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The Qarai Gas Loop-1, OGL-1, is an in-pile helium gas loop, installed in the Japan
Materials Testing Reactor (JMTR), for irradiation of high-temperature gas-cooled
reactor fuels at high pressure and temperature. The present report describes results of
fabrication, irradiation and post-irradiation examinations (PIE) of the 6th-12th GGL-1
fuel assemblies. The 6th-8th assemblies used coated fuel particles produced by a small-
scale fluidized bed. On the other hand, the 9th-12th assemblies used trial manufacturing
fuels, produced with a large-scale fluidized bed for mass production of the fuel for
the High Temperature Engineering Test Reactor (HTTR) being constructed. For the 9th
assembly loaded with the first mass-product fuel, the fission gas release, R/B of **Kr,
was relatively high, 1.5X107°, and various defects were observed in the ceramography of
the irradiated coating lavers. Afterwards, a decrease was achieved in the through-
coating failure fractions at the fabrication. Correspondingly, the R/B of **Kr for the
12th assemblv was reduced to an excellent value of 2>107°, Thus, the production
technology and the irradiation performance of the HTTR design fuels were successfully

demonstrated.

Keywerds : Irradiation, OGL-1, HTTR, Fabrication, Coated Fuel Particle, Fission Cas,
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Table 1.1 Comparison of fuel specifications in the first conceptual VHTR
design, in the HTTR design and in the 12th OGL-1 fuel assembly.

VHTR HITR 12th
Design*’ Design*® 0GL-1
Coated Fuel Particle (CFP)
Fuel Kernel
Material U0, U0, 14 P
Diameter (um) 600 800 600
Density (ETD) 95 a7 85
Coating Layer
Coating Type TRISO TRISO .TRISO
Material
Ist Layer LD-PyC*3 LD-PyC LO-PyC
2nd Layer HD-PyC*® HD-PyC HD-PyC
3rd Layer SiC SiC SiC
4th Layer HD-PyC HD-PyC HD-PyC
Thickness (xm)
lst Layer 60 60 60
2nd Layer 30 30 30
3rd Layer 25 25 25
4th Layer 45 45 45
Diameter (xm) §20 20 820
Fuel Compact
Inner Diameter (mm) 18 10 10
OQuter Diameter (mm) 38 26 26
Length (am) 36 39 39
Packing Fraction
of CFP (vol%) 30.5 30 30
Graphite Sleeve
Inner Diameter (mm) 36.3 26.25 26.2
Outer Diameter (mm) 48 34 34
Length (mm) 555(482%4) 577 790
Fuel Rod
Fuel Compact
Stack Length (mm) 529(455%4) 5486 720
Graphite Block
Shape Hexagonal Hexsagonal Hollow
Cylinder
Size
Distance Across Flat(mm) 299 360
Height (am) 570 580
Diameter of Fuel
Insertion Hole (mm) 50 41 41
No. of Fuel Rods
to be inserted 12 33(31) |

x1 Ref.(27): T.Aochi et al. JAERI-M 6845 (1877) p.97.

x2 Refs.(30)(31).

*3 LD-PyC, low density pyrolytic carbon,

x4 Dowel fuel rod; see ref.(27).

HD-PyC, high density PyC.
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Table 2.1 Design of the 6th-12th OGL-1 fuel assemblies.

Fuel ' Design

Assenm-

bly U con- No. of No. of Fuel Remark

tent(g) | Fuel Rods | Compacts

6th 360 1 20 Coater*': 500g
7th*? 540 3 60 same as above
8th 363 I 20 same as above
9th 370 1 20 Coater*': 2kg
10th 361 1 20 same as above
11th 541 3 b4 same as above
12th 257 1 19 same as above

*] Charge amount of uranium.

%2 Graphite powder of fuel compacts:
Domestic graphite powder was used for 2 rods.
German graphite powder was used for 1 rod.
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Table 2.4 Design of graphite parts for the 6th-12th 0GL-1 fuel assemblies and

for HTTR.
Graphite Sleeves Graphite Blocks
Fuel
Assem- Dimension (mm) ' Hole for fuel rods | Dimension (mm}
e Inner Dia. | Outer Dia. | Length |No. of Dia.(mm) | Length | Dia.
Holes
6th 36.2 46 790 1 50 785 80
Tth 24.20 30 790 3 32.6 785 80
8th 36.20 46 - 790 1 50 785 80
Gth 36.20 46 790 1 50 785 80
10th 36.20 46 790 1 50 785 80
11th 24.20 30 790 3 32.6 785 80
12th 26.20 34 790 1 41 785 80
HTTR* 26.25 34 577 31 or 33 41 580 ----

* Design of HTTR.
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Fig. 2.5 Machining accuracy of the graphite sleeve of the 12th OGL-1 fuel assembly.
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Fig. 2.6 Diametral gap between outer surfaces of fuel compacts and inner

surface of graphite sieeve of the 12th OGL-1 fuel assembly.
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External view of the 1lth OGL-1 fuel test assembly.

Fig. 2. 8
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1ith 0GL-1 Fuel Assembly

12th OGL-1 Fuel Assembly

Nage Type Dia. Position Name Type Dia. Position
(mm) (mm)
/61 W/Re 3.2 Rod A*? T/C1 ¥%/Re 1.6 Compact 4
T/C2 W/Re 3.2 Rod B*?® T/C2 W/Re 3.2 Compact 9
T/C3 W/Re 3.2 Rod C** T/C 3 K 1.6 Compact 15
T/C 4 K 3.2 Plug of Rod A T/C4 X 3.2 Plug of Rod
T/C B X 3.2 Plug of Rod B T/C b K 1.6 Qutlet Gas
T/C 8 K 3.2 Plug of Rod C 1/C 8 K 1.8 Outlet Gas
T/C 17 K 1.6 Bypass Gas T/C 7 K 1.8 Bypass (as
T/C 8 K 1.6 Bypass Gas T/C 8 K 1.6 Bypass Gas
T/C 9 K 1.6 Bypass Gas T/C 9 K 1.6 Bypass Gas
T/C10 K 1.6 Gr. Block T/C10 K 1.8 Gr. Sleeve
T/C11 K 1.8 Gr. Block T/C11 X 1.8 Gr. Sleeve
T/Cl2 K 1.6 Outliet Gas T/C12 K 1.6 Gr. Block
T/C13 K 1.8 Neutron Shited T/C13 K 1.8 fir. Block
T/Cl4 4 1.6 Diffusion Tube T/Cl4 K 1.8 Diffusion Tube

¥ South direction nearly toward the core center of the JMIR.
%2 Around the boundary between compacts 7 and 8.

Fig. 2.9 Arrangement of thermocouples in the 11th and 12th OGL-1 fuel assemblies.
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Table 3.1 Irradiation conditions of the 6th-12th OCL-1 fuel assembiies.

Fuel assembly fith 7th 8th 9th 10th 11th 12th 1
HTTR

Irradiation Transient Domestic Metal FP Mass Prod. | Mass prod. | Mass Prod, | Long-term

Objective [rrad. Gra.Matrix | Behavior Fuel No.l Fuel No.2 | Fuel No.3 Irrad,

No.of Fuel Rods 1 3 1 1 1 3 1 -

No.of Compacts 20 50 20 20 20 54 18 14

Compact Size'” HK-11 N1 MK-TIE HK-TIT MK-TI K2 H1,H2 H1

Irrad.Cycle No. 59 60-61,63 6466 §7-73 74-79 80-82: 83-91 --

Total Cycle 1 3 3 7 3 3 9

Irrad. Time 21.9 58.0 53.8 145.5 130.2 §2.3 195.0 660

ey " ° v

Max.Irrad.Temp. | 1480 280 1380 1390 1340 1500 % 95 1350 1340 1320

{'C)x Time(h}

Steady Irrad. - 1380 1360-1380 | 1330-1340 1330 1350 1340 “-

Temp. {'C)

Max. Burnup 0.4 1.3 1.0 N 2.8 1.6 3.9 3.6

(%FTNA) *°

Max, Fast

Neutron Fluence | 4.1x102° | 1.6x10%* [ 1.2x10®® [2.8x16%* | 2.4x10%* | 1.7x10%% | 3.1x10%% | 1.3x

("%, E>2910) 10°°

*

—

Refs. JAERI-M 89-161 & §9-162 (1989).

2 WK1 (36°0 % 18 P 36"y M1 (24°0 x 8" "2 36" H2(24°T x 8" 7 x 40™) 11(26°" % 107 Px 3™ 2267 x 10" Px 18 .

*3 Effective full power days.
«4 Ref. JAERI-M 90-115 (1830) p.14.

*

o

Calculated by the STEPDSPZ code.
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Table 3.2 Summary of irradiation histories of the 6th-12th OGL-1 fuel assembies.

BR | BEE | MRLo Lo% | RRMR | LRGR | BOR Y - TERE(C) | BEHAN R CC) | BT o
BigT | 7P RS Hi777" | Heli @ v JRE
g | v @ CCy | W (g/s) |MROLR® | R | AL o | o
6th | 59 1480 4.7 50 1165 1165 675 972 842
60 1377 7.7 8 --- 672 967 830
Tth | 61 1377 72.3 ] 80 - 707 989 898
63 1380 72.8 80 - - 722 945 306
64 1377 45.0 55 1138 988 646 905 787
Bth | 656 1378 42.0 55 1126 976 626 891 718
66 1391 41.9 68 1108 959 689 917 801
67 1341 44 .2 60 1123 1069 684 906 B0
68 1343 2.7 60 1106 1063 669 894 792
69 1333 40.9 60 1097 1069 672 902 801
9th | 70 1333 40.95 60 1089 1068 §72 898 794
71 1335 43.8 65 1053 1033 626 831 T41
72 1334 42.1 65 1048 1041 637 853 741
73 1338 42.5 65 1053 1057 540 858 744
74 1330*° 48.8 65.0 1036 861 | 543 686 693
75 1330°° 45.0 64.7 1001 959 548 677 675
10th | 76 1330*° 48.2 65.3 1011 981 533 672 564
77 1330* ¢ 47.9 65.3 1009 1004 545 681 673
78 1330*° 47.6 b3.2 1004 1001 540 678 671
79 1490*° 7.7 50.6 1142 1149 631 801 793
80 1344 75.3| 715.0 - 644 814 829
1lth| 81 1354*° 75.6 74.9 --- - 640 811 820
82 1355"° 76.1 73.0 -- 660 814 821
83 1332 32.3] 45.4 1105 1088 636 77 770
84 1335 31.9| 44.9 1110 1096 636 778 772
85 1339 31.1 44 .8 1112 1097 640 767 769
86 1338 30.6 | 44.2 1105 1101 645 772 718
12th | 87 1331 30,7 44.4 1085 1095 635 761 763
88 1340 3.9 45.3 1070 1081 585 718 721
89 1341 33.2| 455 1065 1081 H85 716 717
90 1339 33.67 44.8 1061 1080 374 708 705
91 1339 M2 4.7 1053 1076 362 695 698
=] gh# = — FSTEPDSP2IZ & B fid
*)  HALENE, BB O B LOR S EROCICEY. KRN, Fuos S EVEE.
*3 REH ZARIEOFTEE.
<4 AR OB DE.
*5  HEREIE.
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histories of 6th-8th 0GL-1 fuel assemblies.

