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Table 1 Fue!l pin fabrication parameters

No. 6706, No. 6755
S /A name PPJX12 Pin No. No. 6736, No 6756
No. 6747, No 6786
Fuel
Fuel form Flat end solid pellet
Pellet diameter (mm) 54
Pellet density (% T.D) 935

Fuel composition

177 w/o0 PuQ, —UQ,

U — 235 enrichment %)

23

Pu isotopic composition &%)

Pu 239 /240 / 241/ 242
766/190/37 /07

0/ M ratio 198 ~ 20
Cladding
Type and work SUS 316, 10 % cold work
Outer/inner diameter (mm ) 63 /56
No. 6747 : RO01 No.6755 : S008
EU e R
Fuel pin
Pin length (mm) 1910
Pin outer diameter (mm) 6.3
Fuel column length (mm) 600
Plenum length (mm) 408
Blanket length (mm) { %g i%%
Fuel /cladding dia. gap (mm) 0.2

Pin spacing & support

Wrapping wire
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Table 2 Metallographic examination in AGF

as polished etched
f % | B | % | B %
HRH e
£ B | X200 HAEH |WEEAS
N F ey THE
X 10.5 2AEH _ X 1056 ®EER| ...
o o ¥ 75 emER | mMatamER | <15 2EER RS R
X 100 WASH |4 FATHME | x 100 BHBH|
< 400 MBS | #4 KAERE | x 400 M| FORARRHERE
W om X200~ 750 FCCI X 200 HHEE | NMEORE
BAEH X 400 HAEE | EEEAE
x 750 AEH | I




Table 3 Summary data from ceramographs (PPJX 12)

Pin | Section |Distance Restructured Region Dia. (mm) Residual | Fuel [Clad Dia.(mm)|Linear| Burnup |Fuel Center
from : '‘Diametral| Quter Heat Temperature
Core Bottom | Central [Columnar {Gas Bubble| Densified | Dark Ring Gap Size | Dia. Rate Calculaled
No N {mm}| Void| Region | Region Region Region (em) | (mm) Outer | Inner (W Am)|(MWD /MTM) (°C)
673641 34 "None 3.211 4.623 90 5.538| 6.320 5.628 165 29,430 994
67 6736 A2 270 » 3.872 4.868 59 5.567| 6.325 | 5.626 262 46,050 1591
e 6736C2 420 ” 3.341 4.476 68 5.5564( 6.315 | 5.622 240 41,730 1540
6736 G2 590 ” 2.799 4.101 94 5.530| 6.313 | 5.624 146 25,420 1102
674763 és None 3.08y 4.493 86 5.541| 6.323 627 167 29,640 1000
674793 154 ” 2.999 4.381 70 £.562| 6.328 | 5.632 235 41,740 1400
6747| 6747B3 285 “ 3.250 4.458 45 5.594( 6.328 | 5.639 265 46,440 1600
6747E2 420 ” 3.032 4.407 55 5.681| 6.329 | 5.636 241 42,030 1540
6747 G3 589 ~ 2.712 4.388 . 16 65.543( 6.310 | 5.619 147 25,600 1100
675642 35 None 2,829 4.667 82 5.563{ 6.333 5.645 187 29,870 942
675662 270 “ 3.047 4.234 44 5.b91] 6.328 | 5.635 266 46,750 1615
oree 675683 414 ” 3.157 4.397 41 5.581| 6.311 h.622 246 42,760 1560
6756C2 585 “ 3.348 4,342 106 - [ 6.511| 6.307 5.617 148 25,800 1115

86T-L8 OTV6NL-ONd
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Table 4 Measurement condition and indentation position

1) Measurement Condion

RIEST &
SAERE

EFHEGE)

R ¥ e (B

EE®ESA@E

500

30

2) Indentation Position

Location : A, B, C, D
Quter t

Middie : 2, 3

Inner 4

View from Top
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Table 5 Summary of microhardness measurement of JOYO
MK-I fuel cladding (PPJX12)

Specimen No 6736A2 6736C | 6736G2 Cladding Lot No
D.F.C.B. (tom) 269.7 470.2 | 589.7 K002
Hardness Number \

(Hv500) 316 276 253 Unirrad. Hardness
(*1) 8Hy  (Hv500) 63 23 253 (Hv500)
(#2) ABv rate (%) 24,9 9.1 0]

& .
(#3) | Clad. mldfall 450 500 520
temp. (°C)

Fluence

(X10220 /) 6.1 4.9 3.1

Specimen No 674783 6747E2 | 6747G3 Cladding Lot No
D.F.C.B. (mm) 284.7 419.5 589.1 ROO1
Hardness Number : .

(Hv500) - 290 250 227 Unlrréd. Hardness
(*1) AHv  (Hv500) 68 28 5 222 (Hv500)
(*2) AHy rate (%) 30.6 12.6 2.3
{*#3) | Clad. midwall

temp. °c) 460 490 520

Fluence

(XlOZZn/cmZ) 6.2 5.5 3.1

Specimen No 675662 675683 | 6756C2 Cladding Lot No
D.F.C.B. (mm) 269.9 413.5 584.5 S012
Hardness Number ) .

(Hv500) 317 286 258 Unirrad.Hardness
(*1) MRy (Hv500) 52 21 -7 263 (Hv500)
(*2) AHv rate (%) . 19.6 7.9 -2.6
% i .

