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Table 2—1 Fuel pin fabrication parameters
Fig. 2—1 Schematic drawing of fuel pin
Fig. 3—1 Irradiation position of " PPIDIS subassembly in JOYO MK—1 core
Fig. 3—2 Fuel pin position in PPJD 18 subassembly
Fig. 3—3 Burnup and fluence disfribution (6841 pin)
Fig. 3—4 “ (6846 pin)
Fig. 3-5 " (6851 pin)
Fig. 3—6 Temperature and linear power distribution (6841 pin)
Fig. 8-7 o (6846 pin)
Fig. 3-8 n (6851 pin)
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Table 2—1 Fuel pin fabrication parameters

No. 6841
‘S /A name PPJD 18 Pin no No. 6846
: No. 6851
Fuel
Fuel form ' Flat end solid pellet
~ Pellet diameter (m) 5.4
Pellet density (% T.D) 03.5
Fuel composition 17.7w/0 Pu0,-UQ,
U—235 enrichment (% 23
Pu isotopic composition (%) Pu %296//21%00//23?'17//%4%2
O/M ratio 198 ~ 2.0
Cladding
Type and work : SUS 316, 10 % cold work
Outer/inner diameter (mn) ' 6.3 / 56
No.6841
Lot identification : No.6846;: S015
No.6851
Fuel pin
Pin length (mn) 1910
Pin outer diameter (m) 6.3
Fuel column length (mn) 7 600
Plenum length (am) 408
als 400
Blanket length (um) { %g 380
Fuel/cladding dia.gap (m) 0.2
Pin spacing & support Wrapping wire




Fig.2—1

Schematic drawing of fuel pin
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Fig.3—1 Irradiation position of PPJD18 subassembly in JOYO
MK-1 core
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Metallographic examination in AGS
Irradiation condition

Summary data from ceramography

Flow diagram of metallographic examination in AGS
Macrography of JOYO MK~—1 core fuel (6841 pin, as polished)
" (6841 pin, etched)
p | (6846 pin, as polished)
“ (6846 pin, etched)
" (6851 pin, as polished)
" (6851 pin, etched)

Postirradiation ceramography of JOYO MK-1I core fuel
( 684142 sample, as polished)

" ( 684142 sample, etched)
o ( 684142 sample, as polished)
" (684142 sample, etched)
P { 684642 sample, as polished)
" ( 684642 sample, etched)
p ( 684642 sample, as polished)
# ( 684642 sample, etched)
" ( 685122 sample, as polished)
# (685122 sample, etched)
" ( 685122 sample, as polished)
“ ( 685122 sample, etched)

“ ( 684163 sample, as polished)
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Table 4 —1—1 - Metallographic examination in ACS

as polished etched
T 5 =] # an (53 H Y
BEL/ BEE | x 200 HABHE | HEEAE
IE ﬁ. F oy TERE
x 105 £HEHR x 1056 2EEE |,
o Bo| 80 SWEH e <o S@a AR 2 PR 2
x 100 HAER | F4 FAMRAE | % 100 HAEE | 2pim o
x 400 MOFE | ¥4 FoFllE | x 400 HHBEH )RR R
X 200 ~ 750
- - A FCCI




Table 4—1—2 Irradiation Condition

=1 | liner Fuel Temp. (T) |Burnup Cladding Temp. {C) |Fluence
S/A name |Section No | DF.C.B. |Heat Rate (MWD/ E=0.1Mev
(mm) | (W/cm) Surface| Center MTM) Surface|Middle | Inner |&l10%h/cn?)
684142 270 195 658 1228 33822 440 450 459 041
684163 589 99 603 8h5 17129 492 497 501 022
684642 270 185 648 1178 32104 442 451 460 0.39
PPJD 18 .
684663 530 95 608 848 16259 503 507 511 0.21
685122 270 172 622 1101 29997 431 438 446 0.36
685142 590 88 575 789 15192 476 480 484 0.20

*1 DF.CB. =

Distance from Core Bottom

SV1-98 OIV6NL-ONd



Table 4--1—3 Summary data from ceramography

S/A No PPJD 18

Distance Restructured Region (Dia. m) %?:rir?liall Outer Dia
Pin No. |Section No. |f lametra.
A section Ho bl;i?;rio(ﬁ) Central Columnar Gas bubble | Densified |Dark |Gap Size fom)
Void Region| Region Region Ring | (#m)
684142 270 3.1 42 - 170 55
6841
684163 589 30 42 — 190 54
684642 270 31 42 4.8 80 5.5
6846
684663 590 - - - 180 54
685122 270 30 42 48 70 55
6851
685142 590 23 40 44 100 55

SV1-98 OTV6NL-IONd



PNC-TN9410 86-145

S48 SR BT A

b

B OIE E A A
(=& F VR

l

=R B
H | 120 )
4
240 » | BRFw S
i .
320 » } (109~204%
4
BE | 400 » | BFEBIEE LT (120 FDH)
} BUHEY) v e g4
600 » ) {ER.

