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Table 1 Fuel pin fabrication parameters
. 7007, 7064
S/A name PFDOO0O3 Pin no 7087 70C1
Fuel
Fuel form Flat énd solid pellet
Pellet diameter (mm) 4,63
Pellet density (% T. D) 93 = 20
Fuel composition 3BW/0 Pu0.—UQ,
U—235 enrichment (%) 120 4+ 0.3
. . . . Pu 239/240/241/242
Pu isotopic composition (%) 75.6/20.9/2.7/0.7
O/M ratio 197 + 0.02
— 0.03
Cladding
Type and work SUS 316, 20% cold work
Outer / inner diameter {(mm) 5.5/ 48
. 7007 7087
i icati : ; : 2
Lot identification 7064 ) S003 70C 1} K 00
Fuel pin
Pin length (mm) 1533
Pin outer diameter {mm) 55
Fuel column length (m)} 550 + 5
Plenum length {(mm) 150
Insulator pellet length (mm) { pper Lz
P g bottom 12
Fuel / cladding dia. gap (m) 017
Pin spacing & support Wrapping wire
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Table 2 Metallographis examination in AGS
As Polished Etched
(i # =] Y #+ & H i
e/ wEE
#H A x200 #HBH | HETHE
F v v THZE
X105 2EEHE y x105 SEEH
oy Sl Ey ik T - Y ikt
" o | 8 2mEs } X 88 omnm | ) ORHEGEGES
) x 100 HHEHE | K4 FOIHAE X 100 #HH5HE o o
FEA LA fhk
x400 H|IEBEHE | K4 FRHEUE x 400 #HHEBE R
X 200 ~ 750 X200 EHER Br@ O E
% B OB RS FCCI x 400 HAEH FEsRRIAlE
. = X 750 #HHEH BACSERE




Table 3 Irradiation parameters of PFD0O3

Distance Linear Fuel Clad.

. : from Burnup heat center inner
Pin Mo Section No. core bottom rate temp. temp. Comment

(o) (MWd/t) (W /cm) c C)

7064 706423 14 11019 239 1467 410

# 706442 115 14150 310 1863 458

” 706473 240 16165 354 2107 515

” T064A3 425 12910 280 19567 577

161-88 OTV6NL-ONd



“Table 4

Summary data from ceramographs {(PFD003)

Restructured region dia. (mn) Residual Pellet Clad dia, (mm)
Pin No | Section Na diametral outer
Central Columnar | Gas bubble | Densified | Dark ring | 83p size dia. Out I
void region region region region (#m) (um) uer nner
7064 706423 — — 2.4 3.3 — 51 4.7 b 5 4.8
” 706442 — — 2.5 35 - 44 4.7 b. 5 4 8
o 706473 042 2.3 31 3.7 - 38 4.7 55 48
” T064A3 — - 2.3 3.3 — 43 4.7 5 5 4.8

161-88 OTV6NL-ONd
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Table 5 Measurement condition and indentation position

1) Measurement condion

Wik FEFmE(g) B ER @&
= Bk e TR
EFWEsHllE 500 30

2) Indentation position A

fuel
View from top

Location : A,B,C,D

Quter 1
Middle 2,3
Inner 4



Table 6 Microhardness results of JOYO MK-I PFDOO3 fuel cladding (1) (7064 pin)
Pin Mo 7064 Lot No S003 (Unirrad. hardness 264 (Hv 0.5))
Specimen Mo 706423 706442 706473 7064A3 7064C3
D. F. C. B. (m) 23.8 124.3 250. 0 434.8 535.0
Hardness (Hv 0.5) 345 344 318 280 267
4Hy (Hv 0.5) 81 80 54 16 3
(k1) 4Hv/Hv (%) 30.7 30.3 20.5 6.1 11
(+2) f;;‘;m‘d"gaé; 401 443 500 565 580
F(“;el‘a‘ifn/cﬂ) 118 1.76 201 155 0.96

(1) : Hv = Unirrad. hardness
(*2): Fluence (Ez= 0. 1MeV)
ETEMIE =20 (%)

4Hv : Hardness-Unirrad, hardness

161-88 OTV6NL-ONd



Table 7 Microhardness results of JOYO MK-II PFD003 fuel cladding (2) (7087 pin)
Pin Mo 7087 No K002 (Unirrad, hardness 270 (Hv 0.5) )
Specimen No 708722 708742 708762 708782 TO0B7AZ2
D. F. C. B. (m 22.6 124.5 2502 434. 9 534.8
Hardness (Hv 0.5) 345 331 310 272 263
4Hv (Hv0.5) 75 61 40 .2 —T
(k1) 4dHv/Hv (%) 27.8 22.6 14.8 0.7 —2.6
(2) f;;i'.mid"g?ég 401 444 501 568 583
F(’zi%iﬁn/cﬁ) 119 177 2.03 1.57 098

(1) : Hv =Unirrad. hardness
(#2) ! Fluence (Ez=0.1MeV)

IS LEE=20 (%)

