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Assessment of integrity has been made on the B-type fuel assemblies,
which will be loaded in the High Temperature Engineering Test Reactor
{HTTR) as test fuel assemblies.

Specifications of coated fuel particles for the B-1 type fuel assem-
bly have been slightly changed in the fuel kernel diameter and thickness
of coating layers from those for the A-type fuel assembly, which is em-
ployed as the driver fuel. These changes have been directed toward safer
side in developing this advanced fuel for use up to higher burnups at
higher temperatures. The B-2 type fuel assembly uses the zirconium-—
carbide (ZrC) coating layer with excellent high-temperature chemical
stability, instead of the silicon carbide (SiC) layer. This change has
lead to demonstration of its better performance than the A-type fuel
assembly in the kernel migration, corresion by fission products including
palladium, and coating failure at extremely high temperatures. The B-3
fype fuel assembly adopts the (U,Th)0; kermel - SiC TRISO coated fuel
articles. The service condition (1000°C and 22,000MWd/t)} of the B-3
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type fuel assembly is decided as the range within which the performance
data of the fuel have been sufficiently obtained.

Thus, it has been judged that the integrity of these B-type fuel
assemblies will be maintained under the normal operating conditions of
the HTTR. Moreover, the validity of the permissible design limit of the
fuel has been confirmed, which requires that the fuel temperature shall

not exceed 1,600°C at anticipated operational transients.
P P

Keywords: Fuel, Safety Assessment, Silicon Carbhide, Zirconium Carbide,
Thorium, Advanced Fuel, Accident, Coated Fuel Particle,
Failure, Kernel Migration, Palladium Corrosion, Transient,

HTTR, HIGR
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Table 2.1 Major specifications of HTTR(3),
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Table 2.3 Difference in specificatons of coated fuel particles

for A- and B-type fuel assemblies.

MBI ®g1H ;A w3E #4HE WFHEE
AR U0, E¥ERARER BEEMORRA SiC BERAARER
600 um - b0um 0emn 25um 45 m 920k m
B 15 U0, EEXRORER HERAOREH SiC REEAIRER
E70um B0um Dum 3oum 40um 940 1 m
B 28 U0, EEBSARER REERARER irc REERARKK
570 um B0um Vun 3Bbum 40pumn 940 m
WI0: | orsomer | msmsomas | sic AEEADRES
B-38 | (Th/UE K4) '
500#._ 60w 0pum 30zm 45pm 830 um
g =
B1E
=2
BE3JE
ELE
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Table 2.4 Maximum temperatures and burnups for A- and
B-type fuel assemblies.

HERE A R B 1% B— 2% B-3m
IECERSl % 20
B (wi%) 5 %5
o CPERe ) (Th/U He#r4)
|
/X F R ERE ;
K320 #9 1100 #71100 870!
C) ;
YATRT 4w 7 ‘
1492 ! #1300 #1300 995+
EeiEE (C) |
PR ARG TR
= 1600 = 1600 = 1600 = 1600
(FHBEER (T |
BREHAT DR
33,000 33,000 33,000 22,000
PR (MWd/U)
PR AOTH 01
thith ¥ R 1.2 x 10" 1.2 x 10% 1.2 »x 10" 0.8 x 107

(n/em’, E> (.18 MeV) "

x| ERaAERERLR (BEFFELOSEW RE 050°C O,

* 2 EMEREL Y OFE I X 0 BREE ORIR AT 5.
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Zr-C Phase Diagram
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Fig. 2.7 Phase diagram of zirconium - carbon system(ll).
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Assessed 5i-C Phase Diagram

Weight Percent Carbon

All temperatures have been adjusted to IPTS-68.
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oEEEBNERBRS TR,