6 #£m
St ¥4I Y F_—2R
(9 1 B:RE)D

lem | HBEELT, 598074
A4 WA

b

Al,O; 005p,<7(1~24})
!
BFESIRBE T O EEMEE I & B HHERERE

|

oM F VEE
Ar gas
15KV ImA
TIME 40 ~ 60 4

y
HRRHEM D S B S AR

%3S b B

Hoe
L
'z

Fig.4—1-1 Flow diagram of metallongraphic examination in AGS
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S/A N JOYO—PPJD 18
Pin No 6841
S/A Peak Burn up 35950 MWD /MTM
As polished
Distance from
Core Bottom fm) 270 589
Bottom 600 Top

684142

Photo 1

684163

Macrography of JOYO MK -~ I core fuel (6841 pin, as polished)
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S/A Mo JOYO-PPJD18
Pin Ne 6841
S/A Peak Burn up 35950MWD/MTM
etched
Distance from
Core Bottominm) 270 589
0 600 Top

Bottom

684142

Photo 2

684163

Macrography of JOYO MK—1 core fuel (6841 pin, etched)
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S/A Ko JOYO-PPJD18

Pin No 6846

S/A Peak Burn up 35950 MWD / MTM

As polished
Distance from
Core Bottorm{m) 271 590
Bottom 0 600 Top
684642 684663

Photo 3

Macrography of JOYO MK— 1 core fuel (6846 pin, as polished)
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S/A No JOYO—-PPJDI18

Pin No. 6846

S/A Peak Burn up 35950 MWD / MTM

etched
Distance from
Core Bottomim) 271 590 K/
Bottom 600 Top
684642 684663

Photo 4 Macrography of JOYO MK—1 core fuel (6846 pin, etched)

SV1-98 0T¥6NL-ONd



Distance from

Core Bottom {m)

S/A No JOYO—-PPJD 18
Pin No 6851
S/A Peak Burn up 35950 MWD / MTM

270

As polished

i

RAEERTY

13914113 %
Lo

d

Bottom

—g7 —

600

685122 685142

Photo 5 Macrography of JOYO MK— | core fuel (6851pin, as polished)

Top

SV1-98 OIV6NL-ONd



S/A No JOYO—PPJD18

Pin No 6851

S/A Peak Burn up 359050MWD/ MTM

etched
Distance from
Core Botton% 270 590 //
Bottom 0 600 Top
685122 685142

Photo 6 Macrography of JOYO MK— I core fuel (6851 piﬁ, etched)

G¥1-98 O0TV6NL-ONd



PNC-TN9410 86-145

S/A Name JOYO—PPJD 18

Pin Ro. 6841

Section No. 684142

Distance from bottom of pin 732 mn
Distance from bottom of fuel column | 270 m

As polished

Photo 7 Postirradiatio ceramography of JOYO MK—1I core fuel (684142 sample, as polished)
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3/A Name JOYO—PPJD18
Pin No 6841
Section No 684142
‘ Distance from bottom of pin 732 m
Distance from bottom of fuel column | 270 m

etched L 1 mm i

Photo 8 Postirradiatio ceramography of JOYO MK—1 core fuel (684142 sample, etched)



Photo 9 Postirradiatio ceramography

S/A Name JOYO—PPJIDI1§

Pin No 6841

Section Mo 684142

Distance from bottom of pin 732 on
Distance from bottom of fuel column | 270 m

As polished

of

JOYO MK—I core fuel (684142 sample, as polished)

GY1-98 OT76NL-ONd



S/A Name JOYO—PPJD18

Pin No. 6841

Section No. 684142

Distance from bottom of pin 732 om
Distance from bottom of fuel column | 270 m

Photo 10 Postirradiatio ceramography of JOYO MEK—1 core fuel (684142 sample, etched)

GV1-98 OTV6ENL-IONd
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S/A Name JOYO—-PPJD18

Pin No 6846

Section No 684642

Distance from bottom of pin 733 m
Distance from bottom of fuel column | 271 m

As polished o lm

Photo 11 Postirradiatio ceramography of JOYO MK—I core fuel (684642 sample, as polished)



PNC-TN9410 86-145

S/A Name JOYO—-PPJD18

Pin No. 6846

Section No 684642

Distance from bottom of pin 733 w
Distance from bottom of fuel column | 271 m

etched e lm

Photo 12 Postirradiatio ceramography of JOYO MEK—I core fuel (684642 sample, etched)



— g€ —

Photo 13

S/A Name JOYO—PPJDI18

Pin No 6846

Section No. 684642

‘Distance from bottom of pin 733 mn
Distance from bottom of fuel column | 271 um

As polished

1mm

Postirradiatio ceramography of JOYO MK—I core fuel (684642 sample, as polished)

GFT1-98 OTV6NL-ONd



— ¥e —

Photo 14 Postirradiatio

S/A Name JOYO—PPJDI18

Pin Mo 6846

Section No. 684642

Distance from botitom of pin 733 mn
Distance from bottom of fuel column | 271 m

ceramography of JOYO MK—I core fuel (684642 sample, etched)

SV1-98 OIV6NL-ONd
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S/A Name JOYO—PPJD18

Pin No 6851

Section No 685122

Distance from bottom of pin 732 wn
Distance from bottom of fuel column | 270 mn

As polished p lm

Photo 15 Postirradiatio ceramography of JOYO MK—I core fuel (68512 sample, as polished )
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S/A Name JOYO—PPJD18

Pin No. 6851

Section No 685122

Distance from bhottom of pin 732 m
Distance from bottom of fuel column | 270 m

etched . Jm

Photo 16 Postirradiatio ceramography of JOYO MK—I core fuel (68512 sample, etched)




S/A Name JOYO—PPJD18

Pin No 6851

Section No. 685122

Distance from bottom of pin 732 m
Distance from bottom of fuel c¢olumn | 270 o

As polished

Photo 17 Postirradiatio ceramography of JOYO MK—I core fuel (68512 sample, as polished)