4 Hv

: Hardness—-Unirrad. hardness

161-88 OTV6NL-ONd
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Table 8 Microhardness of JOYO MK~IL PFD003 fuel cladding (1) (7064 pin)
S/A NAME PFDO0O3 PIN Mo 7064
SPECIMEN M 706423
D. F. C. B. 23.8 (mn) D. F. P. B. 109. 8 (ar)

OUTER ~ MIDDLE INNER
LOCATION AVERAGE
1 2 3 4
A 336 352 350 346 346
B 346 343 339 343 343
C 346 339 343 343 343
D 350 343 343 350 347

RING GE 345 344 344 346 345
S/A NAME PFD0O03 PIN Mo 7064
SPECIMEN Mo 706442
D. F. C. B, 124.3 (mm) D. F. P. B. 210.3 (m)

L 0CATION OUTER MIDDLE INNER AVERAGE

1 2 3 4
A 343 356 346 339 346
B 346 352 346 336 345
C 326 346 343 339 339
D 350 343 336 352 345

RING \GE 341 349 343 342 344
S/A NAME PFDO0O03 PIN Mo 7064
SPECIMEN M 706473
D. F. C. B. 250.0 (mm) D. F. P. B, 336.0 (o)

OUTER MIDDLE INNER
LOCATION ; - 3 " AVERAGE
A 318 324 309 312 316
B 312 315 320 307 314
c 324 330 320 307 320
D 326 320 326 318 323
R N AGE 320 322 319 311 318
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Table 9 Microhardness of JOYO MK—II PFDO03 fuel cladding (2) (7064 pin)
S/A NAME PFDOO 3 PIN Mo 7064
SPECIMEN Mo 706443
D. F. C. B. 4348 (o) D. F. P. B. 520.8 (m)

LOCATION OUTER ' MIDDLE INNER AVERAGE

1 2 3 4
A 276 301 273 282 283
B 264 287 266 259 269
C 291 285 287 280 286
D 278 287 285 273 281
RN GE 277 290 278 274 280
S/A NAME PFD003 PIN Mo 7064
SPECIMEN Mo 7064C3
D. F. C. B. 5350 (mm) D. F. P. B. 6210 (mm)
L OCATION OUTER MIDDLE INNER AVERAGE
1 2 3 4
A 258 262 273 262 264
B 264 271 262 264 265
C 271 268 271 278 272
D 258 271 271 258 265
RN GE 263 268 269 266 267
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Table 10 Microhardness of JOYO MK-IL PFDO03 fuel cladding (3) (7087 pin)
S/A NAME PFD0OO3 PIN Mo 7087
SPECIMEN Mo 708722
D. F. C. B, 22.6 (m) D. F. P. B, 108.6 ()

OUTER ~ MIDDLE INNER
LOCATION AVERAGE
1 2 3 4
A 339 351 343 346 345
B 346 356 351 350 351
c 339 324 343 343 337
D 362 339 346 346 346

RS o 344 343 346 346 345
S/A NAME PFD0O3 PIN Mo 7087
SPECIMEN Mo 708742
D. F. C. B, 1245 (m) D. F. P. B 210.5 (m)

OUTER MIDDLE INNER
LOCATION 1 - ; y AVERAGE
A 346 339 324 336 336
B 336 336 326 336 334
c 333 320 315 336 326
D 351 326 318 312 327

RIRS GE 342 330 321 330 331
S/A NAME PFD003 PIN Mo 7087
SPECIMEN N 708762
D. F. C. B. 250.2 (mn) D. F. P. B 336.2 (uo)

Locarioy | OUTER MIDDLE INNER AVERAGE

1 2 3 4
A 309" 312 312 309 311
B 309 312 301 303 306
c 320 309 303 318 313
D 312 298 315 320 311
RINC GE 313 308 308 313 310
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Table 11  Microhardness of JOYO MK-I PFD0O03 fuel cladding (4) (7087 pin)

S/A NAME PFD003 PIN Mo 7087
SPECIMEN Ha 708782
D. F. C. B 4349 (m) D. F. P. B. 520.9 (un)
- | OUTER ~ MIDDLE INNER
LOCATION AVERAGE
1 2 3 4
A 271 271 273 268 271
B 268 278 276 271 273
c 280 282 271 271 276
D 259 266 271 266 266
RIRG GE 270 274 273 269 272
S/A NAME PFD003 PIN o 7087
SPECIMEN Ko TO8TA2
D. F. C. B 534.8 (m) | D, F. P. B. | 620.8 (m)
OUTER MIDDLE INNER
LOCATION 1 2 3 y AVERAGE
A 262 259 264 268 263
B 258 266 268 266 265
c 266 258 271 271 266
D 258 253 259 264 259
R RS G 261 259 266 267 263