(%#3) | Clad. mld?all 455 490 590

temp. (°c)

Fluence
(*1) : AHv = Hardness Number - Unirrad. Hardness
(*2) i Allv Rate = AHy /Unirrad. Hardness
{(*3) : Fluence (E > 0.1 MeV)
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Table 6 Microhardness of fuel cladding (PPJX12, 6736 pin)

S/A NAME | PPJX12 PIN NO. ! 6736
Specimen No. i 6736A2
D.F.C.B. | 269.7 (mm) |D.F.P.B. ! 731.7 (mm)
LOCATION OUTER MIDDLE INNER AVERAGE
1 2 3 4
A 320 307 ; 315 307 312
B 312 315 1 309 307 311
C 330 326 | 318 309 321
D 324 315 | 318 315 318
RING AVERACE 322 316 ! 315 310 316
(Hv500)
S/A NAME | PRIX12 PIN NO. | 6736
Specimen No. i 6736C2
D.F.C.B. | 470.2 (mm) |D.F.P.B, ! 932,2 (mm)
OUTER MIDDLE INNER
LOCATION 1 5 A L AVERAGE
A 282 268 | 276 271 274
B 282 273 i 276 273 276
c 278 268 | 276 282 276
D 280 278 L 278 276 278
RING AVERAGE 281 272 1 277 276 276
(Hv500)
S/A NAME | PPJX12 PIN NO. | 6736
Specimen No. i 6736G2
D.F.C.B. ' 589.7 (mm) |D.F.P.B. ! 1051.7 (mm)
LOCATION OUTER MIDDLE IMNER |, vERACE
1 2 1 3 4
A 251 249 | 262 255 254
B 249 269 1 247 253 250
C 258 253 | 239 251 250
D 258 253 1 253 258 256
RING AVERAGE 254 251 | 250 254 253
(Hv500)}




PNC-TN9410 87-198

Table 7 Microhardness of fuel cladding (PPJX12, 6747 pin)

S/A NAME PPIX12 PIN NO. | 6747
Specimen No. 6747B3
D.F.C.B. 284.7 (mm) | D.F.P.B.! 746.7 (mm)
OUTER MIDDLE INNER
LOCATION ” 5 i 2 i AVERAGE
A 291 293 ; 296 282 291
B 309 293 | 287 291 295
c 291 285 | 291 280 287
D 287 291 | 282 285 286
RING AVERAGE 295 291 | 289 285 290
(Hv500)
S/A NAME PPJX12 PIN NO. | 6747
Specimen No. 6747E2
D.F.C.B. 419.5 (um) | D.F.P.B.! 881.5 (wm)
OUTER MIDDLE INNER
LOCATION 1 2 i 3 4 AVERAGE
A 268 258 | 262 251 260
B 253 264 | 245 239 250
c 247 265 1 243 241 244
D 255 251 1 243 239 247
RING AVERAGE 256 255 1 248 243 250
(Hv500)
S/A NAME PPJX12 PIN NO. 5 6747
Specimen No. 6747G3
D.F.C.B. 589.1 (mm) |D.F.P.B.! 1015.1 (mm)
PRI OUTER MIDDLE INNER J—
- 1 2 13 4
A 231 235 ) 224 220 228
B 220 224 i 239 238 230
C 207 221 | 230 216 219
D 224 239 i 239 224 232
RING AVERAGE 221 230 | 233 225 227
(Hv500)
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Table 8 Microhardness of fuel cladding (PPJX12, 6756 pin)

S/A NAME 5 PPJX12 PIN NO. i 6756
Specimen No, ; 675662
D.F.C.B. i 269.9 (mm) |D.F.P.B.I 731.9 (mm)
LOCATION OUTER MIDDLE INNER AVERAGE
1 2 13 4
A 324 315 E 320 303 316
B 324 326 i 320 318 322
c 326 324 | 320 318 322
D 318 307 1 309 298 308
RING AVERAGE 323 318 | 317 309 317
' | (Hv500)
S/A NAME | PPJX12 PIN NO. 6756
Specimen No. ! 675683
D.F.C.B. | 413.5 (mm) |D.F.P.B.| 875.5 (mm)
. OUTER MIDDLE INNER
LOCATION 1 5 T , AVERAGE
A 291 201 | 287 287 289
B 293 285 1 291 280 287
c 293 287 | 287 276 286
D 285 282 1 285 280 283
RING AVERAGE 291 286 i 288 281 286
(Hv500)
S/A NAME | PPJX12 PIN NO. | 6756
Specimen  No. i 6756C2
D.F.C.B. i 584.5 (mm) |D.F.P.B.! 1046.5 (mm)
LOCATION OUTER MIDDLE INNER AVERAGE
- 1 2 3 4
A 258 | 255 1 259 258 258
B 255 259 ! 258 258 258
c 258 258 | 259 259 259
D 255 262 | 258 253 257
RING AVERAGE 257 259 1 259 257 258
(Hv500)



Table 9 Summary of density measurement

Distance from

Fast Fluence

Cladding Mid-

Density

Density Change

Pin No. Section No. Pin Bottom (mm) (N/cm?x1022) | Wall Temp. (°C) (g/cC) _ gp (%)

67362 88,5 - 112.,5 0.2 370 7.973 {Base)
67366 525.5 -~ 554.5 4.9 406 7.962 0.14

6736 67368 625.5 - 654.5 5.8 434 7.959 00.18
673643 732.0 - 761.5 6.1 466 7.957 0.20
6736CL 847.5 - 872.2 5,6 496 7.958 0.19
6736E 342.5 - 966.5 4.5 518 7.962 0.14
067552 82.5 - 107.5 0.2 370 7.970 (Base)
67554 525.5 - 554.,5 4,9 406 7.965 0.06

6755 67556 625.5 - 654.5 5.9 434 7.957 0.16
67558 732.5 - 761.5 6.2 468 7.954 0.2
67554 847.5 - 871.5 5.8 498 7.961 0.11
6755D 958.5 - 985.5 4,5 520 7.965 0.06
67562 82.5 - 106.5 0.2 370 7.969 (Base)

6756 675663 732.2 - 761.5 6.2 468 7.951 0.23
675682 840.4 - 865.7 5.7 498 7.950 0.24
6756A 942.5 - 966.5 4.5 520 7.959 0.13

