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A Consideration of Coated Fuel Particle Behavior and HTGR Design

under Core Heat-up and Oxidization Conditions

Kazuhiro SAWA

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

QOarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received October 5, 1995)

An estimation of coated fuel particle behavior under accident conditions
was carried out to reveal important points for High Temperature Gas-cooled
Reactor (HTGR) design. Core heat-up and oxidization accidents were chosen in
this study. Parameter calculations were carried out with a coated fuel particle
failure model, which was developed based on core heat-up simulation tests, to
evaluate the fuel failure fraction during core heatup accident. The results
showed that the failure fraction will decrease about an order by tihicker SiC
coating layer.

For an evaluation of fuel behavior under oxidization accident, a fuel
failure model based on thermodynamic analysis, which showed the active-to-
passive transitions of oxidation of SiC layer, was introduced. Based on this
model, an additional failure fraction during depressurization accident of the
High Temperature Engineering Test Reactor (HTTR) was evaluated to be about
0.02%.

These results obtained from this consideration will be useful for the fuel

and safety design of future HTGRs.

Keywords: Coated Fuel Particle, Accident, HTGR, Core Heat Up, Oxidization,

Failure Fraction
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57, TALOEFLTRUTOSENHEEL TS,

(NS i CEOWIEZ L » THREMREHIFHIR LT 5.
DHEEITEYS i CROBEBTAEL S,
) IBRERITHANITIA TLHAHTRR{TE D,

AR TIH, UFIZRS/DMIFICEKVIBRESKEEES | CREGHFORIZMMAGRT —
RIZHTCEFLY P £2AVS, COETTILTIE, BIBREE (f) FUTOLSI12kENS,

=1—exp (—(0./0.) ) (2-1)
o=P (r/21) (2-2)
0 - =1650exp (-12.5Ps) (2-3)
Po*=5x10"txexp (-912x10%/8. 314T) (2-4)
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TEHBETHY. SiCEREEA 2bun BEBHDL 60BDBETHD, COFEETIVIZRE
BB K HBBHELHET D OIERESA 3D TH D120, COBRDESEOZLHE
FREES=NTOELN, BFBETITRT L. BELEEA1230°CIEE THRIGEIX0. 01%EE L 115,
B AE 2ED1320BE 95 &, HEHRAEMNI000°CIEE CTHIBREEN0.01% L 45, £f-. B
SRBEESOI0 BETHE, 1520°CIEEDRBSTRE THIBREMN. 1% & 45, Ffz. Si
CEBESI#H-ICHARINI-SHRERKE Y LAL Bunk LEBA. Si CEOBEIET
C &K Y RE—BEEHICE T SRIBREITFN/S ITETT 5,

Figure 2. 213 BE T — X DB FHICR L. MEBEEZ/NS A -2 & LTz & EOBRBHKFEOR
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Table 2.1 EFBESH DIBMIKER & MEAKR]. MBUEEDOR &
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HEEND | m BB @ (ﬁﬁ) J
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‘m_Fb:Aﬂ'<{4oo 1/14bo;ﬁ25400
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ERIKEDFOITK (KER) PERAKRRICEBATIE. BERWMEYMORBRLELNEL S, BR
IHRBARFE (HTTR) OLSBE AT v I BBREATIE. BARERDERMLT
WABTIRHHFILERBR Y —TRICHAShEBREa Y FRIZH D8, BERIEET M
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S i 0: (345 REILREF450°C, FREFI2000°CTH D, FhHFITLIZERR 'Y TR, 20K
BAEIY. BHa 0 PRUSMIOBRREFRNETRILICEYBRESATES i CRO
RIBIZECHM>E£EZ DN 5,

BALBES P TIEBIEMOANRETH AN, SEARRKREL > TRELIEFRMAEL D, ESE
CEBIEEREHE " Ickde., BEFEN OIRELUT T, BHMENS i OA%LL, S
CROBMILRIGHEH. MHBIBITW5EEZOND, —A, BEEEFNETTIET 1 LLIKIC
Si0: PERL, REICKEGREEZERTH-ORGEENULETY, RHEBERICES
L, COBEERTEUTOLIITHES,

+SiC(s)+CO((—Si0E+2C(s)
Sio@E+CO(E—Si0:+C(s)

Ko KERBABO LS ITKRENEET HH58E. UTOLI BRIEAEL B,

-Si02(8)+H:(8)—S i O(g)+H:20 (g)

BEICKAHEREERFie USRI 'Y, CORBIXRERBEMRRLBVESE., T4
HhHS | CERMVEEENSRBZUTOLSIZRT,

togio P02 =-1.67X10" X (1/Ts)+14.3 3.n

Z T, POJALEEEIXH (Pa). Ts IFEMEREIELCSEEEK THS.