Table 12

Summary of density measurement

Pin N Section o Distance from pin Fast fluence Cladding midwall Density Density change
' bottom (mm) (x10%% n/cd) temp. Cy (g/cc) —A—p‘o (%)
(S00089) - - - 7.971 Base
706475 341.8— 3655 2.0 507 7.965 0.08
7064
7064A1 481. 5— 5052 1.7 558 7.963 0.1
7064C1 586.5— 6059 1.1 579 7. 9867 0.05
(K007) - - — 7.967 Base
708763 336.5— 360.5 2.0 507 7.974 —0.09
7087 .
708781 481.5—51L0 1.7 561 7.976 —=0.11
TO8T7A1l 586.5—610.7 11 582 7.968 ~0.01

161-88 OTV6NL-ONd



Table 13 Summary of burnup measurement by Nd-method for PFDO0O3
. Burn up
Distance from Pu content ?
Pin No Sample No core fuel (MWd/t) (atom %)
bottom 1) (un) (atom %)
Calculated ¥ Measured ¥ Calculated 5 Measured 6
7007 700722 249, 1~ 254.2 27 852 15260 15200 1. 65 1.68
706424 241~ 29.3 27.852 11410 11400 124 1. 25
706443 1246~ 129.7 27.829 14500 14400 L BT 159
7064 706474 250.3~ 2555 27.920 16170 16100 .75 LT77
T064A2 4195~ 4247 27.946 13000 12800 1.41 1. 41
7064C2 520.2~ 5255 27.909 8020 8950 0. 984 0984
70C1 70C122 2498~ 2548 27.825 16470 16400 1. 78 1.81
1) Distance from pin bottom —86 (mn)

2) Pu/(Pu+1U)x 100
3), 5) Calculated by ESPRIT—] code

4) atom%—MWd/t OBFUREE, BOREE T 5 08— & diET R,

6) Measured by *¥*Nd monitor method

r BEE, CEEEECER L,

161-88 OTV6NL-ONd
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Table 14

191

Calculation of effective fission yield for 706474 sample

Nd—148 Nd=148 Nd~-145
Composition|/Fiselon
Nuclide | (Atom Crase
‘ Fraction) Beetipon|FiseiDnfFractianalF1gsionfFractionalFissionffractional
Yield Fiesion|Ylield Fisgion | Yield Fisaion
C barn J| £ % 1 Yield L =1 Yield L %12 Yield
1) a3 a2y 2)
u 233 nd - 1.14 - 3.28 - 4.19Q -
1) =3 22 2)
U 234 0.20ar2? - 1.44 - 3.@8 - 4.068 -
1) 32 a7 4}
U 235 B.8847E3 | 1.7{E+BB 1.68 ©.48] 2.84 a.?l 3,76 2.897
1 a) a? e}
U 238 b.008Bs9 | 1.6RE-Bi 1.81 e.apg 3.8 d.pel 3.77 B.861
1) H 3) 2)
U 238 B.534387 | 7.33E~-B2 .88 8,159 3.449 a.:268 3.58 B.268
1) 2) 2) a)
Pu23l B.GBRA3I2 - 1.76 - 2.79 - 3.24 -
1) 3) .32 a
Pu238 B.2@9521 | 1.75E+P0 1.69 B8.388 2.486 1.489 3.d1 1.822
1} a7 2) 7)
Puz4B B.@59941 | 5.21E-B) 1.84 e.885 2.83 d.148 3.34 B.1v2
1) e’ 27 2)
Pu24i B.887277 | 2.22E+D0 1.84 @.a52 3.8l 0.p80 3.5 B.034
1 22 a2z 25
Puz4d B.081572 | 4.26E-D] £.04 ©.8p3 3.18 a.B684 3.70 8. 505
Effective Fission Yield
e Z 3 ¢ 1.71 2.68 3.26
F

Notejnd=not detected

Fractional
AF:atom fraction of U and Pu(PIE data?

FY:fission yield
Effective Fission yield=SUM{Fractional
1)MAGI code
23TRG-2143-R
3)ICP-1@50-1
4)AERE-R-8753

Fission Yield=(AF)(CSICFY)/SUMCARFIC(CS)
CSifission cross

Fission yield)
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Table 15 Composition of spike scolution and natural Neodymium

U 233 27764 x 10
ANA 7RO RTH :
Pu 242 50316 x 10
(atoms/m! )
Nd 150 49362 x 10%
Nd 142 / Nd 150 4. 824980
Nd 145 / Nd 150 1472180
K4V roREMERL
. Nd 146 / Nd 150 3. 060830
Nd 148 / Nd 150 1.02132%
Nd 142 / N4 150 0.017568
FF T AN T D Nd 145 / Nd 150 G 006446
fal iz % o Nd 146 / Nd 150 0.014612
Nd 148 / Nd 150 0.008769
1V 234/U0 233 0.011521
95 VAN A T D
U 235/U 233 0.000425
fal i {#& - 6
U 238/U 233 0.008425
Pu 239 / Pu 242 0.001066
THPF =LA D
Pu 240 / Pu 242 0.013671
el &7 & |54
Pu 241 / Pu 242 0. 000801
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Table 16 Result of isotope analysis and burnup calculation

for PFDO03 700722 sample

S/A HO.<FAB)
SAMPLE HO.

