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Table 1 Fuel pin fabrication parameters

No. 7201
S/A name | PPJD 1J Pin No | No. 7246
No. 7291
Fuel
Fuel form . Flat end solid pellet
Pellet diameter (mm) 5.4
Pellet density (% T.D.) 93.5
Fuel composition 17.7 w/o PuOy — U0
U-235 enrichment (%) ' 23
Pu isotopic cdmposition (Z) Fu gg?éiig{gjg{%jg_7
0/M ratio 1.98 ~ 2.0
Cladding

Type and work SUS 316, 10% cold work
OQuter/inner diameter (mm) 6.3 / 5.6

No. 7201 : S017
Lot identification No. 7246 : 5018

No. 7291 : S0l7

- Fuel pin

Pin length (mm) 1910
Pin outer diameter (mm) 6.3
Fuel comumn length (mm) 600
Plenum length {(mm) 408
Blanket length (mm) _ {i:ﬁﬁig?)
Fuel/cladding dia.gap (mm) 0.2
Pin spacing & support Wrapping wire




PNC-TN9410 87-197

Table —2 Metallographic examination in AGF

as polished as etched
=+ 53 H g} H #E B g}
WL s wEE
o x 200 #WOABE | #HETAE
F iy oy THIE
x 10.5 4£HEH x10.5 2£EEE YK 4 SR
o L LEEE | B kuGEE | x5  SE5E| h
1 3 B | #£4 FOTE 100 & =
X100 EAFH| KA FHHHE | X100 HHF SR
X400 WMABH | #4 FAHRAE | x400 HHAEL
X 200 ~ 750 FCCI x 200 WHABE| MEOEE
®BAER o g
woE " x 400 FHAEE FERARIE
x 750 #HEHR| R{IWEEK




Table 3

Pellet and cladding diameters measured from ceramography

Pellet

Section No. Clad. Clad. Linear Heat Burnup
Outer (mm) | Inner (mm) Outer (mm) | Rate (w/cm) (MWD /MTM )
724622 5.464 5.604 6.307 150 28,098
BiGH 5.4 £ 0.05 | 5.6 * 0.025 | 6.3 * 0,03

J 2 F il

L6T-L8 0TV6NL-INd
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Table 4 Measurement condition and Indentation position

1} Measurement Condition

ST | FFHE(g) | SR ()

ERESHE 500 30

2) Indentation Position

fuel

View from Top

175
300
350 <2>
1756- 150 =

875 Upit : 4™

Location : A,B,C, D
Quter .1
Middle : 2, 3

Inner : 4
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Table 5

Summary of cladding microburdness measurement
of JOYO MK-I PPJD1J No 7246 pin

Spacimen No 724622
D.F.C.B (mm) 269.7
Hardness
Hv (0.5) 314
Adv
Hv (0.5) 48
AHv Rate (%) 18
clad. midwall
temp. (°C) 445
fluence
(x1022n/cm?) 3.13

Cladding Lot No : 5018
Unirrad. hardness : HV 266
AHv = Hardness-Unirrad. hardness

AHv Rate = AHv / Hardness x 100

Table 6 Cladding microhardness of JOYO MK-I
PPIDIJ No 7246 pin

S/A NAME PPIDLJ PIN No. | 7246
SPECIMEN No.| 724622
D.F.C.B. 269.7 (mm) | D.F.P.B.| 731.7 (um)
LOCATION OUTER MIDDLE INNER AVERAGE
1 > | 3 | 4

A 315 | 318 | 315 | 320 317

B 315 | 315 | 307 { 315 313

c 307 | 307 | 315 | 307 309

D 324 | 324 | 318 | 303 317
g 315 | 316 | 314 | 311 314




Table 7 Summary of burnup measurement by Nd-method for PPJD1J
Distance from 2) Burnup (atom %)
Pin No. | Sample No. | core fuel Pu(::i;é;;
bot toml) (mm) ¢ Calculated3) | Measured)
7201 720122 269.6 ~ 274.7 17.258 2.42 2.50
7246 724623 270.0 ~ 275.1 17.279 2.92 2.94
7291 729122 269.7 ~ 274.9 17.230 3.42 '3.33
1) Distance from Pin bottom—462 (mm)

2) Pu/(Pu + U) x 100
3) Calculated by JYHIST code
4) Measured by 148Nd monitor method