861-L.8 OTV6NL-ONd



Table 10 Summary of burnup measurement by Nd - method (PPJX12)
Distance from!) Pu contenrz) Burn up (atom 2)
Pin No. Sample No. core fuel bottom " 3) 15
(o) (atom %) Calculated Measured
6706 670622 270.,0 v 274.6 17.084 4,64 4.95
674722 ~100.2 ~ ~95,4 0.908 0.177 0.125
674742 -22.4 n =17.8. 1.079 0.334 0,293
674762 19.8 ~ 24.8 17.259 3.11 3.39
6747 674792 139.9 ~ 144.6 17.182 4,31 4.86
6747B2 269.9 v 274.,9 17.051 4,83 5.15
6747E3 419.8 ~ 424.8 17.061 4,28 4.63
6747G2 575.1 ~ 579.5 17.269 2.69 3.07
6786 678622 269.4 ~ 274.2 17.080 4.99 5.20
1) Distance from core fuel bottom - 462 (mm)
2) Pu/(Pu + U) x 100
3) Calculated by JYHIST code

%)

Measured by 148N3 monitor method

861-L8 0T76NL-INd
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Table 11  Calculation of effective fission yield for 6747B2 sample
Nd—148 Med-146 Md=145
Compozition) Fisslon '
Nuciide | EAtom Cross
Fraction) Cection T 1EF1anfFractionaliFias1onFractionalFizzion|ffractional
Yield Fizzion|Yield Figsiaon | Yiecld Fizzion
C barn 2| £ % 3 Yimld L %1 Yield [ % 3 Yield
13 22 2) a)
U 2313 nd - 1.14 - a.2a - 4.10@ -
1) 22 2) 21
L 234 B.6E1111 - 1.44 - 3.d8 - 4. 86 -
1) 22 3> 4q)
IJ 2323 B. 172855 1. 62E+E3 1.68 B.821 2.494 1.426 .78 1.837
1) 27 2 2)
Ll Z2B B,887361 | 1.57E-B1 1.81 o, db4 3 .86 A. BoE 3.77 B.00%
1) 37 37 a1
J 238 3.548554 B.B83E-B2 2.88 a,.161 3.48 B.263 3.5B8 n.27v1
1) a2l 21 aj
Pu23h8 0. AfEe 44 - 1.7 - 2.73 - 3.24 -
113 32 kD) )
Fuzz9 B,131244 | 1,70E+BB 1.80 8,841 2.46 4.855 3.41 1.189
1) 22 27 21
Fuz4B B.834B81 | 5. 18E-B1 1.84 9,458 Z2.83 d.bs3 3,584 B. 185
11 23 2l 2)
FPu2+l P.BA3EE2 | 2. IEE+BB) 1.34 a,.[22 3.m1 . B.P35 3.52 f.848
11 21 21 2
Pug4? B.096579 | 4. 168E-B1 2.84 @, 5m] 3.18 d.B&Eg2 1.76 H.8a3
Effective Fisgion Yield
. ] 1.71 2.73 3.43
4

Notejnd=not detected

Fractional

FYifiszion visld
Effective Fizzion vield=SUM(Fractiaonal
138MART code
2)TRG-2143~R
3rICP-1856-1
4)ARERE-R-87532

Fission Yicld=<AF»(CSI(FY X SUMCAFICCS)
AF:ataom fraction of b and Pu(PIE data’

Fission wisgld?

CS:fission craoss
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Table 12 Composition of spike solution and natural Neodymium

U 233 4.3914 x 10**
2N A ZHEhOET
Pu24?2 7.9674 x 107
(atoms/m#)
Nd 150 7.1740 x 108
Nd 142 / Nd 150 4 824980
Nd 145/ Nd 150 1.472180
Rgka 4 2 A0RMEL
Nd 146 Nd 150 3.050830
Nd 148 / Nd 150 1.021325
Nd 142 ./ Nd 150 0.008937
FoA T ARNATD Nd 145,/ Nd 150 0.004338
5] i = H. | Nd 146/ Nd 150 0.009122
Nd 148 ./ Nd 150 0.007046
: U 234,70 233 0.014108
T VRN A LD
U 235,70 233 0.000401
(5] hI & H
U 238,70 233 0.006410
Pu 239/Pu 242 0.001309
T =G LR, T D
Pu 240,/ Pu 242 0.013696
Ei i & H
Pu?241 ,/Pu 242 0.000859
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Table 13 Rusult of isotope analysis and burnup calculation
(PPJX12, 670622 sample)

S<A NO.CFAB)» 3 PPJIH12 PIM HO.<{PIEX y BYBS
SAMPLE HMOC. ; EFBEZ2Z SAMPLE POSITIOH ; 27V0.0%274.8& (mml#*
MOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION ;  1.006

ISOTORIC RATIO OF U,FPu,Hd IH {=a)SAMPLE AND (h)SAMPLE-SPIKE MIXTURE

?

[ U233,2381 [ U234-2381 [ U235-238] [ U2326-235]

rd B.8017685 8.265871 8.6811157 -{al
B, 888865 B.602722 B.266221 B.811167 =Cbx
[FPu233-2239] [(Puz4@-239]1 (FPu24i-2391 [Pu242-2391
8.8820808 B.264818 B.6823967 Y.pav464 =Cal
8.9820868 B.26632268 B.824228 8,8256%1 —Cb2
[Hd142-1538] [Md143-158]1 [Hd144-158]1 [Nd145-1501 [Md145-1561 [Hd148-158]
nd S.731B22 S5.174144 3.%114688 3.226252 1.282515
8.696705 4.7329333 4. 2360898 3.247260 2.672195 1.521187

1S0T0PIC COMPOSITION OF U,Pu,Hd IH SAMPLE (atom¥%)

L Uz331] L 2341 [ Uz2331 [ U23€] [ uz3zel
hd 6.1333 28. 8641 B.38724 r8. 1982

[Puz228] [Fuz391] [Puz4e] [Puz41] [Puz42]
@. 1545 77.B26808 28. 3989 1.8462 B.5783

[Hd142] LHd143] [Nd1441 [Nd145] [Hd145] [Hd14&] [Hd1583]
nd 27,2944 24.6423 18.6284 15.36886 9.20328 4. FE2E