_ SRER IS L 7 TR IE T2, Table 34 R LA TBF — 4A %+ 72V THE LA LOTSH
n, BEEEERE R 1,360°C, WABEE |48 35,000 MWd/t, i TG 13 2.2 % 10 n/cm?
(B> 018 MeV) TH 5o WRARERIFOTikE, BEHEES 500 pm THEBCE S & ARIR
BUAD D EFE—TH B, THbE, ZICHEBOESZDum TH S,

SREe 1z A FUBEHA D B B T O MEGER I AV 2 B Vi X -7, 101 R ZrC SR
B A SR 1°C /5 TImEL, MBS PKr # 2 OREEER FHEEL, BHEICH DK
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BRI - 2 RRINT 5 £ 0 TR BRI T 8000k0 st BREBOBREY, RIENS
DOFEEF (Mo A—%) THIEL TV D,

SRERERAE Fig 33 1R, COBICRT £ 10, 1°C /50N T 2400°C $ T L T
b, PKroFEERHABEs N, BIENFRRE o Th -7, 2400C TREEER L TER
MEAEHZ LA, CORICTRT L5 ¥Kr 0BT Y — 7 BRilE 1, #1257 LADEES
LT EBHSRIT o, '

PLEDEERS 5, ZeC HEMEK FIC oV TOREEIRIC B 13 2 BAMSEIE S i, - T,
B— 2 BIMEMAIC W T by FERIIBR & LT, [Einks o R R EE Ly cmEHRE S
LE0OC ARAR W & | EHETHT LRTHSTH B,

35 B— IRARHEOREN

3.0.1 EEEERFO RN
(1) HAEDR T4 78 O B O FF i
a. HBEEEE
FEWi s 2 R8IC X 0ESNE (U, Th) O BRI IC 20 T OB BEE
B (KMC) ©FEillF — 7 %0 HTTR &3TER (A TUREHARD % Fig. 3.4 1R d. 7o
L, HTTR %EHER A BUSEHAOEH 7 — & AFaTanc B L ¢, 95% E8E (BN 20,
o ZEIEEE) PSR XS RTFHNIREDIODTH S

s TR L7 (U, Th) O e T ics 0 TR b O TH 5, HEORBEIS
#:#4 Table 3.7 iR T,

REAFH LI, A BUREEADIEET VI 7 A — IR F » TR VEENIC X » TIT- D L]
UHETH B, THOLE, BHIEOBR T L0 X5 V475 72H0T, SICENE
&R & DR O BERTROZ 5 S IRER OBERM A R . € ORRARELERN
MRS R SN - oo, BIHRER (ESFNICR TS 032m 2T 45 KMC OE
g, TX 10K e-cml/s IFEFFMTE %, Fig. 34 moanha k3, EFfllF—5E
HTTR BEHEL 0 -HHEVETS 5. |

A BV TE SN U0, ThO, (U, Th) O, #EHE OREE SRR RE (KMC) @
% Fig 35 iond @, ZoMbS50H 4 & Dz, £ 1,500°C LT OERATIE, ThO,
KMC i3, UO, @ KMC X /h& <, (U, Th) O, @ KMC @ 2O TH 5, TO7F -5,
FOENF -5 0EYEEIRL TH b,

SME (NCRE L5 1s, B 3 AEHAOHIEA T S B HREEE 22,000 MW/t ¥ T
PBFHEANRESBIC BV T, BESBEEBBREEsATHALER,

B— 3§ BUBEHAT IR, MEESEES 1,0000C il s, Cokd, BEEERERE
(KMC) 12 +4/N& L 750, Tt - THERER I L 2 BN FIRERB OGRS LT, B— 3
RIEMA D RS IR I NZ LYW T A I EBTE 5,

b. Pdicks SiICEBOREA
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Pd 1= k£ 3 SiCEOBEAEHN 5 b OBERER FOFEHERER BF-4A T+ 7
b (IR 10007, SAREERS 22,000 MWA/ /L), BEERRITHM 30 KD CTHAT L 728
PR TR O 80 F— 3 A % v 7'V (BRIRE 1340°C, BoR#ABER 60.000 MWd/t, 1%
WITRCAS0 KD TF 4 A2 Y T ATER L EERER T i owTithni, L
L. Wih s SiCEO P Ic X ABBELNEREEBES s » 5P, NEMEROH %
Fig. 3.6 & UF Fig. 3.7 2R d,

- =, B— 3EMEHAD (U, Th) O, #kigcho Pd AR S & U P IRIREUZ >V OB
45, )

Pd AR, BU, ¥U, PPui X OMSREE OMNRER U T o DMARIENHE
5D Pd OFENBINEIT L - TEE .

