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Acceleration Irradiation Test of First-loading'Fuel
of High Temperature Engineering Test Reactor (HTTR) up to High Burnup
(Joint Research) -
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Shuichi SUZUKI?, Shigeharu YOSHIMUTA " and Shigeru KATO™
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Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received April 10, 2002)

This report describes result of an irradiation test for integrity confirmation of High Temperature
Engineering Test Reactor (HTTR) fuel fabricated by continuous coating method, which was
carried out in a framework of a joint research between Japan Atomic Energy Research Institute
(JAERI) and Nuclear Fuel Industries Ltd. (NFI), from 1995. JAERI and NFI had developed
HTTR fuel fabrication technologies. NFI fabricated the first-loading fuel of the HTTR by the
developed technologies. Since the firsi-loading fuel of the HTTR was the first mass-production
HTGR fuel in Japan, its quality was carefully inspected. In addition to the quality control and
assurance of the fabrication process, an irradiation test for integrity confirmation was carried out.
The irradiation was carried out as 94F-9A sweep gas capsule irradiation test in the JMTR. The
irradiation specimens were taken from the fabrication line of the first-loading fuel. In the
beginning of irradiation, measured fission gas release fraction showed that there was no
as-fabricated through-coatings failed particle in the specimens. The result also proved that there
was no failure up to 3.6% FIMA (Fission per Initial Metallic Atom) of burnup and 1.5 10 m™*
(E>0.18MeV) of fast neutron fluence, which are the maximum values in the HTTR core. In
addition, the irradiation was continued and no significant additional irradiation-induced failure
occurred up to 7.0% FIMA and 3.1x10* m?, which are about two times higher than the
maximum burnup and fast neutron fluence in the HTTR core.

Keywords: Irradiation Test, HTTR, Confirmation, First-loading Fuel,
Fission Gas Release Fraction, Through-coatings Failed Particle,
Burnup, Fast Neutron Fluence
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Table 2-1  Inspection results of fuel kernels.
Item Criteria Results
Enrichment (wt%) 7.940.1 7.820
Diameter (Lm) 600£55 (o< 25) 615 (6=8.6)
Sphericity 95% of kernels should be < 1.2 | 100% of kernels < 1.2
Density (Mg/m") 10.63+0.26 10.85
O/U ratio 2.00"% .00 2.00
Impurity (ppm EBC ) <3 <0.92

* EBC: Equivalent Boron Content

Table 2-2  Inspection results of coating layers.

Item Criteria Results
Buffer layer thickness (um) 60+12 (0<12) 59.4 (6=17.3)
IPyC layer thickness (pm) 3046 (05 5) 30.3 (6=2.0)
SiC layer thickness (jum) 25", (0 4) 28.9 (0=0.7)
OPyC layer thickness (um) 45+6 (6 5) 47.1 (6=3.3)
Buffer layer density (Mg/m’) 1.10£0.10 1.14
IPyC layer density (Mg/m") 1.857" 005 1.88
SiC layer density (Mg/m’) > 3.20 3.20
OPyC layer density (Mg/m’) 1.857%1% 05 1.86

Table 2-3  Inspection results of coated fuel particle.

Item Criteria Results
Diameter (jm) 920" 50 (6<40) 912 (6=22)
Sphericity 95% of kernels should be £ 1.2 | 100% of kernels < 1.2
Table 2-4  Inspection results of fuel compact.
Item Criteria Results
Enrichment (wt%) 7.940.1 7.833
O/U ratio 2.00"" 4,00 2.000
Impurity (ppm EBC) <5 <0.89
Exposed uranium fraction <1.5x10™ <3.2x10°
SiC-failure fraction <1.5x107 <3.2x10°
Uranium content (g* **U/cm) g i ggigggg 8 igg
QOuter diameter (mm) 26.0+0.1 26.05
Inner diameter (mm) 10.0+0.1 10.03
Height (mm) 39.0+0.5 39.03
Coated fuel particles packing fraction (vol%) 30+3 28
Matrix density (Mg/m") 1.70+0.05 1.68
Heterogeneity of uranium (%) <10 5.0

* EBC: Equivalent Boron Content
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Fig.2-1 Production flow of fuel kernel.
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ﬂ  UO, fuel kernel "

CHy+Ar
First layer coating
(low density pyrolytic carbon)
C3HgHAr
Second layer coating
(high density pyrolytic carbon)
CH;3SiCl3+H,
Third layer coating
(Silicon carbide)
CsHgtAr
Fourth layer coating

(high density pyrolytic carbon)

|| TRISO type coated fuel particles ||

Fig.2-2 Fabrication process of coated fuel particle.
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3. HRSTEER