Table 3.3 Irradiation
Eri o < 1 & %Eﬁﬂ@% PR a7 BH S mE{E FEREE R
g4 7N R (h) EEnE (G (W/em) (MWd/ tU)
6K 59 525 1,480 820 3,680
60 465 1,377 475 *! 3,670
FETIR 6l 934 1,377 442 "1 7,114
63 1,382 1,380 445 *! 10,500
64 276 1,377 825 1,871
SR 65 765 1,379 770 4,965
66 1,291 1,391 768 8,285
67 527 1,341 810 3,467
68 1,856 1,343 783 6,831
69 1,530 1,333 750 9,718
F0w 70 2,013 1,333 742 12,629
71 2,536 1,335 803 16,040
72 3,005 1,334 772 18,981
| 73 3,492 1,336 779 22,062

<1 HRHESA O
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Table 3.4 Irradiation history of the 10th OGL-1 fuel assembly.
m W EHERLS | BEEE G |z | REhERSHE B R aE
gL on Blo (YR3EEE | JrRE (W/cm) (ONWd/tU)
BEETH HRECC) { YI3REE
74 RFB14E 5H21E 529 1,330 896 3,950
MEFI614E 67 15H
75 mEFIG1E TH 83 528 1,330 825 3,630
B4 85 28 {1,057) {7,580)
76 RFIG1E1LF28H 528 1,330 883 3,885
EF61412A23H (1,584 {11,465)
77 FEHIG2E 15288 530 1,330 878 3,978
WA624E 25221 (2,114) (15,343)
78 W62 31T 527 1,330 872 3,851
ERIG2E 45118 (2,641) (19,194)
79 TEAIG24E 68 2H 484 1,330- 875 3,865
EE62EE 6 A2TH (3,125) 1,500 (23,059)
Table 3.5 Irradiation history of the 1ith 0GL-1 fuel assembly.
ma | EEEEA P Ry ] BREL D N | SR | BREEEND . 20D RO W T
v | BT M. |y rRE | RS | SRR N/ tU) | GRREES AR OIS
20| BEEHETH THE{E BECC (Brem) | ( NEEEEE {H TR
w634 28 3A 526 | No.l 1,095 No.1 0.847
80 No.2 1,344 | 460 4,561 Ne.2 1.131
BAN634E 2H288 No.3 1,324 No.3 1.022
W2FI634E 3523H 527 1 No.l 1,108 4,501 No.i 0.84%
81 No.2 1,354 | 462 No.2 1.11
WEANB3SE 47178 | (1.053) !No.3 1.334 (9,065) No.3 1.041
FREI634E 6 10 441 | No.1 1,108 | 3,773 No.l 0.852
82 No.2 1,355 | 465 No.2 1.105
WIFIB34E 78 28 | (1,494) | No.3 1,335 (12,838) No.3 1.043
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Teble 3.6 Irradiation history of the 12th OGL-1 fuel assembly.

L o) BT ERLA H FHERS () R o N | SR EIE R B i E
H4N | BLU (HYI3EERE | VM ES (W/cm) (MWd/t1)
BT T 1 BECC) 1 O EEEE
83 | mAeYEINH 130 173 1,332 593 3965
RIRIG3ELTH 80
84 | RAIGIELIF29P 527 1,335 585 3,588
BAIG3EI2E 245 (1,000) (6.853)
85 | Wi 28 1H 524 1,339 570 3.476
SWRTE  2H26H (1.524) (10,329)
86 | TieE 38220 532 1,338 561 3,474
SERTAE 48 168 (2.056) (13.803)
87 | ERTAE 64 6F 504 1,331 562 3,279
FrtaE 7H 18 (2,560) (17, 100)
88 | W EILE24A 530 1,340 584 3602
TR 12H 191 (3.090) | (20,702)
89 | W 24¢ 18250 533 1,341 608 3.772
g 24 2A21H (3,623) (24.474)
90 | T 24 37178 532 | 1,339 614 3.802
g 24 44110 (4,155 (28, 276)
01 | Ry 24 53 98 505 1,339 627 3,831
SEfE 2% 68 30 (4,680) (32,107)
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Fig. 3.1 Change of Kr isotope concentration in primary coolant after
reactor shutdown.



JAERI-Research 94-017

'UOTIRIPRIIT Ay 1190 U3Z1-U19 @Y} UL (/) aSB3IAJ Iy, JO UOIIRLIRA g Bl

Ol

Ol

o
§/4 © Mg

(U) [ &8 F§ b

000Gt 000V 000¢ 000¢ 000} 0

| T _ T
_%
i I
Y 9 |
—_— Yo
Yol ——m——— SN

n 0}

K\N_\ /,.
Y 6 /

| | |




R/B (Kr)

{Xe)

R/B

JAERI-Research 94-017

-4
10 T T ! et T o8 T
m
o KT e Kr
87 a9
© ~ Kr S
-5le
A ® _
10 5 o@ ge o© © 2 o ®
8 60 ® © o o%
5 d .5 . e ® ) e .O ®
A O b o © loxeo] 086 8 % Gee %
A s o 4 ©Re 0
A A A Q b 9. o} C o ©
A A A Fa ‘gD
-6 FaX 4 A
10 a A &,
A . A
749421 7842 788408  TTHATN 789101 19812
-7 : —
10 | I | ] | I
0 1000 2000 3000
BE &t &5 f&l (h)
Fig. 3.3 Variation of Kr release (R/B) in the 10th 0GL-1 fuel irradiation;
(maximum fuel compact temperature, 1330-1370°C).
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Fig. 3.4 Variation of Xe release (R/B) in the 10th OGL-1 fuel irradiation;
(maximum fuel compact temperature, 1330-1370°C).
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Fig. 3.7 Variation of Kr gas release (R/B) in the 11th OGL-1 fuel
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Fig. 3.8 Variation of Xr gas release (R/B) in the 11th OGL-1 fuel

irradiation.
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Fig. 3.9 Dependence of fission gas release (R/B) on the decay constant
in the 11th OGL-1 fuel irradiation.
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Fig. 3.11 Dependence of fission gas release {R/B) on the decay constant
in the 12¢th OGL-1 fuel irradiation.
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Fig. 3.12 Relationship between the decay constant and the ratio of equilibriem

fission gas release (R/B) to the initial release in the 12th OGL-1
fuel irradiation.
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4 . BEEHE 35 3 oV R EE oo B8 O R BN BR

4.1 BL®HE

0Gl-1 KB 2RARBROK X BERE, NTROBHEHXTHE0DYIEY AV
70y 7HOBEEE, BE~NY YA AE2RHME L CERRIEANOHEHAT LI L
ChB, LitHRoT BRIV A2 0OAKELT, Bz -7, BHi7v vy 7%28
AEBEEEILTOHEMSBEHZRNBTEE5DTTH B, CTOETE, 06L-1 BHAR
BB, BEESIUCBBBERSDVTORHBRBOEREERD,

BB OCL-1 BIR B L CBARBBHEL 5> CRBIR~BIRBBE OHGPERABI D
WTlR, ThENBEHERELTHS VD @D, T, BIR~FIXBHEOHBR)
- 7ORYETETEOVWTIR, BHa2 A7 OB TEELE EDR, AeHES
RTWw5 P, S5t BIK~FTRBBEOBHK v v 7D 5RBHE2RIL., Bk
., BRLEN. Y VESORBEELERANLN, ChoR BRESL Y R&oT
HEINRTVS,

4.2 RHBRRROBE

OCL-1 PG ORHEBEREOEHS LI CFERE% Fis. 4.1 &xd, KBROHEFRD
W, BER A, L BIORBRETICERRALE TS ZA,. BIKBIUBRREBRER
BuTlR, ST COMBERBEELZERL, Fig. 4.1 ERLARBRIHEOS B, &
THRREELSKE, WioHhOHBEERL I,

BRERSVTR. ABRESLIOXBRBELZEML 72, BEAROVWTORANK
Tbtﬁx3$®A1%U4—Xﬁ®&4ﬁwF®L%%ﬂﬁb\%ﬂ#%%%iﬁv
7. BEE, 53X 2704 - XHOSERBCBELL, $h BTy 7K
BENTVWRIAZYRE=F2BMOE LA, B7 oy 72V TR, AERE, &
HRE, NEERE. BLUTE RV AELERL ., EBBGR DV, AR
BRESER L. BRBOVWTR, ABERE. EBRE., 3L r—-AFr=v72
Fw, 20%, MREPILEDTVIRBRALZEDHREMOAL, BEBEHMH D VA
b, Bz -7, BLOBRHBHCBEELL, BRI -TR2VTE, S8
B, ESRE. NETERE, BIUOTHE - HRAYVBEEE2EREL., BHERK
SVTE, ABRAEBICERBEEZT - 1.

IVEvRE=FONEISBLNE, SRHGEORH Ty 7OREWETHEERE
% Table 4.1 Kdo T IRFLAMER. BT vy 2 AFBEOINTRE Lo OO B
FHBARETHD, EH 7y 7, BHI VA ' REZORHBOREOER
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REHBDDTH 5D, BHEEABRIARE - ABBERIBLZRBBETH D,
14X 10%%072 (E>29f)) T& B, CITHELRITREBLSRVOR., OGL-1KHALE
JNIRO K G AEB T RB IR T VA L), IMRELPLME EZORMME CE, FEH
HTBHEBLBEIZUEOVLERH B ETHD D, RFHFIE LT, Fig. 4.2 &,
BIMRBEAEOBH T ny JREHINTVRE IV Vv RE=FOREE» BT
Bt TREE (E>1601)) B2 RT, I T, E>160f] OREFTHFHERZ
E>29f) oA B HFEHSBCHEET IR, 2.8 I A LENDE, BT 28
TUBHAYV-T7OBRMBVIB, COLIBLEHFHFHARORARMBHAOTTEUT
WBHEDTH 5, .

DT, SHHBERBOERK>wWIlRE, BB, #Ravy 7 b OHEGFRABR
D2WTR, RETH S,

4.3 BE&BIUCEG S0 2

4.3.1 BBEONES IUCXERE
BeREHGOBHBEOBRBEOABERE, KM & LT, Photo. 4.1 BT, #
BEOABRETR, BRIVARTEMRETATLVAIORE LN, FOBRBAKLE
WTHRGY 75 v 2BZ0RRRADLIRE A1, BRBOEFBELTS., BERE
RHLNBEhol. BORIPOFIRTITOERBER >VWTRXERELZEREL A8,
CORBLEBVWTHRRB A LBOohiho T,

BEHE. BIRIOOBLRRBBGEEITCORASBOBREOABERR., AR ILHT
I

4.3.2 BHfivuoy 7 0NBE LUEERE

B roy 700BRECR BREOABRECRABCLOTE > LBHT
vy ZHENECBELIT- L. BREREIN KR, BH7 oy ZWMAEMER. A2 7
nd - XHogBRBERTHEDR TV, ABBRBETR, FOBHBFEBV TR,
735 v 7HE0RRBBY N, BIIREBEORBA /vy 7O0ERHMBRER
Lishote, hoRBé 7oy 7l BERIZIEFOEFUEILIBDLILE
Mot

4.3.3 B 7oy 7ONKREHRDE

eSO BIKERGSECOER oy 7RHLT. BEBHMAONETBA X7
AA-—FTREDBE L, 1 20BHEFALCHLT, 2REDLLEVAFRARISOD
AETENRThEEL, SEHEBTRBERERRON L 2R ERARDLALZHELEE
Lf::o

FHERBHEOCERH T vy 73, BENTRIZEBICTRBERCIZEL Y
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L, cOEBRIATH - WRVHBEOFEEBICHER, BEBLIEHSELT
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AR B AMLED» S OEMEZIHEHEARSOTH B, AR ORAET 5 HEME,
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FEOBER. EHRBROAEREBEOSEZERKL I,
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B 0. 50
/TR 1. 75
B8K 1. 46
HOR 3. 47
10K 3. 40
HIIR 1. 79
|12 3. 897
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the 8th and the 12th OGL-1 fuel assemblies.
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Photo. 4. 2 Inner surface appearance of graphite block irradiated in the Tth
0GL-1 fuel assembly.
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Photo. 4. 4 Inner surface appearance of graphite sleeve irradiated in the 6th
O0GL-1 fuel assembly.
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Photo. 4. 5

Inner surface appearance of graphite sleeve irradiated in the
OGL-1 fuel assembly.
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Fig. 5.3 Fission product inventory in fuel compacts of the 8th OGL-1 fuel assembly.