PFDB@3 PIN MHO.<(PIE> y 7opv
rearz2z . SAMPLE POSITICH ; 249.1~254.2 C(mm)#*

YOLUME RATIO OF SPIKE SOLUTIOH TO SAMPLE SOLUTIOH ; 4.000

I120TOPIC RATIO OF U,Pu,Hd.IH Ca)SAMPLE AHD (b>SAMPLE-SPIKE HMIXTLRE ;

[ U233-2381 [ U234-2381 [ 'U235-238] [ U236,2381

nd 0.001144 9.133158 8.001608 -Cad
0.273243 08.,004277 9.133493 2,0916084 -{b>
[Pu238-,2391 [Pu248-239] [Pu241-239] [Pu242-239]
8.981791 8.286841 8,834897 @,889457 -Caj
9,001791 0.288407 8.034940 8.160138 =(b>
fHd142,1581 [Ndi43-150] [Hdi44-1503 [(Hd145-1501 [Hdi46-150] [Hdl48/159]
8,0802712 4.952604 4.153653 3.421933 2.814215 “1.801019
8.815572 1.69389%0 1.437638 1.174732 8.976711 0.625084

I[S0TOPIC COMPOSITION OF U,Pu,Hd IH SAHPLE ¢atom%) ;

[ u233] [ U234] [ U2351] [ U238l [ uz23s]
nd 0.1007 11.7226 B.1416 88.0351

(Pu238] [Pu239] [Pu2401 [Pu241] [Pu2421
8, 1344 75.0646 2l.4716 2,6195 @,7899

[Hd142] [Hd143] [Hd1441] [Hd145] [Hd1461 [Hd1481 [Hd158]
0.0149 27.2929 22.8908 18.8576 15.5086 9.9251 5.5108

Pu COHTEHNT CatomX)d~sCueightX) ; 27.852 ~ 27.971

HUMBER OF TOTAL HERYY ELEHEMT C(atomsrssanmpley § 1.9163E+21

[Hd148] [Hd14£1 [HA1453
HUMBER OF Md HUCLIDE (atoms/sample) 7 S.586QE+17 B8.7044E+17 1.0533E+18

EFFECTIVE FISSIOH YIELD j 1.71E-8B2 2.68E-B2 3.26E-D2

HUMBER OF FISSIOHNS (fissions/sampledz#} 3.2666E+19 3,247%E+19 3.2309E+19

BURHUP Catom%)#

-
.

1]
[a:]
-
.

(43
~
-
.

N
h

SPECIFIC BURNHUP <HHd/t)H# H 15200 15260 15100

HOTE ; nd=not detected
# Distance from core fuel botton
#% FISSIOHS=HUMBER OF Nd/EFFECTIVE FISSIOH YIELD
# BURNUP=180#FISSIONS/(TOTAL HEAVY ELEHENT+FISSIOHS)
#4 1.1 atom” BU=19868 HMid/t BU

-Ca)
-{b>
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Table 17 Result of isotope analysis and burnup calculation

for PFDO03 706424 sample

S/A HO.<(FAB> ; PFDOO3 PIH HO.<C(PIE)> 3 r0ed
SANPLE HO. j 705424 SAMPLE POSITION § 24.1%29.3 (mm)>%

WOLUME RATIO OF SPIKE SOLUTION TQ SAMPLE SOLUTIOH ; 4.0€0

1S070FIC RATIO OF U,Pu,Hd IH <a)SAMPLE AHD ¢(b)SAHFLE-SFIKE HMIXTLRE ;

[ Uz233-,238] [ U234-238] [ V235-,2381 [ U236-238]

nd 8.081151 P.135110 8.061352 -{aj
0.293344 0.984510 0.134306 9.681353 -<(b>
[Pu238-239] [Pu24@-239]1 (Pu241-2393 [Pu242-,239]
8,081756 8,284033 8,834522 0.009368 =(a)
0,001756 9.286144 0.034477 0.170603 ={b>
[Hd142-150] [(Hd143-150] [Hdl144-150] [Hd145-158] (HdA146-1501 [Hd142/150]
0.,003858 5.089841 4, 198529 3.454203 2.834263 t.814121 ~{a)
0.020526 1.332746 1.133098 8.91979¢& 8.766843 8.486511 -<(bd>

150T0PIC COMPOSITION OF U,Pu,Hd IH SAHPLE ¢atom%) ;

[ U2333 [ u2341] [ U2351 it uz23e] [ U238]
nd e,1012 i1.8766 B.i188 87.9034

[Pu238] [Pu2391] [Pu24@] [Pu241] [Pu2421]
0.1321 75,2061 21.3¢610 2.5963 @.70845

{Hd142] [Nd1431 [Hd144)] [Hd1451] EHd148] [Hdi481] (Hd158]
8.8167 27.3553 22,9252 18.8610 15.4759 9.9057 5.4693

Fu CONTENT Catom%)/Cuweight®) ; 27.852 ~» 27.971

HUMBER OF TOTAL HEAVY ELEHMEHY Catoms-/cample) ; 1.787SE+21

fHd148] [Hd1461 [Hd145]
HUMEBER OF Hd HUCLIDE C(atoms-/sanple) 7 3.8572E+17 6.B68EE+17 7.3531E+7

EFFECTIVE FISSIOH YIELD 1 1.7DE-B2 2.68E-B82 3.28E-02

HUMBER OF FISSIOHS (fissions/sampled##; 2.2689E+19 2.2644E+19 2,2526E+12

BURHUP <atom¥)#

-
n
(4]
—
.

