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Table 1

Fuel pin fabrication parameters

FAB No. BOJO2 B1J25 B3MOS B3MO9 B3M25
S/A Name : PFBO031 -

PIE No. AGOT A609 AGO2 A603 ABO4
% ®B F A £ (amn) 5.499 5. 497 6. 492 6. 50 6. 502
# B & AN 2 (m) 4.804 4. 799 5. 557 5.549 5. 553
¥ ¥ 7 i® (um ) 184 179 184 160 135
X Vv oy b A B (m) 4.620 4.620 5.373 5. 389 5.418
RV oy b E OE LD 93.53 93. 53 85. 88 86. 04 ~ 84.63
NV oy b E () 9. 321 9. 321 7.798 7.79 7. 86
NV wy PEE&EHWNZ (un) 5.0 —
XV vy O/ MK 1. 97 1. 95 1. 96
XLy PP ugBitE (wo) 28. 47 29, 88 29. 56
RV oy bPUBEE (wo) 12. 1 8.0
xR M R M W (ue/g) <100 < 30
7K 5+ (ppm ) < 30 <10
TV F LEHEE (cc) 7. 883 10. 801 16. 810 16. 596 12. 291
g ITHAF v T N " =] =] 5]

900—-06 0IP6I ONd
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Table 2

Metallographic examination in AGS

E&HI (as polished)

Ba® (etched)

H % B 5] H i = 9]
mi/ *&Eg X200 MAEH | BEENEL T
x10.5 4SEEH X10.5 AEHEEE
w " X 86 LSEER | B S EkE 5 E | 86 AHEHE | e 24 E8HE
X100  HHEE | KA KHHAIE X100 HHEH
SRR R
X400  HAEHE | K4 FARRE X400 WHABEH }m R
X 200~ X 750 feC X200 HAEH | HBEORE
w B T WAEE X400  HATHE | BELEE
: XT50  MAEH | #ipER




Table Irradiation condifion of specimens
Distance Linear Fuel Cladding
Pin No. Specimen from Burnup heat Fluence center inner
No. fuel bottom rate E>0. IMeV temperature temperature
{( mm ) ( MWd/t ) (W /cm ) ( n/cm? ) ( ) ( C)
BoJO2 AG60T722 275 79 326 0.94x102° 2034 h27
BiJ25 A60922 275 80 326 0.95x10%° 2057 527

ONd

900—-06 01761




Table 4

Summary data from ceramography of PFB031

Restructured region dia. ( mm ) | Residual Pellet Clad dia.
Pin No. Specimen diametral outer { mm )
No. Central Columnar Equiaxied | gap size diameter
void region region (pm ) ( mm ) Quter Inner
BOJO2 A60722 — — 2.74 159 4. 649 5.501 4. 808
B1J25 A60922 —_— — 2.59 159 4. 646 5.503 4, 805

900—06 0IP61 ONd




Table 5 Specimen parameters and results of melting point measurement
£ & & & &8 No. BmogE E Pug{tRE *! OM H 2 il =
(MWd/t) {(wtk) (BEHERE) C
(ﬁ%BEQ‘D YZ1811 0 30.0 1. 97 269110
PFB031 Al6322 80 29. 6 1. 98 2735%x36

FREHEROPUEI LIS DO TIEA G S OIBERRIER R

7

OM I 2WTIEA G S D XEREFBIEIC X HRIER

900—-06 0T¥61 ONd
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Table 6 Result of mass analysis for Nd (Unirradiated)
Nd142/150 Nd143/150 | Nd144/150 Nd145/150 Nd146/150 Nd148/150
Ndoo[EMir{& H: 4, 478147 2. 133698 4. 022410 1. 449234 2. 083548 1. 014034
Nd142 Nd143 Nd144 Nd145 Nd146 Nd148 Nd150
NdDEGRI{EHERE | - 26,22 12. 49 23.55 8. 48 17. 47 5.94 5.85
¢ atom % )
KRN
[ {AHLIAE 27.2 12.2 23.8 8.3 17.2 5.7 5.6
( atom % )
F.P.Ndo> 2
B (R A — 27.55 22.03 18. 99 15, 86 10. 02 5.55
C atom %)

