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Table 2-1 Fuel pin fabrication parmeters

S/A name PFDO10

No.6364
No.63C1l
No.6307

Pin no

Fuel

Fuel form

Flat end solid pellet

Pellet diameter (mm)

4.63

Pellet density (% T.D)

93 + 2.0

Fuel composition

30 W/0 Pu0y-UO,

U - 235 enrichment (Z)

12.0 + 0.3

Pu isotopic composition (%)

Pu 239/240/241/242

75.6/20.9/2.7/0.7
0/M ratio 1.97 + 0.02
— 0.03
Cladding

Type and work

SUS 316, 207 cold work

OQuter/inner diameter (mm) 5.5/4.8
Lot identification No.6364 : K002
No.63Cl : K003
No.6307 : K003
Fuel pin
Pin length (mm) 1533
Pin outer diameter (mm) 5.5
Fuel column length (mm) 550 + 5
Plenum length (mm) 150
Insulator pellet length (mm) ggzi;m i;
Fuel/cladding dia.gap (mm) 0.17

Pin spacing & support

Wrapping wire
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Fig. 3-1 Irradiation position of PFD010 subassembly in JOYO MK-II core
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Table 4-1-1 Metallographic examination in AGS
As Polished Etched
i B =] 1§} jnn b B 5]
Rl / eE
# & x 200 #HABE | HHATAHE
o THE
x 105 S2EEHE x 10.52mWEE . ‘
o " x 86 A2mEHR |#ES4HmEE X 86 2HEH GBI
: X100 #SEHE | K4 FAHAE X100 H|ABHE | ..
X400 HWATE | #4 KATHE x 400 wpEp || OAREER
0 .
w om X 200~ 750 FCCI x 200 MHEH | MEORSE
BaEH x 400 HHERE HERNIE
X 750 #MHBE | pALERE




Table 4-1-2 Irradiation Condition

Fluence

Liner Fuel Temp.(°C)| Burnup Cladding Temp. (°C)
§/A Name | Section No. D'Fh;i§' %;7Em§ate Surface Center (¥WD/MTM) Surface | Middle| Inner ?i%gé;E?:mz)
636422 _5n15 (+5)| 212 3557 374 | 379 | 384 0.309
636423 25 226 3787 380 | 380 | 308 0.359
PEDOLO | 6442 125 283 727 1491 | 4843 415 | 431 | 447 0.571
636472 220 %240 316 835 1775 | seo8 459 | 475 | 494 0.685
{230)
63473 250 316 853 1820 | 5690 467 | 484 | so2 0.697
636443 435 246 896 1790 | 475p 540 | 553 | se6 0.586
6364C3 535 162 834 1506 | 3303 ss6 | 573 | sa1 0.393
6364C4 5350555 | 154 826 1472 | 2500 568 | 574 | 581 0.370

¢V1-98 0TV6NL-ONd



Table 4-1-3 Summary data from cermography

S/A No. PFDOI1O

Distance Restructured Region (Dia. mm) Residual
Pin | Section from Central] Columnar Region Gas bubble | Densified | Dark Diametral | Outer Dia.
No. No. core Void Region Region Ring Gap Size (mm)
bottom (mm) (mm)
636423 25 2.0 3.0 156 4.7
636442 125 _ 2.3 3.2 105 4,7
6364
636473 250 2.8 3.5 104 4.7
6364A3 435 2.3 3.4 128 4.7
6364C3 535 186 4.6

SV1-98 0T¥6NL-ONd
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Table 4-1-4

Grain Size of Cladding

Distance Diameter of ASTM Micro
Pin No. Section No. from Average Grain Grain size
Core Bottom (pm) Number
636442 125 16 9.0
636473 250 16 9.0
6364
6364A3 435 16 9.0
6364C3 535 16 9.0
6364C4 535~ 555 16 9.0
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S/A  No. JOYO-PFDO10
Pin No. 6364
S/A Peak Burn up 24100MWD/MTM
As polished

636422 636442

Distance from

536 556

Core Bottom mm14 {24 126 240 250 435

L

L §

Nadusuns

Bottom

636423 636472 636473

Top

6364A3 6364C3

Photo 1 Macrography of JOYO MK-II core fuel pin (6364 pin, as polished)
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S/A  No. JOYO - PFDO10
Pin No. 6364
S/A Peak Burn up 24100MWD/MTM

etched

6364C4

636422 636442
Distance from
C:Js;e Bottom (mm) 14|24 1251 240 250 4;35 5361 556 ((
Bottom 0 600 Top

636423 . 636472 636473

Photo 2 Macrography of JOYO MK-1 core fuel pin (6364 pimn,

6364A3 6364C3

etched)
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Photo 3 Ceramography of JOYO MK-I
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S/A Name JOYO-PFDO10

Pin No. 6364

Section No. 636423

Distance from bottom of pin 1momm
Distance from bottom of fuel column | 24amm

etched

Photo 4 Ceramography of JOYO MK-1 core

fuel (636423 sample, etched)




S/A Name JOYO - PFDO10

Pin No. 6364

Section No. - 636423

Distance from bottom of pin 1omm
Distance from bottom of fuel column | 24mm

As polished | e

Photo 5 Ceramography of JOYO MK-I

core fuel (636423 sample, as polished)
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S/A Name JOYO-PFDO10

Pin No. 6364

Section No. 636423

Distance from bottom of pin 110mm
Distance from bottom of fuel column | 2amm

Tmm

Photo 6 Ceramography of JOYO MK~I core fuel (636423 sample, etched)
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S/A Name JOYO-PFDO10

Pin No. 6364

Section No. 636442

Distance from bottom of pin 212mm
Distance from bottom of fuel column | 126mm

As polished

Photo 7 Ceramography of JOYO MK-1 core fuel (636442 sample, as polished)
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S/A Name JOYOD-PFDO10

Pin No. 6364

Section No. 636442

Distance from bottom of pin 212mm
Distance from bottom of fuel column | 126mm

etched

Photo 8 Ceramography of JOYO MK-I core fuel (636442 sample, etched)




