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Design of Coated Fuel Particle for High Burnup High Temperature Gas-cooled Reactor

Kazuhiro SAWA and Shigeharu YOSHIMUTA

Department of HTTR Project
QOarai Research Establishment

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received June 1, 1998)

The coated fuel particles can offer high temperature outlet gas in the High Temperature
Gas-cooled Reactors(HTGR). A coated fuel particle is a sphere which consists of 500-600um of
fuel kernel and ceramics layers. Small amount of additional failure of HTGR fuel will occur
during operation. In the safety design requirements for the High Temperature Engineering
Test Reactor(HTTR) fuel, the failure fraction in the coating layers of coated fuel particles is
limited to be small through the full service period. Then the maximum burnup of the first-
loading-fuel of the HTTR is limited to be less than 33GWd/t to meet the design
requirements. It is considered that adjustment of coating layer thickness would be able to
extend the maximum burnup of coated fuel particles. Then the design method was
investigated to develop high burnup coated fuel particles, which can maintain their integrity

at higher burnup. A preliminary design was also carried out by the method.

Keywords : Coated Fuel Particles, HTGR, Failure, HTTR, High Burnup, Design
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Table | Summary of relations between failure mechanisms, irradiation conditions and fuel
particle design.
IRIE S B R BERGER R
PREHEEE .
Ny T BEx
PR PN m@pésgé
B AR -
PREHE B Ry T 7 BEE
PAiC L ASICBER || 7 =T LS EEE NIPYCE/Z =
FRA 2R SICIEE &
o REHZER
£;;ﬁ Ny 77BES
NE WMB; Ny 77 REE
S PIBIPYC/EE &
EEE RN R ) IPyCIRI%
SICBE &

Table 2 Major core performance of the first core and the high burnup core of the HTTR.

B M ISV o BRI S A L
#mih  (MW) 30 13~30
RPmEEnmAinE  (C) 850~950 950
HAOEE  (Wem’) 25 3~7
RERBEE  (GWdN) 33 100
v 7 R 12 3
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Table 3 Comparison of specifications of the first-loading fuel and high burnup fuel.

f k& I B LS 5 PRIE FE AR EL
BEHZEZR  (um) " 600 550
Ny 77 RBEE (um) 60 90
SiCBES  (um) 28~30 35
PIFARER (um) 30 35
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Table 4 Dimenston of candidate high burnup coated fuel particle.

Buffer IPyC OPyC Coated
Particle type Kemel .thickness thickness SIC thickness thickness particle
radius (pum) _ (um) ‘ diameter
(um) (um) (um)

(um)
A-1 300 60 40 30 55 970
A-2 300 60 40 40 45 970
A-3 300 85 30 30 40 970
A-4 300 85 30 40 30 970
A-5 300 105 20 30 30 970
A-6 300 105 20 40 20 970
B-1 275 70 30 30 40 890
B-2 275 70 30 40 30 890
B-3 275 95 20 30 25 890
B-4 275 95 15 40 20 890
B-5 275 15 10 30 15 890
B-6 275 15 5 40 10 890
C-1 250 80 20 30 25 810
C-2 250 80 15 40 20 810
C-3 250 105 10 30 10 810
C4 250 105 S 40 5 810
D-1 225 90 20 30 30 790
D-2 225 90 20 40 20 790
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Kernel migration rate, KMR (um/s)
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Fig.2 Experimental data and design equation of kernel migration rate.
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6% 1 HTTR #IEEFTIF L D BRST St

DGR, EROBRTFTHEASNSAETHD TOREBT RFRETH D, I
BHREHT . REHZEOEZRICH L TH RETH Dy 7 7 BR U SIC DB & 73 HBATE
. BEREEIT 33GWI KHRIA TV, BEEGERORERSIEEDL, E&T
CELVSENBRZ A CIEARNE S, 495CITHIRT 2 L L bio, RFFHDSHME
E% 950°C & ¥ 55 iR RBELEHAR IR K 220EFPD (Effective Full Power Days) IZHIR L
TN BHAD,