The compacts were rotated during activity measurement.
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(a) Compact 3
(82 OP1-05]
(60 & B-79)

{b) Magnified view
of (a)
(80 Jr-34)

Magnified view
of compact 15
{82 0OP1-15]
(60 Jr-36)

Photo. 5. 2 Surface appearance of fuel compacts 820P1-05 and 820P1-15 of the 8th
0GL-1 fuel assembly.
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(a) Compact 16
(83 OP1-16!]
(62 & B145)

(b) Compact 12
(83 0P1-12]
(63 Jr-21)

Photo. 5. 34 Surface appearance of fuel compacts 830P1-16 and 830P1-12 of the 9th
OGL-1 fuel assembly.
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Photo. 5. 3B Surface appearance of an unirradiated fuel compact produced in the same
batch as the compacts loaded in the 9th OGL-1 fuel assembly.
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(a) Compact 3-12 [85 0OP3-12] (b) Compact 3-12 [85 0P3-12]
(3 Ir-239) {3 Jr-241)

(c} Compact 2-6 [85 0P2-6. (d) Compact 1-13 183 OP1-13]
(3 Jr-251) (3 Jr-258)

Photo. 5. 4 A Magnified surface appearance of fuel compacts of the IIth OGL-1
fuel assembly.
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Photo. 5. 4B Surface appearance of an unirradiated fuel compacts produced in the same
batch as the compacts loaded in the Sth OGL-1 fuel assembly ; (a) compact

No. 64 and (b) No. 63.
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(a) 6th OGL, Compact 8 [80 OP1-08]
(58 5 B119)
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(b) 8th OGL, Compact 8 [82 OP{-08]
(62 /5 B191)

(¢c) 9th OGL, Compact 8 [83 OP1-08]
(62 #& B183)

Photo. 5.5 Inner surface appearance of fuel compacts of the 6th, 8th and 8th
OGL-1 fuel assemblies.
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{a) Compact 7 [80 OP1-0T! {b) Compact 7 [80 QP1-07]
(58 UM 065G) (58 UM 0650)

{c) Compact 7 [80 OP1-07] (d) Compact 12 [80 0P1-12:
(58 UM 0664) (58 UM 0712)

(e) Compact 15 (80 OP1-15] {f) Compact 15 {8C OP1-15]
(58 EM 0745) (58 UM 0744)

Photo. 5. 6 Ceramographs of fuel compacts of the 6th OGL-1 fuel assemb!ly,
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o _ e R
{a) Compact 2-10 [81 0P2-10]
{61 UM 0818)

(b) Magnified view of (a)
(61 UM 0823)
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L ot
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(d) Magrnified view of (c)
(61 UM 0832)

{e) Compact 1-3 [81 OP1-3]
(61 UM 0695)

{f) Magnified view of (e)
(61 UM 0701

Photo. 5.7 Ceramographs of fuel compacts of the 7th OGL-1 fuel assembly.
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SR SR

(a) Compact 7 [82 OP1-07} (b) Magnified view of (a)
{62 UM 0055) {62 UM 0061)

7 R b e

{¢) Compact 7 [82 OP1-07] (d) Magnified view of (¢)
(62 UM 0071) (62 UM D0BQO)

o
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® By

LR SN
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R
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(e) Compact 7 [82 OP1-07: (f) Compact 7 [82 OP1-07]
{62 UM 009T) (62 UM 0114)

Photo. 5. 8 Ceramographs of fuel compacts of the 8th OGL-1 fuel assembly.
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(a) Compact 3 [83 OP1-03]
(63 UM 1010)

{c) Compact 3 [83 0P1-03; (d) Compact 7 [83 0P1-07]
(63 UM 1013) {63 UM 1080)

H wt ' al

{(e) Compact 7 {83 OP1-07] (f) Compact 7 [83 OP1-07]
(63 UM 1099) {63 M 1067)

Photo. 5.9 Ceramographs of fuel compacts of the 9th OGL-1 fuel assembly.
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Photo. 5. 9 Continued.
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Photo. 5.9  Continued.
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Photo. 5.10 Ceramographs of fuel compacts of the 10th OGL-1 fuel assembly.
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\ gien i _
(a) Compact 1-7 [85 OP1-07], Outer surface (b) Magnified view of (a)
(5 UM 194) (5 UM 195)

i ol

s :
(¢) Compact 1-7 [85 OP1-07], Imner surface (d) Magnified view of (c)
(5 UM 202) (5 UM 203)

Photo. 5.11 Ceramographs of fue! compacts of the 11th OGL-1 fuel assembly
(rod 1).
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(e) Compact 2-7 [84 0P2-07}, Outer surface (f) Magnified view of (e)
(5 UM 205) (5 UM 206)

(g) Compact 2-7 [84 0P2-07], Inner surface (h} Magnified view of (g)
(5 UM 211} (5 WM 212)

Photo, 5.11 Continued (rod 2).
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i) Compact 3-7 {84 OP3-07], Outer surface (i) Magnified view of {i)
(5 UM 216) (5 UM 217)

—

(k) Compact 3-7 [84 OP3-G7!, Inner surface (1) Magnified view of (k)
(5 UM 228) (5 UM 229)

Photo. 5.11 Continued (rod 3).
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(b) Magnified view of (a)
(5 UM 274)

Rhsiw
i WO

(d) Magnified view of (c)
{5 UM 287)

(c) Compact 9 [86 OP1-09:, Middle
(5 UM 286)

(f) Magnified view of (e)

(e) Compact 9 [86 OP1-08], Inner surface
(5 UM 294)

(5 UM 292)

Photo, 5.12 Ceramographs of fuel compacts of the 12th OGL-1 fuel assembly.
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(g) Compact 12 [86 0P1-12], Outer surface (h) Magnified view of {g)
(5 UM 236) (5 LM 257)

(j) Magnified view of (i)
(5 UM 264) {5 UM 265)

Photo. 5.12 Continued.
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(k) Compact 15 [86 QP1-15], Quter surface (1) Magnified view of (k)
(5 UM 233) (5 UM 234)

(m} Compact 15 [86 OP1-15], Middle (n} Magnified view of {m)
{5 UM 241) (5 UM 242)

(o) Compact 15 86 OP1-15J, Inner surface (p) Magnified view of (o)
(5 UM 252) (5 UM 253)

Photo. 5.12 Continued.
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(058E254)

(05SE255)

(055E256)

o

Photo. 5.13 Secondary electron image (SEI) and Si-Ka and Pd-La X-ray
displays of the SiC iaver at the outer-surface region of fuel
compact 87 0P1-09, which was loaded near the axial center of
the fuel rod of the 12th OGL-1 fuel assembly.
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{058E257)

(05SE258)

(05SE239)

Photo. 5.14 Secondary electron image (SE!) and Si-Ka and Pd-La X-ray
displays of the SiC layer at the inner-surface region of fuel
compact 87 OP1-09, which was loaded near the axial center of
the fuel rod of the 12th OGL-1 fuel assembly,
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(a) Compact 7
80 0P1-07]
(83 Jr-223)

(b) Compact 10
(80 OP1-10}
(83 Jr-224)

Photo. 5.154 X-ray radiographs of slices of fuel compacts 7 and 10 of the
Gth OGL-1 fuel assembly.
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{a) Compact 2-10
[81 OP2-10]
{86 Jr-59)

(b) Magnified view
of (a)
(61 Jr-62)

Photo. 5.158 X-ray radiographs of a slice of fuel compact 2-10 of the 7th
0GL-1 fuel assembly.
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(a} Compact 7
[82 OP1-07]
(86 Jr-65)

{b) Magnified view)
of (a)
(61 Jr-64)

Photo. 5.15C X-ray radiographs of a stice of fuel compact 7 of the 8th
GGL-1 fuel assembly.
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{a) Compact 10
83 0P1-10]
(88 Jr-68)

{b) Magnified view
of (a)
(2 Jr-23)

Photo. 5.150 X-ray radiographs of a slice of fuel compact 10 of the 9th
(OGL-1 fuel assembly.
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{a) Compact 10
(84 OP1-10]
{88 Jr-71)

Magnified view
of (a)
(2 Jr-26)

Photo. 5.15E X-ray radiographs of a slice of fuel compact 10 of the 10th
OGL-1 fuel assembly,
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{a) Compact 1
182 OPi-01]
(61 Jr-70)

(b} Compact 3
(82 OP1-05]
(61 Jr-76)

(c) Compact 9
[82 0P1-09]
(61 Jr-81)

Photo. 5.16 Surface appearance of coated fuel particles sampled from
deconsolidated fuel compacts of the 8th GGL-1 fuel assembly.
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(d) Compact 10
(82 OPI1-103
(61 Jr-87)

(e) Compact 14
(82 0P1-14]
(61 Jr-93)

(f} Compact 20
(82 OP1-20!
(61 Jr-99)

Photo, 5.16 Continued.
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(a) Compact 1
(82 OPL-01]
(61 Jr-152)

(b) Compact 5
(82 OP1-05]
(61 Jr-153)

(c) Compact 9
(82 QP1-09]
{61 Jr-155)

Photo. 5.17 X-ray radiographs of coated fuel particles sampled from
deconsolidated fuel compacts of the 8th OGL-1 fuel assembly.
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(d) Compact 10
(82 0P1-10]
(61 Jr-159)

(e) Compact 14
[82 0P1-14]
(61 Jr-164)

{f) Compact 20
[82 0P1-20]
(61 Jr-16%)

Photo. 5.17 Continued,
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Table Al.1 Characteristics of coated fuel particles of the 8th OGL-1 fuel assembly.

Sample Name ' ' “820PC
Inspection Item Specifi- No. of Results
cation Samples
Uranium enrichment 19.5+0. 44 1 19. 71
(U-235 wt%) -(. 50
Diameter{um) BO0OE60 1828 535
Dia. Std. Dev. (um) =50.0 1828 28.7
Q/U Ratio ) 2.00+0. 01 2 2.01,2.01
-0. 00 :
Density(%TD) 86.0+2.0 2 95.8,96.8
Sphericity =1 2(=095%) 100 100
Impurities (ppm) he <1 | <0.5
Al <500 <15
B <« <0.2
£ <300 i6
fa <200 <0
{d <1 <017
U0z Kernel Cl <26 <10
Cr <30 <22
Cu <10 <3
F <25 <1
Fe <500 <20
Mg <100 <3
Mo <25 <20
N <100 il.
Ni <70 <20
Fbh <5 : <3
Si <200 110
Sp <30 <3
Boron Equivaient (ppm) =3 <0. 65
Volatile Impurities . <80 <10
(u1/g-U02)""

*1 1 u1/g-U02=10"%n"/keg-U0:
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Table Al.1 Continued.

Sample Name 820pPC
Inspection [tem Specifi- No. of Results
cation samples
Thickness (um) PSA*! 60+ 15 1000 64.5
Ist M*? - 40 2.8
Density (Mg/n®) 1.10%0. 10 10 1.11
Thickness {um) PSA 30£5 1600 27.5
2nd M 40 32. 4
Deasity (Mg/m*) 1.85%0.05 5 1.85
Coating Thickness (uzm} PSA 25+5 1000 24.5
Layer Srd | Density (Mg/m®) =3.20 10 3.21
{95% Confidence Limit)
Thickness (um) 45+5 1000 43.0
4th Density (Mg/m®) 1.85x0.05 2 1.86,1.90
(PTAF <1.03 5 1.01
Crystallite size {(nm) 3.0+1.0 1 3.24
Diameter(um) 940+ 60 1286 914
Dia. Std. Dev. (um) =80 1286 34. 1
Density(Mg/n®y | --——- 2 4.96,4. 26
Coated Particle | Sphericity =1.2(=95%) 100 100
Crushing Strength(kgf)*® | =2.0 50 2.5
Free U Fraction =5Hx10°° 5 <1x107°
| S§iC Failure Fraction =5x107° 5 1. Ix107*

%]  Measured by particle size analyzer.
%2  Measured by microscope after polishing.
*3  lkgf=9.8N.
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Table Al.2 Characteristics of BISO particles of the 8th OGL-1 fuel assembly.

Sample Name 820PCR*!
inspecticn Item Specifi- No. of Results
cation Samples
lst Thickness (um) 60+ 15 1000 61.0
Density (Mg/m®) 1.10+0. 10 2 1.12,1.14
Thickness (umn) 100£15 1000 103.5
2nd | Denmsity (Mg/m®) 1. 85+0. 05 10 1.85
OPTAF <1.03 5 .00
Crystallite size (nm) 3.0+1.0 | 3.12
Diameter (zm) 940160 1365 924
Dia. Std. Dev. (um) =60 1365 37.6
Coated Particle | Density(Mg/m*) | ---—-—- 2 3.94,8.81
Crushing Strength(kef)*? =2.0 50 4.9
Std. Dev. (kgf)**® =0.17 50 0.5
Free U Fraction =5X107° 5 <g2. 1x107°

¥1 U0z Xernels of
2 lkgr=9. 8N,

820PCR are the same as those of 8Z0PC in table Al 1.
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Sample name 870pPC
[nspection ltem Specifi- No. of Results
cation Sanmples
Uranium Enrichment 19.5+0. 44 1 19.13
(U-235 wtk) -0. 50
Diameter {4 m) 600£860 1260 573
Dia. Std. Dev. (um) =60.0 1260 29.9
0/U Ratio 2.00+0. 01 2 2.002, 2. 003
-0. 00
Density(Mg/n®) 10.41£0. 22 2 10.51, 10. 51
Sphericity =1. 2(=95%) 100 96
Impurities (ppm) Az <1 1 <0.6
(1) Al <500 <10
B <l <0.4
¢ <300 <10
Ca <200 <14
Cd <1 <0.1
10z Kernel I <2b <10
Cr <30 <5
fu <10 <4
Dy <0.2 <0.0b
Eu  <0.2 <0.05
F o «<2b <t
Fe <500 <20
Gd <0.2 <0.05
Mg <100 <4
Mo <25 <5
N <100 <12
Ni <70 <12
Pb <10 <B
St <200 <5
Smo <0.2 <0.05
Sn <30 <3
pd  --- <{.1
Ru --- <. 3
(s -=-- <{). 002
Boron Equivalent (ppm) =3 <0.91
Volatile Impurities <80 <44
(ulig-U02)"
1 Ag<0. 007
Specially Analyzed Cl<G. 7
Impurities (ppm) | --—--- Cs<0. 001
(I Eu<<0. 0003
Pd<0. |
Ru<0.3

*

1 4 i/g°U02= 107 °n®/ke - U02.
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Table Al.3 Continued.