SV1-98 OIV6NL-ONd



Photo 18

S/A Name JOYO-PPJD18

Pin No 6851

Section No. 685122

Distance from bottom of pin 732 wn
Distance from bottom of fuel column | 270 m

etched

Postirradiatio ceramography of JOYO MK 1 core fuel (68512 sample, etched)

SV1-98 OIV6NL-ONd



Photo 19 Postirradiation metallography of

S/A Name JOYO—PPJD 13

Pin Mo 6841

Section MNa 684142

Distance from bottom of pin 732 wm
Dhstance from bottom of fuel column | 270 ae

As polished

0.1 mm

JOYO MK—1 cladding (684163 sample as polished)

SV1-98 OIV6NL-ONd
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Tabled—2—1
Table4—-2—2
Tabled4d—2-3

Table4—2—4

Table 4—2—5
Table 4—2—6

Table 4—-2—-17

Table4—2—-8

Table 4—2—9

Table 4—2—-10
Table 4—2-11
Table 4—2—12
Fig.
Fig .
Fig.
Fig.
Fig.
Fig.

4-2-1
4—2—2
4—2-3
4—-2—4
4—-2-5
4—2—6

Summary of burnup measurement by Nd-method

Composition of spike solution and natural neodymium

Calculation of effective fission yield for 684143 (example)

684122 sample

"

i

i
#”

I

for
for
for
for
for
for

for

Mismatch between measured and calculated radial

Result of isotope analysis and burnup calculation for PPJD 18

PPJD18 684143 sample
PPJDi8 684162 sample
PPJD18 684182 sample
PPJDI18 684142 sample
PPJD18 684622 sample
PPJD18 684643 sample
PPJD18 684662 sample

peaking factor

Sampling position of PPJD18 fuel pins for burnup measurement

Process for burnup measurement in AGS
PPJD 18 (6846 pin) burnup axial distribution
PPJD18 ( 6841pin) burnup axial distribution

PPJD18 (6841pin) burnup axial. distribution ( Blanket)

Bunup radial distribution in PPJD18 subassembly
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Table4d—2~1 Summary of burnup measurement by Nd - method

, ; g
Pin No. |Sample No (]:%hrséarflggl from Pl(.‘la ;:Oorrrllt%l;cz’ Biirhp (tom)
bottom "m) Calculated”|Measured”
684122 19.7 ~ 244 17.392 2.32 2.172
684143 2700 ~ 2748 17.220 3.52 3.98
6841 684162 574.9 ~ 57.9.6 17210 1.88 198
684182 617.0 ~ 622.4 1.195 0.196 0.149
6841A2 694.7 ~ 699.5 0474 0.089 0.064
684622 199.6 ~ 244 17.'284 2.18 249
6846 684643 270.8 ~ 2754 17.251 _ 3.34 3.66
684662 574.7 ~579.6 17.270 1.79 195

1} Distance from core fuel bottom— 462
2) Pu/ (Pu+U) x 100
3) Calculated by JYHIST code

4) Measured by '"Nd monitor methode
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Table 4—2—2 Composition of spike solution and natural neodymium

) U 233 43914 x 10'®
24 7 DR FR
Pu 242 79674 x 107
(atoms /ml )
Nd 150 7.1740 x 10'°
Nd142 /Nd 150 4.824980
i Nd 145/ Nd 150 1.472180
REK x4 Y 4 OfFE A6&F KL
Nd 146 /Nd 150 . 3.050830
Nd148/Nd 150 1.021325
Nd 142 /Nd 150 0.008937
Nd 145 /Nd 150 0.004336
FA Y LA NA Y DE LK H
Nd 146/ Nd 150 0.009122
Nd 148 /Nd 150 0.007046
U 234/0 233 0.014108
v vRALIVOEMEE| U 235/U 233 0.000401
U-238/U 233 0.006410
Pu238/Pu242 0.001309
P b= s R84 7 OEGEN] Pu240/Pu242 0.013696
Pu241/Pu242 0.000859
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Table4—2—~3 Calculation of effective fission yield for 684143 (example)
Nd—148B MNd—~148 Nd—-145
Compozition|Fizsion
NHuciide | (Rtom Cross
Fractian Gertion ([ 12310n[FractionalfFizsionfFractionallFl ssionfFractional
field Fizzion|Yield Fission | ¥Yield Fizzian
C barn 1 ! Mield [ %1 Yield [ %1 Yield
1 2 a2l aj
U 233 nd = 1.14 — 3.20 - 4.16 =
1} = 2a 23 ;
U z34 b.EEIEES - 1.44 - 3 .88 - 4 . @@ 2
11 52 ) 4]
U 235 B. 175562 1.7 0IE+B5 1.68 8,842 2.94 1.454 3. 76 11893
11 -2 I a2l =3 i
L 236 b.oasza2 | 1.45E-81 1.81 =, 463 2.88 g. F&5 3,77 B. 83
. ; 1) a2 3 a2l
238 B.64481R | 5.36E-A2 2.08 8,144 3.48 B, 235 3.5@ #2.241
1 =¥ 23 a
Fuz230 . GEEEERS - 1.76 - 2.79 - 3.24 =
1) 22 : 32 a3 ,
FPuz2g B.12153] | 1.73E+pa 1.85 =, 538 2.48 8,839 3.41 1.143
) 11 2 al ) 21
FuzdB B.Q3ER1S | 4.968E-B] 1.384 A, 455 Z.53 a,ps4 3.34 B.593
1) 2) az 21
Fug4l B.803353] | 2.25E+PR 1.34 B, @325 3.81 A. @38 3.52 A.845
1) ax 212 21 :
Puz4d B.60681644 | 3.82E-B1 2. 84 . 461 J.l8 a, BE2 .78 B.0E2
Effective Fizgion Yield
E %7 1.78@ 2.79 3.44

Mot gind=not detected

Fractional Fission Yield=¢AF>(CS)(FY) SUMCAF)(CS)

FAFiatom fraction of U and Puc¢PIE data)d
FYifission wield
Effective Fission wield=SUM(Fractional Fission wvield’

15SMART code
2)TRG-2143-R
3yICP-1858-1
4)AERE-R-87353

C8:fizzion cross
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Table4—2—4 Result of isotope analysis and burnup calculation for PPJD13
684122 sample '

S/A HO.<CFRE>
SAMPLE HO.

