIIHNIRES VT - T, &
BB T OIS 2 R oREEE A L T 3,

(4) BEEHIWREE (FEAB

BABOBEERIMWREEE, BEDICIGT A EILD, AEHSSIC AR,
SICENPRE A 2 EIL L OEEEVIRMICIA C XM E, CHICL DBERER THTHRT S ¢
EEBIEY AREEEBL TV B,

BT (LS SRR SRRSO A L% Fig 2810 R4, BEMEHT 50T,
SICOTHEEMNWNS 0T, SICBOHES Y0 TEEEASERER A S -TEE /LA
FESICBICHAAROCHBIN 1% RIET T &0l b,

HiT, (OFE4ER, SICE (FH3B OMBL BRI T VT, SUKKOR 3L
B ERFT SREETEL TV 3, F/, £4BE, SiICESRENRVOT ALEADS
R+ 20 LTk b, BMEEEGOIRIC L5 SICE OWIBAR CHEST LT 3,

PLESE~{ BULEED F#EE%: £ LT Table 2.2 KiRd,



JAERI-M 89-162

IHIHW “¥IL.LH (I—OSI31L)

AV CUTRIA IS WO | ¥MOREIRE | FOan | FOwITEE | SO0 R 0S13L
(] —-0ST4.1)

uoBeuq AW DS | FOaal | ENMCEERT 0STAL

ALHL ¢ (W3 ) HAY 1w YO ERE | S B Y 0s19

(W) AV 1w EUMETRE | N R xo1dngy

(I3 () woney yorad 1 W 1% F M R B2 -

Ny g i 4T s
g 4 W B b M G VR
B oW oo B OB MW ,

*saToT13xed [onJ paijwod Jo sadij 8UT31T0D JO UOIIBDTJITISSEI)

1'C 21qel




JAERI-M 89-162

Table 2.2 Main functions of individual coating layer
of coated fuel particle(q).
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Fig. 2.1 Components of coated fuel particle.

Fig. 2.2 Spear-head attack observed in fuel particle
of UC, kernel coated by high-density
pyrocarbon(7) 8),
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rFoZ&ps, PAdik3SiICREBOBECER T BN FHEROHIE LM T 5 iKsi
> T, SiICEORABREMOFMETICLPERTH S, .

ChETORBERC LN, SICEOBAZERNCECHERINTNED ¢ Eb b,
SICEEBERITRENICH > TERACEZ EITTIODEEL NS, BEHABRICE LT,
REAEOMEL 2 vy b id, A TEESEL, AR TCEVEEFDOREAR AH - T05
7o, RARABESOAC 2@, SEBERTFOIULE L B oEbiE i E< BB 5 &
£7 5115, SICEOEAEEONECEVTE BERERT O DL, SA S  TRIWE
OHWEBRERET @ABRAL /2 o v ovs + OFEEEERE L TL 572, BEVICREAERIE

(32) (33)
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HaEEL 7o, FLAEbOTHS,

TNE TIEE LT EBER T >0 T, SHBHEN FIL0SiCBORAMARR
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PlE@z &h 6, Fig 319 TRLUAEABREHOBE 79 (885 1, IERAESR
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(4) PAHHE & SiIClBOEARE SHsEOM KR > ToRa

Fig.3.19 (# 1) ¥+ i Fig 34% YT ey FL, EBRF-s o0 THRITL, Pd K
H & SIC BB A AIEE ORRIC - L T DRI RO ED HIT >0 TR T 5, |

Fig. 319 /R LA Pdic LA SICEOERBOBE -5 % Fig 3200 £ ) i TRE L,
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THBESCBEX 5 pmiH LT/HNEWETH S,

ARMBEAD Pd ORI, ITHNETLFRHEEELTVEGES (U Y FAFHE), &AW
38 % 10%° atoms./m? L7453, THRIIET A2SICEBORAEAIES 3, Fig 3.19 XbH9
pmTHL, :

T 7, ABMBREMAICEWL T, EBF— 57 O PdHBOEAME (8 5.7<10%° atoms,/m? )ic
GG B B, W LH0CTH s MEREOHECE AREMAHEEH S
5% EEEHONBEME S 2 c BE & LTHITINTKS &, EH7— 4 TROLRAD
Pd KR TH B 57x10% atoms,/m* 22 28, H10° G4 oHlH) £105, &
o, Pdit kASICEBEARENAE L AIEsOLB T 2ARKIEGEEE TN,
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PR TE 5 LHMIT 5 &R TE B,

3.3.3 AEIEDFFME

—fgi, WEBOSNERET 28TNEHL013, B OB - THERT 3 —B{ik®
(CO) MRBOHERREMMOERCLD, HBBIHNTINENG BB ETHS, (E
1 Yy 77 1B ORERIER FEEREIC SV Tid 22 §1D(11BH) .