3.1 HBEtx v 7ok

%2 BECR LI IBETABRAENT, B 7 412 HTTR BRI & LTS L%
BAET (U BEE 7.9%) 20857 MNIMILZbDOTH b, F v IV,
SRR 7~ 8 RIS CRREN, ERahBUE, MBREE LT oo UFIA T AR —TF
¥ SO, BYWEB LU L IS F TICER L T REORBRIFE CE
BOBHAH, b/ T 2BRE L, W Nb-1%Zr RCREHIT LT 2 BECHS LEE
& L720 94F9A HAAA — T F % TV OBEER % Fig. 3-1 IZ7RT o FRETBIAEEOBE
REERHA R ORI 2 282 F OHULICEL L7z W/Re BREXTCTAT ) 4%, BEGTO#ET L &
b ICRENE T4 U5 720, REREIZRDHS % v 7R VREICHEA L7 N B
BExt (Nicrosil-Nisil) TATo 720 F ¥ 7V OREREM TR TV, BROEERIX
TR g3 AROBIBL, 8 BICET L, 20%. BROMT 247572

32 MEH _ :

Table 3-1 | 94F-9A ¥ v 7t )V DR M % /R § o RETABRILPHRE 1300C & L, |
BRBEBEVS DV TId HTTR WIERTAREL O BRETRBEEE 3.6%FIMA % BRI 4%FIMA & BE
Lo BRBEEHBMELERL, CORSTREBESPE L TRV E2HR LR,
 BREOBREBR RS HET S 5 128~9 %FIMA OFRBEE & BERIC U CHREEERZ kit
L7zo HBREFBUEHE IMTR FEETALO sPYET IR, MRBERE. FRGSBRMIZ 2% L C 2°U i
BE% 79%& Lize $7-, IMTR O REFLIZPHETFIRSIE . HTTR ERROBE 2 235
FCRY T VERENZL LD, ¥y TEVORBEIBRE L2720, Fv VR
FHITET 2 BN O — ML BRBEOEBNT SICHHTF) L LTy 7 VEZHRHEL
7o T, a7 PREIRBO BT OREMRIZ, TV AROEEEOBEICHEEL
TBY, TVAROEER 0BRGN TAEREMEID 5 iErE w0, RN
FEEOIRTIRERY HTTR BB LA—LT27:0TH 2, /2, L TIIEEHE
2 & o THPEFRIELT 570, BEFBEF v 7V L (L&) & THE

(TE) THBERERT (FLRSICHET) 0GR LIZLY) Y 5 VY EHE
REZ, BEMEH—IIL5 L) ICRE L, » ‘
FEAHIE IMTR 0 M-10 BEAHTLCFR 9 48 11 0% 1203865 1 7 VB BUAL, F



JAERI-Research 2002-012

B 12 4F 10 B O 135 359 A 7V E TFT 0 720 2 OB O BSEIT 8733 R T 5.
WG b O R U R TR R OZME (RHEAE) % Figs. 3-2 RUS33 10R T, B
SR OBBERE R OB B T AT R ORE AR, T 2N 3.1x10° m” (E>0.18MeV),
7.0 %FIMA & Sl S T %, REENICIZTER 13 £ L ERT 5 T2 0 B RARK
12 &0 BB R U R P T IR B R R Y o

BiRTT ) BB O BHRBREIABEOBEFE LI ONTRERD /NS 2HDT. ]
SHREF— IR TREREHIT 2 0% v 7V ORERME LT LESDH B,
BB O & ) KRR CRIBFHORHSREREIT ) 56, TOREE €I R
LCHET 3 2 LRIl L, 20k, BEREET 2 I 5% v 7V TR
SE R EA LASREMS L % v TR VSO He HA K72 Ly & OF A BE %

(AEEORE) T4 2k o THRERBORERE (REEHHER : 300~400T)
2f1o féo | : |

BEth OBREHBRE T BREL 2 2287 MHULD 10 ¢ DFLOTERTIC W/Re DEEX T 1A
LCHEBHE L, S0kd, BEBEEAHORPHREIZIEL (FHIITE 22, R
L I2oh T WRe BB ORENET (BpEFREICE DA LA L, BEE
TDWAT2) BEL, BREEICRESE LS, o T, ARHREIXEHRBRIEL
KON TEHNBREDBWENLEL 25, 94FIA ¥ v 7N TIEZOFHIIC & 5 REER
ERNE LT B0, BEBEEIS 34 7 IVEST (8 70EFPD) F T% W/Re DEAE
CEHE - FE L. 41 2 VB DBIIBREEREHR 2 S BN EEBICE L 2, T
FESHC X 2 REBN RPN S Vo H TV =Y VEN (NEIBEN) CHE 1T
o T, PRTBHFICL 2ABNOREBENE TICL ) AREENELLRHTER RS
SRR,