S/A Name JOYO-PFDO10

Pin No. 6364

Section No. 636442

Distance from bottom of pin 212mm
Distance from bottom of fuel column | 126mm

As polished 1mm

Photo 9 Ceramography of JOYO MK-I core fuel (636442 sample, as polished)
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S/A Name JOYO- PFDO10

Pin No. 6364

Section No. 636442

Distance from bottom of pin 212mm
Distance from bottom of fuel column | 126mm

Photo 10

Ceramography of JOYO MK-I core fuel (636442 sample, etched)
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S/A Name JOYO~PFDO10

Pin No. 6364

Section No. 636472

Distance from bottom of pin 126mm

Distance from bottom of fuel column | 2s0mm
As polished 1mm

Photo 11 Ceramography of JOYO MK-1I

core fuel (636472 sample, as polished)



gtched

S/A Name JOYO-PFDO10
Pin_No. 6364
Section No. 636472
Distance from bottem of pin 326mm
. Distance from bottom of fuel column §{ 24o0mm
imm

Photo

12

Ceramography of

JOYO

MK~ I

core fuel (636472 sample, etched)
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S/A Name JOYO-PFDO10

Pin No. 6364

Section No. 636472

Distance from bottom of pin 326mm
Distance from bottom of fuel column | 2a0mm

Photo 13

Ceramography

of JOYO

MK~ I

core fuel (636472 sample, as polished)
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S/A Name JOYO-PFDO10

Pin No. 6364

Section No. 636472

Distance from bottom of pin 326Mmm
Distance from bottom of fuel column | 240mm

Photo 14 Ceramography of JOYO MK-1I

core fuel (636472 sample, etched)
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S/A Name JOYO-PFDO10

Pin No. 6364

Section No. 636473

Distance from bottom of pin 336mm
Distance from bottom of fuel column | 2semm

As polished

Tmm

Photo 15 Ceramography of JOYO MK-I core fuel (636473 sample, as polished)
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S/A Name JOYO-PFDO10

Pin No. 6364

Section No. - 636473

Distance from bottom of pin 336mm
Distance from bottom of fuel column | 25omm

etched T

Photo 16 Ceramography of JOYO MK-I core fuel (636473 sample, etched)
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Photo

17

S/A Name JOYO - PFD010

Pin No. 6364

Section No. 636473

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

As polished 1T

Ceramography of JOYO ME-1 core fuel (636473 sample, as polished)
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S/A Name JOYO- PFD0O10

Pin No. 6364

Section No. 636473

Distance from bottom of pin 336mMmm
Distance from bottom of fuel column | 250mm

ciched

RN e s

Photo 18 Ceramography of JOYO MK-~1 core fuel (636473

1mm

sample, etched)
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S/A Name JOYO-PFDO10

Pin No. 6364

Section No. 6364A3

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

As polished

Photo 19 Ceramography of JOYO MK-I core fuel (6364A3 sample, as polished)
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core fuel (6364A3 sample, etched)

Photo 20 Ceramography of JOYO MK-1



S/A Name JOYO-PFDO10

Pin No. 6364

Section No. 6364A3 -
Distance from bottom of pin 521Mm
Distance from bottom of fuel column | 43smm

Photo 21 Ceramography of JOYO MK-0 core fuel (6364A3 sample, as polished)
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S/A Name JOYO - PFD010

Pin No. 6364

Section No. 6364A3
Distance from bottom of pin 521Mm
Distance from bottom of fuel column | 43smm

Photo 22 Ceramography of JOYO MK-N core fuel (6364A3 sample, etched)
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S/A Name JOYD-PFDO10

Pin No. 6364

Section No. 6364C3

Distance from bottom of pin 622mm
Distance from bottom of fuel column | 53smm

etched

Photo 24 Ceramography of JOYO MK-I core fuel (6364C3 sample, etched)




S/A Name JOYO-PFDO10

Pin No. 6364
" Section No. 6364C3

Distance from bottom of pin 622mm
Distance from bottom of fuel column | s3mm

Tmm

etched

Photo 25 Ceramography of JOYO MK-1 core fuel (6364C3 sample, etched)
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S/A Name JOYO-PFDO10
Pin No. 6364
| Section No. 6364C3
Distance from bottom of pin 622Mmm
Distance from bottom of fuel column | 53mm

As polihed

Photo

1mm

26 Ceramography of JOYO MK-I core fuel (6364C3 sample, as polished)
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Photo 27

As polished

Ceramography of JOYO MK-H

core fuel (6364C4

sample, as polished)

S/A Name JOYQ-PFDO10

Pin No. 6364

Section No. 6364C4

Distance from hottom of pin 642Mm

Distance from bottom of fuel column | sssmm
imm
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S/A Name JOYO-PFDO1D

Pin No. 6364

Section No. 636404

Bistance from bottom of pin §42mm

Distance from bottern of fuel column | ssemm
imm

Photo 28 Ceramography of JOYO MK- I

core fuel (6364C4, etched)
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S/A Name JOYO - PFDO1D

Pin No. 6364

Section No. 6364C4

Distance from bottom of pin 642Mm

Distance from battom of fuel column | ssemm

etched

Photo 29 Ceramography of JOYO MK~I core fuel (6364C4 sample, etched)




PNC-TN9410 86-142

S/A Name JOYD-PFD010
Pin No. 6364
Section No. 6364C4

Distance from bottom of pin

642Mm

Distance from bottom of fuel column

556/MM

Photo 30 Ceramography of JOYO

MK-1 core fuel (6364C4 sample, as polished)




Distance from

S/A No. JOYO-PFDO10
Pin No. 6364

Irrad Tem'p ("cﬁj :389
Fluence(x1022n/cm?): 0.36

P iy et
Irrad Temp(°C )

'Irrada:'l'emp( C
Fluenca{x1022n/cm?