PFJD1E FIN NO.CFIE>
s84122 SAMFLE FOSITION

£541
19.7wZ4.4 (mm)#*

s wa
TR

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTIOH : 6.588

ISOTORIC RATIO OF U,Pu,Md IN €a3SAMPLE AHD <b)SAMPFLE-SPIKE MIXTURE ;

[ U233-232]1 [ U234-2381 L U235-238) [ U22E-,232]

nid B.081&74 B0,.258829 @.8688304 -<a?
8.B843574 B.082232 6.221158 8.888296 -(h2
[Fuz35-2591] [Pﬁ24@/2391 [FPuz41-239] [Puzd2-2a9]
f.8681231 8,269773 B.6825133 B.8a7722 -Cal
8.8681231 B.2768618 a, 825122 B.858725 ~¢b3
[Hd142-158] [Hd142-158] [Ndi44-158]1 [Hd145-198] [Nd146-158]1 L[Ndi48-136] .
0,883374 G.B87SFIET S. 422363 4.1143%99 3.328428 2.81878s -car
O, 8B2347 4.988192 4.451437 2.377083 2. 728693 1.652241 =(b>

IS070PIC COMPOSITION OF U,Pu,bd IN SAMFLE (atom%? 3

E U232] £ Uzz41] [ uza51] [ Uzzel [ uz22e1
rnd o B.1297 21.7561 B.6423 77.4789

[FPu232] [Pu2391] [Puz4a1] [Fuzdl] [Pu242]
B. 1404 TEa,0EB1 28.6888 1.9267 §.5928

CHd14Z1 [Nd142] [Hd1441] [Hd145] [Hdi14&] [Hd14&] [Hd1581
H.68381 27 .8773 Z4.78E9 18.7426 13.1258 $.159%2 4.5354

Pu CONTENT (atoﬁk)/CMEiqhtZ) s 1P.392 ~ 17.498

MUMBER OF TOTAL HEAYY ELEMENT {atoms-sample) ; 2.8242E+21

H

[Nd148] [Nd1451] [Mdi43]
HUMEER OF Hd MUCLIDE {atomz-sampled i 9.9194E+17? 1.6395E+18 2.B25¢E+18

EFFECTIYE FISSION YIELD 7 l.7VHE-&82 2.79E-B2 3. 44E-82

NUMBER OF FISSIONS (fissions-sampled¥#; S.8349E+19 5.8767E+19 5.3584E+19

BURNUP Catom¥)# .73

SPECIFIC BURNUF CMUD-MTH) ## H 26280 264006 26488

H

n
-
]
R
g
kY
(]

HOTE ; nid=not detected
*¥ Distance from core fuel bottom
*% FISSIONS=MUMBER OF Md~-EFFECTIYE FISSION YIELD
# BURHMUP=180%FIS5I0ONS~(TOTAL HERYY ELEMEMT+FISSIGNS)
## 1.64 atomx BU=188868 MWD MTM EU
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Table4 ~2—5 Result of isotope analysis and burnup calculation for PPJD18
684143 sample

<A HNO.CFAB» ; FFPIDIS PIM NO.(PIE> : 6841
SAMFLE HO. i 684143 SAMPLE POSITION ; 27V8.6%274.8 {mm)>%

VOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTIOHN ; @,588

IS0TOPIC RATIO OF U,Fu,Md IH (a3SAMPLE AND (b)SAMPLE-SFIKE MIXTURE H

[ U233,2328] [ U224-2381 [ U235-2381 [ UZ36-238]

tid 9,.06165832 8.2v2134 H.GB9768 -{al
8.0841983 G.602151 @.2724586 G.889795 ~{bh>
[Pu23s-239] [Pu249-239]1 [PU241-239]1 [Pul2d42-2391
0.6082691 B.273812 8.6235479 g.8687241 -Car
§.662001 B.27432328 H.B825528 B.84325¢ - =(bl
[Hd142-1581 [Hd143/158]1 [Nd144-1581 [Nd145-1581 [Nd146-1508] [Hd145-158]
g.083314 3.874599 5.232564 2, 997372 3.243216 1.97868%9 —(al
B.889727 S.227241 4.661162 3.557879 2.898645 1.7596%2 . =ib2

ISOTQPIC COMPOSITION OF U,Pu,Nd IN SAMPLE Catom¥%) H

[ uz3z1 [ 12347 E Uz35] [ U235] [ u2z81
nd g.13211 21.2811 6.7608 7r.9859

[Puz38l] [Pu2391] [Puzd4a] [Pu24113] [Fuz42]
H.152%2 F&. 2888 Z8,9139 1.9461% a.6685

[Hd1421] [Hd1431 [Hd144] [Hd1437 [Ndi4g] [Hd14g1] [Md13581
8.8155 Z27.5418 24.3318 12,7468 15. 2879 9.2739 4.6883