Table 3.8 1=, (U, Th) O, B UO, Bkkhz -7, HTTR &k 2MEERL CABER 33,000
MWad/1) 15 % Pd DEBEBROFME G md, Jo&RD Sy ko, PdDE
e GEXHE) & (U, Th) O, @325 U0, c:l:t«*f%ﬂéé}ﬂa B EDhip b,

Kz, U0, & (U, Th) O #tkic-wck#gL, (U, Th) O #HE o Pd OHEBURELC
DWTHETT 5,

%E U(SU, 31, 32)’ %% Th@?}, UOQ(SL n A ki ThOZQBL 32) @E—%q‘@'ﬁ@ktﬁi% Table 3.9 a:ﬁ\.—d—c
COEMLADE LS, 2B U E4E Th oWk Eals, HEEL SO THER-» TV
55, U0, & ThO, O N 6T (CaFy) MOESMHEEHE, PEMCUEHETd. &
#-, UO, & ThO, 3MAEOEFEEZFE - ¥ HROHETEET S (EZREBERLLS)
C LB TEY, EEAkE LTo (U, Th) O, o¥tR Th/U ORIEIISTTLO; &
ThO, OYHEDFFSHSER RO D LEZL LN %o

(U, Th) O, ¥EHE RO Pd OIEUEREICBIT 2 BENS 7 — 5 B SN TLARLA, PdO
HREAENE, Pd (LA E AR SR (Ag) OEREINC L > THNTE 5, UG T
O (U, Th) O,8EHE o Ag DEBUEHE ™ £ Fig. 38 1md. TORP 5096831
U0, BT (U, Th) O, 8% o Ag OIEFREEEEHLL TS, JDC Lo, (U,
Th) O, BUEHEhD Pd OISR, U0, o s kL TlidgicRE e A
Wy .
37, PO (U, Th) O BEEF W=7« <y FEOEEEREF TR, Fr 7t
WRHISER L U AVR I & BB U C SIC ORI R T 5 EEORER HEZIATY
fa‘.lﬂ(%)o

PLEDC EicabeT, B— 3BUREHAT R EEESIEEE 1,0007C W EITRT % O THREZ
B oA RS Pd DRI, BT Pd itk B SICBOBAICERT 2 #7880
Iz Fa/hsCHlA N2 LRI TE 4,

(2) HEEeHEEs

(U, Th) O, #kHg o —F (BISO) #EX3ME (TRISO) BEARE L RN R T
DEE, RUTF 4 AT E IR v PR LA O% JRR- 2RO IMTR 28T
o7 VEE L TV 5, BZEE TREEIT» o F » 72V Table 310a & 310biTm
413 JRR- 2B TEH, IMTRMEATHE, TD35, FBHE SR DT LT 2 EEDH