1) Table of isotopes
2) PFD105




PNC 19410 90—-006

Table 7 Summary of burnup measurement by Nd-method for PFBO31
Distance from Burnup { atom¥ )
Pin No. Sample No. core fuel Pu content ¥
bottom * ( am ) ( atom¥ ) Calculated ™ Measured
4602 A602342 282.0 ~ 287.3 29.576 0. 008 0.0112
ABO3 A603342 282.3 ~ 287.3 29. 564 0.009 0. 0114
A604 A604342 281.6 ~ 287.0 29, 526 0. 009 0.0112

1) Distance from pin bottom — 435 (um)
2) Pu/(Pu+1) <100
3) Calculated by MAGI code

4) Measured by '**Nd wonitor method
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Table 8 Calculation of effective fission yield for A602342 sample

Nd—148 Ng-146 Med-145
ComposgitionjFisslon
Huclide | (Atom Cross :
Fraction) Seetion Fisston|[fractionallF1gs1onfFractionalfFission/Fractional
Yield Figsion|Yiald Fission | Yield Fisgion
C barn 2| [ % 1 Yield [ %1 Yioid L %3 Yicld
13 22 22 21
L 233 nd - 1.14 - J.249 - 4 146 -
13 22 21 a3
U 234 A.B60E4H8 - 1_44 - 3.@8 - 4. @R -
1} 37 a3l 4q)
233 BR.B58157 | 1.74E+PQ 1.68 B.288 2.94 d. 508 2.7B8 B.847
. 1} 2l 22 2) '
U 226 8,000842 | 1.47E-B1) 1.81 a,8p9 2.88 g. 608 2.77 A.684
1) 3 3 a)
U 238 | B.645533 | 6.93E-A2 d.88 a,149 J.48 a. 244 d.5R8 A.251
1) 22 22 23
Pu238 b.@add285 - 1.78 - 2.79 - 3.24 -
1} .82 d2 J1
Fuz2i B.227112 | 1.75E+88 1.65 l.118 2.48 1.EB68 3.41 2.6848
1) 2) 2) 2]
Fuz4bB B.858544 | 4.97E-B!1 1.84 8,493 2.83 d. 142 3.34 B.1g8
1) = a2’ 2)
Fu24l P.EE7APE | 2.2SE+PD 1.94 B.852 3.681 g.m81 2.52 H.894
1) ai 22 ’ 2y
Pu24t B.08i6ll | 4.028-P1 c.04 B, dp3 3.le 4. BiEgd J.78 B.885

Effective Firsion Yicld
C %1

i1.70 Z.64 - 3.2l

Hotejnd=not detected

Fractional Fission Yield=<(AF>{CS){FY> SUMCAF)CCS)
AF:atom fraction of U and PulPIE data) CS:fission cross section
FY:ifission vield

Effective Fission Yield=SUM(Fractional Fission Yield)

1>MAGI code

23TRG-2143-R

23ICP-1850-1

4 )AERE-R-8753
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Table 8 Composition of spike solution and natural Neodymium

g3

Rz4&
AS@

C42-50
C45-50
C46-86
Cdg-58

S42-50
S$45-58
S4&-58
£43-58

€43
553
5863
g9z

soz
siz

we an wr we e e me e e wn

e nmp

2.59851E+18
5. 2649E+17
5.1551E+13

4.478147
1.449234
2.983548
1.814634

B.9017568
0.886446
a.914e12
@.888769

a.8i1521
8.880425
B.886425

B.081866
8,8138671
6.6866681

U233 in spike Catoms/mll
Pu242 in spike (atoms-ml>
Hd15@ in spike Catoms- /ml3

Hd142-/Hdi58 of natural Nd
Hd145-/Hdi58 )
Hd14&6-HNd158
Hd148-NHdiSa

Hd142-Md158 of spike
Hd145-Nd15@
Mdid46~-HD158
Hd148-Hd1i5@

U234-U233 of =pike
uz235-U233
yz23e-u233

Puz39-Pu242 of spike

PuzdBrPu24z
Puzdl -Pu24z
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Table 1¢  Result of isotope analysis and burnup calculation for PFB031

AB02342 sample

S-A HO.{FAB)
SAMPLE HO.

PFBB31 PIN HMO.C(PIE> ; Aeaz
AGB2342 SAMPLE POSITIOH ; 2B2.0%2E&7.