PR & ITREE OB > D TRERTANS ATV 3, ZOBRILEE, FAE, @
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HoNBLHITH B,
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FEB AT TV B, ORI RBRETICHE S,

3.3. 4 BLERFOHERE O KIEIC & SUHR OREM

FiRoEEREE, Pdick5SiICEBOEAERUVBREICESHNED EEIC &2 REMIHE &
ST, BIESERICEER THREBO RGNS SBE, MBS & b IBER T ER g T 51
Felkni B, 3.2418iTR L7 Fig 38 D& 5k, SICBICRMHEA-TH 3EE, #FHicE
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Table 3.1 Summary of irradiation conditions and results
of post-irradiation examinations on kernel
migration (amoeba effect)} by JRR-2 capsules(z).
. RHEE (O | HEEY s
%’—-&lv 7 =i . . o A H‘ﬁ 1% a [=]
"B R am))| () HESRERER
ICF-3H 1350~ 1040 55 | TA - BBEAD AT
(220)
_ 1330~ 1250 ,
ICF-9H (160 3 54
- 1700 BRELT A —NHBRREE
VoF-1H [ 164) U Em, mmEEE
vor-2m | MOTI 108 | TA -GBS SAS
~ 1360~ 1170 DY DICT A - R
VOF-8H (150) 0 wons
1600~ 1210 BAES T A — R R
VOF —-14H (150 ] 139 mE, BEELRITFHE
B AR — AR e
_ 1550~ 980 T [t s 59 BT i
VOF —20H (80~ 140 ) 48 PR A RRERE D
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Table 3.2 Irradiation conditions of fuel compacts used
for ceramographic and EPMA analyses of Si€-layer
corrosion by palladium(z).

Fr7evd | HOH % B OB OE EHoN | BREEY B E

(*PU%) (8) (MWd,"t) gy
T5F—5A T5FP2A—1 40 78 15.000 1,500~ 1,200
T6EF—5A T8FP2A-1 40 120 33.000 1,400 ~ 1,000
T7TF—4A T6FP1A—G 4.0 101 13.000 1.200 ~ 1,000
TTF-5A TIFP2A—1 40 183 9,000 1,200 ~ 1,000
T8F—3A TOFP 2A— 14 8.0 82 47,000 1,550 ~ 1,200
T8F—-3A T9FP2A~15 8.0 82 33.000 1,350 ~ 1,250
5ROGL — 1 TP (B—10) 19.9 142 27,000 1,400 ~ 1,250
80F—-6A S80FP3A—6 8.0 117 32,000 L7600 ~ 1,400
BOF—6A 80FP 3A—-8 8.0 117 35,000 1,650 ~ 1,350
S80F—6A BOFP2ZA—3 8.0 1i7 35,000 1,600 ~ 1,350
82F—1A T8ZF1A—4 8.0 86 42,000 1,400 ~ 1,300
B2F- 1A T82F1A—8 8.0 86 43.000 1.350 ~ 1,250
B2F—1A TBZF1A-9 8.0 86 f 40,000 1,500 ~ 1,350

x RAOOBEREEEN2)ED] % fima = 9140MWd .t (HTTREH) L v BRE L4 0

ThH b

HTTRTPA T &3 SiCEBORRESN SRS HAME T, BN 5.2%, BEERH
31,000 MWd ~t , HBEHEE #1390 C &5 3 (SEAMERLE)

(

Table 3.3 Results of internal-pressure measurements
for dirradiated coated fuel particles(zq)

Pt gy | P SROGL= 1| 5 4ROCGL -1 | 5 5ROGL — 1
R o e b2 M g B A
(770P—09) | (780P1-42) ( 790P—52)
R (MWd, 1) 4,800 18,000 28,000
5 E (kg Cen®) R ARLT 2.2 31
O RHRRLT 2.7 40

k XER(26) X0 1% fima=9140MWd ./t THE

)