4. BIERIGEEATHRBVERETSE. Q1) REXRRBTHESTHIERIGAEL, S
CREMBIEIZEVES ATV EBZLENTES, REAT. HTTRO 1 RAIEMKE
BHFEY (RESR) HYOEEEHIC. COTETFLOEKMEERNERT,

3.2 BHEHER
HTTROBESHTIE. 1 RAMEHEO_EEREHLIHBREML 1 REFMTHEIN) VA
HANRFFERMBRAITKRE Shizik. ZERAFPORNIZEBAT S, RFFIZRD S LT HHE
FAEREFTZYT. BRBIFEHAANRMOATLE0, BREM LV PELREITRHBEICH
o THEMBHLVEE (1000°CEEEMU L) (TREFSh D, ZOMIZ. RFFEHERROZERN
FIDRITEALEZSEORBBBREZRHOETIH > TUTO LS ZFFHT 5, Hd. EE
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CEMERFOOTHORMBEDFICLYXBIMNEHESATLES LEXoh LD, KigE
TIIMEDEHICCOMRZERL. BFAEEZHI AT FZHETHERELTW S,

-HBENBZEREEWR) £T5HE. 0 OFEIE6.9X107°W(mol) £ 745,

- BFFERMBBOKEEV ') 5L, 02 OEHIE5.8X107°WT /V (WPa) L4 5%, =
ST, TIZBEK TH?. HT T ROBRFFEEMBHFDORIAIL2800m THZD T, BiLH
RHELEHEEG ) REAVWTEET 54, Fig. 2RI LOUVFEAL LS, ITIE, #
KBREENTA—F L LTEBIENAELCLIBEEEZRL TS, HIRIEEHBEEEEN 1ton
DOFFE. REMFIL00CEB RSB HLHMERBHFOS | CEIIFIL I hAHKIEIC
E3,

- HERHAT I ALY M VI ARRBRUNMIBEERIRRRFICEENLRFE
F131.8x107° () =1.5X10"" (o) TH D, Ff=. WEMRBHTF 1 BELYDRILT A FRI
1.6X107* () =4.1x10"° (mol) TH 5., HBBRHHTORBNEL 5LHIZRELBILESE
f(0=f21) &95&. 1EDHEEBRHMHNFERIESEL-OICRELGRERREIL. UT
D&S5I2H 5,

2X (4.1x107°%x f)+1.5%10™* (mol) (3.2)

CCIT, f=11S i CEBARTRIteh-HNFZRIBNFLALET I LITBHEL, =0
FAAISEERSBRERS/ETHIESh T (S i CRBRMiESh TG TR
FLHGETIEITHET S,

- R EShBEFEER 4AX107Wmo) 205, HIBL 5 BB FREN (L.
N=1.4x10"'W/ (2x(4.1x107° x f)+1.5x107%) 3.3)
AR

S, BRESECRBIENELCLSEEE. BEBLIHTFHR (FHA0NHEE 1DBE) %7K
T, Table 3.1 D&SITHD, (HTTROBESHBFOURMATREIL1tonsTH D, )

- SHIT, BEERPEPORENERMPLATEZEL. THETNOBERELZEX 2AHO
BlEe (T)E&dde. BIBLSAHTFRIE. NXxg (o) &b, 2FLORFHEN &F
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HE. BREIZ & DR R,
Nx g (T-) /Na (3.4)
L1355,

- REOHIC, Fig 3TRT LI BBENHEREL. Na=8%10" &£¥5H &, WIBER
Table 3.2 BUFig. 3.40& 51255, (RREOFREH T, BERE L RHIRRESER
By, BERIBICEILT 518, TOBRBEZE>TEHEZTOLENH S, CTlL. Fig. 3.3
ORIGRESANBREZERTOLVIB/ETH S, )

3 BREHIBIT2ER
RRICLIERCHALETLVORHENSELDETEH D EEZ SNDHH, LRFEHRED
HEERICE DML BERBOMRHKBEDHE S EZIRE L. COFEAEEZRBLSE. S
| CHEBHMFORBLEICKIWEIZ. BRMICHERELREORMMLE L TREND, BREEN
BEOVAREVEBEWNEETRHRIERGINEL D, TORH. BHEBOHRIM G, HEIhEIER
XIFKDENSMEEREIC K ZBBEAB LI LB TLEEA LV &2Ed, Thbb,
AL EMBE OB SEOR AN . FEHIAVLTPREHRTBESHREITS> &, BILEE
DEBEHIT. KEBRBIZOBADARENH D, £z, BIEEKBICBOTHRHBEEETE

BEHECT A &IE, BMBEIBDOHLIZEHTH S,

AEFLEBVTHT TROBEEHBICE T 2RHBIBRETET 2L, REFERMEEN
DEGNETERE I NY FEIZERELIZELTH, 0. 02U EEDBBNEL DA THS LRE
hi=,

. SITHEZNGREFZThEN oA Zr CHEBHFEIBIERBEERE LGNNI L
RemoTHEY 'Y, ChETORETE=1, f=0&LFBTLICFELALEETE, 2O
ElE. Zr CHREBEHFERUVIIGE. FORNICEENBATIZ LICKYRERIENE L HTEE
HERELTHEY. BRHLEAFABREELLD, CO—DODOFELT, BREIAY FRAIZHE
ZOOVEEEDNS i CE#METIAZNEZ LIS, COBFITEVTHE, CITRELRLE
FUERNT, HE a2 FREICBIEEEOREBAERININE SN EHEL, BBE
*EETEDHEEZ NS,
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HHAZERBLWBNECOBRERUBIRL 5 HHFH

HAERE RRREE (°C) WIELSHHFH (f=1~0)
1g 764 84~93
100 g 918 8350~9270
10 ke 1127 8.35%10°~9.27x 10°
1 ton 1426 8.35%10"~9.27x10’
100 ton 1895 8.35%10°~9.27%10°
(£HIF38x10°)
Table 3.2 HHBRZEXELWEES
_‘r*tﬁa‘?é‘i?z g (Te) RigES (f=1~0)
1g 0.942 9.8X107°~1.1x10"’
 10g | 0708 7.4%107°~8.2%107°
Ct0ke | 0199 | 21x107~2. 3% 10"
1 ton 2.26%107° 2.4%107*~2.6X107*
100 ton 1.21x10°° 1.2X107°
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