84
Fluencetx10%n,em2 0.70

% 7]

Irrad Temp (°C :553

Fluence(xmzﬂn}:mz):ngg
Photo Optical micrographs of fuel cladding (No. 6364 PIN)

Photo 31 Optical micrographs of fuel cladding (No.6364pin)

13
.39

[t 3
Irrad Tem

Fluence (x1

)

) 574

Core Bottom 24 250 435 536 556
| / 7 / /
| z L i ..
Bottom Top
§36423 636473 | 6364A3 6364C3 v}

6364C4 —L 1

2n/em2)-0.37
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Table
Table

Table
Table
Fig.

Fig.

Fig.

4-2-1
4-2-2

4~2-3
el

427

4-2-1

4-2-2

4-2-3

4, BEEBESHERER

Measurement condition and indentation position
Microhardness results of JOYO MK-H PFDO10 fuel
cladding

Microhardness of JOYO ME-1 PFDOLO fuel cladding

Relation between hardness and temperature for

JOYO MK-I fuel pin

Relation between hardness and fluence for JOYO
MK~ fuel pin

Relation between hardness and temperature for

JOYO MK-T fuel pin
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Table 4-2-1 Measurement condition and indentation position

1) Measurement Condition

AT i
ek ET#H=E (g) BEREE)

E¥ESf & 500 ' 30

2} 1iIndentation Position

Cladding

fuel

View from Top

LULLESIHIINID
* [

Location : A, B, C, D

Quter S |

8'1-5 Unit: #m

e

Middle : 2, 3

Inner : 4



Table 4~-2-2 Microhardness results of JOYQ MK-E PFD010 fuel cladding

Pin No 6364 Lot No. K002 (Unirrad. Hardness 270 (Hv500)
Specimen No _636422 . 636423 636442 636472 636473 636443 6364C3 6364C4
D.F.C.B. (mm) =5.0v15.0 25.0 125.0 220.0v240.0 250.0 435.0 535.0 535.0v555.0
Hardness (Hv500) 302 303 317 312 299 274 267 269
AHv (Hv500) 32 33 47 42 29 4 -3 -1
{(*1) AHv/Hv (%) 11.9 12.2 17.4 15.6 10.7 1.5 -1.1 ~0.4
(*2) | Clad. Midwall 379 389 431 475 484 553 573 574

Temp. (°C)

Fluence )

(X10%%n/cm?) 0.309 0.359 0.571 0.685 0.697 0.586 0.393 0.370
(#1): Hv = Unirrad. Hardness AHv: Hardness - Unirrad. Hardness
{(#2): Fluence (E > 0.1 MeV)

: BERER O RS SRR T m DA E O1E
FeREI TR =20 (%)

¢VT1-98 01V6NL-ONd
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Table 4-2-3 Microhardness of JOYO MK~1 PFDO10 fuel ¢ladding (No.6364pin—-(1))

S/A Name PFDOL0 Pin No. | 6364
Specimen No. | 636423
Da: F: Uy B 25.0 (mm) D.F.P.B. 111.0 (mm)
_ ‘ Outer  Middle Inner
~ Location 1 2 3 4 Average
A 303 309 301 301 304
B ' 298 303 315 296 303
c 296 307 307 301 303
D 293 309 298 298 300
Ring Average 298 307 305 299 303
Unit: Hv500
5/A Name PFDO10 Pin Neo. 6364
Specimen No. 636442
b. F. C. B. 125.0 (m) D.F.P.B. 211.0 (mm)
Outer Middle Inner
Location 1 2 3 4 Average
A 315 307 320 333 319
B 315 307 312 324 315
c - 318 315 309 318 315
D 318 330 324 309 320
Ring Average 317 315 3le6 321 31.7
Unit: Hv500
8/A Name PFDO10 Pin No. 6364
Specimen No. 636473
D. F. €. B. 250.0 (mm) D.F.P.B. 336.0 (mm)
OQuter Middle Inner
Location i 2 3 4 Average
A 301 - 301 301 301 301
B 301 296 293 308 300
c 296 293 287 312 297
D 296 298 296 293 296
Ring Average 299 297 294 304 299

Unit: Hv500
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Table 4—2-4 Microhardness of JOYO MK-1 PFDO10 fuel cladding (No.6364Pin —(1))

S/A Name PFDOLO Pin No. 6364
Specimen ¥No. 6364A3
D. F. C. B. © 0 435.0 (mm) D.F.P.B. 521,0 (mm)
Outer Middie Inner
Location 1 2 3 4 Average
A 271 280 268 276 274
B 271 273 280 278 276
c 262 268 276 266 268
D 276 278 . 278 276 277
Ring Average 270 275 276 274 274
| Unit: Hv500
S/A Name PFDO10 Pin No. 6364
Specimen No. 6364C3 |
D. F. C. B. 535 (um) D.F.P.B. 621.0 (um)
Oﬁter Middle Inner
Location 1 2 3 4 | Average
A 264 262 273 | 271 268
B 258 262 268 273 265
C 264 264 262 273 266
D 266 268 259 273 267
Ring Average 263 264 266 273 267
| ' Unit: Hv500
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Table 4-2-5 Microhardness of JOYO MK-I PFDO10 fuel cladding (No.6364Pin-(2))

S/A Name PFDO10 Pin No. 6364 Specimen No. 636422
D.F.C.B. -5.0" 15.0|D.F.P.B. 81.0 " 101.0
: Core =——— BlanKet
B C F G i K N
2i3 2i3 2i3 Zi3 2‘1;3 2i3 23;3
o*3 2la '3 2%3 2%3 243/'—_—2‘:3-
1 1 1 1 1 1
A D E B i L M
(15.0) gm ( YAD.F.C.B. B0
Outer Middle Inner
Location Average
1 2 3 4
A 312 298 301 303 304
B 301 298 298 301 300
C 298 293 303 309 301
D 301 307 307 309 306
E 298 307 298 298 300
F 301 301 301 301 301
G 296 307 315 301 305
H 307 312 303 312 309
I 307 296 298 303 301
J 307 312 303 296 305
K 291 307 30? 296 300
L 298 307 303 291 300
M 298 296 287 291 293
N 296 298 301 303 300
iizfage 301 303 302 301 302
| Unit: Hv500
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Table 4-2-6 Microhardness of JOYO MK-1 PFDOLO fuel cladding (No.6364Pin—(3))