JAERI-M 89162

HWERWMONWHE v
Hlox'FER (¢

———u

\

TEPMNEOLYT CN22LFBCLASMBIDHNBRYY (7
B000 07 ~000 0TI REBRRWEBRO AR ey 2T (T

o 0TXGZ | +_0TX8E"¥ 0Fe ‘T 067 ‘T 000492 — $ 61 02 cv ROTEE
v OTXL"8 | 0T X1 0ve ‘1 0ve ‘1 000°12 0201 X8°2 161 02 v MEH
s 0TXB'S |, 0TXT'1 08¢ '1 068 °1 0016 0201 X2°1 L1761 02 88
s 0TXL'T | s_01XI"L 086 1 08¢ T 000°21 0z0T X Q"1 L1761 09 X LE
«0IXC'S | s-01X9°6 08F ‘1 08¥F ‘1 006°¢ s:0IXT ¥ 861 0z YoH
c0IXB"T | 0TXL'E 068 ‘1 08¢ ‘T 000°0¢ 00T X8°¢ 661 09 MeE
b OTXTT | c0TXE"L 7 068 ‘1 00081 0201 XE"Z 661 09 Y vE
o 01 X5'8 | L 0TXT"L 028 'T 0281 008'Y 01 XE°8 021 02 Yo
b 0T X0 T | s 0TXP"1 08% ‘1 A 005°8 az0T X072 0771 09 M H
o 0T XLTE | s-0TXL"Z 088 ‘T 0y ‘1 008°¢ az01 X271 0721 vs 1%
ce SEHERE | oo WRERM | o GORMURNR | . B OB | (3/PaK) | (ASKHET"0<3‘po/u) (%) or MR W 1190
HWIHMN | HWRNE] () F B H W B | FEUWHFEYE | FRERW | oy

*s8TTquasse Tany T~TH0 I10J SITNS9I pUB SUOTITPUOD UOTIRIPRIAT +H°f 9TqR]



JAERI-M B9-162

AR Loy e [R5 BB
HARBENV L V4 —

HoxTa§ (¢

HBEEIATA ey — — 1

-
B

"ZTNBZOLVNERY R LFBCLSNENITESE (7
EH000°02 ~00001 ¥ MERHWBBONURN 4y T (1

50T X G°¢ e0TXLT |[0SE°T ! 00%‘I 0081 000“1T +01X0°1 0¥ S (HET VZ-Je8
01X 0°L 0T X9°L |[0LT‘T | 08Z°T 025*1 0016 20T X0 T 0°8 g WAED:  v8-408
0IX 2 01X2°T | 00Z2°T |o012°1 01S“T 009°% 5101 X0°¢ 0°8 g R Vi-d6L
01X 61 01X ¥ |061°T [o0Le'T — 000°Z¢ 0T XT°Y 0y i V§-Jd9L
s 0IX T°1 «0TX & |08F‘T |0SL°T — 000°ST 10T XT°1 0y 9 Vg-=asL
01X D> e0TX T [002°T |0S¥°T — 000°P1 10T X171 (AR {(£W) Vi-as.
O0IX D> WwOTX 2 [ 008°T | 048°1 — 000422 00T XT7L 0°8 (£T) - r6-4vL
s 0IX ¥'T 0T XZ°T | 0EF‘T | 018°T 009*1 000°¢T 00T XL7L 0'¥ b vZ-428
o 01X T°¢ 0TX9%9 | 0LP'T | 018°T — 000*eY 201 X¢"2 0°8°0°¥ 1 V1-428
s 0TX 9°F 0TX8'T |018'T | 069°T 0ZL‘Y 0004sg $201X9°1 0°8 91 V9-408
0TX B 0T XS"T |00Z°T |o01E‘1 — 000°82 00T XB"L 0°8 y VE-408
L0IX D 01 X6°C | 0¥Z°T | 08g‘1 — 000°91 00T XY 0°F ST VG-ALL
01X 0'F OTXTTE [ 098°T | 00%°T - 000°81 00T XP"L 0'F 6 Ve-dus
s 0IX g°¢ wOTXTL L OVZ'T | 06241 — 00091 201 X8 1 0°¥ Al ¥9-492
L0TX > 0T XS T | 0S0°T | 0BT°T 0221 000°L 00T X376 0°8 (£TH) % Vi-4b/
ce BEHPER ce HEEFRY | GAREHE | 904004 | ¥RICT4LLY (3/PMH) | (ASHBI Q<R /u) (%) - W OB |paras 4k
o N T8 R MWREE | . (D) H B & WO WWREYH | FLRGREYY  FHRRW | owac