Fu CONTENT CatomX)<(weight¥) 3 17.884 ~ 17.179

MUMBER OF TOTAL HEAYY ELEHMENT (atoms-sampls) ; 2.2965E+21

[Hd1451] [Hd14E£] ENd1451]
NUMEER OF NHd HUCLIDE (atoms~ sample) 1 Z2.0412E+18 32.3344E+18 4.1082E+183
EFFECTIVYE FISSION YIELD sy 1.71E-@2 2.79E-B2 S.43E-B2

HUMEER OF FISSIONS (fissionzssampler+%; 1.1937E+26 1.1951E+28 1.1977E+28@

EURNUP <atom%)# H 4,95 4. 96 4. 37

H 47608 477oQ 47206

SPECIFIE BURNUP (HMWR-MTHMI##

HOTE ; nd=not detected
¥ Distance from core fusl bottaom
*% FISSIONS=NUMBER OF Nd-EFFECTIVE FISSION YIELD
# EBURNUF=180#FISSIONS~-(TOTAL HEARYY ELENENT+FISSIUNS)
## 1.84 atom¥k BU=18868 MWD-MTM BU

~tal
~Cb2
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Table 14 Rusult of isotope analysis and burnup calculation
(PPJX 12, 674722 w sample)

S8 HO.<{FAB>
SRMPLE HNO.

FPJIX1z2 FIN MO.CPIED
EV47ZE W : SAMPLE POSITIOH

747
-18@,2v-95.4 Cmm)#

MOLUME RATIO GF SPIKE SOLUTIOH TO SAMPLE SOLUTION ; ©.548

ISOTOPIC RATIO OF U,Pu,Hd IHM Ca)SAMPLE AND (b)SAMPLE-SPIKE MIXTURE 3

[ U233~-2381 [ U234-238]1 [ U235-238) [ U236-2381

nd 6.0800611 a.561897 B.8880871 ={al
8.923979 8.6682689 B.861886 0.880073 ~¢b>
[Puz238-239]1 [Puz248-2391 [Fu241-,229]1 [Pu242-2391
@.888877 9.812693 B.0801080 @.B8008185 ~Ca?
g,080877 d.,B820866 8.868545 A.528158 —tbd
(Hd142-1583 [Nd143-15681 [Nd144-158]1 [Nd4145-156]1 [Nd14&6-158]1 [H4142-158]
g,812428 4.B85475¢ 3.884919 3., 146153 2.2813826 l.71d4222
B.815998 1.8113a2 8,95941¢ 8.,721437 B.711823 G.435128

ISOTORIC COMPRSITION OF U,Pu,Nd IH SAMPLE (atom%) 3

£ 02331 [ U234] [ U2351] L Uz3el L U238l
nd 8.06811 8.1893 H.8671 99. 86825

[Pu2381 [Pu2z9] [FPuzd48] [Puz411] [Puz4z]
6.0867%5 98.7113 1.2529 B.B8892 A.8133

[Hd142] [Nd143] [Hdid4] [Hd145] LHdids] [Nd1431] [Hd158]
9.8748 24.4624 23.2397 18.9341 16.9344 16.21635 G.E1E82

Pu CONTENT (atomXdsCuweight¥®> ;3 8.968 - 06.912

HUMBER OF TOTAL HERVYY ELEMEWT (atoms-sample) ;3 2.3834E+21

[Nd148] [Ndid51 CHd1453]
HUMEER OF Hd NUCLIDE (atomz-samplel } 6.1589E+16 1.9837E+17 1.,1288E+17
EFFECTIVE FISSION YIELD v 1.92E-82 3.83E-82 3. 3VE-B2

NUMBER OF FISSIOHS (fissions’s amplers#; 3.2936E+18 3.2586E+18 3.3491E+18

BURNUF CatomX)# H B.123 8.12v B.138

SPECIFIC BURHUP <HHWD-MTH)## . : 111a 1138 l1c@

NOTE ; nd=not detected
¥ Distance from core fusl bottom
#% FISSIONMS=NUMBER OF Md-EFFECTIVE FISSION YIELD
# BURNUP=18@+*FISSIONS-/{(TOTAL HERYY ELEMENT+FISSIONS?
## 1.12 atom¥% BU=19886 MWD~-MTHM BU

-{a’
Ll 4=p
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Table 15 Result of isotope analysis and burnup calculation

(PPJX 12, 674742 sample)

S/8 NO.(FAB>
SHMFLE HNO,

PRJ¥12 PIN HO.(FIE?
674742 SAMPLE POSITION

E747

- owe
FIRT

—2B8.4%=17.8 (mmi#

WOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTIOH ; @.508

IS0TOPIC RATIO OF U,Pu,Hd IN (a’SAMPLE RHD ¢b)SAMPLE-SPIKE MIXTURE H

[ U233~-,2381 [ U234-,238]1 [ U235-238] [T UZ235-238]

1.582381

tid O.aa8807 G.08i862 8.8808883 =Cal
a.013729 B.8688197 B.881358 8.68886%9 ~eh )
[Pu238-232]1 [Pu246B-2391 [Pu241-239] [Pu242-2391]
B.BB0180 6.01z2158 0.688a887 8.608828 =Cad
g.880180 B.816136 8.886315 B.28332%9 =¢ba
[Hd142-1383 [Nd143-158] [Nd144-158]1 [Hd145-1581 [HNd148-158]1 [MNd148-158]
B.B81687 3.841681 3.685259 3.847461 2.756788
B,836362 2.169248 Z.89911¢6 1.722269 1.572475

ISOTOPIC COMPOSITION OF U,FPu,Hd IMH SAMPLE <atomk)

[ uzizl t uz241l [ U351 L L2zl £ Uz3sl
nd 8.0aa7 8.1858 B.08083 99.86852

[Pu232] EPuza9] LPuz44] [Puzd41] [Puz4z]l
B.8178 28.7703 1.2pB69 8,886 6.8820

[Nd142] EMd143] fHd14d4] [Ndi1451 EHd1481] [Hd1i4&2]
B.0888 23.9857 23.8127 19.8299 17.2148 18.5855

Fu CONTENT (atom%)-/Cweight®) ; 1.879 ~» 1.884

NUMBER OF TOTAL HEAYY ELEMENT (atoms-sampled ; 4.2253E+21

: [HNd148] [Nd14e1]
NUMBER OF Md HUCLIDE {atoms-samplel s Z2.2689E+17  3.8384E+17