HTTR #EERHE OO E R EEOEBRHIIBICKT LTS, F#Hii LOTEI S %
XN VDWW B ) I FAOREE REHEE. BmEPHETFREROS M % TNL N Figs.
Al1~A13 ITRTAD, —nHOFEICRWT, EEBE% 0~220EFPD (Effective Full
Power Days) HEFFH OAHFRE 850C D&, 220~330EFPD (3FRF(FHH 0 @HIE
BE 950°C OB RREEE . 330~660EFPD (XEFFH 0 M HHRE 850°C DEERZ RE
LTW5, BREEREIE, #0512 B¥ B OREHE EE2 HOMLE T 0.58~1.16m) THRA LR
9. EOL (End Of Life) TH) 33GWd/t (ZEEY D ¥RBHRELIT, U L O#EE= 28y b M
EEESRLE, 3BEND S BRI TEL Y, &Gt — FORSEER. B
EETH 1150°C, BIRRSES TH 1300C, BEEERTH 1200CTH D, mERETR
R, REELRIU 2 BB TR&EE Y, EOL TH 1.3X10Pm? (P 1% —
0.18MeV LA E) ELEHl SN TVD,

(Al-1) S. Saito, T. Tanaka, Y. Sudo, O. Baba, et al., "Design of High Temperature Engineering

Test Reactor (HTTR)", JAERI-1332 (1994).
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6% 2 HTTR B BR1E EE 1P L D BRST SRt

ZOFELOKBIT. BERY Yy 7Y S (WbwdELEEL L) FRICK Y mitE
FELETHIETHD, BEL T HIRBEER HERFL & HE LT Table A2.1 (X7,
BRREEFELTIX, HHEEZ LT TEVWPHFREBD & L HIZ, HEF S0CORFIF
HOBHMEEZERTHIZLEZBELE LTS, BFFHAZ 30MW (ZFERHODHT
BEZMESEL-OI, REHEBIITMERF LD 1504k 01T 4) 2H604F (127
SAH) KRBT B, BEEEL TV SFELER%E Fig. A21 [I7T, BREOREERIX
3RO LTHY ., REORBEWRIZ 1100EFPD (19 5 €M) 2BEL TV 5, WMRFEE
FEOLTIE, BFRAS Yy 7Y V72T 120, BRIENEATRETHEOTHICEREND
iy BREEI®BS RS,

BRBEEROCOEMBRHI I LT TOARVE, TNE TOTFHRIFERAING,
Figs. A22~A24 1R K O Ao RBERE, BREHERE, mEPHFREBZRELT,

(A2-1) ILTHE.PHEHR FREEZ. FALLZ M. [HELFRRIRESF HTTR) OF

PHREF DS O RRET) |, JAERI-Tech 97-055 (1997).
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Fig. A2.1 Horizontal view of the high-burnup core of the HTTR.
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EERBEAR O L mEL