*sansded posold pue desms-sed ut pspeol s3owrdwod (enjy I0J SITNEAI PUB SUOTITPUOD UOTIBRIPEIIT G'g dTqel



JAERI-M 88-162

nﬁmumcme..numam T9nI S3T pue UOTLIBTPRIIT Z-WI[ I0J afnsded (eqeowe) uoIlvi8Iu Jaulsy ¥ 10 210351115 T1°¢ "S1d

cenLYReY V£ Yo r£
wiy
VY KBS —3
/f
. o T o W B B B

b

GemiE,

HEBWY /D

e

YW TV
1Z%T—-9N



JAERI-M 86 —-162

W= E ()
ﬁaxwomm1momm01mm 1400 {300 1200 1100
LT T T T T ! T I I B
|
B j -VOF-IH’h?"MZ
| . 7 % 4%_3‘1% a iog—l‘m%w‘tt
—_ 5 & B
L 07 MR=200¢xp (-14800/T) =5 < ~
£ I 4T r o Fi 4
= L tgr =180°C/emi ]
§
o - 5 .
= 10_5 'Y g 1660 B
> I :c * G _:
- - '!gﬁgg .g 2 aﬁ .
B © et bl ]
® o] o % fe,a g o
- .,* G p
ﬁ 167 - ) ’ E ° .
and r . & = ]
Pl
bl B i
]
10_8 1 1 1 1 ‘ ] 1 L 1 1 i A 1 1 J A 1 i L I 1 1 1 J [ 1 L R
45 50 - 55 6.0 6.5 7.0 7.5

0 /T (K"

Fig. 3.2(a) Kernel migration rate (KMR} in TRISO-
coated U0, (4%EU) particles irradiated
in VOF-1H and VOF-14H capsules(2).
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Fig. 3.2(b) Kernel migration rate (KMR) in TRISO-
coated U0, (8ZEU) particles irradiated
in VOF-1H and VOF-14H4 capsules(z).
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Fig. 3.4 Relationship between Pd/SiC reaction degth
and calculated Pd release from kernel(Z),

Fig. 3.6 Example of defective coating layer
{circumferential defect in SiC layer)(26),
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Fig. 3.5 Apparatus for measuring internal pressure of
single coated-fuel-particle irradiated(24},
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Fig, 4.9 Microphotographs of consolidated particles after heating
(a) at 2200°¢ for 5lh and (b) at 2500°C for 10s(2).
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Fig. 4.10 Model fuel pin employed

for accident simulation
tests(2) (40)
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Table AZ.1 Maximum fuel temperatures and factors used
in temperature calculation for estimation
of failure fraction of coated fuel particles.

R E

o

wEHMERRE LR

R ) - TEREE

oy o 7EE &

BElo vy NEEE

LD
FERIE SRR

#1420 °C

#11.17

#51.25

#5117

#11.73

#1117

et

#1492 °C

¥11.16

¥11.24

#1017

#11.73

#1017

BE SRR

#3 1456 °C

#91.18

#1126

#5117

#5173

#1.17




JAERI-M 89-162

Cool AT = Lot
Rejected
.graphite

NS

I

n
Iy

)

Fig. AZ.1 Gulden's experiment to elucidate
the mechanism of amoeba effect
of UG, kernel(2),

Temperature {°C)
2000 1800 1600 140 1200
10'2 4 ™ ™ T T T T T T T 3
:\ & Un'irr.agfated h
r \-\ s In-pile data

FRIRd: - .

:;‘,:- L o g \Upper 90% confidence ]

g | % ! N Hmit for KMC |

¥ ~ N

— -4 o h 2 1

10 T g A » ~ ]

2 FON $ N4 ~ i

e - \ p \ ) d

= L Nyl \ _

B b A AN

= 10770 M | HEEN .

ol RN LN -

r r : ~ 1

s I N i‘r g‘i. o=‘. i

gio'6 ‘“:E%&\‘ - r’&

p ; o N\ "% H

S S ‘\\g &

? “e u: : ’5‘

sl T D

o . .7 - \'\ g 8 \\

gio C rS & | N

o3 ~NS 4 i

?\ Y
o %\
10 8 b
4.0 5.0 £.0 7.0
Recigrocal temperature "k Tx101)
Fig. A2.2 Kernel migration coefficients (KMC)

of coated fuel particles with UG,
kernel(3),



Fig. AZ.