EFFECTIVE FISSION YIELD i l.91E-82 3.85E-6Z

HUMBER OF FISSIONS (fisszionz- sampled#x; 1.2482E+19 1.2556E+19

BURNUP c<atom)# . 5}

SFECIFIC EURHUP <(MWD~/MTH)## 5 2618 25678

HOTE : nd=not detected
¥ Distancs from core fuel bottom
#% FISSIONS=NUMBER OF NA-EFFECTIVE FISSION YIELL
# EBURNUP=18B*FISSIONS/C(TOTAL HEAYY ELEMENT+FISSIONS)
## 1.12 atomx BU=10066 MND-MTM EBU

-25—

8,357129

[Hd138]
5.2445

[Hd1451]
4,2663E+1LY

3.35E-B2

1.271FE+12

-{al
-{by
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Table 16 Result of isotope analysis and burnup calculation
(PPJX 12, 674762 sample)

SsA HO.C(FRE> ; PPJIH1Z PIMN NO.{PIE> y ET4Y
SAMPLE HO. 7 B747EZ SAMPLE POSITION § 19.8%24.8 (mma#*
YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION ; 1.888

ISOTOPIC RATIO OF U,Pu,HNd IM ¢(=2)SAMPLE AND (b)SAWMPLE-SPIKE MIKTURE ;

[ U233-238) [ U234,232]1 [ U235-2381 [ U2Ee~-238]

nd B.881687 B.276425 6.889271 —-{al
@.831178 B.882622 8.27s22ae G,8089298 =(b>
[Puz28-2239]1 [PUu248-239] [Pu24i-239]1 [FPuz2d2-23%1]
B.881666 B, 239893 B.822726 g.867158 ~Caxr
8.081556 g.260837 @,823562 B.87737E -Cby
[Hdi142-156]1 [Hd143-1563 [Hd144-158]1 [Nd145-15681 [Hd146-158] [Hd145-13G1
B,811346 5.959447 5.327622 4.850351 3.2840807 1.,991383
B.812276 4.6458883 4.150224 2.158901 2.961371 1.554123

ISOTOPIC COMPOSITION OF U,Pu,Hd IN SAMPLE (atomX)

[ uzszl [ Uz34] [ U2351 [ Uz361] [ U238]
nd 6.1318 21.471%9 8.72491 Fr.e7v8

[Pu2331] [Puz391] [Puz481 [Puz411 [Puz421
d.1291 ¥r.4884 . 28,0751 1.7688 B.5545

[Hd142] [Hd143] [Hd144] [Nd143] [Hd148] [Hdi48] [Md1581]
a.0524 27.9924 24.6257 18.7218 15.179¢ 2.2857 4.5223

Fu CONTENT CatomXi<(weightX> ; 17.259 ~ 17.358

MUMBER OF TDTARL HERYY ELEMENT {atoms-sampled ; 2.5237E+21

[Hd14&] [Ndidel [Hd1451]
HUMBER OF Wd NUCLIDE catoms-samplel ;1 1,5147E+18 2.4982E+18 3.0344E+18

EFFECTIME FISSIONM YIELD 7 1.71E-82 2.79E-B2 3.43E-B2

NUMBER OF FISSIOHS (fizsijons-sampleds:; 85.8581E+19 £.9253E+19 §,9923E+19

EURMUP {atomX)# H 3.39 3.42 Fedd

SPECIFIC BURHUF <MWD-MTHI##

Al
rJ
1))
=
=
o)
8
w0
=
=
o
[fyd
-
=
i)

NOTE ; wnd=not detected
# Distance from core fusl bottom
#¥ FISSIONS=HUMBER OF NJ-EFFECTIYE FISSION YIELD
# PBURNUF=108%#FISSIONS~<{TOTHAL HERWYY ELEMENT+FISSIDNS)
#% 1.04 atom= BU=198060 MWD MTH BU

=-<a?
~-(b>
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Table 17 Result of isotope analysis and burnup calculation
(PPJX 12, 674792 sample)

SsA NO, CFAEBY
SAMPLE HO.

PPJIx1Z FPIN NO.C(FIE)
ev47I2 SAMPLE POSITIOHN

6747
139.9%144.6 (nm’#

we ms
LR T

VOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTIOH ;3 1.998

ISOTOPIC RATIO GOF U,Pu,Nd IH ¢a)SAMFLE AND (b>SAMPLE-SPIKE HIXTURE ;

[ U233-2381 [ U234-2381 [ U235-2381 [ Uz3er228]

ridd 8.661719 8,26906835 8.818554 =Ca
. 686464 g,862592 B.262988 B.818548 =(bl
[Pu238-239) [Pu240-,2391 [Pu241i-239]1 [Pu242-239]
B.981849 8.263899 6.6232239 9.867361 =Cal
B.B81849 8.26409¢ 5.B823304 5.823388 ~Cb2
[Hd142-156] [Nd143-1561 [Md144-15831 [Md145-1568]1 [Nd14&-1561 [Nd142-1561
B.811%4a7y S.635337 5.856299 3.879221 2.171316 1.944543
8.611817 4.737322 4.2523%4 3.2431%82 2.648341 1.617696

ISQTOPIC COMPOSITION 0OF U,Pu,Nd IN SAMPLE <atom%) ;

[ Uz3z] [ Uz=4] [ Uzz51 [ UzZ3e&] [ U238l
nd g.1342 28.9951 B.8237 72.8471

[Pu2381] [Pu2391] [Pu2481] [FPu2411] [Pu24z]
B.1427 v7.1517 28.2985 1.8392 a.5679

ENd1421 [Nd143] [Hd144] [Ndi451] [Hdi14&] [Hd142] [Hd156]
B.B@573 27.2299 24,4268 128.7484 15.3285 Q.3948 4.8310

Pu CONTENT Catomid- Cweight¥) § 17.182 ~ 17.277

HUMBER GF TOTAL HERYY ELEMEHT (atomsz-sampled ; 2.3559E+21

[Md148] [Ndlde] [Nd1451]