S/A Name  PFD010 |Pin No. 6364 Specimen No. 636472

D.F.C.B. 220,07 240.0 D.F.P.B. 306.0" 326.0

Top =— g C .F' G J K —= Boffom
23;3 23;3 ZiB 2};3 ZiS 2}13

(240.0) mm” { )P D.F.C.B. (220.0) mm
Quter Middle Ioner
Location Average
1 2 3 4
A 320 307 320 307 314
B 324 315 307 307 313
c 318 318 315 298 312
D 309 315 303 309 309
E 293 307 307 315 306
F 315 320 318 309 316
G 324 309 315 309 314
H 307 307 315 312 310
I 309 312 309 301 308
J 312 312 312 307 311
K 330 309 309 312 315
L 315 318 317 307 315
iizgage 315 312 312 308 312

Unit: Hv500
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Table 4-2-7 WMicrohardness of JOYO MK-I PFDOL0 fuel cladding (No.6364Pin-(4))

8/A Name PFDOLO Pin No. 6364 Specimen No. 6364ChH
D.F.C.B. 535,0%555.0] D.F.P.B, 621.0 v 641.0
Blanket h'—» Core
: F ! ¢ S
3i2 3;2 3i2 312 3, 3,2
| —
3?2 32 372 3,2 3 5
K ] G F c B
(565.0) m ( )% D.F.C.B, (635.0) mu
Outer Middle Inner
Location Average
1 2 3 4
A 273 271 262 264 268
B 266 276 271 264 269
C 271 273 278 266 272
D 264 266 271 266 267
E 271 - 276 271 262 270
F 271 264 258 264 264
G 271 278 264 276 272
H 273 266 276 268 271
1 273 268 273 262 269
J 271 264 276 - 268 269
K 273 271 276 273 273
L 273 266 264 264 267
i‘ir‘;fage 271 270 270 266 269
Unit: Hv500
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Cladding Microvickers Hardness Number

JOYO MK-1 PFDO010 6364Pin
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Fig, 4-2-1 Relation between hardness, clad temperature ana fuluence at various

position for JOYO MK—1 fuel pin (PFD0L10, 6364)
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A Materials K#t
Unirrad - 270ty 500)
Symdol Temp (°C)
40 ] 380 ~ 400
0] 421 ~ 440
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2 '®) 481 ~ 500
A © 541 ~ 560
g ® 561 ~ 580
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L; Temp: Cladding Midwall Temp
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Fig. 4-2-2 Relation between hardness and fluence for JOYO MK-I fuel pin

(PFD010, 6364)




(Hy500)

Hardness Change

-+
’ Materials : K##
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Unirrad . .
O - . Mot oos 270 CHy 500)
O Fluence 0.3~0.7 (x1022m )
40 (E=0.1 MeV)
30
O
20
10
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| ] 1 L] | | | ! .I | ' 1 1 1 1 I 1
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Cladding Midwall Temperature o

Fig..4-2-3 Relation between hardness and temperature for JOYO MK-I fuel pin
(PFD010, 6364)
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6. #MBEEMESER

Summary of burnup measurement by Nd-method
for PFDOILO

Composition of spike solution and natural
Neodymium

Calculation of effective fission vield for
PFDO10

Results of isotope analysis and burnup
calculation for PFDOLO

Cutting diagram of PFDOLO

Specimen treatment process for burnup
measurement in AGS

Burnup axial distribution of PFDO10
Burnup radial distribution of PFDO10
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Table 4-3-1 Summary of Burnup Measurement by Nd-method for PFD010

Distance froml) Burnup 2)
Pin No. Sample No. | core fuel 148 3)
bottom (mm) Nd monitor | MWD /MTM
atom 7%
6307 630722 250.0 v 255.0 0.555 4670
63C1 63C122 250.0 ~ 255.0 0.619 5200
636424 24.7 v 29.6 0.427 3590
636443 125.9 ~ 130.6 0.579 4860
6364
636474 250.2 ~ 255.0 0.602 5060
636442 420.7 ~ 425.2 0.454 3820
6364C2 520.5 ~ 530.0 0.307 2580

1) Distance

Distance

2} Burnup

FY
H

3) atom% —MWD/MTM#EEEHIL  REHEEIFEEMAGIa - FRERE A TVWEH

P/FY

H + P/FY

from fuel bottem + 12 mm

from pin bottom + 86 mm

atom percent fissions

x 100

= atom concentration of fission product burnup

monitor

= effective fission yield value

=  atom concentration of heavy nuclides

SAURGHOEROESBRBB =2 vF -HroB8R/BTLRER LT,
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Table 4-3-2 Composition of spike solution and natural Neodymium

PR L U233 4.3914 %1018 S 3 *
= ¥ % Pu 242 7.9674 %1017 A242
( atoms/ml ) Nd 150 7.1740 X 10 5 A50
Nd 142 /Nd150 4.824980 C42/50

RBE XA Y 50O NA145/ Nd 150 1.472180 C45/50
AL & | Nd 146/ Nd150 3.050830 C46/50
Nd 148/ Nd 150 1.021325 C48/50

Nd 142/ Nd150 0.008937 542/50

FAYVALRANL F| Nd145/ Nd 150 0.004336 $45/50
® [& fr & ] Nd146/ Nd150 0.009122 $46/50
Nd 148/ Nd 150 0.007046 548/50

b5y 4 s U234/U0U233 0.014108 S 43
o B OB & U235/U0U233 0.000401 85 3
U 238/ U233 0.006410 $8.3

Fub 2SRRI, Y Pu239/ Pu242 0.001309 S92
o B & & 1 Pu240/ Pu 242 0.013696 S0 2
Pu241/ Pu242 0.000859 S1 2