L61-L.8 OTV6NL-ONd



PNC-TN9410 87-197

Table 8 Calculation of effective fission yield for 724623 sample
Nd-148 Md-148 Nel-145
Composttiont Fis=zlon
Huc | 1de | CRtom Cross
Fraction! Seetinn |f 12810nfFractionz||FtesienfFractionaiF i ss1onfFractional
Yield Fission|Yield Fiszion | Yield Fiszion
C barn 1| L %X 1 Yield L %1 Yield L %13 Yield
13 =p] ai 23
U 2313 rid - 1.14 - 3.28 - 4. 1B -
11} 23 2z ay
U 234 O.[E1687 - 1.44 - 3.08 - 4.0808 -
117 37 312 4}
U 223 B.1848H3 | |.78E+ED 1.68 a,3878 2.94 1.533 3,76 1.961
1) 27 23 2)
I 238 b.BE5157 | 1.34E~B1 1.81 B, b2 3.68 d. a3 3.77 B.664
1} 3l 33 a)
U 238 #.540885 | 5.82E-B2 2.88 B,126 .44 B.28E6 .58 A.21i2
13 22 23 23
Pu238 B.OEE226 - 1.76 - 2.79 - 3.24 -
) 11 3 3z cB]
Pu238 B.,1321b6 | 1,76E+ER 1.85 g.821 2.48 a.8928 3.81 1.132
11 23 22 a)
Pu24p B.B836118 | 4.65E-B1 1.24 g.a58 2.83 d. 877 3.34 B.8S1
11 27 2’ 21
Puz+l B.pB32r8 | 2.36E+E0 1.94 a, 824 3.81 #?.B38 3.52 f.8944
. 1) 23 22 a)
Pua4e B.081866 | 3,50E-B1 2.84 B, 861 3.18 i 2 3.78 g.8492
Effective Fizgion Yield
1.78 2.79 3,43
[

Neteind=not detected

Fractional Fission Yield=<{RAF){CSICFY) SUM{AFI(CS)
AFiatom fraction of U and PulPIE data)

F¥ifission vield
Effectiwe Fizsion yisgld=SUN(Fractionsal
1)SMART code
2)TRG-2143-R
3yICP-185@~1

4)AERE~-R-8753

Fission yieldl

CSifizzion cro=s
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Table 9 Composition of spike sclution and natural Neodymium

U 233 4.3914% 10% S 3
284 2P O ETHR
Pu242 7.9674% 107 A242
{ atoms.” m&)
Nd 150 7.1740% 10" AS50
Nd 142 / Nd150 4.824980 C42 /50
Nd 145 / Nd150 1.472180 C45 /50
ER 3 2 U L DOEMIER
Nd 146 / Nd150 3.050830 C46 /50
Nd 148/ Nd150 1.021325 €48 /50
Nd 142 / Nd 150 0.008937 $42./50
A ILANATD Nd 145, Nd150 0.004336 S45./50
B & % K Nd 146/ Nd 150 0.009122 $46./50
Nd 148 / Nd 150 0.007046 S 48,750
U 234U 233 0.014108 S 43
M Y RN TD
U 235,/U 233 0.000401 S 53
B & & K
U 238,/U 233 0.006410 S 83
Pu 239/ Pu242 0.001309 S 92
SN ET LIS, ID
Pu 240 / Pu 242 0.013696 S 02
B & & K
Pu 241/ Pu 242 0.000859 512

¥ HEI-FTEALTVWIES
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Table 10 Result of isotope analysis and burnup calculation for

PPJD1J, 720122 sample

2/A HOD.C(FAB> ; PRJDLJ PIM HO.(PIES 7 r261

SAMPLE MO. ; F2Bl122 SAMPLE POSITION ; 263.6%274.7 (mm)>#

YOLUME RATIO OF SPIKE SOLUTION T0O SAHPLE SOLUTION y B.588

ISOTOPIC RATIO OF U,Pu,Hd IM (a)SAMPLE AND ¢(b)SAMPLE-SPIKE MIXTURE ;

L U233-2381 [ U234-2381 [ U235-2381 [ U235-23121]

2.918871

nd 8.081666 8.283008 B8.0873993 ={al
a,841834 g.9a21448 8.282745 6.887989 -¢b?
[Pu238,239]1 [Pul24@,239]1 [FPu241-23%] [Pul42-2391
8.881534 a,2v3390 B.@24985 B.083028 ~Ca’
8.881534 B.27384535 8.824941 B.0844151 -(b>
[Hd142-1568]1 [Nd143-156]1 [Hdl44-158] [(Nd145-15@) [Nd145-158]1 [Nd148-1561
B.806338 6.112183 5.495288 4.1348061 3.332887
red 5.1177532 4.588343 3.457888 2.785894

ISOTOPIC COMPOSITION OF U,Pu,Nd IN SAMPLE <atomky ;