N
[4]
L
N
4]

SPECIFIC BURHUP ClHd-/tardi# H 11400 11480 11209

HOTE ; nd=not detected
# Distance from core fuel bottom
#% FISSIOHS=NUMBER OF Hd-/EFFECTIVE FISSIOH YIELLD
# BURHUP=18O=FI1SSIONS/C(TOTRL HEAVY ELEMEHT+FI1SSIOHS)
#8 1.1 atom¥% BU=10080 HMHd/tBU
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Table 18 Result of isotope analysis and burnup calculation

for PFD003 706443 sample

S7A NO. (FAB) PFDRA3 PIH NHO.(PIED 7864

H i
SAMPLE HO. } 706443 . SAMPLE POSITIOH ; 124.6%129.7 (mm)*

YOLUME RATIO OF SPIKE SOLUTIOH TO SAMPLE SOLUTIOQOH ; 4.000

ISOTOPIC RATIO OF U,Pu,Hd IH_¢a)SAMPLE AHD (b3SAHMPLE-SPIKE HIMTURE 3

L U233-,238] [ U234-,238] [ U235-,238] [ U236-238)

1.802413

nd 0.001143 8.134250 0.001464 -Cal
08.269849 0.084237 2.133968 8.001461 -<(b)
[Pu238-,239] [Pu248-239] [Pu241-239]1 [Pu242,2391]
0.801755 0.284869 0.834544 8.08094901 ~¢a)
9.081755 0.286814 9.034491 8, 1580867 -¢(b>
[Hd142/150] [Hd143,150]1 [Nd144-150] ENd145-150] [Hd146-150) [Hd148-150]
nd 4.932735 4,128589 3.414173 2.,811399
9.018114 i.658842 1.399388 1.150459 8.955001

[50TOPIC COMPOSITION GF U,Pu,Nd IH SAMPLE (atom¥) 3}

[ u233] L U2343 [ U2351 [ U236] [ U238l
nd 0.1885 11.8889 6.128B8 87.9618

fPu238] [Pu239] [Pu240] [Pu2d1t1l tPu2421
2.1319 75.1558 21.4896 2.5962 B.7865

[Hd1423 LHd143] {Nd1441] [Hd1451 [Hd146] [Hd148]
nd 27.2688 22.8234 18.8740 15.5418 9.%640

Fu COHTEHT fatom#)-{wefght¥%) ; 27.829 - 27.949

HUMBER OF TOTAL HEAVY ELEMENT (atomsssampled ; 1.9415E+2}

CHd148] tHd1461
HUHBER OF Hd MUCLIDE (atoms/sample) i S.398%E+17 B.3981E+17

EFFECTIVE FISSIOH YIELD i 1.71E-B2 2.68E-82

HUMBER OF FISSIONS (fi{ssions/samplel**; 3,1339E+1{9 3.1336E+19

BURHUP (atom¥%)#¥ H 1.59 1.59
SPECIFIC. BURNUP CHHd/t)i4# H 14480 14400

HOTE ; nd=anot detected
¥ Distance from core fuel botton
## FISSIONS=MNUMBER OF Nd-/EFFECTIVE FISSIOH YIELD
# BURNUP=iQB=FISSIONS/(TOTAL HEAVY ELEMEHT+FISSIOHS)
B 1.1 atom¥ BU={@€80 MUd/t BU

' 0.608741

[Hd159]
5.5281

[Hd145]
1.8215E+18

3.26E-082

3, 1333E+13

=-Ca>
-¢b>
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Table 19  Result of isotope analysis and burnup calculation

for PFDO03 706474 sample

57A HO.(FAB)>
SAMPLE HNO,

PFDOO3 PIH HO.<PIE) y 7054
706474 . SAMFLE POSITIOH ; 250.3~255,5 (mm)*

YOLUME _RATIO OF SPIKE SOLUTIOH 7O SAMPLE SCGLUTIOH ; 4,008

I[SOTOPIC RATIO OF U,Pu,Hd IH <(a)SAHMPLE ARHD (b)SAMPLE-SPIKE MIXTURE ;