Pu COHTENT Catom%)/C(ueight%y 3 17,220 ~ 17,217

HUMBER OF TOTAL HEAYY ELEMENT Catoms-sample) ; 2.4322E+21

[Nd1481] [Nd1461] [Hd145]
WUMBER OF Md MUCLIDE (atomsszample)  § 1.7155E+1S 2.8445E+18 3.4996E+13
EFFECTIVE FISSION YIELD i 1.7BE-B2 2.79E-B2  3.44E-82

NUMEER DF FISSIONS (fissions-/samplel*%; 1,0891E+28 1.09195E+26 1.01732E+26

BURHUP catom&>#

wa
Lea]
w0
o
-+

.82 4.6%

SPECIFIC _EURNUP C(MMHD-MTHY ## H 38308 3&8708 jeieyognl]

HOTE ; nd=not detected
¥ Distarnce from core fuel bottonm
#% FISSIONS=NUMBER OF Hd-EFFECTIVE FISSIOM YIELD
# EBURNUP=18G+FISSIONS-(TOTAL HERYY ELEMENT+FISSIGNS)
## 1.84 atom BU=168G8 MWD -MTH BU
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Table4d—~2—6 Result of isotope analysis and burnup calculation for PPJDI18
684162 sample

S/A HMO.CFAEB> § FPJID1B PIN HO.CPIED ; BE4l
SANMPLE HO. ;s BB4182 SAMPLE POSITIOM ; S7P4.99372.6 tmmr¥

MOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION ;3  @.504@

ISOTORPIC RATIO OF U,Pu,Nd IN {aYSAMPLE AND <b>SAMPLE-SPIKE MIATURE ;

[ U232-.22323 [ U234-2381 [ U235-238]1 [ UZ236-,238]

rid @.8017a4 B.288484 @8.88e136 -Car
B.844734 B.882216 B,288698 B.BBE199 ={b2
[FU238-2293 [Pu248,239]1 [Fu241,239] [Pu242-/239]
8,896015327 8,26208685 B.824282 H.687456%9 “Car
B.BA1537 B.262498 B,6824245 g.84€534 ~CkD
[Md142-158] [Nd142-1568] [Hdi44-158] [MNd145-1581 [Hd14&-158] [Hd1423-1561]
B.8B33232 J. 224273 S.262928 4.835341 Z.230314 1.986843 ~Cal)
B.683935 4.86288171 4. 162682 2.187148 2.585738 1.567642 -{bJ

ISOTOPIC COMPOSITION OF U,Pu,Hd IN SAMPLE Catamk)

¥

[ Uz33] [ Uzz4] [ Uz2351] L Uz361 L Uzszel
nd H.1314 2z.2530 B.4779 7. 1376

EPuz2a2] [Puz391 [Puz2dn] [Puz411] [Puz2421
8,1187 77,2837 26,2325 1.8685 8.5756

[Hd142] CHdt43] [Hd1441] CNd1451] [Hd146] [Nd148] [MHd1581]
B.8242 2v.6Bz2h 24.5178 12,7999 15.1419 9.2509 4. 6355

Pu COHTENT catomXdsfweightx) ; 17.2i2 » 17.318

HUMEER OF TOTAL HEAVYY ELEMENT f{atoms-/sampley § 2.3821E+21

x

[Hd1481 {Hd14€] [Hd14351]
NUMEBEER OF Hd WUCLIDE (atomns-sampled 7 TF.94B81E+17 1.384%2E+1&8 1.628VE+18

EFFECTIVE FISSION YIELD i 1.?1lE-B2 2.7v9E-82 3.44E-82

HUMEBER OF FISSIONE (fissions- samnpledss; 4.6433E+19 4.6771E+19  4,7348E+19

BURNUP Catom¥)#

e
-
O
@0
e
[}
s}
i
=
™

SFECIFIC BURNUP <MWID-/MTH)## 3 196888 131448 19460

HOTE § nd=not detected
¥ Distance from core fusl bottom
#% FISSIONS=HUMEBER 0OF WdJ~EFFECTIYE FISSION YIELD
# EBURNUF=108+FISSIONS~(TOTAL HEAYY ELEMENT+FISSIOHS)
## 1.84 atomx EU=16668 MWD/MTM BU
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Table4—2—7 Result of isotope analysis and burnup calculation for PPJD18
684182 sample

S<H MO.(FAB) PPILE PIM HO.C(PIE>

; 5241
SAMPLE HC. ; &B4182 SHAMFLE POSITION

Gl7. 684822, 4 Cmm>*

Ma em

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION 7 B.0948

150TOPIC RATIO OF U,Pu,Hd IH (a)SAMPLE AND (bYSAMPLE-SPIKE MIXTURE ’

[ U233-238]1 [ U234-2381 [ UZ35-2381 [ U236-2381

tid B.088611 G.001%8 0.00E863 =Car
b.B23a32 8.888333 G.@81982 8. 00005 -ib3
[Fu238-,239] [Puzd48-239] L[FUZ41-2591 [Pu242-2391
8.066189 B,8B5832 9.068810% b, 888879 —Cal
B, 0001609 G, 156922 B.814125 B8.4224538 -{bl
[Hd142-158] [Hd143-158] [Nd144-156] [Ndi45-158) [Nd146-158] [Hdid2-158] i
tid 3.771569 2.634289 2. 837926 2.74596¢% 1.67&7e6 -Cay
B.814455 1.8428108 1.613393 E.242763 8.758011 8.459945 f-(b)