*FHE2- FTHEH LTV 3ES
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Table 4-3-3 Calculation of effective fission yield for PFD010(636474 sample)

~ (example) -
Nd—148 Nel=-146 Md-145
Composition Fizssion
Mucli1dse | CAtom Cross
Fraction) 8ectian F18s1onfFractionaiFize tonFractionalFiesionfFractional
{AF) CCSh Yield Fission|Yield Figgion | Yield Figsion
b tFY2 % Yigld| (FY) % ¥Yiald |{FY) % Yiald
1) 2l a2 25
1 -233 nd - 1.14 - 3.2d - 4.10 -
1) 22 22 a3
U -234 B.2a0,33 - 1.44 - 3.8 - 4.288 -
11 22 - 33 )
U =235 B.©2E525 | 1.65E+B2 1.85 8.383 2.94 d4.E691 3.7B B.824
1} a2 27 2!
U -23s8 B.o23332 | 1.66E-B1 1.81 8.ap5 2.86 4. bag 3.77 H.884
1) D 3 ' a)
U =238 B.529958 | 7.6LE~-B2 2.08 B. 164 3.44 A.3E8 3.59 B.276
1) 21 23 2)
Pu~238 . BAEE35%5 - 1.78 - 2.79 - 3.84 -
1) 32 ax 33
Pu—233 B.2137D3 | 1,73E+E0 1.85 1. abB 2.48 1.491 3.41 1.825
13 2) a’r 21
Pu-249 B.5538508 | 5.34E-B1 1.34 @,a95 2.83 d. 146 3.34 a.173
1) 22 27 2)
Fu=-241] B.B875E8 | 2. 14E+B8 1.94 a.as52 3.81 a, 888 3.52 B2.034
' . 13 21 22 23
Pu-242 B.B81314 | 4.33E-D] 2.04 B, apa 3.18 a.p94 3.78 8.065
Effective Fiszion Yield
1.71 2.68 2.26
”
Motezjnd = not detected

Fractional FY=<{AF>(CS>(FY)~SUMCAF>(CS)
Effective FY=SUM(Fractianal FY>

12MRGI code

2YTRG-2143-R

3>ICP-1856-1

4 YAERE-R-8753
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Table 4-3-4 Result of isotope analysis and burnup calculation for PFDOLO
(630722 sample)

S/A MO.<(FAB)
SAMPLE HO,

PFDB1A PIN HO.<(PIED i 63087
638722 SAMPLE POSITION ; 258.0%255.0 (mm)#

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTIGN 3 ©.808

ISOTOPIC RATIC OF U,Pu,Nd IH ¢a)SAMPLE AND <b>SAMPLE-SPIKE MIXTURE 3

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

nd R.901135 8.137474 9.8808571 -{ar
8.144031 B.002807 8.137457 9,0600585 =({b>
[(Pu238-239]1 [Pu248-2391 [FPu241,2391 [Pu242-2391
8.0081659 8.2733%52 9.835392 9.298952 =<a’
B.8015359 B.275289 8.833418 B.@85822 =(b>
[(Nd142-158]1 [Nd143-1581 [Nd144-1581 [Hd145-/150]1 [Ndi46-1561 [Nd148-150]
nd 4.9402208 3.531719 3.421712 2.79922¢6 1.798191 =Ca
B.,086477 1.383248 B8.935549 B.903384 9,743306 8.477993 =<{b

IS0TOPIC COMPOSITION OF U,Pu.Nd IN SAMPLE (atomk) H

[ U2331] [ 2341 [ U23s1 L uz23el [ U228l
nd @.8996 12.B8878 8.85@1 87.v824

LPu2381] [Pu2391 CPu2481] [Pu241] [Pu2d21
0.1258 73.6799 28.838¢6 2.5785 - B.8775

[Nd1423 [Nd1431] [Nd144] [Nd1453 [Nd146] [Nd1433] [Nd150]
nd 28.2811 28.1812 19,5526 15.9955 18.2753 5.7143

Pu CONTENT fatom¥)-Cweight¥%d ; 28.842 -~ 28.182

NUMBER OF TOTRL HERWY ELEHENT (atoms)sample) v 1.157BE+21

' [Nd14312 [Nd1451 [Nd1453
NUMBER OF Nd NUCLIDE (atoms-sample) ¥ 1.1B43E+17? 1.7213E+17 2.1@33E+1L7

EFFECTIVE FISSION YIELD i 1.71E-8B2 2.68E-82 3,26E-B2

NUMBER OF FISSIONS (fissions/sampled#%; 6.4589E+18 6.4227E+18 6.4517E+13

BURNUP (atomXd# 5 B8.355 a.5352 8.555

—r — s e e s - e

SPECIFIC BURHUP ¢MWD/MTM)## H 4670 4640 4660

NOTE ;3 nd = not detected
% Distance from core fucl bottom
#% FISSIONS=NUMBER OF Md-/EFFECTIYE FISSION YIELD
# BURNUP=100#FISSIGNS-¢TOTAL HEAYY ELEMENT+FISSIONS)
#4% 1.19 atom% B.U=186060 HMWD-MTH B.U
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Table 4-3-5 Result of isotope analysis and burnup caleulation for PFD0O10

(63C122 sample)

S7A HO. (FRAB)
SAMPLE MO.