Sample Name 870PC
Inspection ltem Specifi- No. of Results
cation Samples
Thickness (um) 6015 200 58.2
{st Thickness Std.Dev. {um) =12.0 200 8.8
Density (Hg/m®) 1.1040. 10 2 1.12,1. 10
Thickness (um). 30+5 200 32. 7
Thickness Std. Dev. (um) =5.0 200 3.6
2nd | Density (Mg/m™) 1.85+0.05 10 1. 84
OPTAF <1.03 5 1.02
Defective Layer -—-- ca. 1000 0
Thickness (um) 255 200 28.3
Thickness Std. Dev. (um) =40 200 1.3
Density (Mg/m™) =3.20 10 3.22
Coating 3rd (95% Confidence Limit)
Layer C/81 Ratio 1.00 +0. 10 2 1.008,1.004
-0. 00 '
Free Si (wt¥) <0.5 2 <0. 06, <0.06
Defective Layer -—-- 100 0
Thickness (um) 4545 200 41.6
_ Thickness Std.Dev. (um) =8.0 200 4.8
4th | Density (Mg/m®) 1.85+0. 05 2 1.88,1.86
OPTAF <1.03 5 1.02
Crystallite Size (nm) -—-- 1 3. 38
Defective Layer - 100 0
Ag <0.002
Cl <0.3
Ist - Impurities (ppm) ---- 1 Cs <0.0007
4th Fu <0.0001
Pd <0.02
Ru <{.02
Diameter(um) 92060 1184 885
Dia. Std. Dev. (um) =60 1184 36.9
| Density(Mg/n*) | ~---- 2 4,39, 4.37
Coated Particle 1 Sphericity =1.2(=95%) 100 98
Crushing Strength(kef)*' | =2.0 50 2.79
Free U Fraction =5%x107° 5 2.8x10°°8
SiC Failure Fraction =1.00x107? 5 2.2%x107°
U0z Kernel 0/U Ratio - 2 2.003, 2.002

¥1 1kg T =9.8N.
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Sample Name 880PC
Inspection [tem Specifi- No. of Resuits
cation Sampies
Uranium Enrichment 19. 5+0. 44 1 19.32
(U-235 wt%) -0. 50
Diameter (um) 80060 1096 595
Dia. Std. Dev. (e m) =60.0 1096 20. 4
0/U ratio 2. 00+0. 01 2 2.011,2. 011
-0. 00
Density(Mg/m®) 10. 41+0. 22 2 10,59, 10. 55
Sphericity =1.2(=95%) 100 99
impurities (ppm) pg <1 1 <0.2
Al <500 <10
B <l <0. 4
¢ <300 <10
Ca <200 72
d <1 <0.1
U0z Kernel Ct <25 <10
Cr <30 <5h
Cu <10 <4
Dy <0.2 <0.05
Eu <«0.2 <(0.05
Fo«<25 <1
Fe <500 <20
Gd <0.2 <0.05
Mg <100 <4
Mo <25 <5
N <100 15
NI <70 <12
P <10 <§
Si <200 <B
Sm <0.2 <0.05
Sn <30 <3
Pd  --- <0.04
Ru --- <0.08
s --- <0. 0005
Boron Equivalent (ppm) =3 <0.92
Volatile Impurities <80 26
(e 1/g-U02)*"
%] 1 u1/g-U02= 10"°n°/kg-U02.
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Table Al.4 Continued.

Sample Name 880PC
Inspection Item Specifi- No. of Results
: cation Samples
Thickness (um) 60+ 15 200 61.9
1st Thickness Std.Dev. (um) =12.0 200 10.7
Density (Mg/m*) 1.10%0.10 2 1.11, 113
Thickness (um} 30x5 200 30.8
Thickness Std. Dev. {um) =5.0 200 3.9
2nd | Density (Mg/m®) 1.85+0. 05 10 1.82
OPTAF <1.03 5 1.00
Defective Layer m—-= 160 0
Thickness (um) 25+12 200 32.5
-0
Coating 3rd Thickness Std. Dev. {um) =410 200 1.8
Layer Density (Mg/m®) =320 10 3.20
{95% Confidence Limit)
Defective Layer -—-- 100 0
Thickness (um) 45+5 200 4.6
Thickness Std. Dev. (um) =8.0 200 4.3
4th | Density {Mg/m?) 1. 850,05 2 1.88,1.85
QPTAF <1.03 5 1. 00
Crystallite Size {(nm) ---- 1 2. 82
Defective Layer —--= ca. 1000 0
Diameter{um) 940+ 60 1121 923
Dia. Std. Dev. (um) =60 1121 37.1
Density(Mg/m*) 1 ----- p 4.10, 4. 13
Coated Particle | Sphericity =1.2(=93%) 100 96
Crushing Strength(kgf)*' ! =2.0 50 2. 82
Free U Fraction =5x%x10"° 5 1.1x107°
SiC Failure Fracticn =1.00x107° 5 2.2X107°

*] lke T =9.8N.
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Table AL 5 Characteristics of phenol resin and graphite powders for the 12th OGL-1
fuel compacts.

|

[tem Phenol Resin Natural Graphite Electrode Petroleum
(CS-21T) (FP99. 99) Graphite (KR-316)
Impurities (ppm)
Ag <0.011 0.1 (0.1 <0.011  (<0.5)
Al 3.0 9.0 (2.7 0.15 (<0.1)
B <0.2 0.05 (0.03) 0.08 (0.07)
Ca <7.2 <9.2 (7) 1.7 (0.5
Cs <. 004 <. 006 <0.004
Cu <0. 85 6.5 <0. 36
_ Dy <0.015 <. 028 <0.004 (<0.01)
Elements | Eu < 0. 00095 <0.098 <0, 00003 (<0.01)
Fe 20 37 (19 1.8 (1.4
Gd <0, 20 <0.53 <0.01 {<0.01)
K- <i. 4 <30 0.10
Mg 20 <38 6. 4
Na 33 110 0.18
Ni <15 <28 (2.5) <2.9 (0.1
Pd <0, 28 <{. 67 <0. 10
Ru <{.014 0.15 <0. 014 ‘
Si 330 30 @N 3.5 (2.3
Sm <0.008 0. 009 <0.002 {<0.0D)
Ti <1.3 <3.1(0.5) <0. 4 0. 1)
¥V 0. 047 0.1 (0.1) | Dy+EutGd <0.1 0.1
Cl 1.0 5.6 +Sm=0. 02 1.2 '
ERC*" <1.13 EBC <2.55 EBC <0. 151
Ash 1000 100 15
Real Density (Mg/m*) 2. 260 2. 155
Tap Density (Mg/2® | -emmmes 0. 94
Moisture(wt%) 0. 04 <(.01
Chemical Compo- £ 75.8, HE 5.8, C 99.9% ¢ >99.95
sition{wt%) N 2.6, 015.8
Remarks
Particle Size Dis- Particle Size Dis-
Melting point tribution (zm:wt%) | tribution (um:wt%)
C)
143 >171 1.0 >100 0
32-71 : 13.5 80-100 : 0.8
25-32 : 13.2 63-80 : 3.7
20-25 : 15.4 31-63 : 27.3
“10-20 : 16.9 <31 : 68.2
5-10 14.1
>5 8.2

%*] EBC=Equivalent Boron Content.
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Table Al.6 Characteristics of the 12th OGL-1 fuel compacts.

. No. of Results
Inspection Item Specification | Sam-
ples Mean Max. Min. Std. Dev.
Quter 26.0x0.1 26 25.995 1 26.01 | 25.98 8 1E-3
Diameter
Dimensicn
{ma) [nner 10.0%0.1 26 10.022 1 10.03 | 10.01 4. 0E-3
Diameter
Length 39.0%0.5 28 38.997 | 39.05| 38.9%4 2. 9E-3
¥eight {(g/compact) |  ---——- 26 43,239 | 43. 267 | 43. 197 1.9E-2
U Content (' |  -——-- 26 13.861 13.991 | 13. 499 1. 4E-1
Matrix Density 1.7040.05 26 | 1.686| 1.69 | 1.68 | 5 0B-3
(Mg/m™)
Coated Particle Pack+ 30+2 26 30.1 30.2 30. 1 2. 0E-2
ing Fraction{vol%)
Residual Carbon |  -====- _ 26 10.17 | 10.3 | 10.0 8. TE-2
(wt%/Total Carbon)*?®
U Homogeneity Factor =10 Il 1.89 5.8 0.0 2.01
in Compact (%)
U Content {(g}** 13. 49%0. 67 5 13.63 | 13.78 | 13.52 1. 3E-1
Free U Fraction =1E-4** 5 3.0E-5 | 5. 3E-5 | 9. 3E-6 2. lE-5
Defective SfC Layer =1.50E-3 5 5.5E-4 | 8. lE-4 | 3. 6E-4 1. 7E-4
Fraction
Young's Moduius |  -==-- 5 24932 1 26712 | 23352 1406
(kgf/cm?)™*®
Ring Strength |  --=-- 5 177 189 187 9. 26
(kg £ }*° '

%] r-ray method.

%2 HResidual carbon from resin devided by total carbon in compact matrix.
%¥3 Chemica! analysis

x4 1B-4=1x107%

¥5  1kgf/cm®=9.8X%10* Pa.

*¥6 lkef=9. 8N.



JAERI-Research 94-017

Table Al.6 Continued.

No. of
Inspection [tem Specification Sam- Results
ples
Ag<0. 007, Al 23, B<0. 1, Cu<s§,
Matrix Impurities | -—--- 1 Ca<8 Cl<0.2, Cs<0.001,
(ppm> Dy< 0. 007, Eu<0.0007, Fe<0.7,
' Gd< (.02, K<0.3, Na<0.1, Mg<5,
Ni<16, Pd<0.03, Ru<f.3, Si 110,
Sm< (.02, Ti<8 V<8
Hydrogen (u1/g)"* |  -——-—- 2 21,22, 20.16
Volatile Impurities |  ----- 2 89, 360
(ul/g)
[0: Kernel *? Ag<0. 007, C1<49. 3,
Impurities |  ----- 1 Cs< 0. 001, Eu<{. 0003,
(ppm) Pd<1. 1, Ru<q. 3,
Coating Layer *° Ag<0. 002, Cl1<0.3,
Impurities | -~ l Cs< 0. 0007, Eu<0. 0001,
(ppm) Pd< 0. 02, Ru< 0. 02,

%] lul/g=10""n’/ke.

¥?  UQ: kernels of coated fuel particles in fuel compact.
%3 Coating layers of coated fuel particles in fuel compact.
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No. of Results
Inspection ltem Specification | Sam-
ples Mean Max. Min, Std. Dev
Quter 26.0=0.1 26 25.979 | 26.00 25.96| B8.9E-3
Diameter
Dimeasion
(mm) Inner 10.0+0. 1 28 10.002 1 10.01 9.99 5.4E-3
Diameter
Length 39.0+0.5 26 38.925 | 38.99 | 38.88 2.4E-3
Weight (g/compact) | — -—-==- 26 43.796 | 42. 835 | 42.763 | 2.0E-2
U (g/ccmpact)™’ 13.48£0. 67 26 13.532 | 13. 771 13.22| 1.5E-]
Matrix Density 1.70x£0.05 28 1. 683 1. 69 .1.68 4. 9E-3
(Mg/m} .
Coated Particle Pack- 322 26 30.96 } 31.0 30.9 5. 0E-2
ing Fraction(vol%)
Residual Carbon*® |  —--———- 26 10.27 | 16.5 10.1 9.8E-2
(wt%/Total Carbon)
U Homogeneity Factor =10 13 2.53 4.1 0.0 1.18
in Compact (%)
Free U Fraction <1E-4*° 5 4, 2E-6 | D.8E-6 | 1. 8E-6 1. 5E-8
Defective SiC Layer =1.50E-3 5 '3.9E-6 | 7. 2E-6 | 2. 5E-6 1. 9E-6
Fraction
Young's Modufus | --——-- b 17800 | 20363 | 15437 2065
(kgf/cm?) **
Streagth Ring | -——- 5 192 219 168 19. 8
(kgf)*® | Axial | ----- 5 945 996 836 71
Coated Particle O/U |  ----- 1 2. 003

%] r-ray method.