L U233,238] [ U2234-238]1 [ U235-2381 [ U236-2381]

td 8.801146 @.133631 8.001575 -(a)
B.266896 8.004206 0.133466 8.001572 =<{bJ
(Pu238,239] [Pu248-239] {[Pu241,239] [Pu242,239]
P.001870 8,285949 2.034716 8.009409 ~Cal)
0.081870 8,287845 0.06345998 0,15594%9 =(b>
[Hd142-158) [Hd143-150]1 [Hd144-150] [Hd145-1503 [Hd146-1508]1 [Hd142-150]
8.001604 4,911546 4.112438 3.403818 2.8001135 1.79478B7
8.015397 1.785776 1.511987 1.238604 1.827361 0,657382

I20TOPIC COMPOSITION OF U,Pu,Hd IH SAMPLE CatomX) ;

[ U2331] [ U2341] [ U2351 L U2361 [ U238]7
nd 9.1008 11.7596 @0.1386 88.0009

[Pu238] [Pu2391] [Pu248] [Pu2411l CPu242]
9.1404 75.0782 21.4685 2.6064 8.7064

[Hd1423 [Hd1433 tMHd144] [Hd145] [Hd1461 £Hd148)] [Hd150]
9.0089 27.2497 22.8162 18.8847 15,5353 9.99572 5.5481

Fu COHTEHT C(atom%dsCuweight¥) ; 27.920 - 28.048

HUMBER QOF TOTAL HERYY ELEMENT Catoms-sanpled § 1.9653E+21

[Hd148] [Hd1481] Cild1451
HUMBER GF Hd HUCLIDE Catcoms/sanplel ;7 6.90576E+17 9.4497E+I7 1.1470E+IE
EFFECTIVYE FISSIOH YIELD 7 1.71E-B2 2.68E-g2 3.26E-02

HUMEER _OF FISSIOHS (fissiohs/sanpleld#%; 3.5424E+19 3.526BE+13 3I,5183E+192

EURHUP Catom#)# H 1.77 1.76 1.76
SPECIFIC BURHUP (MHd/t)H## H 16108 15008 16980

HOTE ; nd=not detected
# Distance from core fuel bottom
#% FISSIONS=HUMBER OF Nd-/EFFECTIVE FISSIOM YIELD
# BURNUP=]0@%FISSIONS-(TOTAL HEAYY ELEMEHT+FISSICHS)>
4% 1.1 atom¥% BU=100G€ HMWd/tBU

-4a)
—-Cby
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Table 20  Result of isotope analysis and burnup calculation

for PFDO03 7064A2 sample

TOE4q
419.5%d42d.7 Cmmar*

5/A HO.<FAB) ; FPFDOE3 FIM HO.CPIED
SAMPLE HO. ;i 7064R2 . SAMPLE POSITIOH

YOLUWE RATIO OF SPIKE SOLUTIOH TO SAMPLE SOLUTIOH ; 4.080

I[$0TOPIC RATIO OF U,Pu,Hd IH (a>SANFLE AHD (b)>SAMFLE-SFPIKE MIXTURE ;

[ U233-238] [ U234-2381 [ U235-2381 L U236/2381]

nd 2.001143 8. 134922 f.001281 =Cal
8.264231 0.0041i76 8.134831 9.801282 -(b)
[Fu238-239] [Pu248-/239] [Pu241-239]1 L[Pu242-,239]
0.00i680 0.283328 0.0634381 9,009343 -(aj
9.00t080 8.285142 9.834309 8, 153809 =(b>
[Hd142-150] [Hd143-/150) [Hd144-1501 [Hd145-150] [Hd146-159] [Hdl42-150]
0,8081767 4,921167 4.115170 3.409390 2.R80223 1.795322 ~€ar
8.016856 1.536342 1.302417 1.067449 D.B86618 a.568279 -(b>

[S0TOPIC COMPOSITION OF U,Pu,Hd IH SAHPLE (atomX) ;

[ U2333 L U234] [ U23s51] [ U238) [ U238l
nd 0. 1085 i1.8629 B.1126 87,9249

[Puz3nl [Pu2391} (Pu2481 [Pu241] fPu2421]
8.1264 75.2597 21.3232 2.58¢5 @8.,7832

[Hd142] [Nd1431] [Hd144] [Hdi451] [Hdi461] [Hd14R] [Hdi59]
9.00%98 27.2745 22.8074 18.8958 15.5200 2.9582 5.5423

Fu COHTEHT catom¥)-(weight%) ; 27.946 / 28.069

HUMBER OF TOTAL HEAYY ELEMEHT (atoms-ssampled ; 1.9869E+21

tHd148] [Hd146] (Hd§451
HUMBER OF Hd HMUCLIDE <¢atoms/sample) 5 4.B431E+17 7.S5314E+17 9.1435E+i7

EFFECTIVE FISSIOH YIELD ; 1.71E-82 2.68E-B2 3.26E-92

HUHBER OF FISSIOHS (fissions/sample)*s; 2.B322E+19 2.8102E+19 2,.8047E+1?

