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MTMBFDICATABHD LEWESEEL, ThE EOBRBEETHRARHAEL 3T Ebibd 3,
T T THRBEED 6 0,000MWD, MTMDHFINOAD6042 & #ABER A3 4,0 0 0MWD, MIMO 2§}
NeAO6062iCh 5 REAHOBMEHE TS L, UFOLS>UHRNESET EMhhb, T
WHLFPAHRBBMECTHAEH ( Photo.7, Photo.14 ) ORIEFAFOMBEIT, BHBLT
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Table 1 Irradiation Condition of PFD105. Subassembly During 3 to
8 Cycle of “JOYO” MK-I

$ Bm g —  f MAG
£ o L B 1D1
F o4 v F B X MWD,/ T 58900
i 5 i
g8 & & ¥ B MWD,”T 48300
R4V PR X100, ok 803
En=0.1MeV
ME 4 # F EEEFEY| X100/ 630
iz} &t B Total FAYEFRA] X10% 0, /of 1130
a
° B AKTY| X100/ 898
B4V bPEA W,/ cm 372
0L EE5 &G W,/ '297
® B A a <
HA Y PRA W,/ e 319
EOQOL
EAHEKTY W, 263
. BOL T 609
HEBERSERE
EOL C 588
] BOL T 2180
BEESEE
EOL C 1946
' BOL C 551
SAUhHDEE
EOL T 535
g 7 N — 1.048
S0L (sl 1195
E— 4 7 B '
g m — 1.046 -
EOL
5 m — 1.161
BOL 9.1
R R ke sec
EOL kg “sec 8.96
i %
BOL %8344 27/BOCOEFER
EOL : B84+ 4 7+vEQOCOEER




Table 2 Irradiation Condition of

Each Sample

) Distance from Core Linear Heat Burnup Cladding Inner
Specimen No ' :
Bottom (mm) Rate (W, em) (MWD, MTM ) Temperrature("C)
A06022 259 250 41,400 419
AQ6042 2556 371 60000 533
A0OB062 5375 208 34,000 611
AOEBDES 537.56~5615 134 32100 611

98T-88 OTV6NL-ONd



Table 3 Summary of Data from Image Anaiysis
; Distance ; Fuel ; : Residual Cladding Inner
Specimen from Core Clad Dia. (em) Outer Restructured Region Dia. (mm) Radial Corrosion { gm)
Bottom Dia. Central | Columnar | Gas Babble Densified Gap Size *
No. () Outer | Inner om ) Void Region Region Region (em) Averge Max.
A0B6022 2 5.9 549314801 4729 0 0 2.478 3.348 217 0 0
A06042 | 255.6 5604 14806} 4768 0.736 2200 3.047 3.727 13 0 0
A06062 | 53175 5494 | 4816 46094 0 0 2358 3.485 47 186 25
* A06063

Cladding Inner Corrosion

Max.

32um

AV/N=3,/2(48/8)

Table 4 Volume Change of Each Sample Estimated from Image Analysis
Pellet Areal) 5
Specimen No AV /N (%)
(mb )
ADB6022 16742 + 0.3 2
A06042 16670 - 0.32
A06062 16555 - 1.36
1) Total Pellet Area — Crack Area
2) Pellet Area befor Irradiation : 16.70 6mi
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Table 5 Xe Gas Release Rate Compared with Theorical Value in Spe€cimen
No AD6022, A06042, AOB0B2

981-88 0TV6NL-ONd

] _ Xe ok #2 E ~by PARBAEE (SXMA) <~by bAULEREME (SXMA )
S EinflE ( £vcc) REFBEE(ENVcc) BHER (%) RERE (2L cc) MR (%)
A06022 3.931x107* 4446 x107* -13.1 5016x107° 8172
A0G6042 | 5.618x107* 41075%x107* 26.9 5408x10°° 9 0.4
A06062 3412x107° 3.2978%107* | 3.3 | 5924x10°° 8 2.6
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Table 6 Quantitative Analysis of the Gap Part between the Core Fuel
and Cladding ( Specimen No AOB0OB3)

AMiLE SN A0 G063 BEE (w1%)
_ HiER 1 2 3 4 5 6 7 8 9
T
Fe 7029|7387|4300| 7525|5743(6393(5679 (62474211
Cr 1231 7.71]1336| 653[1353[1070[1649] 975[1740
N i 586 | 462 2499| 64115211347 1393|1975[1269
Mn .19 151 213| 108| 090 134| 028 012] 256
Mo 0 0 0 042 005 0 022 0 061
Si 015} 0.18| 023| 016 014| 015| 009| 007] 022
U 0 0 0 0 0 0 0 0 0
Pu 122 | 154| 252 116| 168 191 153| 138 972
Te 071 079 082| 042| 040| 048] 036 045] 103
Cs 250 | 375 348] 414 338] 342| 319 199| 815
0 577| 602 943} 432 727] 459] 709 401} 551
?fﬁ?@ HAKIN. A06063 BE (wt%)
_ AER 1 2 3 4 5 6 7
TLH
Fe 7225|7568| 7633| 026 353| 824 8786
Cr 273| 365 282 351| 355| 332| 322
Ni 1928[16.29| 1706| 011]| 036 123 202
Mn 015| 012 072| 074| 044] 052] 050
Mo 042 041 023] 0 0 0 0056
Si 007 011] 013 007| 010| 017] 0.13
U 0 0 0 5560527965111 ]5076
Pu 3.79| 295 170}2473[2427[2023[1993
Te 012] 017| 020{ 085 099| 090| 098
Cs 058 035 087| 1.87| 247( 300| 303
0 061 029 095|1228[1151(1127[1063
ﬁf_éﬁ KN A0B063 BE (wt%)
_.ZWEﬁi 1 2 3 4 5 6 7 8 9 10
T
Fe 651116592| 5441)40.78|67.85|65009|66.13(70.10[/89.36|8495
Cr 1492|1535| 1668{ 1995| 453| 574] 526 | 5221 141] 166
Ni 434 438! 1075[1730]2337(2216[2312{21211 660]11.26
Mn 319| 322| 437| 596 064| 139 144 042] 009 0
Mo 211| 040| 0.19] 023]| 012| © 003 076 018 019
Si 017| 016 013] 011| 007| 010| 009] 005] 005] 009
U 0 0 0 0 0 0 0 0 0 0
Pu 147} 117| 072| 095{ 098] 112| o088 158 1.77| 162
Te 046 030| 044| 025 017] 032 027] o0 004 012
Cs 2741 257| 502| 325| 086| 199 149 | 012] 029 0.10
0 549| 655] 7291122 141| 208 128 | 054] 022 0