1SOTOPIC COMPOSITION OF W,Fu,Hd IN SAMPLE <atomi) H

[ U2333 { U2341 [ Uz235] [ U2ze] [ uz3zl

hd B.8811 B.19556 8.86063 - 99,7973
[Fuzz&] [FPuzz91] [Puz4@l [Pu2411 [Pu2427
B.6018% 29,2925 8.5784 B.0164 9.887s
[Hd1421 [Hd1432] [Md1441] ENd1453 (Nd1461 [Hd1421. LHd1581
td 23, 7485 23,8822 19,1232 17,2847 16, 355047 5.2947
Pu COWTEHT (atom%d-C(weight®y 3 1.195 » {.200

HUMEBER OF TOTAL HEAVY ELEMENT tatoms<sample) ; 2.3827E+21

[Hd148&1 [Hd14&1 - [Hd145]
NUMEBER OF Md MUCLIDE ¢atoms zample) ;o 6.98208E+18  1,1259E+17 1.2465E+17 -
EFFECTIYE FISSION YIELD s 1.9d4E-B2 - 2.11E-82 2.26E-82

HUMBER OF FISSIOHS tfissions sampledss; 3.5578E+18 2.6203E+12 3,7OEO7E+1:

BURNUF ctatom%:# H 9.149 g.152 ) a,155

—
o
Y]
=
-
[r1]
an
L]
—
53]
1)
=

SPECIFIC EURMUP MWD MTH) &%

HOTE ; nd=not detected
# Distance from cores fuel bottonm
#% FISSIONS=NUMBER OF Md-EFFECTIYE FISSION YIELD
# PBURNUP=189:FISSIONS-(TOTAL HEAYY ELEMENT+FISSIONS)
#4% 1.12 atomX BU=188828 MWND-MTM EU

— 46 —
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Table 4—2—8 Result of isotope analysis and burnup calclation for PPJD18
6841A2 sample

57f MO.CFREX
SAMPLE HO.

FrPJD18 PIN HO.CPIED 7 6841
5841A2 SAMFLE FOSITION ; &94.7v6%2.3 (mmi*

MOLUME RATIO OF SPIKE SOLUTION TO SAMFLE SOLUTICGN ; ©.588

ISOTOPIC RATIO OF U,Pu,Hd IM. ¢(a>SAMPLE AMWD (bJ)SAMPLE-SPIKE MIXTURE ;

[ Uz33-,2328]1 [ U224-232]1 [ U235-2381 [ U236-2881

nd 8.8008016 @.0619946 g.8088532 -{al
E.82795& B.0683324 g, 582034 0.6006835 -<b3
[Puz228-,232] [Pu248-229] [Pu241-2391 L[FU242-239]
G.OpEE4S B.8080841 a.899211 B.0088326 -Cal
G.0B68046 B.d022703 @. 888289 1.867483 -Cb2
[Hd142-1508] [Md143-1508]1 EHd144-158] [Nd145-158]1 [Hd146-158]1 [HdI142-1581
rid 3.914972 3.783082 2.1115548 2.794182 1.6922132 —-Cal
B, B0eE242 B.583556 G.509887 B.478495 8.451928 B.267440 -¢bo

ISOTORPIC COMPOSITION OF U,Pu,Hd IH SAMPLE catom¥} ;

L Uz233] [ Uz341] [ U23351 [ U2381] [ U281l

hd B.86816 g.1988 B.8863 99.7935
EFu233] [Puz239] LPuz4a1] [Fuz41l] [Puz42]
A.,86846 99,3786 B.6063 6.8218 9.8036
[Nd14212 [HNd1431 [Md144] ENd145] [NdidE] [Hd142] [Hd1581]
nd 24.8144 22.2054 19.0882 17.1393 16.4285 &.13406
Fu COHTEHT CatomX)sCweightX} ; B.474 ~» B.476

" NUMBER OF TOTAL HERYY ELEMENT (atoms<sample) § 2.3719E+21

[Hdi481 [Ndi46&] [Hd1451]
HUMBER OF Md HUCLIDE (atoms-/sampls) 7 3.1%92E+146  5.2463E+1e  S5.863FE+16
EFFECTIVYE FISSION YIELD i 2.88E-B2 3. 24E-B2 Z.45E-62

NUMBER QF FISSIONS (fissions-samplers%} 1,5996E+18 1.6193E+18 1.56996E+18

BURNUP tfatom%)# H G

13}
i
(V)
o
]
i)
)]
oy
WO

SPECIFIC BURNUF (MWD-MTM)##

MHOTE § nd=not detected
# Distance from corse fusel bottom
#% FISSIONS=NUMEBER QOF Md-EFFECTIYE FISSIUON YIELD
# BURNUP=188+*FISSIONS-(TOTAL HERYY ELEMEWT+FISSIONE>
## 1.12 atom® EU=id@pe MWDB-AMTH BU

— 47 —
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Table4~2—9 Result of isotope analysis and burnup calculation for PPJD18

684622 sample

5/H HO.CFABD FPJD1S PIH HMG.<(PIE> 6246

3 H
SAMFLE HO, ;3 684822 SAMFLE POSITICH ; 19.6%24.4 Cnmd*

YOLUWME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION i B.5688

ISOTOPIC RATIO GF U,Pu,Nd TN (&)SAMPLE AND (b)SAMPLE-SPIKE MIXTURE :