NUMBER OF Hd NUCLIDE (atoms-sample’ i Z2.088BE+18 3.42068E+18 4.248FVE+12

EFFECTIVE FISSION YIELD y 1.7PiE-B2 2.,79E-B2 3.43E-B2

HUMBER OF FISSIONS (fiscions-sampleiss; 1.2847E+20 1.2315E+28 1.2387E+2@

BEURNUP catom¥%)#

&
1l
M
I
i)
N
an
=
L)

SPECIFIC BURHUF (MWI-MTMI## ; 453@8 47268 45000

HOTE § nd=not detscted
¥ Distance from core fusl bottom
#% FISSIONS=HUMBER OF WA~EFFECTIVE FISSION YIELD
# BURNUP=188sFISSIONS~(TOTAL HEAYY ELENENT+FISSIDNS)
## 1.84 atomk BU=100688 MWD MTHM BU

-Cal
-¢b2
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Table 18 Result of isotope analysis and burnup calculation

(PPJX 12, 6747B2 sample)

S/A NO.CFAB>
SAMPLE WO,

PPJX12 PIM HO.C(PIED 6747

6747B2 SAMPLE POSITION

269.9%274.9 (mmd#

WOLUME RATIO OF SPIKE SOLUTION TO $AMPLE SOLUTION ; 1.88@

ISOTGRPIC RATIO OF U,Pu,Hd IN ¢a)SAMPLE RAND C(b)SAMPLE-SPIKE MIRTURE ;

[ UE33-,2321 [ U234-,238] [ U235-2381 [ UzZ3er238]

1.961613%3

nd B,881712 B.265122 B.e@11342 -Ca
B.883813 B.0882659 B.265259 B.811337 = (b)
[Puz38-239]1 [Pu248-2331 [FU241-239]1 L[Pu242,2391]
0.881535% @, 265571 B.6823316 6.8687451 —Cad
B.B8B1253 B.2565406 B.624213 §.0681599 =Cba
[MHd142-158] [Hd143-158]1 [Md144-,158]1 [MNd145-1581 [Hd146-158] [Nd148-138]
B.881752 5.7282668 5.167848 2.947203 B.221417
g.810523 4.874895 4.351537 3.321787 2.717168

ISOTOPIC COMPOSITION OF U,Pu,Md TH SAMPLE <(atom%) :

L U2331] [ U&34] [ Uzz31 [ U236l [ Uz3sl
nd B.1339 28.7422 B.8874 75.2365

[Fuz3gl [PUE39] CPuz481] [Puzd4il [Pu2dz]
@.1431 Tr.80383 28.4578 1.73958 8.5748

[Nd142] [Nd143] [Hd144] [Nd1435] [Hd146] [Hd142]
.B.8083 27.4215 24.5124 18.7255 15.2824 9.3@5%9

Pu CONTENT catomX>)~-cueightX) ; 17.6351 ~» 17.148

HUMBER OF TOTAL HEAVYY ELEMENT catoms~sample) ;§ 2.4441E+21

[Nd148] [Hd1481]
HUMEBER OF Nd HUCLIDE Catoms-/sample) y 2.27B8E+18 3.7174E+18

EFFECTIVE FISSION ¥IELD y 1.7iE-82 2.79%9E-82

MUMBER OF FISSIONS (fissions~sampled#*; 1,3279E+28 1.3324E+20

BURHUP Catom%2# H 5.15 5.1°7

SFECIFIC EURNUP CMWD-MTM)## : 49300 49780

HMOTE § nd=not detected
% Distance from core fuel bottom
** FISSIONS=NUMBER 0OF HNA-EFFECTIYE FISSION YIELD
# BURNUFP=1Gax*FISSIONS~(TOTAL HERYY ELEMENT+FISSIONS)
## 1.84 atomx BU=108680 MWD-MTM BU

1.654z222

tHd15®]
4.7448

[Nd1431
4.5311E+18

3.43E-82

1.3218E+2B

—-Ta)
-ib?
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Table 19 Result of isotope analysis and burnup calculation

(PPJX 12, 6747TE3 sample)

$7A MO.cCFABE)

; PRJIX12 FPIN-NO.(PIE) 1 67av
SRMPLE NO. § 6747E3 SAMPLE POSITION } 419.24424.8 C(mmd#
YOLUME RATIGC OF SPIKE SOLUTION TO SAMPLE SOLUTION § 1.06@

1S0TOFIC RATIO OF U,Pu,Md IH ¢a’SAMFLE AND <b)SAMPLE-SPIKE MIKTURE :

a

[ V233,238 [ U234-238]1 [ U235-238]1 [ U236-2381

rd 8.661763 B.269167 B.8185687 ~Cal
8.088124¢ 8.8B2653 B,268698 a.010494 el
EPuz38-233] [Pu240-/232]1 [Pu241-239] [Fu242.239]
8.0801987 B.262692 B.823837 g, 887360 =Cal
8.801927 B, 263623 B.82384¢% B.880481 =tba

[Hd142-158] [Mdi43-158]1 [Nd144-156] [Md145-158]1 [Nd146-1581 [Hd148-158]

g8.B8689920 S5.765218 9.138554 3.239562 Z.212136
B.BB832306 4,883822 4.289413 2.273447 2.8723%6

ISOTORIC COMPOSITION OF U,Pu,Nd IH SAMFLE (atom%’ 3

[ uz3zl [ V2341 [ Uz351] [ uz2zegl [ UzzB]
nd B,1329 21.0824 6.8206 78.08447

[Puz38] [Pu2391] [Pu24@] [Pu241] [Pu2d4zl
@.1533 77. 16735 28,2718 1.8394 8.5e28

[Nd142] [Hd1421] [Hd1441 [Md145] [Hd14&] [(Hd142]
8.8474 27.3942 24.5115 12.71%91 15.262% 9.3133

Fu CONTENT Catom¥)/{weight%) ; 17.881 ~ 17.156

HUMBER OF TOTAL HEAYY ELEMENT ¢atoms<sampled | 2,4354E+21

[Hd1481] [Hd146]1]
HUMBER OF Hd NUCLIDE {atoms<sanple’ v 2.B655E+18 3.46872E+18

]

EFFECTIVE FISSIGN YIELD y 1.71E-B2 2. v9E-B2

HUHBER OF FISSIONS (fissioms-sampled#s#; 1.2B79E+20 1.2212E+24@

EURHUP c(atom¥)#

EN
(131
7]
o
.