PFDale PIN HO.<{PIE>
63CL122 . SAMPLE POSITION

63C1

250,8~255.8 (mmX*

YOLUME RATIQ OF SPIKE SCLUTION TO SAMPLE SOLUTION ; ©.8390

ISOTOPIC RATIO OF U,Pu,Nd IN (adSAMPLE AND C(LISAMPLE-SFPIKE MIKXKTURE

[ UR33-,2381 [ U234-,238]1 [ U235-238]1 [ U236-2381]

nd 8,0881137 B.137467 BD.300609 ={al
8.181487 B0.083865 B.137271 P.00AGL3 ~{bo
[Pu238-,2391 [Pu240-,23%]1 [Pu241-239]1 [Pu242/2391]
#.861237 8.275451 0.0835352 a.0839383 =(a’
B.081637 B.276592 @9.835482 B.995873 -{b>

INd142-158] [Nd143-150]1 [Nd144-158]1 [Nd145-150] I[Ndl46-158] [Hd148-1581

nd 4.927915 3.9135408 3.41593% -2.792731
08.885638 1.296897 8.930186 8.898468 @.739531

I30TOPIC COMPOSITION OF U,Pu.Nd IN SAMPLE (atom”) 3

L uz2331 [ U2341 L U2351] [ u23sl [ U2381
nd 8.28998 12.08558 8.8535 8v.77v92

[Pu2381] [Pu2391 [Pu2481 [Pu241i] [Pu2421
8.1239 73.6760 208.8450 2.5753 . B.&798

CHd142] [Nd1433 [Hd1441 [Nd14351 [Nd145] [Nd145]
nd 28.2453 28,1492 18,5791 16.80871 18.2877

Pu COMTENT <CatomX)-/{uwsight) ; 28,134 -~ 28.254

HUMBER OF TOTAL HEAYY ELEMENT (atoms)sample) 5 1.8333E+21

[Nd1481 CNd146]
MUMEER OF Nd NUCLIDE ¢atoms-sample) } 1.1809E+17 1.7128E+17

EFFECTIVE FISSION YIELD i l.7lE-B2 2.68E-82

NUMBER OF FISSIODNS (fizsions sampled%%; ©6.4332E+13 ©6.3881E+18

BURNUP (atom%)# y B.819 g.614

SPECIFIC BURNUP CHWD-MTH) #4 o3 5200 5160

NOTE ; nd = not detected
# Distance from core fuel bottom
#%# FISSIONS=NUMBER OF NdJ-EFFECTIVE FISSION YIELD
& BURNUP=100%FISSIONS/(TOTAL HEAYY ELEMENT+FISSIONS)
#% 1.19 atom¥% B.U=10099 MWD MTHM B.U

1.794883
B.476352

[Hd1581]
5.7317

ENd143]
2.8892E+17

3.26E-82

6.4087E+18

-(a
-C(h>
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Table 4-3-6 Result of isotope analysis and burnup calculation for PFD010

(636424 sample)

S/A NO.C(FAB»
SAMPLE HNO.

PFDa1@ PIN NO.(PIE>
635424 SAMPLE POSITIOHN

6354
24,7%29.6 (mmd#*

[T
-y wn

VOLUME RATIO OF SPIKE SOLUTIOM TO SAMPLE SOLUTION ; ©.390

ISOTOPIC RATIO OF U,Pu,Md IN Ca)3SAMPLE AND (bISAHPLE-SPIKE HIXTURE ;

L U233-2381 [ U234-2381 [ U235-2381 [ U286-2381]

nd B.801144 8.138292 8.80083520 ={a)
8.,163330 0.082993 8,137317 8.08804%8 -(b>
[Pu238-2391 [Pu248-239] [Pu241-239]1 [Pu242-239]
6.081639 B.275832 B9.835368 8.06088939 =Cal
8.08153% 8.273342 @.835324 B.897B26 ~ -(b?

CHd142-158] C[Hd143/1501 [Nd144/156] INd145-158] [Hdi46-150] [Nd148-/1561
B.B012254 4.951273 3.551628 3.425892 2.803354 1.881421
B.0839442 B.964552 8.597886 B.663234 B.551122 B.354135

ISOTOPIC COMPOSITION OF U,Pu,Md IM SAMPLE (atom¥) ;

[ uz233] [ U234] [ U2353 L Uz23el L U238]
nd 2.10084 12.1313 8.845¢% 87.7227

[Pu238] [Fu2391 [PL240] [Pu24il [FuZ42]
8.1241 75.7015 28.8208 2.86774 B.6767

EMd142] [Nd1431] [Nd1441] fNd145] {Hd1451] EHd1481] fNd1581]
B.8598 28.2191 28.2420 19.5254 15.9773 18.2678 5.5994

Pu CONTENT (atomi)~s{weightX) ; 28.12% ~» 28.249

HUMBER OF TOTAL HERYY ELEMENT (atnms}aample) 5 1.81%3E+21

[Hd1481 - I[Nd148] [Nd14513

HUMBER OF Nd NUCLIDE (atoms-/sampls) 5 r.4281E+16 1.1S585E+17 1.4185E+17

EFFECTIVE FISSION YIELD 7 l.7BE-B2 2.58E-82 3.28E-02

NUHBER OF FISSIONS (fissions/sampleX*¥; ¢.3595E+18 4.3229E+18 4.3515E+18

BURNUP (atom%>#

=
g
[
~
o
S
N
[V

B8.423

SPECIFIC BURNUP <(HMWD/MTH)## H 3590 3550 3570

MOTE ; nd = not detected
# JDistance from core fuel bottom
#% FISSIONS=NUMBER QF NJ-/EFFECTIVYE FISSION YIELD
# BURNUP=188+#FISSIONS-(TOTAL HEAVY ELEMENT+FISSIONS)
#% 1.19 atomx B.U=18683 MWD MTM B.U

=-{al
=-(b)
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Table 4-3~7 Result of isotope analysis and burnup calc-lation for PFDO10

(636443 sample)

S/A ND.<FRB)
SAMFLE HNO.