Table 7 Summary of Residual Radial Gap Size of

“*JOYO” MK—-H Driver Fuel Element

i Nu. S i No Burnup Linear Heat Rate Residual Radial
in ecimen ’
P ( MWD,/MTM ) (w/em) Gap (#m)
636425 3830 228 93
o 636444 4880 286 56
- 6364752 5696 317 52
2 6364
o 6364A14 4916 258 71
2 6364C12 3830 190 86
6364C13 3541 175 84
- T0A625 10673 250 41
o T0A644 16346 363 38
2 70A6
e T0A662 13750 281 31
o 70A682 9903 190 53
_ 815226 25403 262 38
2 815244 57903 379 28
8152
e 815262 33194 303 36
a 815282 24355 214 54
- 916025 34460 225 32
o 6160 916044 48077 306 23
o 916063 41850 229 22
& 916083 29230 147 45
0 A06022 41400 250 27
n A060 A0BO042 60000 371 13
= A06062 34000 208 47
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Fig. 2 Location of the Driver Fuel Subassembly
(Fab.No. PFD105) in “JOYO” MK-I
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S/A Fab. M : PFD105 PIN No: 60
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Fig. 4 Axial Profile of Fluence and Cladding Temperature
{Pin No. ADG0O )
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S/A Fab, N : PFD105 PIN No: 60
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Fig. 5 Axial Profile of Burnup (PinNo A060)
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S/A Fab, No: PFD105 PIN No.: 60 MAX o
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Fig.6 Axial Profile of Linear Heat Rate (Pin No. AO60)



Pin No A06O
H¥E AD6022 AD6B042 A06062 A0G6063
D.F.C.B (Cm ) 25.9 25586 A 537.5 551.1
7 Y y
Bottom 2 2 5//// Top
i “ 7
Lower Core Fuel Upper
Insulator Pellet Insulator Pellet

Fig.7 Cutting Position of Specimen from the Core Fuel Pin
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Concentration (mol /ed)

Fig.13 Relative Radial Profile of Retained Xe ,Cs , I Concentration (Specimen NA06022)
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Concentration (mol /cd)
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Pu Concentration (wt %)
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Fig.16 Radial Distribution of Uranium and Plutonium Concentration
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Intensity of (Xe, Kr)/Nd
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Fig.18 Radial Distribution of Xe and Kr Isotopes (Specimen No A06022)
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No. A0OG6042
Central . |Gas Bubble |Densified|Unrestructu-
Void Columnar Region Region Region |red Region
01 O xe-134
® Xe-136
A Kr—83
0.05 4
T —& d T & £ Y
0 0.5 1 1.5 2 2.5

Distance from Fuel Center (mm)

Fig.19 Radial Distribution of Xe and Kr Isotopes
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Fig.21 Axial Distribution of Measured Burnup (Pin No A060)
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Fig.24 Residual Radial Gap Width of “JOYO” MK-I Fuel as a Function

of Burnup
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Fig.25 Summary of Depth of Cladding Inner Corrosion
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Photo.i Optical Macrographs of the Metallographic Specimen Cutted
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Photo.2 Optical Micrograph ol the Transverse Section of the Core Fuel FPin
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981-88 OTV6NL-ONd



=Y A
i L

0.5 mm

130X

VR B WG
o f&a

<

As-Polished

Photo.3 Optical Microstructure of

the Core

{ Specimen No. A0B022 ) As—Polished

Fuel

E034002

98T-88 OTV6NL-ONd



“JOYO”' MK-IT PFD105
Specimen NO. AOBGO42
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Photo.4 Optical Micrograph of the Transverse Section of the Core Fuel Pin

(Specimen No A06042 ) As—Polished
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Optical Microstructure of the Core Fuel
(Specimen No A06042 ) As—Polished
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Photo.6 Optical Micrograph of the Transverse Section of the Core Fuel
(Specimen No. A06062 ) As—Polished
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Photo.7 Optical Microstructure of the Core Fuel
(Specimen No. A06062) As—Polished
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Photo.9 Optical Micrograph of the Longitudinal Section of the Core Fuel and Insulator Pellet
(Specimen No. A0G063) As—Polished
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Photo.11 Optical Microstructure of the Core Fuel and Insulator Pellet
(Specimen No. A06063 ) As—Polished
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Photo.13 Secondary Electron Microstructure of the Core Fuel
(Specimen No. A06042 ) As—Polished
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Photo.14 Secondary Electron Microstructure of the Core Fuel
(Specimen No. A06062) As-Polished
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Various X-ray Images of the Gap Part between the
Core Fuel and Cladding (Specimen No. A06063)
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Photo. 16 Various X-ray Images of the Gap Part between the
Core Fuel and Cladding (Specimen No. A06063)
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Photo.17 Various X-ray Images of the Gap Part between the
Core Fuel and Cladding (Specimen No. A06063)