T



JAERI-M 90-115

i Table 3.11 1ok & 5 (O A EERY L350°C, HREERER) 67,000 MW d/t, miEhE-HRAE 2.2
XIanm2@>QRMﬂ& BIF— 1A F+ 72N] £TTH D, BHEHEEERE LTH,
WEAEBER T ONEEIE, XET VA YT 7, WRSEMSEIE, WRFUESEREL T
50Cﬂ%@ﬁ%@%ﬁm;ét,ﬁ%ﬁﬂﬁ%ﬁ@@ﬁ%ﬁcfﬁ@,Aﬂ%ﬂ%@%ﬁ%
ﬂﬁ?&%w%@%é%u%bfmmmo:@c&d,F@SﬁﬂﬁLt&%ﬁﬂﬁ?@ﬁ%
&@%ﬁﬁ%ﬁﬁmﬁmf,ﬁﬁﬂ%ﬂ&@ﬁ,Ru;;éﬁc%ﬁﬁ,ﬁcgw@%ﬁmm:
S e b B, BIF— 11 F + 7w L THRS L 7245 1200 KO BEMER T O XRS5 VA4 7
7BV Th, WEBCEFIRLNEP -7,

BRI IC & 2 WEHERE BRI X S F— 11 A % » 72 L TRE L 207 ¥ X7 b
e W TH b, & OREEE Table 312 10RT, TOXRITRT L 5T, BimlliEiE TRISO
WEW¥®6®Wﬁm;é§®&%1k%Q,BXN%&@SXwﬁT&okocngmﬁ
2, KT v hific TRISO #AR Tio i3 LT OBER 670 S EARL TV 2,

wel o Loty OBSPEIToONTE, 84F - 11TAF+ 7V TRELE AER T 86F—2
A% e Sl TIE L QOB 2 v 57 iz oLWTHEN b, BHEOARIKREICSY
T,ﬁ%ﬁ%ﬂ,KUM@ﬁéﬂfﬁéﬁ%okoit,Aﬁ%ﬂ%@%%&®@ﬁﬂ%ﬁﬁ
A AR A

tr45, FEALTIE (U, TH) O,— TRISO SZBMEM T2 > L CHiAx ORHEEIITHN, RE
ﬂ%%ﬁ%%ﬂfwéo%%ﬁ%ﬁ%@—%%FQSBKF?WO%&MB®%%ﬁ%éWK
b - TOKr OFGEE (R/B) R 10 PRITFTH D, RIFEHENFGRIS TV 5,

ClLE@ e &5 5, B— 3 TgREMAD BSR4t (FRAHREE 1000°C LI, SR 22,000 MWd/t
PR o7, BEofettid-alRsng SHETE 5,

352 HEEEFOWEETGE

B T, A KRS & F] U S TR RRE X ) ARG LT - 2,
=il 86F — 11 A F v 7w L CIRE Lkl = v ey F OfFFC X DG 7 U, Th) O, -
TRISO #EMER T T 0, WBEEE (&S 12 1,300°C, MEBER (& 24.000 MWd/t, |
BRI 2.1 X 102 n/cm? (E) 0.18 MeV) (Table 3.11 B) TH %

A SRR OIS & BRI 100 K ORGBIEL T4 1°C /A0o—BRETRRL, Bilisns
42 FP (FKr) OREHEENIREIC & b BHREARH 2 &0 5 A LD RBET > 7o £OR
W EE A 2300C £ T RS T bR Ol — 7 2B ShEh s $hb 5, 2300C &
TIE L TSR TR EoTHE -1 @n_

£, Fig 300 (R & 512, PRICH B (U, Th) O, iR SIC—TRISO REME:
wZomaRRIcBLTLEHOERSESNTVS (2137

SLEOREM 5, 1E00C Bl L 0@k B S BITE(LH 106 17 BHH ORI TR
naLHETE S,

— 31—
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36 BRMEHAOBEEDOELD

B- 1%, B— 28U B 3RMRERIOMAM IOV TOFE &M% Table 313 K75

Pl Rkt kS5, B— 1B, B— 2 FUR U B— 3 EIMREL A ORI, HEAKITE, SHRHAE
SRk AL S ZEBRHBEOBERBIC L > TEIEShTW5, g7z, bossh, AX
PRI & 2 RSB O EOMA, BE O IR T 28N T - 5 PRI OE
i, fdiafitise 4L T, BREBMEHAORAERFRLND SHMITS B,
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Table 3.3 Thinning rate of SiC layer of coated fuel particles
due to thermal decomposition at extremely high
temperatures(Z!