%2 Residual carbon from resin devided by total carbon in compact matrix.

%3 1E-4=1x107"%

*4  1lkgf/cm®=9.8% 10" Pa

x5 lkef=9. 8N.
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Table AL 7 Continued.

No.. of :
Inspection [tem Specification | Sam- : Results
ples
Coated Particle O/U | --—- 1 2. 003
Ag<0.00l, Al<2.6, B<{.1l,
Matrix Impurities | ----- 1 Cu<?, Ca 18, C1<2.5,
(ppm) Cs< 0. 0003, Dy<0. 004,
Eu<0.00004, Fe 2.1, Gd<0. 003,
K<0.3, Na<1.0, Mg<l,
Ni<3, Pd<0. 04, Ru<0. 03,
Si 29, Sm<0. 001, Ti<2,
V<2
Rydrogen (ul/g)"' | ----- 2 2.40, 2.71
Volatile Impurities| ----- 2 140, 310
(pl/g)"’

1 lul/g= 107"n'/ke.
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Table Al.8 Characteristics of graphite for the 12th and 13th OGL-1 fuel assemblies.

No. of Specifi- Results*!
Inspection Item Samples cation :
12th 18th
Name of Graphite 1G-110 [G-110 1G-110
Bulk Density Surface ——~— |N1.77, S6.1E-3 N 1.78, S 4.5E-3
(Ng/m*) Center ——— | N 177 S5 1E-3 )M 1.79, § 5. 2E-3
True Density Sﬁrface -—— 2. 18 2. 18
(Ng/m*> Center - — = 2.17 2. 16
Shore Hardness Surface ——— [ ¥53 8039 N 55 §0.52
Center ——— | K52 §40.51 N 55 S 0.60
Bending Strength Surface ——— | X 401, §12.5 N 380, S 10.4
(kgf/cem?)*? Center ——— | N 386, S 17.8 N 378, S 21.4
Compressive Strength Surface ——— | ¥ 766, S 23.9 N 768, S 15.4
(kgf/cm?) Center ——— [N 768, S 20.8 N 767, S 23.5
Tensile Strength Surface =200 N 294, S 20.7 N 273, S 8.2
(kgf/em?) Center 2200 M 276, S 9.1 N 267, SI5.1
Young' s Nodulus Surface —— - | ¥ 936, S 30.7 M 919, 5 14.4
(kgf/cem?)*? Center ——— M 989, §129.1 N 913, S 31.7
Coefficient of Thermal | Surface ——— N 4.45 §0.10 ¥4.59, 50.13
Expansion (107°/°C)>** | Center ——— 1N 4.39, $0.20 N 4.46, S 0.11
Thermal Conductivity Surface ——— | N 106 S5 9§.91 N 9l, S 1.86
(kcal/m=h-"C) Center ——— | M 104, S 5.82 N B88 S2.10
Electric Resistivity Surface ——— | N 1068, S 20.3 N 1100, S 16.8
(pQen) Center ——— | ¥ 1066, S 37.6 M 1113, S 41.1
Crystallite Size (nam) 2 ——— |La 95.3, Lc 5.09|La 106, Lc 42.5

] XN : Nean VYalue, S : Standard Deviation.
%2 lkg f /em®=9.8x 10" Pa.

%3 1lkcal/m+h+°C=1. 16¥/m-XK.
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. Table Al.8 Continued.

~ No. of Specifi- Results
Inspection [tem Samples cation
12th 13th
Name of Graphite IG-110 IG-110 I1G-110
Ash <100 <16 =10
Impurities (ppm) 1 B =1 <0.2 <(.2
Ash £100 <10 =10
Impurities (ppm) 1 B =1 <{.2 <0.2
EBC <3*' <1.27 <1.27
Al<0.2,Ca<0.2, |Al<0.2,Ca<(.2
1 Cu<0.2,Dy<0.2, | Cu<0.2 Dy<i. 2,
Eu< 0.2, Fe<0.2, | Eu<0.2, Fe 0.4,
| R e Cd<0.2,K<0.2, Cd<0.2,K<{.2,
Ng<0.2,Na<0.2, | Ng<0.2,Na<0(.2

Ni<(.2,8i<.2,
Sm< (.2, Ti< 0.2,
V<0.2, Ag<t. 2,
Cs< 0.2, Pd<q.2,

Ru<0.2,Cl<2

Ni<0.2,81i<0.2,
Sm<0.2,Ti<0. 2,
V< 0.2, Ag<0.2,
Cs< 0.2 Pd<0.2,
Ru<{.2,Cl<2

¥1 'EBC=Equivalent Boron Content.

Table Al.9 Characteristics of carbon fiber spacer for the 12th OGL-1 fuel rod.

Material Name

GF-20A (Lot No. 87GF-1)

Inspection [tem Specification | No. of Results
Samples '
Quter Diameter (mm) (26 4 25.8, 25.9, 259, 26.0
Inner Diameter (mm) (10> 4 10.0, 10.0, 10.0, 10.0
Thickness (mm) (1 4 1.1 10.5, 1L.5 1L 0
Yeight (g | - 4 0. 661, 0.691, 0.646, 0.682
Shrinkage (mm)*' | --——-- 4 0.5, 0.5 1.1, 0.9
Ash =160 1 40
B =1 1 <. 1
Ag =0.5 1 <{.2
[mpurities
(ppm) Other | --——- l Al<0.2, Ca<0.2, Cs<0.2
Elements Cu 0.2, Dy<0. .2, Eu<0.2,

Fe<{.2, Gd<0.2, K<0.2,
Ng<0.2, Na<0.2, Ni 0.2,
Pd<(.2, Ru<.2, Si 16,
Sm< (.2, Ti<{. 2, V<0.2,

x] The weight of fuel compact stack is loaded.
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Table Al. 10 Characteristics of carbon fiber spacer for 13th OGL-1 fuel rod.

Material Name GF-20A
Inspection ltem Specification | No. of Results
Samples
Type- 1 Type- 11
{5mm thick) (3mm thick)
Quter Diameter (mm) (262 4 25.7, 25.8 25.6, 25.7
Inner Diameter (mm) 10y . 4 10.0, 10.90 10.2, 10.0
Thickness (mm) 5, O 2,2 59, 58 3.5 3.2
Weight (g | —— 4 0.34, 0.39 0.17, 0.17
Shrinkage (mm)*' | --—--- 4 0.4, 0.5 1.0, 0.3
EBC*? <5 l 1. 18
Ash <100 1 80
B =1 I < 0.1
Impurities | Ag =0.5 1 < (.2
(ppm)
Other | ----- I Al 0.2, Cal.3, Cs<02
Cu<{.2, Dy<0.2, Eu<{.2,
Elements Fe 0.9, Gd<0.2, K<0.2,
Mg 15, Na<0.2, Ni 3.9,
Pd<0.2, Ru<(.2, Si 27,
Sm< 0.2, Ti<0.2, V0.4,
Cl<2

¥l The weight of fuel rod is loaded.
%2 Equivalent Boron Content.
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Table Al. 11 Characteristics of graphite parts and fuel rods of the 12th and 13th
OGL-1 fuel assemblies.

Parts Name Inspection Item Specification 12th .. 13th
Outer Dia- | Mean " ’ 34.0 34.00
meter (mm) | Max. 34.0+0.2 4.1 - 34.01
Min. 34.0 33.99
* | Inner Dia- | Mean ' 26.22 26.17
Graphite Sleeve | meter (mm) | Max. 26,2*°%° 26.24 26.21
Min. -e.os 26.21 26.15
Length (mm) “ 1 790+4 {(12th) | 789.9 717.5
778+4 {13th)
Weight (g0 | - 548.7 531
Length (m) |  ~---- 45,0 45
End Plug -
Weight (& | ----- 34.55 34.9
Outer Dia- | Mean 78.0 78.035
meter (mm) | Max. 78.0+0.2 78.0 78.05
Min. 78.0 78.02
Inner Dia- | Mean 41.03 41.008
Graphite Block meter (mm) | Max. 41.0+0.1 41.08 - 41.06
Min, 40.98 40.96
Length (mm)} 785.0+0.3(12th} 784.7 778.2
778.0=10,3(13th)
Weight &) |  ----- 4465.5 4464
Quter Dia- | Mean 74.9 74.9
meter (mm) | Max. 75.0°° 74.9 75.0
Min. Te- 2 .74.9 74.9
Upper Graphite | Inner Dia- | Mean 41.03 40.93
Block meter (mm) | Max. 41.0+0.1 41.03 40.93
Min. 41.03 40.93
Length {(mm) 45.0+0.1 45.0 ~45.0
Weight (&) - 228.9 232.0
Stack Length (mm) 720+4 720.2 719.0
Fuel Rod U Con- 2351 48.56+2.43 (12th) 49 .11 249.50
tent (g) U 249.0+7.47 (13th)
Compact- Mean (.23 0.20
Sleeve Max. |  ----- 0.25 0.23
Gap {mm) Min. 0.20 0.17
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Top

Hottom

{Top)

(e)

Photo. A4. 1 Surface appearance of an unirradiated fuel compact produced in the same
batch as for compacts loaded in the 6th OGL-1 fuel assembly;(a){(b)top,

(¢){d)bottom and (e}{f) side views.
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Bottom

{Top)

Photo. Ad. 2 Surface appearance of an unirradiated fuel compact produced in the same
batch as for compacts loaded in the Tth OGL-1 fuel assembly;(a)(b)top,

(¢c)(d)bottom and (e)(f) side views.
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Bottom

Photo. A4.3 Surface appearance of an unirradiated fuel compact produced in the same
batch as for compacts loaded in the 8th OGL-1 fuel assembly;(a)(b)top,

{¢)(d)bottom and (e)(f) side views.
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Top

Bottom

(c) (d}

{Tep)

Side

Photo. A4.4 Surface appearance of an unirradiated fuel compact produced in the same
batch as for compacts loaded in the 9th OGL-1 fuel assembly; (a)(b)top,

{c)(d)bottom and (e)(f) side views.
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Top

(a)

Bottom

(Top)

Side

Photo. A4, 5 Surface appearance of an unirradiated fuel compact produced in the same
batch as for compacts leaded in the 10th OGL-I fuel assembly;{a)(b}top,
{c)(d)bottom and (e)(f) side views.
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(Top)

Photo. Ad. 6 Surface appearance of an unirradiated fuel compact produced in the same
batch as for compacts loaded in the 11th OGL-1 fuel assembly; (a){b)top,

{c)(d)bottom and (e)(f) side views.
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Top

Bottom

(Top)

Photo. Ad. 7 Surface appearance of an unirradiated fuel compact produced in the same
batch as for compacts loaded in the 11th OGL-! fuel assembiy;{a)(b}top,
(c){d)bottom and (e)}{f) side views.
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Photo.
Photo.
Photo.
Photo.
Photo.
Photo.
Photo.

AS. Al

AB.A2 ~ Photo.Ab.Ad
AS. AS

A5, A6

A5.A7 ~ Photo.Ab.A8
A5, A3

A5.A10 ~ Photo.A5.All
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(a) Compact-1,-2 (top)

(¢) Compact-3, -4 (top)

{g) Compact-7,-8 (top)

e
7 &y Bagkyl o
&

Ey
= i
&

Pug !l

(i) Compact-9,-10 (top)

(b) Compact-1,-2 (bottom)

(d) Compact-3,-4 (bottom)

L E W B e
& TE L Yy B &
xi “ . . s&.h:&‘? @y §
i A B . BT
. g

¢

‘h) Compact-T,-8 (bottom)

_;:...
4
I

% et

(j) Compact-9, -10 (bottom)

Photo. A5. Al Surface appearance of fuel compacts of the 6th 0GL-1

fuel assembiy.
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(k) Compact-11,-12 (top) (1) Compact-11,-12 (bottom)

(m) Compact-13, -14 (top) {n) Compact-13,-14 (bottom)

(o) Compact-15, -16 (top) {p) Compact-15, -16 (bottom)

—

2

{q) Compact-17, -18 (top) (r) Compact-17, -18 (bottom)

4 g9

e

e

(t) Compact-19, -20 (bottom)

®

(s) Compact-19,-20 (top)

Photo. A5. Al Continued.