PFDB10 PIN NO.(PIE>
635443 | SAMPLE POSITION

&£364
125,9+130.6 C(mm2#

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION ; B.808@

ISOTOPIC RATIO OF U.Pu,Nd IH (&)SAMPLE AND ¢b)SAMPLE-SPIKE MIKTURE ;

£ U233-238] [ U234-238]1 [ U235-238]1 [ U236-238]
nd 0.001141 8.13789%4 0.886557 =Ca’
Q.141444 0.002768 B.1374%9 8.888547 =(b>

EPu238-239]1 [Pu248-239]1 [Pu241-239%] [Pu242-2391
8.081598 0,273302 B.B835404 8.802945 “{ar
0.601593 B.275985 B.835342 B.885161 -{b>

[Nd142-,158] [Nd143-158] [Hd144-150]1 [Nd145-158] [Nd146-158] [Nd148-158]

8.081432 4.96@518 3.388257 3.482616 2.786230 1.7923356
8.811758 1.358787 B.977278 8.939065 B.775935 0.499767

ISOTORPIC COMPOSITIOM QF U.Pu,Nd IN SAMPLE <atom¥) 3

[ u2331 [ U2341 L u23s513 [ U236l [ U238l
nd 6.1081 12.1683 B.B489 8v.v50v

[Pu238] [Pu2391 [Pu240] [Pu2411] [Pu2421
0.1285 75.6882 28.8349 2.6794 B.6770

[Hd1421] CNd1431] [Hd144] CNd14351] [HNdi46] [Ndi481 [Nd1501]
G.6853 28.17v8 20,1724 19,5648 15.8287 14.36859 S.7588

Pu CONTEHT Catom¥>-{wm2ightX) 3 28.085 ~ 28,215

NUMBER OF TOTRAL HERVY ELEMENT (atoms)sample) ;7 1.191s5E+21

' fNd1481 CNd148] [Hd1451
HUMBER OF Nd HMUCLIDE <(atoms-sampls) 5 1.1882E+17 1.8399E+17 2.2428E+17

EFFECTIYE FISSION YIELD i l.7iE-B2 2,68E-82 3. 26E-B2

NUMBER OF FISSIONS C(fissionss/sampleld##; 6.936BE+18 6.8632E+18 6.3797E+13

BURNUP CatamX)# 7 @.57¢9 8.573 8.574

SFECIFIC BURMUP (MWD-/MTM> &4 H 4860 4810 4820

MOTE 3 nd = not detected
¥ Distance from core fuzl bottom
*% FISSIONS=NUMBER OF NdA-EFFECTIVYE FISSION YIELD
# BURNUP=1868*FISSIONS-/C(TOTAL HERYY ELEMENT+FISSIONS>
## 1.19 atom¥ B.U=18066 MWD -MTM B.U

-Cal
-(b>
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Table 4~3-8 Result of isotope analysis and burnup claculation for PFDO10

(636474 sample)

S/A MO.(FREB> PFDO10 PIN NO.¢PIEY

’ £364
SAMPLE NO. ; 635474 SAMPLE POSITION

258.2%235.9 (mmd+#

¥OLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION ; 9.808

1S0TOPIC RATIO OF U,Pu,Nd IN ¢(a»SAMPLE AND (b)>SAMPLE-SPIKE MIXTURE ;

[ U233-,2381 [ U234-2381 [ U235-2383 [ U235-238] ‘
nd 8.001148 0.137350 8.2885709 =(a’

2.138510 0.3925408 8,137v355 9.0083588 =ib?
[Pu238-239] [Pu248-239] [Pu241-2391 L[Pu242-23%1]

6.08615659 B.275511 2.833377 8.008957 ~(ar

6.68155%9 B.276272 28.035363 B.078898 =(b)

[(Hd142-1581 [(MNd143/1581 [Nd144-1501 ENd145-1501 [Nd146-1581 [Hd143-/1561]

9.802933 4,835796 3.475221 3.3659684 2.751567
8.0604713 1.457685 1.857383 1.828874 8.8:41203

ISOTOPIC COMPOSITION OF U,Pu.Nd IN SAMPLE <{atom%) 3

[ U233] [ U2341 [ uU233] L U236l L U2381]
nd B8.1008 12.8581 8.85080 87.7911

[Pu238] [Pu23921] [Pu246] EPu2411 [Pu2421
8.1255 75.6638 20,8543 2.6768 . B.8777

ENd142] [Nd1431 ° {Nd144] ENd1451 ENd146] [Nd1451]
8.8121 28.8727 20.1744 19.5612 16.8314 19.3430

Pu CONTENT (atomX)-/Cweight®) ; 28.243 ~ 28.364

NUMBER OF TOTAL HEAYY ELEMENT (atoms-sampled ; 1,2888E+21

CNd1483 LNd14€1
MUMBER OF Nd NUCLIDE {atoms/sample) v 1.326BE+17 2.08827E+17

EFFECTIVE FISSION YIELD i 1.71E-82 2.68E-82

HUHMBER OF FISSIONS (fissions/samplels#; 7.7544E+18 T7F.696FE+18

BURHUP (atom¥X)#

ws
©
.
)]
@
n
@
4}
W0
-~

SPECIFIC BURNUP <MWB/MTM>## H 5060 5020

HOTE ; nd = not detected
¥ Distance from core fusl bottom
*% FISSIONS=NUMBER OF N EFFECTIVYE FISSION YIELD
# BURNUP=108+FISSIONS~{TOTAL HERYY ELEMENT+FISSIONS)
#% 1.19 atom® B.U=10088 MWD /MTHM B.U

1.781578
B8.342513

[Nd158]
3.8852

ENd1431
2.3112E+17

3.26E-82

r.7A31E+18

-¢{al
~(b>
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Table 4-3-9 Result of isotope analysis and burnup calculation for PFDO10

(6364A2 sample)

$-A NO.<(FAB> ; PFDO10 PIN NO.<{PIE> y 6354
SAMPLE NO. 3 6364R2 SAMPLE POSITION j 428.7%425.2 (mm)}#%
YOLUME RATIO OF SPIKE SOLUTION TA SAMPLE SOLUTION ; ©.800

ISOTOPIC RATIO OF U,Pu,Nd IN ¢a)SAMPLE AND ¢(b)SA

MPLE-SPIKE MIXTURE ;