)
]

SPECIFIC EURNUP C(MWID-MTHM)##

.
Ja
e
T
[
[
Y
(4]
<]
<o)
=

HOTE ; nd=not detected
¥ Distance fraom core fuel bottaom
#% FISSIONS=NUMBER 0OF W4~ EFFECTIYE FISSION YIELD
# PBURHUP=188*FISSIONS~{TOTAL HERYY ELEMEMT+FISSIOHNS)
## 1.84 atom® BU=186808 MWD MTM BU

f‘29-*

1.950821
1.6298¢€

[Hd1581
4.7516

[Hd145]
4, 1831E+13

3.43E-82

1.21935E+28

-{ar
-ib2
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Table 20 Result of isotope analysis and burnup calculation

(PPJX 12, 6747G2 sample)

5/A .NO. (FAE’
SHAMPLE MO,

FRIE1Z FIH HNOD.{PIE>
5747G2 SAMPLE POSITION

5747

ELTR
s s

S75.1579.5 (mmo#

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTIGH ;  1.%@@8

ISOTOPIC RATIO OF U,Pu,Hd IH <a)SAMFLE AND (bXSAMPLE-SPIKE MIKTURE ;

[ U233-238]1 [ U234-2381 [ U235-233]1 [ U235-2381]

nd 9.881715 B.279245 G.888485 =Car

g, a234593 9, B02683 B.279423 @,Ba8489 -{b>
[Puz38-229]1 [FPuz24B-239]1 [Pu24l-2391 [Puzd42-239]

8,a881c532 8,255259 6.823224 B.0EFBFY —{ar

B.881653 a,257844 B.B23287 B.831329 -€{bo

[Hd142-158] [Hdi43-156] [Hdid44-158]1 [HA145-15681 [Hd146-158]1 [Hd145-1581]

0.008:9293 3. 242677 9.296322 4.837796 3.266213
B.0026069 4.423248 3.%948464 3.6818244 2.439712

1S0TOPIC COMPOSITION OF U,Pu,WNd IM SAMPLE C(atomi? ;

[ Uz233] [ U234] [ U2331] [ U23e1l [ 23l
nd B.1338 21.6562 B.6380 77.5527

[FPu2zgel [Puzz9] [Puz24@l [Puz41] [Puzd2]
B,1283 Y7.56268 19.892¢6 1.8828 6.3493

[Hd142] [Hd1431] [CNd144] [Nd145] [Ndide&] EHd1453]
B,832325 27,3925 24.5914 18,7479 i.1654 9.22v3

Pu CONTENT fatomX)-(weightXy ; 17.269 » 17.3266

HUMEER OF TOTAL HEAYY ELEMENT (atoms-zamplied ; 2.4811E+21

[Nd1481] [Hd14e6]
HUMBER OF Wd MUCLIDE (atom=~ssamnplel y 1.2993E+18 2.B658E+18

EFFECTIVE FISSIOH YIELD 5 1.7lE-B2 2.,72E-82

NUMEBER OF FISSIOHS (fiszsions~-sampled*#; 7,5982E+19 V.4B7FE+1Y

BURNUP catomid# H 3.87 2.99

SPECIFIC BURNUP <HMHD<MTHI#$# H 29580 288488

MOTE § nd=not detected
# Distance from core fusl bottom
% FISSIONS=NUMBER OF HJ-EFFELTIYE FISSION YIELD
# BURHUP=1B0O09%FISSIONS~(TOTRAL HEAWY ELEMENT+FISSIONS
#% 1.84 atom%x BU=186888 MWD-MTHM BU ’

1.38v318
1.497c8&7

[HNd1SG]
4,6431

[Hd1451]
2.59351E+1%8

d.44E-82

T.3694E+19

—-tax»
—Chd
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Table 21 Result of isotope analysis and burnup calculation

(PPJX 12, 678622 sample)

S57H HO.CFAB) ; PPJIX12 PIN MO.C(PIE 3 EV8E
SAMPLE HO. y E¥Be22 SAMPLE POSITION ; 2ZE69.4%274.2 (mmd#
YOLUME RATIO OF SPIKE SOLUTION T3 SAMPLE SOLUTION ;3 1.484

1SOTOPIC RATIO OF U,Pu,Nd IH ¢a)SAMPLE AND (bISAMPLE-SFIKE MIXTURE ;

[ U233-2321 [ U234-2381 [ U235-238]1 [ U23&6-235]

1.959992

nd 6.6617@82 B8.264382 B.8911579 -tay
§.074166 8.862330 B.264344 B.811551 —€h2
[Fu238-,2321 [Pu24@-239]1 [Pu241-/239] [Pu242-23%]
G.281534 g.266259 B.823369 8,6897482 =Ca
0,881334 B.267582 8.024866 8,.873911 -ib2
[Hd142-130]1 [Md143-158] [Mdid44-1507 [Nd145-1581 [Hd145-1508]1 [(Hdi45-158]
nd 5.764506 J. 167824 3.935581 F.21er99
nd 4.947733 4.436735 3.37094a8 Z.7651584

[SOTOPIC COMPOSITION OF U,Pu,Nd IN SAMPLE {atom%) ;

[ Uz23z1 [ U2241 L Uz35] [ U2381 [ Uzz3gl
nd 8.1332 208.86877 @8,96:53 r8.2728

[Puz3g1l [Pu2391 [Fuz46] [Puz411 [Puz42]
a.1121 77.8034 268.5628 1.7995 B.5761

[Md1421 fHd1431] [Hd144] INd145] [Hd14&] EMdi4e]
nd 27,3817 24.5364 i1g.7@11 15.285¢6 9.32135