— 188 —



JAERI-Research 94-017

{a) Compacis 1 to 5
(59 & BIT)

(b) Compacts 6 to 10
(595 B98)

{c) Compacts 11 to 15
(59/5 B99)

(d) Compacts 16 to 20
(5%4& B10O)

Photo. AS. A2 Surface appearance of fuel compacts of the Tth 0GL-1
fuel assembly (rod 1).
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{a) Compacts 1 to 5
(59 & B10%)

(b) Compacts & te 10
{59¢5 B102)

(¢} Compacts 11 to 15
{595 B103)

{d) Compacts 16 to 20
(59¢8 B104)

T ) k Cwa

by

L2 P
cEEEREERAES
ﬁ»‘&ﬂff&’:@@&".il'ﬁﬁ
S A o
B E R B R E W
moaow oer b3

et

Photo. A5. A3 Surface appearance of fuel compacts of the Tth (GL-1
fuel assembly (rod 2).
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(a) Compacts 1 to 9
(59 # B105)

By o
LaE Frw TWE.. S TBB. T CRa WS w  TRma  mw o &

(b) Compacts 6 to 10
(5975 B106)

(¢) Compacts 11 to 15
(59 BIOT)

(d) Compacts 16 to 20
{594 B108)

Photo. A5. Ad  Surface appearance of fuel compacts of the Tth OGL-1
fuel assembly (rod 3).
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|
|
|
i
[

{a) Compacts 1 to 4
(39 5 B170)

(b) Compacts 5 to 8
(594 B171)

(¢) Compacts 9 to 12
(59 #& B172)

(d) Compacts 13 to 16
{59 /& BI73)

(e} Compacts 17 to 20
(59 & B174)

Photo. A3. A5 Surface appearance of fuel compacts of the 8th OGL-]
fuel assembly.
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L

ig
2
#
¥
N

# g

&ﬁﬁ’@

(a) Compacts 1 to 4
(62 #& B133)

TEE W o

{(b) Compacts 5 to 8
(6274 B136)

(¢) Compacts 9 to 12
(62 & B137)

(d) Compacts 13 to 16
(62 & B138)

SOt A T

(e) Compacts 17 to 20
(62 & B139)

L I R

Photo. AS. A6 Surface appearance of fue! compacts of the §th OGL-1
fuel assembly.
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(a) Compacts 1 to 4
(62 5 B258)

{h) Compacts b to 8
(6215 B267)

(¢) Compacts 9 to 12
(62 & B21T)

(d) Compacts 13 to 16
(62 & B286)

(e) Compacts 17 to 20
(62 #5 B295)

# . & W g P L . - i .
&g’ﬁg“x,#&*&@'&’:‘%s’g‘”%* ;%*g’#w‘f&*“*%ﬁ-:w&&“ﬁm@f*’@* Wog o s

Photo. A5. A7 Surface appearance of fuel compacts of the 10th 0GL-1
fuel assembly.
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{c) Compact 5, bottom (d) Compact 9, bottom

Photo. A5. A8 Surface appearance of fuel compacts 5 and 9 of the 10th OGL-1
fuel assembly ; top and boitom views.
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(a) Compact 1-14 1-8 1-4
(3 &5 C0062)

(b) Compact 2-14 2-8 2-4
(3 & C0063)

o o e

BEEEFE 0B ww ow o oe o

(¢) Compact 3-14 3-8 3-4
{3 5 C0064)

Photo. A5. A9 Surface appearance of fuel compacts of the 1lth OGL-1
fuel assembly.
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(a) Compacts 1 to 5
(3 15 0049)

(b} Compacts 6 to 10
(3 & 0050)

{¢) Compacts 11 to 15
(3 5 0051)

(d) Compacts 16 to 20
(3 & 0052)

Photo. AS. Al0 Surface appearance of fuel compacts of the 12th OGL-1
fuel assembly,
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(a) Compact 8, top
(3 & C0046)

.(b) Compact 8, side
(3 # £0047)

(c) Compact 8, bottom
(3 & C0048)

Surface appearance of fuel compact 8 of the 12th OGL-1
fue! assembly ; top, side and bottom views.
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(1) % BER, & WA, ML, RE &, FHhE5E., BRAHELH. HSH=H,
“OGL-1#B&oBE a2y 7 LBHAY - 7ORHETERIL”, JAERI-M
88-107 (1988).

(2) WHEzY, fth, “AEFZFHABBCETARABHR", JAERI-K 83-007 (1889).

(3) # Bk, WHzH, BHFEE. FEESA, “S1IKS L CHI2ZKGL-1RBREDF
2D —7BICEHT oy 7ROKSUEEY S, JAERI-N 94-075 (1934).

— 200 —



Table A5.Bl

JAERI-Research 84-017

Irradiation-induced dimensional changes and weight changes of

fuel compacts loaded in the 6th OGL-1 fuel assembly.

Compact Temp.*' Fast Dimensional Change (%) Anisotropy Feight
Neutron
Number (°C) Fluence*®* 0.D.*® [.D.*® Length Factor** Change
(102%m~2) (AD/D) (Ad/d) (AL/L) (mg) (%)
(Bottom)
1 980 0.177 -0.037 -0.1%8 -0.070 1.89 -3 0.00
2 1107 0.235 -0.0%2. -0.185 -0.062 1.94 -3 0.00
3 1202 0.280 -0.070 -0.158 -0.080 1.29 0 0.00
4 1281 0.321 -0.074 -0.158 -0.111 1.50 0 0.00
5 1345 0.3568 -0.094 -0.130 -0.222 2.28 -1 0.00
6 1339 0.383 -0.088 -0.241 -0.104 1.18 -2 0.00
¥i 1442 0.400 -0.083 -0.204 -0.111 1.34 -2 0.00
8 1470 0.412 -0.102 =-0.1768 -0.104 1.02 -3 0.00
9 1488 0.412 -0.083 -0.222 -0.187 2.25 0 g.00
10 1494 0.404 -0.080 -0.204 -0.201 3.3b ] 0.00
11 1489 0.387 -0.088 -0.204 -0.132 1.50 0 0.00
12 1473 0.371 -0.107 -0.1867 -0.125 1.17 +1 0.00
13 1457 0.346 -0.116 -0.241 -0.1860 1.38 -1 0.00
14 1428 0.317 -0,056 -0.138 -0.035 0.63 0 0.00
16 1383 0,280 -0.079 -0.194 -0.111 1.41 -1 0.00
16 1335 0.247 -0.074 -0.185 -0.087 1.31 0 0.00
17 1278 0.214 -0.058 ~0.178 -0.083 1.13 0 0.00
18 1234 0.181 -0,051 -0.185 -0.181 3.565 -1 0.00
19 1164 0.148 -0.028 -0.121 -0.076 2.71 +] 0.00
20 1093 0.111 -0.048 -0.176 -0.014 0.30 0 0.00
(Top)
Average

x1 Time-averaged temperature.

x2 Energy > 29fJ = 0.18MeV.

*3 Outer diameter (0.D.;D=36mm)

x4 (AL/LY / (AD/D).
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Table A3, B2

JAERI-Research 94-017

Irradiation-induced dimensional changes and weight changes of
fuel compacts loaded in the 7th OGL-1 fuel assembly (rod 1).

Compact Temp.*' Fast Dimensional Change (%) Anisotropy Weight
Neutron :
Number (°C) Fluence*? 0.D.** [.D.*® Length Factor*? Change
(10%°mn~2) (AD/D) (Ad/d) (AL/L) (mg) (%)

(Bottom)
i-1 984 0,50 -0.125 -0.250 -0.195 1.56 +2 0.0l
1-2 1001 0.66 -0.167 -0.250 -0.185 1.17 +2  +0.01
1-3 1019 0.79 -0.167 -0.0 ~-0.278 1.68 +1 0.00
1-4 1063 0.91 -0.167 -0.0 -0.222 1.33 0 0.00
1-5 1108 1.01 -0.125 -0.0 -0.334 (2.87) +1 0.00
1-6 1142 1.08 -0.187 -0.0 -0. 250 1.50 0 0.00
1-7 1173 1.13 -0.208 -0.0 -0.278 1.34 +1 0.00
1-8 1198 [.16 ~0.187 -0.0 -0.195% 1.17 +1 0.00
1-9 1215 1.16 -0.167 -0.1256 -0.278 1.66 +] 0.00
1-10 1227 1.14 -0.208 -~0.125 -0.250 1.20 +]1 0.00
1-11 1231 1.08 -0.208 -0.1256 -0.250 1.20 +2  +0.01
1-12 12289 1.04 -0.167 -0.12b -0.278 1.66 +1 0.00
1-13 1219 0.97 -0.1256 -0.250 -0.278 (2.22) 0 0.00
1-14 1204 0.89 -0.167 -0.0 -0.278 1.66 +1 0.00
1-15 1181 0.78 -0.125 -0.1256 ~-0.222 1.78 +1 0.00
1-16 1153 0,70 -0.125 -0.126 -0.185 1.56 0 0.00
1-17 1118 0.60 -0.125 -~0.125 -0.187 1.34 0 0.00
1-18 1079 0.51 -0.125 -0.126 -0.185 1.58 B 0.00
1-19 1034 0.42 -0.083 -0.24% -0.111 1.34 +2  +0.01
1-20 985 0.31 -0.124 -0.125 -0.083 (0.67) +1 0.00

(Top)

Average
1.45

x1 Time-averaged temperature,

x2 Energy > 28fJ = 0.18MeV.

x3 Quter diameter (0.D.;D=24mm)
x4 (AL/L) / (AD/D).

and inner diameter (I.D.;d=8mm).
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Table A5.H3

JAERI-Research 94-017

Irradiation-induced dimensional changes and weight changes of
fuel compacts loaded in the Tth OGL-1 fuel assembly (rod 2).

Compact Temp.*' Fast Dimensional Change (¥) Anisotropy Weight
Neutron
Number (°C) Fluence*? 0.D0.*® 1.D.*? Length Factor*’ Change
(10%%m=?%) (AD/D) (Ad/d) (AL/L) (mg) (%)
(Bottom)
2-1 1063 0.68 -0.125 -0.125 -0.185 1.56 +Z2  +0.01
2-2 1084 0.80 -0.125. -0.125 -0.195 1.56 0 0.00
2-3 1108 1.07 -0.167 -0.250 -0.278 1.66 0 0.00
2-4 1167 1.23 -0.208 -0.250 -0.250 1.20 +2  +0.01
2-5 1224 1.37 -0.250 -0.250 -0.278 1.11 0 0.00
2-6 1274 1.46 -0.250 -0.250 -0.278 1.11 +1 0.00
2-7 1317 1.62 -0.292 -0.375 -0,381 1.24 -1 0.00
2-8 1361 1.57 -0.2%2 -0.250 -0.306 1.05 0 0,00
2-9 1376 1.57 -0.250 -0.2b60 -0.833 1.33 =1 0.00
2-10 1382 1.54 -0.250 -0.375 -0.333 1.33 -1 0.00
2-11 1398 1.48 -0.250 -0.374 -0.334 1.34 +1 0.00
2-12 1396 1.41 -0.250 -0.37%5 ~-0.361 1.44 +1 0.00
2-13 1384 1.32 -0.250 -0.250 -0.361 1.44 0 0.00
2-14 1362 1.21 -0.250 -0.250 -0.361 1.44 +1 0.00
2-15 1332 1.07 -0.208 -0.250 -0.19% 0.94 +1 0.00
2-1% 1283 D.%4 -0.167 -0.875 -0.222 1.338 -3 -0.01
2-17 1247 0.82 -0.125 -0.37% =-0.222 1.78 -3 -0.01
2-18 1193 0.69 -0.166 -0.125 -0.195 1.17 -3 -0.01
2-19 1133 1.57 -0.1256 -0.0 -0.139 1.11 -3 -0.01
2-20 1068 0.42 -0.083 -0.125 ~-0.111 1.34 -4 -0.01
(Top)
Averasge
1.382

x] Time-averaged temperature,

x2 Energy > 29fJ = 0.18MeV.

x3 Quter diameter (0.D.;D=24nm)
x4 (AL/L) / (AD/D).

and inner diameter (1.D.;d=8mm).
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Table AS. B4

JAERI-Research 94-017

Irradiation-induced dimensional changes and weight changes of
fuel compacts loaded in the 7th OGL-1 fuel assembly (rod 3).