L U233,238) [ U234-2381 [ U23S-238]1 [ Uz36-2381

nd B.8817484 B.282882 H,807545 -Ca’
8. 048747 G.BP2225 B. 2832557 B.B8756E -Cb>
CPUE38-229]) [FU24B-23%] [Pu241-229]1 [Pu242-.2391]
G6.881756 B.267024 a.824789 8. 087666 =Cal
B.081756 B.2678209 B.6253162 9.042548 =ib2
[Hd142-156) (Hd143-156] [Hdi44-1581 [Nd145-156) [Hd146-158]1 [Hd142/158]
red E.B16975 5.3099957 4.02321¢3 - 3,292631
G, BBT444 4.917861 4.382041 3.336047 2.692448

T1S0TOPIC COMPOSITION OF U,Pu,Md IN SAMPLE ¢atomi) H

[ U=2z22] [ Uz2z24) [ Uz3s] [ uz3sl [ Uz381
nd B.1319 21.891% B.591¢ 77. 3855

[Fuz381] [Pu2z9] EPu24m] [Pu2d1l [Fuz2421]
g.13493 TE.8581 =8.35208 1.9656 8.58%1

[Hdi1423 [Hd1431] [Hd1441] [Hd145] [Hdi4e61] [Mdid4s]
nd 27.6388 24,5378 12,7&89 153.1397 9.1998

Pu COMTENT tatom¥d- fuweight®y ;3 17.284 ~ 17,282

HUMBER OF TOTAL HEAYY ELEMENT tatomsssamplsl 3 2.2887E+2i

ENd1481 [Hd146]

HUMBER GOF Hd NHUCLIDE <atoms-sample)d vy P.0684E+17  1.5885E+18

EFFECTINE FISSION YIELD

HUMEER OF FISSIONS (fissions/sampled#s; 5,6285E+19 5.6650E+19

BURMNUFP {atom¥%)# 2 2.49 2.51
SPECIFIC BURNUP ¢MWD-MTHM>#4 H z4@@@ 24188

HOTE } nd=hot detected
# Distance from core fuel bottom
** FISSIOMS=NUMBER OF Md-EFFECTIVYE FISSIUM YIELD
# DBURNUP=199+FISSIONS/(TOTAL HEAYY ELEMENT+FISSIONSS
## 1.684 atomX BU=19088 MWD-MTHM BU

i

vy l.rBE-82 2. 79E-=@2

2.861227
1.6341386

[Ndi5®@]
4, 3967

[Hd1451]
1.9657E+18

3.44E-82

—-Lal
—{h>

5.7171E+19
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Table 4-2—10 Result of isotope analysis and burnup calculation for PPJD18
684643 sample

S-H HO.<FAB» ; PRJDIE FPIH HOD.(PIEZ
SAMPLE WO, o EEMGH3E SAMPLE POSITIOH

£24E
278.8%275.4 Cmma*

e tmw

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION 3 @.588@

ISOTOFIC RATIO OF U,Pu,Hd IH <(a)SAMPLE AWD (b>SAMPLE-SPIKE MIKTURE ;

{ U233-,228] [ U234-,228] [ U235-238]1 [ U236-2381]

td 8.8617081 a.275234 8.889827 -{ar
G.E843212 B,082195 #.275825 8.889028 -(bJ
[Pu232-,2391 [Pu248-239]1 [Pu241-239]1 [Pu2dz2-239]
B.B8A1419 - B.271415 B.825263 B.BE7S7E -{ad
§.8015195 B.2v1939 8.823228 8.0458084 -ib2 -
[Hd142-1538] [Hd143-158]1 [Hdid4d4-158] [Hd145-158] [Md146-158]1 [Hdi48-15@]
H,@beB37 - 3.8538373 S.212201 3.998547 3.23814% 1.97311¢ -y
B.0087328 S. 132215 4.571883 2.49865643 2.840545 1.723b24 -{b>

ISOTOPIC COMPOSITION OF U,Fu,Nd IN SAMPLE {atomi) ;

[ uU223] [ Uz341 [ Uz2z51 [ U238l [ U2381
rid H.1323 21.48328 B8.70206 7. 7628

. EPu2381] [FPuz291] [Puz4i] LPu2411 [Puz4z]
g.1238 FE.5597 28.7794 1.9341 a8.5831

[Hd142] [Hdi431 CHdi443] [HNd1451] [Hd14E&1 [Nd1481] [Hd15@]
H.8284 27.5947 24.5847 i8.7618 15.2237 9.2763 4.7814

Pu COWTENT cateomX)~/Cuweight®d ; 17.251 ~ 17,348

HUMBER OF TOTAL MEAYY ELEMENT t¢atoms-sample) 3 2.3682E+21

[Nd148] INd1ld&] [Ndi45]
HUMBER CF Md HUCLILE (atoms-sample) i 1.5279E+18 2.477BE+12 3.856BE+i8

EFFECTIVME FISSION YIELD i 1.7BE-B2 2.7%E~B2 3.44E-82

NUMBER OF FISSIONS (fissions~ samplel#%; B,.9876E+19 ©.8Bl1E+1% B5.383B8E+1Y

BURNUP catom¥2# H 3.68 3.61 3.62
SPECIFIC BURNUP (MWI/MTH>## H 35288 24860 343866

HOTE ; nd=not detected
# Distance from core fuel bottom
%% FISSIONS=HUMEBER OF Md/EFFECTIVE FISSION YIELD
# BURNUFP=188*FISSIONS~(TOTAL HERYY ELEMEMT+FISSIONS)
#4# 1.84 atom® EBEU=10608 MWD MTM BU
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Table 4—2—-11 Result of isotope analysis and burnup calculation for PPJD18