BURHUP Catom%d># H 1.41 1.39 1.39
SFECIFIC BURMUP (MHd/t)i## H 12898 12709 12roe

HOTE ; nd=not detected
%# Distance from core fuel botton
*##%# FISSIONS=NUMBER OF Nd-EFFECTIVE FISSIOHW YIELD
# BURNUP=10@#FISSIONS~/CTOTAL HEAYY ELEMEHMT+FISSIOHS)
#% 1.1 atomZ BU=10086 HHd/t BU
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Table 21 Result of isotope analysis and burnup calculation

for PFDOO3 7064C2 sample

S7R HO.<FAB) PFDBB3 PIH HO.<PIE>

3 rasl-L
SAMPLE HO, i 7oe4c2 : SAMPLE FOSITION

520.,24525.5 Cumr#

-

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION ; 4,900

ISOTOPIC RATIO OF U,Pu,Md IH (a)B3AMPLE AHD (b)SAMPLE-SFIKE MIHTURE

[ U233-2383 { U234,238]1 [ U235-2381 [ U236,238]

nd 9.001156 0.135479 B.001831 =(a)
8.277883 a,0804321 9, 135469 8.60102¢ -{b>
[Pu238,239]1 [Pu248-239) iPu241-239] [Pu242,239]
6.891706 8.281845 P.034133 6. 089243 =(a)
B.801706 9.283089 8.034153 8.161123. =(bo
[Hd142-,150]1 [Nd143-1581 [Ndld44-/150] [Hd145/150] [Hd146-150) [Hd148/158]
0.001271 4,993886 4.17935% 3.444040 2.820610 1.886200 —fa
8.019781 i.l4e228 B. 971375 0.¥99992 0.666101 8.424437 -tk

ISOTOPIC COMPOSITION OF U,Pu,Nd IH SAMFLE Catomi2 ;

{ U2331] [ Uz2341 [ U2351 [ U2361] [ U238]
nd g.18l1s 11.9885 8.0%906 87.8993

[Fuz38l [Pu2391 [Pu24@] {Pu241] [Pu242]
0.1286 75.4076 21.1929 2.5739 B,6970

[Hd142] [Hd143] tHd144] {Hdi451] [Hdid&] fHdid42] [Hd1391
8.00879 27.37087 22.9064 18.8762 15,4593 2.8995 5.4892

Fu COHTEHT CatomX)-CuweightX%) ; 27.909 ~ 28.628

HUMBER OF TOTAL HEAYY ELEHEHT (atomss/sample) ; 1.8837E+21

[Hd148] {Hdl4e] {Hd14513
HUMBER OF Hd HUCLIDE (atomsssample)l i 3.2185E+17 S5.98202E+17 6.1137E+1Y

EFFECTIVE FISSION YIELD ; L1.7lE-82 2.68E-82 3.26E-02

HUMBER OQF FISSIQHS (fizsions/samplei®#; 1.877SE+1%9 1.8734E+19 1.8754E+IT

EURHUP CatomX)H H 0.984 B.982 8,933
SPECIFIC BURNUP <(MHd/t)## H 8954 8938 8940

HOTE ; nd=not detected
# Distance from core fuel bottom
%% FISSIONS=NUMBER OF Nd-EFFECTIVYE FISSIOH YIELD
# BURNHUP=10D%FISSIONS/(TOTAL HERAYY ELEMEHT+FISSIOHS)
#8 1.1 atom® BU=10000 HKd/tBU
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Table 22 Result of isotope analysis and burnup calculation

for PFDO0O3 70Cl22 sample

S#A NO.<(FAB>
SAMPLE HO.

PFDOB3 PIH HO.(PIE>
vaciza - SANPLE POSITION

7AC1
242.87254.8 Cmm)*

VOLUME RATIO OF SPIKE SOLUTIOHM TO SAMPLE SOLUTIOH ; 4.880

IS0TOPIC RATIO OF U,Pu,Hd IH ¢a>SAMPLE AHD (bXSAMPLE-SFIKE WIXTURE ;

[ U293-238] [ U234-2381 [ U235-/238]1 [ U236,238]

nhd 2.881135 8,133329 9.091656 -¢al
8.258226 0,804999 8.133183 9.0681654 =<k
[Pu238-239] [Pu248-239) [Pu241,2391 (Pu242-2391]
g.801752 8.286610 0,83487¢6 8.009479 -Cad
B.8o1752 0,288568 0.0634836 9. 152087 -{b>
[Md142-1501 [Hd143-1501 [NHd144/158]1 [Hdi45-1591 [Hdi46-150] [Hd143-154]
9,082597 4.9308523 4, 132856 3.411564 2.297125 1.727265 -Can
0.0i5776 1.851907 1.567698 1.285320 1.0865123 B.67941% — b

1S0TOPIC COMPOSITIOH OF U,Pu,Hd IH SAWMPLE (atomXd ;

[ U2331] [ U234] f u23s1 [ U2361 [ U238]
nd 9.,0999 11.7355 2.1458 gs8.e189

[Pu238] [Pu2391 [Pu2481l CPu241] LPu2421]
B.1315 75.08347 21.5057 2.6169 8.7113

[Hdi42] [Hd1431 [Hdi441] [Hd1453 [Hd14861 [Hd1431 [Hd1508)
0.0i44 27.2663 22,8553 18.8665 15.5242 2.9430 5.5382