LT

3 Cmme)#*

VOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SQLUTIOH ;3 8.600

ISOTOPIC RATIO OF U,Pu,Hd TH ¢(a)SAMFLE AHD ¢(bJSAMPLE-SPIKE MIXTURE 3

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

1.763024

hd 8.808756 8.996889 8.066065 -<a?
6.41911°7 8.805545 8.898016 0.000849 -<b?
[Pu228-,2391 [Pu248-239]1 [Pu241-2391 [Pu242-2391]
8.0081257 9.262179 0.830850 6.a887376 -
8.0e1247 a.2656817 0.036920 8.224489 -¢(b>
[(Hdi42-/158] [Hd143-156]1 [HNdi44-156] [Hdi45-158]1 [Hd146-1581 [(Hdi4&-150]
8.833239 4.78826%9 1.851733 3.335422 2.725368
B.B23069 9.821658 B.826879 8.8135371¢ B.824563

ISOTORPIC COMPOSITION OF U,Pu,Nd IN SAHPLE CatomX}

[ u2331] [ U234] [ u2351 [ U236l L uessl
hd 6.8693 8.2582 2.0960 91.6666

[Fuz2381] [Puz391] [Fuz4e] [Pu24il [Pu242]
0.896% 76.7895 28.1326 2.3698 8.6125

[Hd1421] [Hd1433 [Nd1441] [Hd1451] {Hd1461 [Hd1481]
B,2145 3B.8979 11.9489 21.3229 17.5864 11.3765

Pu COHTEHT <{atom%d/(weight¥) : 29.576 ~ 29.789

HUMBER QF TOTAL HEAYY ELEMENT <(atoms~<sample) ; 2.5780E+21

[(Hd1481] [Hd1461

HUMBER OF #Hd MUCLIDE (atoms/sample) 7 4.9023E+15 Y.8329E+15

EFFECTIVE FISSION YIELD : 1.7BE-@G2 2.64E-082

HUHBER OF FISSIONS (fissionsssamplel)*¥; 2.8837E+I7 2.967BE+17

BURHUP (atom¥)># H B.08112 a.811s5

HOTE 3 nd=not detected
# Distance from core fuel bottom
#¥ FISSIOWMS=HUMBER OF HJ-EFFECTIVE FISSIOW ¥YIELD
# EBURNUP=188%FISSIOHS-{TOTRAL HEAYY ELEMENT+FISSICHNS>

8.81393%

[Hdital
6.4528

[Hd145]
9.3202E+15

3.21E-42
2.9835E+17

2.g113

-{a)
=-{b>
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Table 11  Result of isotope analysis and burnup calculation for PFBO031
AB03342 sample

S-R HO.C(FAB> ; PFRGB3IL FIM HNO.<(PIE? ;AH6@3
SAMPLE HNO. 7 A6B3342 SAMPLE FOSITIOH ; 282.3%287.3 (mm>#¥
YOLUME RATIO OF SPIKE SOLUTIOH TO SAMPLE SOLUTIOH ; 8.00d@

ISGTOPIC RATIO OF U,Pu,Hd IN (2)SAMPLE RAHD (b)SAMPLE-SPIKE MIXTURE ;

[ U233-238] [ U234-,2381 [ U235-,238]1 [ U23&-2361

hd 8.888754 8.e98202 §.808865 -<ar
6.436226 8.8685751 B.6%98118 B.6068076 -<b>
{FU238-2391 [Pu248-2391 [Pu241-2391 [Pu242-2391
6.8613281 6.262138 Q.630822 B.08v9v9 -{ar
6.0081361 6.265145 6.6238961 6.233371 ~{b>
[Hd142-1568]1 [Hd143~15681 [Hdi44-1581 [Nd145-15681 {Nd146-158] [Nd148-1381]
@, A48943 4.,7351884 1.852674 3.295136 2.716237 1.737479 =Cal
6.822591 g.8210%98 B.0926769 8.815318 8.@24342 8.813725 ~<{b2

I50TQORIC COMPOSITIOH OF U,Pu,HMd IH SAMPLE (atomx) ;

[ uz2331 [ U2341 [ U235] [ Uz3el L U238l
nd 8.0691 8.2677 6.0868 91.63537¢83

[Pu238] [Pu2391] [PuZd4e] [Pu241] [Pu2421]
6.8399 76,7508 20.1298 2.3668 8.6127

EHd1421] [Hd1431 [Hd144] [Hd145] [Hd1461] [Hd14g] [Hd15@&)
g.3174 38.8117 12.0129 21.3664 17.6123 11.39357 6.4841