BERORET Y NAFRE (POB-RESEE) OFMES Fig. 34 R
FR5TBASE 2~ & % 70EFPD (Effective Full Power Days) D#AEHREE1E 1300~1350TTH Y |
F D% 1200°CTRE THER L7z, 336EFPD 225 BEHR T Tk, 214 — 7T HRAEEILY
Gy I PRI LD, BN T AT AFOKGEEL T ATWREFS 5720, B2
BB ) FRET ANV T AL EHELBRRBEMBRTs 220X ) BRRUREEZ T
TR 47 Y TIRETRE 7o 720 2 OBROBREHRE L 700~800THRE T

Ho7,
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33 A ABHEREE ,

BEET R OBBIRENY, R4 — T H AP OBHSREERY F XREOREICETE | Kl
R (R/B) HE2EHL TERZTo . AHERTIZ, HTTR Ol EFARERFRIC 1 k%
DAY T LT APITHB S NAESREBY AT ABEDOTRIZH 57— & % %
F 572D, HEHREAYE IMTR O ) ERAORBERICO Y 7Y ¥ 7 i 4T o7z,

SREHAR TP OB EIREICBIT S ¥Kr © (R/B) % Fig. 3-5 IR T, BETIZBITS
PR T O (R/B) X, HTFHEROKEREOTFALIT) LTHEAZEFTHS
001 - EEgf | CBREL HBUR EB FP A RIS DWW T, Kr 2V T 4 ., Xe 120
W 5 R HIE. BITEfTo 78 209 5 BKe BMREILER K UEZ & &0 TR
BEFRINSILTED LD, REBHE L L CHYFV, BOBEIZOW TIEFTOMH
BE L7,

Table 3-1 Irradiation conditions of 94F-9A capsule.

Irradiation cycles JMTR No.120~135
Irradiation time 8733 hours
Irradiation temperature 1300°C
4 2.3X10% m™ (upper)
>
Fast neutron fluence (E>0.18MeV) 3.1 X 10% m? (lower)
5.5 %FIMA (upper)
Burnup 7.0 %FIMA (lower)
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To sampling line
He supply tube

Vacuum control tube

Exhaust He tube

Fuel compacts

Vacuum conirol tube

Fig. 3-1 Structure of 94F-9A capsule.
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Fig. 3-2 Burnup during 94F-9A capsule irradiation test.
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Fig. 3-3 Fast neutron fluence during 94F-9A capsule irradiation test.
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Fig. 3-4 Fuel temperature during 94F—9A capsule irradiation test.
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Fig. 3-5 (R/B) of B¥Kr during 94F-9A capsule irradiation test.
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o CEEREIEE,
S R NEAVEN L A
Th%b,
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cothJ— _ _) coth\/_’ _ _) - “2) |
ﬁ Ju  m Fz Jm |
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1
Z Z T, fB_U :
CERBEIC X ARIERTF

M DB () (=LSATRIE, =2: MR |
D DA OBITTI SR (s) (=LAATERE, i=2: 4 3HE)
TH b, '

Kr RO Xe & % ORATHAORTILEREOBBIL, v 72V EHRBRER 0 0
EEOIHDT,

D’ = 55exp(~38000/T) (4-4)
CEDRD B, T, BREEROBRITTIBREE ., F v 7 EVIEEEER TR O ik
BULEICETEED 5, BBEEMERTE. BHIC L 2T RO BEHEE
BBICL 2R REZERB LN THLH, HRTE, ChETIDBEOTF—53f/BoN
TWi\Wi=H, Myers %12 X 5 KEOHER P2 SZ U TOREKET 5,

fgy =0-2Bu+1 (4-5)
Z Z T, BuldiRBEE (%FIMA) TH %,
BREHE A B O BEBUE =L, UTOXTEHETE 5,
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T

D’g 4 =732x 10710 gxp( ) (4-9)
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ZOPWERREATT ) v 7 AEP L ORBROFERICG 2 HFEITIIE ALY, B
FROWBARIIIKRETD 505, MANBOBERGERIINEVWEEZONLZ 2D
EHAL LA NF R BMRAOEREZRAVEFE LD S 1 HTRENZUREL LTFTox %
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(4-11) Rz @-12) XeMATHILITLY, BEHEIINT HZRE, $obbT L
Uy 7 AT E D 2 BB OKEREEROLZ EHFTE 2,
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n o REa Y8y PO
TH b,
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AR CBRIFH ABHEF VALY | BEH O Kr-88 0 (R/B) fEEFT L 7SR
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Fig. 4-1 Measured and calculated (R/B) of *Kr (no failure).
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Fig. 4-2 Measured and calculated (R/B) of *Kr (1 particle failure).
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Fig. 4-4 Comparison of measured and calculated (R/B) of BKr
Including helium dump condition.
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Fig. 4-5 Calculated stress on the SiC layer during irradiation.
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Fig. 4-6 Calculated stress on the OPyC layer
in the SiC-failed particle during irradiation.
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