Pu COHTEMT (atom%)/Cueight%) ; 27.825 7 27.944

HUMBER GF TOTAL HERYY ELEHEHT (atomes/sampled j 2.8276E+21

. [Hd148] [Hd14E1} [Hd143]
HUHBER OF Hd MUCLIDE Catoms/sample) ; 6.3795E+17  9.9972E+17 1.2150E+1%

EFFECTIVE FISSIOQH YIELD } 1.71E-82 2.6BE-B2 3.26E-082

HUMBER OF F1SSIONS (fissions/sample)*#; 3,7307E+19 3.T303E+12 3.726%E+17

-
-
m
—
-
.
@
[
-
W
[+~]

BURHUP (atomi)H

SPECIFIC BURMUP_(HHd/t)#R H 16400 16400 16400

HOTE | nd=not detected
# Distance from core fuel bottom
## FISSIONS=NUMBER OF NdJ~/EFFECTIVE FISSIOH YIELD
B  BURNUP=1098*FISSIONS/(TOTAL HEAVYY ELEMEHT+FISSICHS)
44 1.1 artom% BU=joB0@ lilMd/tBU
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S/A  No. JOYO-PFDOO3
Pin No. 7064
S/A Peak Burn up 15800MWD/MTM

As polished

706423 706472 7064C3
I
T Distance from
Core Bottom wmy 14 |24 124 240| [250 435 535 bbb
! 2 z ) 2 Z
4 , 7 4

o

Bottom 600 Top

706422 706442 - 7064C4

Photo. 1 Macrographs of JOYQ MK-II core fuel (7064 pin)
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As polished

Photo.

2

Postirradiation

ceramograph

of JOYO

MK-1TI core fuel

(706422 sample)

S/A Name JOYO-PFDOO3

Pin No. 7064

Section No, 706422

Distance from bottom of pin womm

Bistance from bottom of core column [ 1amm
imm
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S/A Name JOYO-PFDO0O03

Pin No. 7064

Section No. 706423

Distance from bottom of pin 11omm
Distance from bottom of core column | 2amm

Photo. 3 Paostirradiation ceramograph of the transverse

section of JOYO MK~IL core fuel (706423 sample)



Photo.

4

Postirradiation

S/A Name JOYO - PFDO0O3

Pin No. 7064

Section No. 706423

Distance from bottom of pin 1170mm
Distance from bottom of core column | 24mm

Tmm

ceramograph of JOYQO MK-T core fuel (706423 sample)
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S/A Name JOYO-PFDO03

Pin No. 7064

Section No. 706442

Distance from bottom of pin 210Mmm
Distance from bottom of core column | 12amm

etched 1mm

Photo. 5 Postirradiation ceramograph of the transverse

section of JOYO MK-II core fuel (706442 sample)




Photo.

6

Postirradiation

S/A Name JOYO-PFDO0OO0O3

Pin No. 7064

Section No. 706442

Distance from bottom of pin 210mm
Distance from bottom of core column | 124mm

A

As polished Tmm
B 153 T -

ceramograph of JOYO MK-T core fuel (706442 sample)
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Photo.

7

As polished

Postirradiation ceramograph of JOY0O MK-TT

core fuel (706472 sample)

S/A Name JOYO-PFD003

Pin No. 7064

Section No. 706472

Distance from bottom of pin 326mm

Distance from bottom of core column | zaomm
imm
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Photo.

8

S/A Name JOYO-PFD003

Pin No. 7064

Section No. 706473

Distance from bottom of pin 336mm
Distance from bottom of core column | 250mm

Postirradiation ceramograph of the transverse

section of JOYO MK-II core fuel (706473 sample)

As polished




Photo.

9

S/A Name JOYO-PFDO03

Pin No. 7064

Section No. 706473

Distance from bottom of pin 336mm
Distance from bottom of core column | 25o0mm

Postirradiation ceramograph of

JOYO MK-TI core fuel (706473 sample)
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S/A Name JOYO-PFDO003

Pin No. 7064

Section No. 7064A3

Distance from bottom of pin 521Mm
Distance from bottom of core column | 43smm

As polished

Photo. 10 Postirradiation ceramograph of the transverse

section of JOYO MK-1T core fuel (7064A3 sample)



Photo.

11

S/A Name JOYO - PFD0O0O3

Pin No. 7064

Section No. 7064A3

Distance from bottom of pin 521mm
Distance from bottom of core column | 435mm

etched

imm

Postirradiation ceramograph of JOYO MK-II core fuel (7064A3 sample)
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As polished

Photo. 12 Postirradiation ceramograph of JOYO MK-1IL

core fuel (7064C4 sample)

S/A Name JOYD-PEDOO3

Pin No. 7064

Section No. 7064C4

Distance from bottom of pin s4HMm

Distance from hottam of core column | s55mm
1mm
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Photo. 13 Optical micrograph of fuel cladding (7064 pin)
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