[ U2331 [ Uz234] [ Uz2351] [ Uzze1l [ U238l
nd 8.1289 21.8929 8.6183 ¥7.3599

[Pu2221 [Pu2391l [Pu249] [Pu24il], [Puz42]
B,1249 7E.45351 28.9621 1.9841 B.5138

[Hd1421] [Nd143] ENd1443] [Hd1451] [Hdi45]" [Hd14531]
@.8415 27.8651 24,8726 1g.7151 15.8851 9.1343

Pu CONTENT (atom¥%)-/Cweight®d i 17,258 ~ 17.357

HUMEBER OF TOTAL HEAYY ELEMENT Catoms- zample) ; 2.5872E+21

[Hd148] [Nd146]
HUMBER OF Hd HUCLIDE catoms~samnple)d H 1.9947E+18 1.8212E+18
EFFECTIVYE FISSION YIELD 3 1.7BE-B2 2.79E-@2

HUMBER OF FISSIOHS (fizzionsssampls)ss; 6.4292E+19 £.5275E+19

EURHUP CatomX)># H 2.38 2.54

SPECIFIC BURNUF CMWUD-MTM>## H 24188 z4488

HOTE ; nd=not detected
# Distance from core fuel battom
#% FISSIONS=HUMEER OF MJ4-/EFFECTIWE FISSION YIELD
# EBURMUP=10@%*FISSIONS-(TOTAL HERYY ELEMEHT+FISSIONS}

## 1.94 atomx BUU=18668 HMWD-MTH BU

1.685412

[Nd1581
4.3262

ENd143]
2.2671E+12

3.45E-82

£.5714E+19

=-ta)
-{h3?
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Table 11 ~Result of isotope analysis and bornup calculation for
PPID1J, 724623 sample

S/A HO.<(FAB)
SAMPLE NO.

PPIDL1J PIN NHO.CPIE> ; 7248
7246232 SAMPLE POSITIOW } 278.8+275.1 (mmx¥*

an am

YOLUME RATIO OF SPIKE SOLUTION TO SAMFLE SOLUTION ; @.584

ISOTOPIC RATIO OF U,Pu,Nd IN (a)SRMPLE AND (bIYSAMPLE-SPIKE MIXTURE ;

L U233-2381 [ UZ234-238]1 [ U235-2381 [ Uz3s5-238]

nd 8.861696 B.2208991 @.088847 -(a)
8.848747 g.0482166 f.281483 8,088853 —(b>
LPu235-2391 [Puz4B8-239]1 [Pul241-2391 [Pu242,-239]
B.@815€¥ B.273406 9.824811 6.688673 -<a)
B.861867 8.273822 8.824823 9,843945 —{b>
[Nd142-/156] [Nd143-158] [Nd144-1501 [Nd145-158]1 [Hd146-1561 [Nd148-156]
nd 5.922617 D.31e570@ 4.82%461 3.2591v% 1.986443
nd 0.898563 4.575314 3.454384 2.8@3373 1.786638

ISOTOPIC COMPOSITION OF U,Pu,Md IH SAMPLE (atom#2> 3

[ u2331 [ u2241] [ U2351 [ Uz2361 [ Uz3sl
el a.1314 21.7699 B.5234 77.4753

[Pu2381] [Puzz91l EPu24B3] [Pu2412 [Puz4z21]
8.1275 76.4533 28.9829 1.83969 B.6172

[Hd142] [Hd1431] ENd144] [HA1453 CNd146]° [Hd148] LHd1581]
rd 27v.5288 24,7118 18.7292 15,1489 9.2331 4.56481

Fu CONTENT Catomid-{wsightk) ; 17.279 ~/ 1?.377

HUMEER OF TOTAL HERYY ELEMENT {atoms-/sample? ; 2.5218E+21

CNdi4&] [Hd14€] [Nd145]
HUMEER OF Md HUCLIDE Catoms-sample)d ; 1.2975E+18 2.1515E+18 2.E6522E+18

EFFECTIYE FISSION YIELD y  l.7gE-B2 2., 73E~-92 3.45E-92

HUMBER OF FISSIONS (fizzionz/zamplel+%; 7.5321E+19 7.7114E+19 7.E687EE+LY

BURHUP (atomX)# H 2.94 2.97 2.986

SPECIFIC EURMUP (MWID-MTHI## H 28288 28568 28499

HOTE ; nd=not detected
% Diztance from core fuel botton
%% FISSIONS=NUMBER OF WA~ EFFECTIYE FISSIOM YIELD
# EBURNUP=1@8%FISSIONS/¢TOTAL HEAYY ELEMENT+FISSIONS)
#% 1.084 atom¥ BU=16066 HMWD/HMTHM BU

—-tal
-{bJ
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Table 12 Result of isotope analysis and burnup calculation for

PPJD1J, 729122 sample '

S-A MQ.{FAB) ; PPJBLJ FIN HO.(PIED 3 7291
SAMPLE HO. 7 r29i2z2 SAMPLE FOSITION ; 289.7%274.