1 SIEARNE LUOHBHEAL %2 SlIEHHEn 384 %5 SIEsAE
& AN S HU 51 % a1 i 5 [5:3 5 FRBRGE i 5
& x4 - r 0 m 4, 8., B | min, h, d 10| = 7 % E
" |+ 5 kg - SN 7 (U 4 P
B% Fﬂﬁ P,b S )y w b |1, L 10'? 5 3 T
& w7 v 7 A k vt 10° | # # G
BOLRE |7 v v v K BErA L oV 108 | 2 A M
M oE 8 3 mol R | u 10 e =] k
*: Eln v 7 3 cd 100 ~ 2 b+ h
V@ A7 v 7 v rad 1 eV=1.60218 107'°J 0|7 #] da
Tk B ATIIT Y sr 1 u=1.66054% 10" kg w7 v d
1072 € v F c
1073 3 ) m
®3 HHORHE GO SIATRE 0o | v420
&4 SIETHENIC #
s | BOD SIHGT 107° |+ /
% wo |ws|B2YEE #5 S 05 A 0| e al
53 e Bl~ ~ v| Hze| s % W 2 5 07 754k f
1 —a—hFv| N m-kg/s? AV o2 bo—1 A 107" 7 r a
[E H . & H|x 2 # | Pa| N/m? 5 - Y b
TanF- (tH #@ |V 2 - 4| J | Nm e - v|  bar ()
L&, Ba &7 P MW J/s 5 W Gal 1. &1—53 TEHERLR] F5 KR, EE
rg:ﬁ g gﬁ »;.. - a v| C A-s * 2 Y - Ci ER&R 1985 FHiTiIck 5, 72420, 1eV
B, ?lt.ﬁ@%h K !lf_ F. v W/A D N R BLU 1 uDfEiiz CODATA O 1986 F #E12
% £ =3 g7 - 5 ¥ F c/v 5 K rad {IE‘CJ(ﬂf'
& W K& filr - 4| o va v 4| rem i .
Sy g s s valyoAval s | ANV 2 RARQBE, /b, Tod N0y
B ®|w = — | Wb | Vs 1 A=0.1 nm=10"""m —ALBEOATVANHEOBLLNTE
64& f 7 z 2 A mf 1 b=100 fm*=10""* m’ CTRERL 7
v VRN - s ;
e v ZBE [t z@|l C I'bar=0.1MPa=10"Pa SAAbar B SIS CHREDLNELDT B
) %R g B o B E2DNF ) —iEaATH
* #lnv - 4 v Im cd- st 1 Gal=1cm/s*=10""m/s® A H
L} gl 7 2] Im/m? 1Ci=3.7x10'"°Bq °
= X ~ . 4 ECHURFEHE2{54 T bar, barnkk
t H g1~ 2 L 1| Bq s 1 R=2.58x10""C/kg & TFE o He 522057 2
W oW @ & v 4| Gy | Jke rad = 1cGy =10 *Gy crng TE 7Y
— \
% H " B ¥ - ~Xouv b Sy J/kg lrem=1c¢Sv=102Sv s,
% ) &
J1 | N(=10°dyn) kgf 1bf £ |MPa(=10 bar) kgf/cm?’ atm mmHg(Torr)| Ibf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 750062 x 10° 145.038
9.80665 1 2.20462 S| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ 1 Pas(N-s/m9)=10P(#7 %) (g/(cms)) 1.33322 x 107 | 1.35951 x 107 | 1.31579 x 10°* 1 1.93368 x 10"
T 1m¥/s=10'St( 2 F — 7 %) (em¥/s) 6.89476 x 107" | 7.03070 x 10¢ | 6.80460 x 10 ? 51.7149 1
;’— J(=10"erg) kgfem kW-h cal (Gt&75) Btu ft « 1bf eV 1 cal = 4.18605 J (it &)
3: 1 0.101972 | 277778 x 107 0.238889 | 9.47813 x 10~ 0.737562 | 6.24150 x 10"* =4.184J (#{b¥)
x 9.80665 1 2.72407 x 107 2.34270 9.29487x 107 7.23301 6.12082 x 10" =4.1855J (15 °C)
% 36x10° | 367098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 107 =4.1868 J (HERERAE)
- 4.18605 0.426858 | 1.16279 x 10°° 1 3.96759 x 107 3.08747 261272x 10" (446 | pS (L8 /)
B 1055.06 107.586 2.93072 x 10" 252.042 1 778.172 6.58515 x 107" =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 107" 0.323890 | 1.28506 x 10~ 1 846233 x 10'* ~735.499 W
1.60218 x 10 ' | 1.63377 x 107! 4.45050 x 10 2¢| 3.82743 x 107" | 1.51857x 10" ¢¢{ 1.18171 x 10" ' 1
b Bq Ci g Gy rad ; C/kg R #® Sv rem
At 1 270270 % 107" 5 I 100 % 1 3876 % 1 100
fie & @ fit
| 37 < 0w 1 0.01 1 258 x10°* 1 0.01 1

(86 F 12 1] 26 N BI{L)
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