SICHBERY SiICEBZDE I EE (s m/h)
MEREN A | B K | BEAE

- (C)  |(#m/min)| 66h,2000°C | 24h,Z100°C | 7h,2200°C
B0 248-51 1450 0.5 0.13+0.04 | 0.62%0,12 | 2.0 £0.8
B0 403-5 1490 0.62 |0.25%+0,13 ]0.67+0.12 | 1.6 £0.5
DO 474 k 1600 1.0 0.10%0.02 | 0.43%+0.07 | 1.4 +0.6
DO 475 k 1600 1.0 0.24+0.06 | 0.77+0.07 | 3.0 +0.6
DO 576-8 1550 - 0.28+0.04 — —
E0 740-1 1500 — 0.14+0.02 | 0.85+0.14 | 3.3 £0.7
E0 819-20 1500 —  [0.13£0.02 - -
EC 1338-9 - - 0.31+0.10 |0,72+0.,02 | 3,7 +0.7
ECO 1541 — - 0,12%0,05 | 1.3 0,3 |2.2 £1.0
EUO 1551 - — 0.40%0.10 | 1.7 0.1 |4.6 %£0.3
E0 1607 — - 0.15+0.03 | 0.62%0.11 | 1.7 £0.5
EQ 1674 — - 0.29%0.08 | 1.2 *+0.2 | 2.7 £0.5
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Table 3.5 Failure fractions of ZrC-TRISO-coated fuel particles
after irradiation.

* v T = H WERE ! XEB39™ 1079 | HRENTFERE
WEE (BELEE)
78F-4A 8F2-0138C | 0/ 753* 0/871* 4% 10-8
4F2-0204C | 07 120% 0/ 162* 1X10-4
|CF-260 | 8F2-0610C | 0.7813* 0/813*% 5% 10-%
80F -4A 971-1226C | 0.71127* 0/ 1127* ¥] 2X 10°3**
0,/991* 0/991%*

F WHBEARBE T/ ERBRN TRESRH
¥ SSKrfk iR (R/B) » S H#E

Table 3.6 Fission product release from ZrC-TRISO-coated
fuel particles during gas-sweep (80F-4A)

capsule jrradiation.

SEEmBEEN AkEE (R/B)
85Kr A3 &1 4 #A 2% 1077
B8 &4 3k BH 4% 107
EEBIIgABERYOKRLEE
137Cg X 108
144 (e 1X10°%
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Table 3.8 Comparison of produced amount of palladium between
(U,Th)0, and UO; kernels at the end of life.

HOBEBE(A) P\ HaBEE®R(B) 7 AXB
| (%)

233 0.19 1.0 0.19
B— 3BMEHK *°°U 0.68 1.6 1.09
(U, Th)O, | **°Pu 0.10 15.8 1.58
®OE % | *Pu 0.02 22.4 0.45
2} 1.00 —~ 3.31

23y 0 1.0 0
ARIMEHK 235U 0.72 1.6 1,15
Uo, 239 py 0.26 15.8 4.11
woE K2 | P Pu 0.02 22.4 0.04
3t 1.00 - 5.30

1) B— 3%IMEK: Th/U (B =4, PFUBRMRE 20wt %,
#R4% 33, 000MWd/t
7) AFMEHE : PCUBNE 6vt% (ARBMNEOIZIFEHHE)
PR 4% 1 33, 000M Wd/t
3) MEE 0 25 33,000 MVd/t TTOMABEFICHAE (HEHEI L 5H)
4) EE¥105,106,107,108,1100 P dF{Hk o 4y FIUE O #1 (FRE)
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Fig. 3.6 Ceramograph of a coated fuel particle
with (U,Th)O2 kernel after irradiated
in a JMTR closed capsule 278§—4A) at
1000°C up to 22,000 Mwd/t ' 28).
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