L U233-2381 [ U234-2381 [ U235-238]1 [ U235-239]

nd B.6881143 @.138198 B.9668483 —-{az
8.151523 8.982998 B.137638 B.BEA493 -{b>
[Pu238-239] [Pu240-2391 [Pul241-2391 [Pu242-2391]
0.901622 8.274578 B.035324 8.08891¢8 =Ca’
B.881822 0.276382 8.035493 B.B8856337 - =<{b>
[Hd142-158] [Hd143-158] [Ndi44-150]1 [Nd145-1581 [Nd146-1501 [Hd148-150]
: nd 4.904862 3.5886971 3.481615 2.782897 1.79259%
8.8B7331 1.846375 8.7351770 8.728455 8.599585 B.386579
ISOTOPIC COMPOSITION OF U,Pu,Nd IN SAMPLE ¢atomX%)
[ u2321 [ U2341] L U23s1 L U238l L U2383
nd g.1883 12.1245 B.0424 87.7328
[Pu2381 CPu2391 [Pu2481 [Puz411 [Pu2421
B.1228 ¥5.7323 20.7944 2.6752 g.6752
[Hd1421] ENd1431 ENd144] ENd1451 [Nd14&] [Mdi4813 [Nd1581
nd 28.2835 28,1688 12.5628 16.9948 19.3993 3.7v518
Pu CONTENT (atomX)-/Cweight®) ; 38,366 ~ 239.492
NUMBER OF TOTAL HERVYY ELEMENT (atnms}gimple> 5 Ll.B567BE+21
[Ndi481 [Hd1451 [Nd143]
HUMBER QF Hd MUCLIDE {atoms-sample) 3 8.328B4E+16 1,2945E+17 1.5806E+17
EFFECTIVE FISSION YIELD 5 1.71E-@2 2.67E-B2 3.24E-B2
HUMBER OF FISSIONS <(fissions/sampled#%; 4.87B4E+18 4.8482E+18 4.8784E+13
BURNUP (atomi)# 3 0.454 B.452 8,455
SPECIFIC BURNUP (MWD MTM)4# H 3820 3800 3820

= not detected
Distance from care fuel bottom

NOTE ; nd

#

*#% FISSIONS=NUMBER OF NJ/EFFECTIYE FISSION YIELD

#
##% 1.19 atomX E.U=106880 MWD-MTM B.U

BURNUP=19@%FISSIONS/¢TOTAL HEAYY ELEMENT+FISSIONS)

=-Caz
-(b>
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Table 4-3-10 Result of isotope analysis and burnup calculation for PFD010
(6364C2 sample)

$7A NO.(FRAB) ; PFDE10 PIN HO.<PIEY 3 6364
SAMPLE NO. § 6384C2 © SAMPLE POSITION ; 520.5~330.9 (mmd%*

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION ; ©.380

ISOTOPIC RATIO OF U,Pu,Nd IN ¢a)SAMPLE AND (b>SAMPLE-SFIKE MIXTURE ;

[ U233-2381 [ U234-2381 [ U235-2381 [ U226-2381

nd 6.801143 B8.1336544 B.PEB373 ~Cal
B.159588 8.882962 8.138211 0.899374 ~{b>
[Pu238-,2391 [Pu248,239]1 [Pu241,23%]1 [Pu242-2391
B.B81464 9.273572 9.833139 8.888835 -Car
B.201464 8.275393 9.08335580 8.888875 =(b>
[Nd142-138] [Nd143-150] [Ndi44-158]1 [Nd145-158] [Nd146-1301 [(Nd143-/150]
8.807081 4.94918S 3.337669 3.425177 2.797811 1.795317 =Cal
B.013679 B.755445 8.557272 B8,332172 B.442209 8.283729 =<{b>

ISOTOPIC COMPOSITION OF' U.Pu,Nd IN SAMPLE Catom) ;

{ U2331 L u234] [ U23512 L U236l [ U238l
nd B.1p@2 12. 1600 B.8327 87.7870

[Pu2381 [Fu239] tPu24@1 [Pu241] fPu2421
8.1118 rS.81zt 20,7401 2.6655 8.56713

[Nd142] ENd1431] CNd1447 [Nd1451 CMd1458] [Ndi481] [Ndi501
2.0483 28,2594 26.2081 19,5578 15.975% 12.25786 5.7108@

Py CONTEMT <atomX)-(weight¥> ; 38.057 - 38,182

NUMBER OF TOTAL HERYY ELEMENT (atnms)sample) y  1.B754E+21

[Hd1481] [Ndi4&] CHd143]
NUMBER OF Nd NUCLITE (atoms<sample) 7 S.B341E+16 8.7765E+16 1.0729E+17

EFFECTIVE FISSION YIELD 1.7BE~-B2 2.67E-02 3.235E~-82

NUMBER OF FISSIONS (fissions-sampleds##; 3.3142E+13 3,.2871E+18 3.3014E+13

BURNUP (atom%)#

-e
3]
.
[}
[}
=l
o
[}
[}
[4)]
]
.
(2}
[}
&

SPECIFIC EURNUP (MUD-MTMD## H 2580 2560 2570

HOTE ; nd = not detected
¥ Distance from core fuel bottom
#% FISSIONS=NUMBER OF NdJ-EFFECTIYE FISSION YIELD
# BURNUP=188%FISSIQONS~(TOTAL HERYY ELEMENT+FISSIONS>
#%# 1.19 atom® B.U=18080 MWD-MTH B.U
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£ ) : Examined pin

Location:

2BI

Core Center Direction:
* (DFCB) — ? 5? mm
(DFFB)— 0—f '5%—5%
(DFPBY— 0 74 SIG 636-648 15|33
6307 pin | E\\_ ]
630722
(250.2 ~ 255.0)*
630cipin [ | | Ea\_ 1
63cl22 _
(250.0~255.0)*

gssapin [ | | T
636474

636424 636443 (250.2~255.0)" 6364 A2
(24.7~29.6)* (1259~ 130.6)*

Fig. 4-3-1 Cutting Diagram of PFDOI10

6364c2

(420.7~425.2>* (520.5~530.0)*

E
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Fig. 4-3-2 Specimen treatment process for burnup measurement in AGS
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Fig. 4-3-3 Burnup axial distribution of PFDO10 (6364 Pin)
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Fig, 4=-3-4 Burnup radial distribution of PFD010
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