Kernel migration ceelficient, YHC {"K-cm?/sec)

JAERI-M 89-182

| HoT siDE - EmROSIOH |

3

[ cooL sIDE - DEPOSITICN |

Possible reactions and diffusion processes
for amceba effect of coated fuel particle
with U0, kernel(0),

Temperature {°C)

2000 1500 1200 10960 93N
[ Y \; i i ' ’ L] i R
F \ \ o QRML in-cile data
F ] \\‘hcz a Dragon in-pile data
- \ \ ] E
— Oranon b
r RN \\ \‘ -
2 A\\ i
L A g}\Q i
a
a
\
C \ ]
\ il
-
L CA ;
GREL  —
| -
3 5 B g 1

Reciprocal temngrature ("K']xm"-)

Fig. A2.4 Kernel migration coefficients of

coated fuel particles with UO,
kernel(®),

EAE LAY
avanoration CDZ adsorption %/E{EU
1
C+ 'Z*Ozﬁ CO
irradiation Uo, 55
enhanced [:':] .
% B
Ed )
i %
o =
s
fi.
L
C+0O<CO
0+ i
exothermic
[EE



JAERI-M 85-162

. A.va ANH.DM..HM
HNEOHV sSwsTuRyO3W 221Ul %n— p=2j3eTnoTed

S20URISTP UOTIBI&TW SATIETSI puw *(1)ST2uIeY 8pIX0 pue
(ean813 aaddn) sTauasy <pn Jo 20UBISIP "@PTQIED YITM saToTaaed Tany palrod
uoT3lea3TW TIUILY IO BIBPp Tejuawriadxy 97y *I1g FO S3URTDTIFIV0D UOTIRIBTW [3UIY G°7V 814
(@3) pod |ang uy a1oi3aed Jo uwoyieno| |eppey ‘x “(PL6T) 126217 V-VO TOHLING (9
Ly 60 5°0 v £ Z0 Ly U T(GL61) 8.8°d ‘FunFvriozypsy W HITIATQOT-YANDIVM (S
I _ 7 0l 3 “{PL6T)
F L1S ‘og “pouysap cponpar e 32 WO ATIIIENVIS (F
§°g- "(PL6T)
EN ‘CEPP-IW L-TN YO VI 'A¥VLsTO g L dINIANIT (g
do 2 "(PL6T) ‘LL8E]1 V-V D
s H(pLET) 9LT°d TOCOVL-AN QD 712 72 " L*NIAIND (2
o (ZL6T) Y1 ‘e To0g twpua) tdswey p (N LNIATAD (T
5t x {pGl¥-do) 2anieiaduady |edoldysay
{alowqrean)b \M& :DHMMHL@M@WM%_%M — m 6 _w s o
y - + - — 4l - 1
\\&c L & (el mv0) Zofn/us)
P UOLSNYSLPIAIUL 20307 —— B 3 _ :
\\ ws jueyoaw buptioajvod-ajey g - —_ lm..rf I 1 o w
Ry —d mf;lr.l.l]l!ﬂ“””l.l{ " ) Ry Oy ﬁmﬁduu 2041 1 . m
.l.a tuoseag] Zgn > (c(z[ o) Zoul N 5.0t E
£ S0 40 EU 20 o 9 - 200> PR (0 =
- , o i (e(z[ o] Son . NN ] g
“ . o d oomoo b oo—mw.m 3 (zlvod 2on =<, NN 1 . 8
F ° 1 S= I ERET Nsk///.n/.. R
[ ’ - ] =8 ; RN\
[ ” o N e 1 &g E | 2oty e AN 1,00
T 2 o 1 2 20y e e L™
X “o ° u. > o " \ N Fo_mm I gy ————— (1[v] NSV/ z
oo L ¢ & o n L] 2oy ——— (veelval 200 =
| /Ffo ° e, dee S 1 5 ] B (¥L¥s] Za(niu} o g
o?_ o 0 - ..,..w-
.r. * l.l-l:lljil.ulfljn\ ] mm 2af — (rlv9] 2yl 3 m
] uoijesblw passasqo | o3 . 1. . . ; RN S o
OU 3JEILPUL SATIIWOUDLM §7| 3R SIUL04 3T 06 soiL 00F 1 oosL  00ZL 006l D012
M _ L 1 . | ) 1 . 1 N { R 4] {3,) aJnIpiadum)

L]