Compact Temp.*' Fast Dimensional Change (%) Anisotropy Weight

Neutron
Number (°C) Fluence®?  0.D.*® [.D.*° Length Factor**? Change

(102%n~2) (AD/D) (Ad/d) (AL/L) (mg) (%)
(Bottom)
3-1 10860 0.68 -0.083 -0.250 -0.139 (1.87) +] 0.00
3-2 1081 0.91 -0.166 -0,260 -0.187 1.01 +1 0.00
3-3 1104 1.09 -0.208 -0.,374 -0.167 0.80 +1 0.00
3-4 1161 1.25 -3.250 -0.250 -0.223 0.89 +2  +0.01
3-b i215 1.39 -0.250 -0,125 -0.222 0.39 +2  +0.01
3-8 1263 1.49 -0.250 -0.374 -0.305 1.22 +2 +0.01
3-7 1302 1.56 -0.291 -0.250 -0.3056 1.05 +2 0.00
3-3 1333 1.60 -0.250 -0.250 -0.361 1.44 +2 +0.01
3-9 1358 1.60 -0.291 -0.250 -0.333 1.14 +] 0.00
3-10 1371 1.57 -0.291 ~-0.374 -0.277 0.95 +3  +0.01
3-11 1377 1.50 -0.250 -0.374 -0.194 0.78 +1 0.00
3-12 1374 1.44 -0.250 -0.374 -0.250 1.00 +1 0.00
3-13 1364 1.34 -0.250 -0.374 -0.333 1.33 +2  +0.01
3-14 1343 1.23 -0.250 -0.374 -0.185 0.78 0 0.00
3-15 1316 1.09 -0.250 -0.250 ~-0.138 (0.56) +1 0.00
3-18 1279 0.986 -0.166 -0.250 -0.222 1.34 +1 0.00
3-17 1235 0.83 -0.125 -0.374 -0.250 (2.00) +2  +0.01
3-18 1184 0.70 -0.1256 -0.250 -0.111 0.89 (-97) (-0.29)
3-19 1127 0.58 -0.088%8 -0.374 -0.083 1.00 +1 0.060
3-20 1064 0.43 -0.083 -0.260 -0.028 (0.34) +2 +0.01
(Top) '

Average
1.03

x] Time-averaged temperature.

x2 Energy > 29fJ = 0.18MeV.

x3 OQuter diameter (0.D.;D=24mm)
x4 (AL/L) /7 {(AD/D).

and inner diameter (1.D.;d=8mm).
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Table A5.Bb

JAERI-Research 94-017

Irradiation-induced dimensional changes and weight changes of

fuel compacts loaded in the 8th OGL-1 fuel assembly.

Compact Temp.*' Fast Dimensional Change (%) Anisotropy Weight
Neutron
Number  (°C) Fluence*? 0.D.*® 1.D.*® Length Factor*? Change
(1024m~2) (AD/D) (Ad/d) (AL/L) (mg) (%)

(Bottom)
1 940 0.52 -0.084 -0.222 -0.222 2.64 +2 0.00
2 963 0.68 -0.139 . -0.222 -0.222 1.60 +2 0.00
3 350 0.82 -0.111 -0.,277 -0.277 2.50 +2 0.00
4 10562 0.94 -0.111 -0.333%3 -0.333 3.00 +2 0.00
5 1124 1.04 -0.195 -0.278 -0.278 1.43 +1 0.00
6 1188 1.12 -0.223 -0.388 -0.388 1.74 0 0.00
7 1245 1.16 -0.167 -0.278 -0.278 1.68 +2 0.00
8 1292 1.20 -0,187 -0.278 -0.278 1.68 +] G.00
9 1330 1.20 -0.195 -0.277 -0.277 1.42 -1 0.00
10 1358 1.18 -0.195 -0.277 -0.277 1.42 -1 0.00
11 1376 1.13 -0.167 -0.383 -0.389 2.33 +2 0.00
12 1384 1.08 -0.195 -0.333 -0.333 1.71 0 G.00
13 1382 1.01 -0.167 -0.333 -0,333 1.99 -2 0.00
14 1370 0.92 -0,187 -0.278 -0.278 1.66 0 0.00
15 1348 0.82 -0,13% -0.277 -0,2717 1.89 0 0.00
16 1316 0.72 -0.111 -0.222 -0.222 2.00 +2 0.00
17 1274 0.862 -0.111 -0.222 -0.222 2.00 0 0.00
18 1223 0.53 -0.056 -0.277 -0.277 4.95 +1 0.00
19 1164 0.43 -0.085 -0.187 -0.187 1.96 0 0.00
20 1097 0,32 -0.,083 -0,055 -0.055 0.686 0 (.00

(Top)

kverage
x] Time-averaged temperature.
x2 Energy > 29fJ = 0.18MeV.

x3 Outer diameter (0.D.;D=3Bmm)

x4 (AL/L) / (AD/D).
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Table A5. B6

JAERI-Research 94-017

Irradiation-induced dimensional changes and weight changes of

fuel compacts loaded in the 9th QGL-1 fue!l assembly.

Compact Temp.*' Fast Dimensional Change (%) Anisotropy feight
Neutron
Number (°C) Fluence*®* 0.D.** 1.D.*® Length Factor*? Change
(10%%m=2) (AD/D) (Ad/d) (AL/L) (mg) (%)
(Bottom)
1 1104 1.22 -0.139 -0.33 -0.250 (1.80) +25 . +0.04
2 1168 1.62 ~-0.2560. -0.44 -0.306 1.22 +13  +0.02
3 1225 1.93 ~0.333 -0.44 -0.362 1.09 +6  +0.01
4 1273 2.22 -0.389 -0.50 -0.473 1.22 +5  +0.01
5 1313 2.47 -0.416 -0.81 -0.473 1.14 +3  +0.01
B 1344 2.64 -0.444 -0.81 -0.4738 1.07 +5  +0.0t
7 13686 2.75 -0.500 -0.861 -0.473 0.95 +4 +(0.01
8 1378 2.84 -0.444 -0.61 -0.500 1.13 +2 0.00
9 1381 2.84 -0.472 -0.861 -0.556 1.18 0 0.00
10 1374 2.78 -0.444 -0.81 -0.500 1,13 +4  +0.01
11 1358 2.67 -0.444 -0.55 -0.445 1.00 +4 +0.01
12 1333 2.56 -0.416 -0.5b6 -0.44b 1.97 -2 0.00
13 1288 2.39 -0.444 -0.61 -0.445 1.00 0 0.00
14 1255 2.19 -0.361 -0.55 -0.444 1.23 +4  +0.01
15 1202 1.93 -0.361 -0.556 -0.417 1.16 +2 0.00
18 1148 1.70 -0.305 -0.3% -0.417 1.37 +4 +0.01
17 1072 1.48 -0.306 -0.39 -0.333 1.09 +7  +0.01
18 1008 1.25 -0.250 -0.83% -0.278 1.11 +6  +0.01
19 981 1.02 -0.194 -0.33 -0.306 (1.58) +10  +0.02
20 958 0.77 -p.111 -0.28 -0.278 (2.50) +12  +0,02
(Top)
Average
1.13

x] Time-averaged temperature.

¥2 Energy > 29fJ = 0.18MeV.

x3 Quter diameter (0.D.;D=36mm)

x4 (AL/L) / (AD/D).
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Table A3.B7

JAERI-Research 94-017

Trradiation-induced dimensional changes and weight changes of
fuel compacts loaded in the 10th OGL-1 fuel assembly.

Compact Temp.*' Fast Dimensional Change (%) Anisotropy Feight
Neutron
Number (C) Fluence*? 0.D.**® 1.D.*3 Length Factor®® Change
(10%*n~2) (AD/D) (Ad/d) (AL/L) (mg) (%
(Bottom)
1 1057 .11 -0.185 -0.17 -0.418 2.1b +10 +0.02
2 1103 1.47 -0.279. -0.17 -0.418 1.50 +8  +0.01
3 1181 1.75 -0.335 -0.22 -0, 447 1.33 +5  +0.01
4 1230 2.01 -3.363 -0.17 -0.531 1.46 +3 0.00
) 1270 2.24 -0.419 -0.33 -0.531 1.27 +3 0.00
6 1300 2.40 -0.419 -0.39 -0.6156 1.47 +2 0.00
7 1321 2.50 -0.419 -0.39 -0.531 1.27 +2 0.00
8 1331 2.58 -0.419 -0.28 -0.588 1.40 +2 0.00
9 1331 2.58 -0.391 -0.33 -0.50% 1.43 +1 0.00
10 1320 2.53 -0.419 -0.33 -0.532 1.27 +2 .00
11 1300 2.43 -0.391 -0.28 -0.587 1.50 +1 0.00
12 1270 2.32 -0.419 -0.33 -0.614 1.47 +1 0.00
13 1230 2.17 -0.8%81 -0.28 -0.588 1.50 +1 0.00
14 1180 1.99 -0.362 -0.28 -0.587 1.62 +3 0.00
15 1121 1.75 -0.335 -0.28 -0.475 1.42 +2 0.00
16 1054 1.56 -0.307 -0.22 -0.475 I.56 +2 0.00
i7 978 1.34 -0.251 -0.22 -0.447 1.78 +4  +0.01
18 929 1.14 -0.195 -0.22 -0.363 1.86 +4  +0.01
19 909 0.83 -0.138 -0.11 -0.279 2.01 +3 0.00
20 879 0.70 -0.111 -0.11 -0.307 2.77 +3 0. 00
(Top)
Average
1.60

¥] Time-averaged temperature.

*¥2 Energy > 28fJ = 0.18MeV.

x3 Quter diameter (0.D.;D=36mm)
x4 (AL/L) / (AD/D).

and inner diameter ([.D.;d=18mm).

— 207 —-



Table Ab. B8

JAERI-Research 94-017

Irradiation-induced dimensional changes and weight changes of

fuel compacts loaded in the 11th OGL-1 fuel assembly (rods [-3).

Compact Fast Dimensional Change (%) Anisotropy Weight
Neutron
Number Fluence*' 0.D.*2? 1.D.*? Length Factor*? Change
(10%%w™%)  (AD/D) (Ad/d) (AL/L) (mg) (%)
(Bottom)
1-4 0.38 -0.125 -0.037 -0.150 1.20 +2b +0. 07
1-8 1.20 -0.167 -0.0387 -0.150 0.89 +17 +0.04
I-14 0.77 -0.083 -0.037 -0.125 1.51 +20 +0.05
(Top)
(Bottom)
2-4 1.34 -0.209 -0.037 -0.200 0,88 +9 +0.02
2-8 1.63 -0.251 -0.037 -0.228 0.90 +8 +0.02
2-14 1.04 -0.167 -0.037 -0.176 1.05 +7 +0.02
(Top)
(Bottom)
3-4 1.35 -0,208 -0.038 -0.201 0.86 +10 +0,03
3-8 1.65 -0.251 -0.037 -0.276 1.10 +7 +0.02
3-14 1.08 -0.167 -0.063 -0.151 0.90 +5 +0.01
(Top)
Average
1.05

x1 Energy > 28fJ = 0.18MeV.

x2 Quter. diameter (0.D.; D=24mm) and inner

x3 (AL/L) / (AD/D).
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JAERI-Research 94-017

Table A5.B9 Irradiation-induced dimensional changes and weight changes of
fuel compacts loaded in the 12th OGL-1 fuel assembly.
Compact Fast Dimensional Change (%) Anisotropy Weight
Neutron
Number Fluence*' 0.D.*% [.D.*? Length Factor®® Change
(10%2%m~2)  (AD/D) (Ad/d) (AL/L) {mg) (%)
(Bottom)
1 1.32 -0.193 -0.50 -0.231 1.20 +12 +0.03
3 2.1b -0.270 -0.50 -0.480 1.81 +2 +(0.00
5 2.80 -0.425 -0.70 -0.516 1.21 +40 +0.08
7 3.04 -0.386 -0.70 -0.593 1.54 -11 -0.03
8 3.08 -0.425 -0.70 -0.308 0.73 -3 -0.01
10 2.93 -0.484 -0.70 -0.567 1.22 +4 +0.01
12 2.58 -0.386 -0.80 -0.463 1.20 +4 +0,01
14 2.06 -0.304 -0.50 -0.360 1.18 +7 +0.02
18 1.54 -0.231 -0.80 -0.257 1.11 +23 +0. 05
18 0.88 ~0.077 -0.40 -0.231 3.00 +8 +0. 02
(Top)
hverage
1.42

x] Energy > 28fJ = 0.18MeV.

*¥2 Quter diameter (0.D.; D=26mm) and inner

x3 (AL/L) / (AD/D).
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JAERI-Research 94-017

Table A5.B10 Irradiation-induced dimensional changes of fuel compacts
toaded in the 4th OGL-1 fuel assembly {rod 1); corrected.