684662 sample

S/A MO, (FABY ; PPJID1= PIN MO.(PIE) i 6548
SAMPLE WO,

BE4E62 SAMPLE POSITION ; S574.7%579.6 (mm)#

YOLUME RATIQ OF SPIKE SOLUTION TO SAMPLE SOLUTION i B.SBE

ISQTOPIC RATIO OF U,Pu,Hd IN ({a)SAMPLE AMD ¢bISAMPLE-SPIKE MIXTURE H

L U233-232]1 [ U234-238]1 [ U235-238]1 [ U236-2381

nd G,.g8171% 9.287611 B.088E223 ~Car
8.843517 G.082206 B, 2282641 B.086245 —¢b?
[Puz35-239]1 [Pu240-239] [PuZ41-239]1 [Pu242.239]
B.0801335 g.252248 B.624248 9.887488 -{al
G.86i2325 @.2626008 B.824234 8.0845314 -tbo

[Hd142-158]1 [Nd143-1587 [Nd144-1508]1 [Nd14S-1568] [Md146-1581 [Hd148-15@]

B, 862548 3.954354 5.290694 4.6858883 3.2610883
B.RB5335 4.7118588 4. 1560328 3.281976 2,578561

ISOTOFIC COMPOSITION OF U,Pu,Md IH SAMPLE ¢atom%) H

L 02331 [ Uz341] [ w2351 [ U2361] [ Uz381
nd 8.13z27 22.1998 O.4387 r7.1868

[Puz3gl EFu239] [Fuz46] [Fuz41] EPuz421]
B.18¢€9 °7.01981 28.2458 1.8719 g.3781

[Hd1421] EMd143] [Hd1441] [Nd145]1  [Hd14&] [Hdid4a1]
g.@8118 2. 6314 24,5491 12.7984 13.1333 9.23353

Pu COMTENT CatomXi-cweightkd : 17,278 ~ 17.367

HUHMEER OF TOTAL HERYY ELEMENT Catoms~sampled § 2.3698E+21

[Hdi48] [Nd1451]
NUMBER OF Md MUCLIDE (atoms-zample)d i S.B8529E+17Y  1.3208E+18
EFFECTIVE FISSION YIELLD ' ; 1.7iE-BZ2 2.79E-82

NUMBER OF FISSIONS fisstonsssamplsdss; 4, FA9EE+19 4,.7311E+19

BURHUP catom¥k)#

[
£
an
[
WO
T

SPECIFIC BURNUP (MHD/MTH)## 1 1svea izeea

HOTE ; nd=not detectsd
*# Disztance from core fuel bottom
#% FISSIONS=NUMEER OF Nd-/EFFECTIVE FISSION YIELLD
# BURNUP=180%FISSIONS-(TOTAL HERYY ELEMENT+FISSIONS)
## 1.689 atomkx BU=189880 MMD-MTM BU

1.99@1ti2
1.573387

ENd15E]
4.6486

EHd1453
1.6434E+18

3.44E-R2

4. 77rrd4E+193

-{al
-{b?
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Table4—2-12 Mismatch between measured and calculated radial peaking factor

Radial Peaking Factor *' Error &%)
Row S/A
Calculated | Measured [Meass.vs Cal
1.0352 1.0313 - 0.4 PPJX 15
1.0421 10346 — 0.9 PPJX 14
1
1.0432 10183 —24 PPJDOB
1.0341 1.0239 — 1.0 PPJD39
g 2 1.0804 1.0508 —-09 PPJX 08
) 1.0768 1.0626 - 1.3 PPJD OM
1.1089 1.0544 —4.9 PPJX 09
R*?
1.1022 1.0537 —4.4 PPJD 2L
3 - — -
Center 1.053 1.087 +3.2
4 R | Top 1.050 1015 —33 PPJD18
Bottom 1.064 1.092 + 2.6
1.1810 1.1561 —21 PPJD 1A
5
1.1884 1.1465 - 3.5 PPIX 17
*1
a

Peaking factor = -%—

Burnup

(8 75 Tl o S BRI RE 16D
<4—-— core center

Radial Pin Position

*2 8 ; adjacent to Safety Rod
R ; adjacent to Regulating Rod
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L ocation : 4D3

1910

F
(DFCB) ﬁo ? SW l?mmm
(DFFB) 0 ————— 4?0 10{00 1400
' (DFPB0 62 —F-— 4?2 1[162 14F2
6841 Pin F f
surin i a 1 | ]
684122 684162 6841A 2
(19.7~24 4 mm) (574.9~579.6mm) ( 694.7~699.5 mm)
684143 841
{270.0 ~ 2748 mm) : (mﬁ~ﬁmM)
6846 Pin : ! ]
(DFCB)
684622 684662
(196~ 24.4 om) { 574.7 ~ 579.6 mm)

684643
{270.8 ~ 275.4 mm})

Fig.4—2—1 Sampling position of PPJD18 fuel pins for

burnup measurement
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Fig.4—2—2 Process for burnup measurement in AGS
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Ratio Normaized Values of 684643 Sample (at273.1 m)
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Fig.4—2—3 PPJDI18 ( 6846 Pin) burnup axial distridution
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Ratio Normalized to Values of 684143 Sample (at 2724 mn)
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Fig.4—2—4 PPJDI18 (6841 Pin) Burnup axial distribution
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Fig.4—-2—5 PPJDI8 (6841Pin) Bumup axial distribution (Blanket)
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Fig.4—2—6 Burnup radial distribution in PPJD18 subassembly
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