Fu CONTEMWT CatomX)-CueightX) 3 17.888 ~» 17.175

HUMBER OF TOTAE HEAVY ELEMENT (atomz~<zample) ; 2.7353E+21

[Mdi1481] [Hd14&]
HUMEER OF MNd HUCLIDE Catoms-szample’ 1 2.05683E+15 4.1961E+18

EFFECTIYE FISSION YIELD s 1.7PiE-B2 2.79E~-B2

HUMBER OF FISSIONS (fissions-zamplerss; 1.5020E+28 1.581SE+29

BURNUF <atom%)# | i 5.20 5.20

SPECIFIC EBURNUP <MWD-MTM ## H SogBg SoeBa

NOTE ; nd=not detected
¥ Distance from core fuel bottom
¥#% FISSIONS=NUMEER OF Nd-EFFECTIYE FISSION YIELD
# BURHUP=1B8xFISSIONS-{TOTAL HERYY ELEMENT+FISSIONS)
## 1.684 atomX BU=106080 MWD-MTM BU '

1.684664

[Hd158]
4.7518

[Md1451]
D.8972E+18

3.43E-82

1.4861E+28@

—(al
—=th>
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Fig. 1 JOYO MK-I core fuel pin
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Fig. 9 Burnup and fluence distribution ( 6786 pin)
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Fig. 24 Pin Cutting diagram for density measurement
of PPJX12
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Fig. 28 Cutting diagram of PPJX12 fuel pin for burnup measurement
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Fig. 30 Burnup axial distribution of PPJX12 (6747 pin)
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Fig. 31 Burnup axial distribution of PPJX12 (6747 pin, Blanket)
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S/A  No. JOYD-PPJX12
Pin No. 6747
S/A Peak Burn up 48300MWD/MTM
As polished
Distance from
Core Bottom (mm) 3:5 154 285 430 5!39
7] 14
Bottom 0 600 Top

674763

674793

674783

6747E2

6747G3

Macrographs of JOYO MK-1 core fuel (PPJX 12, 6747 pin)
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S/A  No. JOYD-PPJX12
Pin  No. 6736
S/A Peak Burn up 48300MWD/MTM
As polished
gﬁ?"ﬁ:ﬂgﬂm w34 270 420 590 f
Bottom 600 Top

673641

6736A1

6736C2

673662

Macrographs of JOYO MK—1 core fuel (PPJX12, 6736 pin)
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S/A  No. JOYO-PPJX12
Pin No. 6756
S/A Peak Burn up 48300MWD/MTM
As polished
?:E:srtea"é:guf;?/mm; 35 270 4]4 585 (/
Bottom g : ‘ ED Top

675642

675683

6756C2

Photo 3 Macrographs of JOYO MK—1 core fuel (PPJX 12, 6756 pin)
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NC-TN9410 87-198

S/A Name JOYD-PPJX12

Pin No. 6747

Section No. 6747B3

Distance from bottom of pin 747MmM

Distance from bottom of fuel column | 28smm

- As polished

Tmm

Photo 4 Ceramograph of JOYO MK—1 core fuel ( PPJX 12, 6747B3 sample)



S/A Name JOYO-PPJX12

Pin No. 6747

Section No. - 674783

Distance from bottom of pin 747TMmM

Distance from bottom of fuel column | 285mm

Photo 5 Ceramographs of JOYO MK -1 core fuel (PPJX 12, 6747B3 sample)
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Photo 6 Ceramograph of JOYO MK—1 core fuel (PPJX12, 6736A2 sample)



S/A Name JOYO-PPJX12

Pin No. 6736

Section No. 6736A2

Distance from bottom of pin 372mm
Distance from bottom of fuel column | 2romm

As polished

Photo 7 Ceramographs of JOYO MK—1 core fuel (PPJX12, 6736A2 sample)
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PNC-TN9410 87-198

S/A Name JOYO-PPJX12

Pin No. 6756

Section No. 675662

Distance from bottom of pin 732mm

Distance from bottom of fuel column | 270mm

As polished

Tmm

Photo 8 Ceramograph of JOYO MK-1 core fuel (PPJX12, 675662 sample)



S/A Name JOYO~-PPJX12

Pin No. 6756

Section No. 675662

Distance from bottom of pin 732mm
Distance from bottom of fuel column | 270mm

As polihe

Photo 8 Ceramographs of JOYO MK—1 core fuel (PPJX12, 675662 sample)
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S/A Name JOYD-PPJX12

Pin No. 6747

Section No. 6747G3

Distance from bottom of pin

1061MM

Distance from bottom of fuel column

589mMm

Photo 10 Metallographs of JOYO MK~—1 cladding ( 6747G3 sample, FCCI region )

04mm As polished
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S/A Name JOYO-PPJX12

Pin No. 6736

Section No. 6736C2

Distance from bottom of pin g82mm
Distance from bottom of fuel column | a2smm

As polished

Q._me

Photo 11  Metallographs of JOYO MK—-1 cladding ( 6736C2 sample, FCCI region)
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PNC-TN9410 87-198

‘S/A Name JOYO-PPJX12

Pin No. 6756

Section No. 6756C2

Distance from bottom of pin

1047MmM

Distance from bottom of fuel column

585MM

01mm

O1mm

As polished

Photo 12 Metallographs of JOYO MK—1 cladding ( 6756C2 sample, FCCI region }
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Photo 13 Optical microstructures of the cladding ( 6736 pin, etched, K)
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S/A NO. JOYO-PPJX12

Distance from Pin NO. 6756
Caore Bottom 70 M 585
| 1 < v’
Bottom
0.lmm
675683 6756C2

675662

Photo 14 Optical microstructures of the

cladding ( 6756 pin, etched, §)
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S/A NO. JOYO-PPJX12
Distance from Pin NO. 6747

Core Bottom 35 154 589
4 “ .
Bottom

674763

674793

Photo 15 Optical microstructures of the cladding ( 6747 pin, etched, R)
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