Compact Temp.*' Fast Dimensional Change (%) Anisotropy
Neutron
Number (°C) Fluence 0.D.*2 1.D.*2 Length Factor*®

(10%4n~2,E>291J) (AD/D) (Ad/d) (AL/L)

(Bottom)
1-1 887 0.73 -0.117 -0.850 -0.088 0.76
1-2 928 0.96 . -0.167 -0.400 -0.087 0.58
1-3 966 1.15 -0.187 -0.524 -0.138 0.74
1-4 a99 1.31 -0.192 -0.375 -0.170 0.89
1-5 1027 1.47 -0.200 -0.462 -0.209 1.05
1-6 1051 1.57 -0.242 -0.188 -0.245 1.01
1-7 1068 1.64 -0,229 -0.313 -0.195 0.85
1-8 1081 1.49 -0.221 -0.350 -0.228 1.03
1-8 1087 1.49 -0.238 -0.338 -0.223 0.94
1-10 1088 1.44 -0.250 -0.338 -0.208 0.84
1-11 1083 1.59 -0.288 -0.250 -0.186 0.65
1-12 1072 1.52 -0.267 -0.338 -0.281 0.87
1-13 10565 1.42 -0.238 -0.424 -0.264 1.11
1-14 1033 1.30 -0.171 -0.338 -0.147 0.86
1-15 1005 1.15 -0.196 ~0.300 -0.139 0.71
1-18 873 1.01 -0.167 -0.275 -0.122 G.73
1-17 935 0.88 -0.175 -0.312 -0.122 0.70
1-18 903 0.74 -0.146 -0.399 -0.114 0.78
1-18 887 0.61 -0.125 -0.337 -0.032 0.74
1-20 873 1.46 -0.183 -0.250 -0.056 0.42
(Top)
Average
0.81

x]1 Time-averaged temperature of fuel compact.
x2 Outer diameter (0.D.;D=24mm) and inner diameter (I.D.;d=8mm).
x3 (AL/L) / (AD/D).
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JAERI-Research 94-017

Table A5.B11 Irradiation-induced dimensional changes of fuel compacts
loaded in the 4th QGL-1 fuel assembly (rod 2); corrected.

Compact Temp.*™' Fast Dimensional Change (%) Anisotropy
Neutron
Number (°C) Fluence 0.D.*2 1.D.*2% Length Factor*®

(1024n~2,E>29fJ) (AD/D) (Ad/d) (AL/L)

(Bottom)
2-1 1058 0.398 -0.209 ~-0.489 -0.138 0.67
2-2 1127 1.31 ~-0.267 -0,375 -0.209 0.78
2-3 1193 1.56 -0.271 -0.587 -0.231 0.85
2-4 1251 1.79 -0.271 -0.412 -0.264 0.97
2-5 1302 1.89 -0.313 -0.586 -0.289 0.92
2-8 1343 2.13 -0.325 =-0.313 -0.370 1.14
2-7 1875 2.22 -0.346 -0.483 -0.312 0.90
2-8 1396 2.29 -0.336 -0.425 =-0.325 0.97
2-9 1407 2.29 -0.342 -0.350 -0.306 0.89
2-10 1407 2.24 -0.313 -0.483 -0.362 1.16
2-11 1396 2.15 -0.342 -0.400 -0.306 0.89
2-12 1375 2.08 -0.271 -0.338 -0.251 0.83
2-13 1343 1.92 -0.280 -0.350 -0.264 0.94
2-14 1302 1.76 -0.246 -0.275 -0.208 0.85
2-15 1252 1.56 -0.221 -0.400 -0.244 1.10
2-16 1183 1.37 -0.212 -0,337 -0.1867 0.79
2-17 1127 1.19 -0.196 -0.312 -0.180 0.92
2-18 1071 1.01 -0.241 -0.350 -0.103 0.43
2-19 1045 0.82 -0.175 -0.337 -0.083 0.47
2-20 1022 0.82 -0.150 -0.287 -0.068 .46
(Top)

Average

0.85

x] Time-averaged tewperature of fuel compact.
x2 Quter diameter (0.D.;D=24mm) and inner diameter (I.D.;d=8mm).
x3 (AL/L) / (AD/D).
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Table A5.B12 Irradiatien-induced dimensional changes of fuel compacts
loaded in the 4th OGL-1 fuel assembly (rod 3); corrected.

Compact Temp.*' Fast Dimensional Change (%) Anisotropy
Neutron
Number (°C) Fluence 0.D.*% 1.D.*2 Length Factor*?®

(10%4m~2,E>291J) (AD/D) (Ad/d) (AL/L)

(Bottom)
3-1 991 1.00 -0.175 -0.400 -0.181 1.08
3-2 1049 1.32 . -0.250 -0.250 -0.236 0.94
3-3 1101 1.58 -0.259 -0.250 -0.206 0.80
3-4 1146 1.81 -0.292 -0.412 -0.287 0.98
3-5 1185 2.02 -0.371 -0.338 -0.223 0.60
3-6 1216 2.16 -0.355 -0.437 -0.328 0.92
3-7 1240 2.25 -0.262 -0.400 -0.283 1.08
3-8 1256 2.32 -0.350 -0.438 -0.339 0.97
3-9 1265 2.32 -0.267 -0.375 -0.308 1.15
3-10 1285 2.27 -0.292 -0.475 -D0.245 0.84
3-11 1258 2.18 -0.217 -0.413 -0.306 1.41
3-12 1243 2.09 -0.279 -0.413 -0.293 1.05
3-13 1220 1.95 -0.279 -0.474 -0.248 0.89
3-14 1189 1.79 -0.242 -0.350 -0.222 0.92
3-15 1151 1.58 -0.279 -0.412 -0.203 0.73
3-16 1106 1.39 -0.187 -0.250 -0.158 0.84
3-17 1054 1.21 ~0.208 -0.375 -0.153 0.74
3-18 1009 1.02 -0.225 -0.350 -0.120 0.53
3-19 987 0.84 -0.148 -0.213 (-0.042) (0.29)
3-20 968 0.63 -0.179 -0.225 -0.085 0.53
(Top)

Average

0.89

*]1 Tiwe-averaged temperature of fuel compact.

x2 Quter diameter (0.D.;D=24mm) and inner diameter (I.D.;d=8mm).
x3 (AL/L) / (AD/D).
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Fig. A5.B1 Neutron irradiation-induced dimensional change of outer diameter
of fuel compacts of the 4th OGL-1 fuel assembly (rod 1).
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Fig AS.B2 Neutron irradiation-induced dimensional change of outer diameter

of fuel compacts of the 4th OCL-1 fuel assembly (rod 2).
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B3 Neutron irradiation-induced dimensional change of outer diameter
of fuel compacts of the 4th OCGL-1 fuel assembly (rod 3).
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Fig. A5.B4 Neutron irradiation-induced dimensional change of outer diameter

of fuel compacts of the 4th OGL-1 fuel assembly (rods 1-3).
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(1) @EBY., MREE, HBEX, BOE, FHER, BUT, SRS, 8527,
)BT, “OGL-12B31R, SFARB L UHRBH G OREGHER”. JAERI-K 86-092
(1986).
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Table A5. C1 Comparison of fission product (***Ce-'**Pr) inventory in fuel
compacts of the 1ith and 8th OCL-1 fuel assemblies.

11th Fuel 8 th Fuel
Compact Position |rod 1 |rod 2 |rod 3 | Compact Position | (Inventory)

Count Rate No. 4 2.422 | 3.783| 3.470| {(No.4tNo.5)/2 46, 11
(cps) No. 8 2.692: 4,183 ! 3.955 No. 9 5L 01
No.14 1.784 | 2.677| 2.590 | (No.15+No.16)/2 34, 20

Relative No. 4 0.900 | 0.904 | 0.877| (No.41tNo.5)/2 ©0.904
Value of No. 8 1,000 1000 | 1.000 No. 9 1,000
Count Hate | No.14 0.663 | 0,640 | 0.855 | (No.15+No.16)/2 {. 670

Table A5.C2 Comparison of fission product ('**Ce-'**Pr) inventory in fuel
compacts of the 12th and 8th OGL-1 fuel assemblies.

12th Fuel 8 th Fuel
Compact Position | Imventfory Compact Position | Inventory

Count Rate No. 8 27. 344 No. 9 51. 01
{cps) Ne13 21. 219 No.l4 34. 61
No.16 14. 395 Nol7 27,32

Relative No. 8 1. 000 No. 8 1. 000
Value of No.13 0. 776 No.14 0. 777
Count Rate Nol6 0. 526 No.t7 0.536
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Fig. AS. €1
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Fission product inventory in fuel compacts of the 6th OGL-1 fuel assembiy.
The compacts were not rotated during activity measurement.
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Pig, A5.C2 Fission product inventery in fuel compacts of the Tth OGL-1 fuel assembly

(rod 1). The compacts were not rotated during activity measurement.
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Fig. A5.{3 TFission product inventory in fuel compacts of the Tth OGL-1 fuel assembly

(rod 2). The compacts were not rotated during activity measurement.
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Fig. A5.C4 Fission product inventory in fuel compacts of the Tth OGL-1 fuel assembly

{rod 3). The compacts were not rotated during activity measurement.
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Fig. A5.C5 Fission product inventory in fuel compacts of the 9th OGL-1 fuel assembly.

The compacts were rotated during activity measurement.
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Fig. A5.C6 Fission product inventory in fuel compacts of the 10th OGL-1 fuel assembly.
The compacts were rotated during activity measurement.
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Takahashi, “Metallic impurities-silicon carbide interaction in HTGR fuel
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(a) Compact 1
(80 OP1-011]
(59 Jr-83)

{b) Compact 5
[80 OP1-05]
(59 Jr-90)

(c) Compact 9
(80 OP1-09]
(59 Jr-95)

Phote. A5. Bl Surface appearance of coated fuel particles sampled from
deconsolidated fuel compacts of the 6th OGL-1 fuel assembly.
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(d) Compact 14
[8G OP1-14)
{59 Jr-100)

{e) Compact 20
[80 OP1-20]
(59 Jr-105)

Photo. A5. E1  Continued.
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(a) Compact 1!
(80 OP1-01:
(59 Jr-613)

{b) Compact 5
[80 0P1-051
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(c) Compact 9
(80 OP1-08]
(59 Jr-622)
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Photo. A5. B2 X-ray radiographs of coated fuel particles sampled from
deconsolidated fuel compacts of the 6th OGL-1 fuel assembly.
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“{d) Compact 14
[80 OP1-14]
(59 Jr-626)

{e) Compact 20
[80 OP1-20:
(59 Jr-631)

Photo. A5. E2 - Continued.
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(a) Compact 1
(81 OP1-D1]
(60 Jr-243)

(b) Compact 5
(81 OP!-05]
(60 Jr-249)

Compact 9
(81 OP1-09]
(60 Jr-253)

Photo. A5. B3 Surface appearance of coated fuel particles sampled from
deconsolidated fuel compacts of the 7Tth OGL-I fuel assembly
(rod 1).

— 232 —



JAERI-Research 94-017

(d) Compact 2-1
[81 0OP2-01!
(60 Jr-162)

(e} Compact 2-5
(81 OP2-05]
(60 Jr-167)

(f) Compact 2-9
(81 OP2-09]
(60 Jr-172)

Photo. A5. E3  Continued (rod 2).
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(g) Compact 3-1
(81 0OP3-01]
(60 Jr-264)

(h) Compact 3-5
[81 (P3-05]
(60 Jr-270)

(i} Compact 3-9
(8t OP3-09]
(60 Jr-276)

Photo. AS.E3 Continued (rod 3).
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(a) Compact 1-1
(81 OP1-01]
(61 Jr-14)

Compact 1-5
(81 OP1-05]
(61 Jr-15)

Compact 1-9
(81 OP1-09]
(61 Jr-18)

Photo. A5. B4 X-ray radiographs of coated fuel particles sampled from
deconsolidated fuel compacts of the Tth O0GL-1 fuel assembly

{rod 1).
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(d) Compact 2-1
(81 OP2-01}
(61 Jr-20)

(e) Compact 2-5
(81 QP2-05]
(61 Jr-22)

(f) Compact 2-9
[81 OP2-09]
{61 Jr-24)

Photo. A5. B4 Continued (red 2).
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(g) Compact 3-1
(81 GP3-01)
(61 Jr-27)

(h) Compact 3-5
[81 0P3-05)
(61 Jr-29)

{i) Compact 3-9
{81 0P3-09]
(61 Jr-31)

Photo. A5.E4 Continued (rod 3).
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Fig. A5.F1 Quartz burner tube for measurement of failed SiC-layer
fraction of irradiated coated fuel particles.
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