9 (mmd%

¥YOLUME RRTIO OF SFIKE SDLUTIDNlTD SAMPLE SOLUTIOM ; ©0.3568

ISOTOPIC RATIO OF U,Pu,Md IN (a3SAMPLE AND <(b)SAMPLE-SPIKE MIXTURE ;

[ U233-,238]1 [ U2324,2381 [ U235-2381 [ U236-2381

1.9739747

nd B.801596 8.277468 0.888641 -(a
B.8396826 4.082162 9.278223 B.088668 -<b)
[Pu238-,239]1 [Pu246,2391 [Pu241-/239]1 L[Pu242-2391
P.081524 8.275586 8.82582% 9.003193 -Cad
D.881534 8.275953 9.823651 @,942887 =(b3
{Hd142-1581 [Nd143-158) [Ndi44-158] [Nd145-158]1 CHd14&5-158] [Nd148-158]
9, 088934 S.8g2282 F.281211 4. 886555 3.248881
nd F.1792568 4.,649775 2.525869 2.837152

1SOTOPEIC COMPOSITION OF U,Pu,Nd IN SAMPLE catom¥%> ;

[ Uz331 [ uU2341] [ U2351 L Uz23s1 [ U228l
nd g.1312 21.5459 B.671@ T7.6319

EPu2381 [Pu2391 [Pu248] [Puz41], [Pu2423
a.1171 75,3287 21.8268 1.9182 8.6253

[Md142] [Nd1421 [Hd1441 [Nd1453] [Hdi451" [Hd1481]
8.00844 27.4968 24.6813 18.7248 15.1748 9.23522

Pu CONTENT C(atom)- (weight¥) ; 17.238 ~ 17.327

HUMBER OF TOTAL HEAYY ELEMENT (atoms-zsmpled § 2.6255E+21

' [Md14g] £Nd1463
HUMBER OF Nd WUCLIDE (atoms-sampie’ y 1.5385E+18 2.5534E+18

EFFECTIVE FISSION YIELD y L.789E-82 2.79E-B2

HUMEER OF FISSIONS (fissiomsszanplgds+; 9.G382E+19 9.1520E+19

BURHUP cCatom¥)#

w
o
O
[}
)
=l

SPECIFIC BURNUF ¢HWD/MTH)#4 H jeped ]l 32498

HOTE ; nd=not detected
¥ Distance from core fusl bottam
## FISSIONS=MUMBER OF MdA/EFFEETIYE FISSIGN YIELD
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PNC-TN9410 87-197

Table 13 Mismatch between measured and calculated
radial peaking factor

Radial Peaking Factor T
Row Error (%) S/A
Calculated | Measured Meas. vs Cal.
-1.0352 1.0313 - 0.4 PPJX15
1.0421 1.0346 - 0.7 PPIX14
! 1.0432 1.0183 - 2.4 PPJDOB
1.0341 - 1.0239 - 1.0 PPJD39
g*2 1.0604 1.0508 - 0.9 PPJX08
2 1.0768 1.0626 -1.3 PPJDOM
r*2 1.1089 1.0544 - 4.9 PPJIX09
1.1022 1.0537 - 4.4 PPJD2L
3 1.073 1.074 + 0.1 PPJD2S
4 1.090 1.102 + 1.1 PPJD2Y
1.1810 1.1561 - 2.1 PPID1A
3 1.1884 1.1465 - 3.5 PPJX17
1.1712 1.1420 - 2.6 PPJD1J
*1

<+——— Core center
Radial pin position

%2 S Adjacent to Safety Rod

R : Adjacent to Regulating Rod
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Schematic drawing of fuel pin
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Burnup and Fluence distribution (7201 pin)
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S/A Name JOYO-PPJD1J

Pin No. 7246

Section No. 724622

Distance from bottom of pin 732mm
Distance from bottom of fuel column | 27emm

As polished

Tmm

Photo 2  Postirradiation ceramography of JOYO-PPJD1J core fuel
(Sample 724622)



S/A Name JOYO-PPJD1J

Pin No. 7246

Section No. 724622

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

Photo 3

Postirradiation ceramography of JOYO-PPJD1J core

fuel (Sample 724622, E)
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Photo 4

Optical microstructures of the cladding
(7246 pin, etched material S)