Pu CONTEHT <atom%)-<weight¥%) ; 29.0564 -~ 29.697

HUMEER OF TOTAL HERVYY ELEMEHT (atomsrssampled ; 2.4688E+21

EHd1482] [Hd14€] [Hd145]
HUMBER OF HMd HUCLIDE Catoms/sample) ;7 4.7690E+15 T7.9534E+15 9.0159E+15

EFFECTIVE FISSION YIELD 7 Ll.FeE-B2 2.64E-82 3.21E-82

HUMEER 0OF FISSIOHS (fiscions- sanpled*%; 2.8053E+17 3.8127E+17 2.8B887E+17

BURNUP <atom)# H 9.0114 6.08122 @e.0114

HOTE ; nd=not detected
¥ Distance from core fuel bottom
¥% FISSIONS=NHUMBER OF HNd-/EFFECTIYE FISSION YIELD
# BURHUP=168%FISSIONS/<(TOTRL HEARVY ELEMENT+FISSIOHNS)
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Table 12 Result of isotope analysis and burnup calculation for PFB031
AB04342 sample
S7A HO.<{(FRAB> ; PFEBG31 PIN HO.(PIE) ; AG84
SAMPLE HO. ; RAG6O4347 SAMPLE FOSITIOH ; 281.6%287.08 (mmJ#*

VOLUME RATIO OF SPIKE SOLUTICOH TO SAMPLE SOLUTIGH 3 £.600

ISOTOFIC RATIO OF U,Pu,Nd IN <a>SAMPLE AHD {bIXSAMPLE-SPIKE MIXTURE ;

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

1.768252

td a.8ea753 8.0908263 8.8680072 -<ar
B.4235¢7 8.885581 6.0896271 0.800847 ~C(b>
LFPu238-232]1 [Pu246-239]1 [Pu241-2391 [Pu242-2391}
a.a012ve6 8.262183 8.838834 B.0873964 -{ad
a.881276 B.265236 8.030982 B8.227199 -C(ba
{Hdi42-15@8] [Nd143/156] [Nd144-/1561 [Hd145,150] [Hd146-1501 [Hd148-158]
B8,849247 4.768480 1.854152 3.305627 2.7237v61
2.822240 0.821378 0.826957 6.815578 6.024553

ISQTOPIC COMPOSITION OF U,Pu,Nd IH SAMPLE CatomX}

[ U2331 L Uz2343 [ 02351 [ U236l [ Uz2381
tid 8.8598 8,2728 8.0866 91.6516

[Fu2381] [Pu23%1] [Fuz2401] EPu2411] fPu2421]
A.@8988 76.7898 20.13386 2.3677 8.6116

CHdi1421 [Hd1431 [Hdi144] [Hd143] tNd1461] [Hd1481
A.31352 30.8408 11.9220 21.3796 17.6163 11.3847

Fu COMTENT (atomX2/fuweightX) ; 29.526 - 29,658

MUMBER OF TOTAL HEAYY ELEMEWHT (atoms-ssampled ; 2.5415E+2%

[Hd148] " [Nd14é1]
HUMEER OF Hd MUCLIDE (atomss/sample) s 4.8573E+15 7.9274E+1S

EFFECTI¥E FISSION YIELD i Ll.7eE-B2 2.64E~B2

HUMEER OF FISSIONS (Pissiﬁns/sample)**; 2.8572E+17 3.8828E+1i7

EURHUP CatomX%)# H B.ailz2 g.0118

s

HOTE ; nd=not detected
¥ Distance from core fuel bottom
#% FISSIONS=HUMBER OF Nd-/EFFECTIVE FISSION YIELD
# BURNUP=109+*FISSIONS-{(TOTAL HEAYY ELEMENT+FISSIONS?Y

B8.0133874

LHd15@8]
6.4676

{Hd145]
9.19680E+13

3.21e-w2

2.8629E+17

B.8113

—-Cal
~ib}
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Fig.2 Schematic drawing of MONJU type fuel pin
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LINEAR HEAT RATE ( W/CM )
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Fig.7 Axial profile of linear heat rate for A607 pin
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CLADDING TEMPERATURE (DEG.C)
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Fig.8 Axial profile of fluence and cladding temperature for A607 pin
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} . Examined Pin
Location : 1A1
Core Canter Direction : E
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Fjg. 19 Cutting diagram of PFBO31 subassembly fuel pins for burnup measurement
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Distance from

S/A No.

JOYO-PFB031

Pin No.

A607

S/A Peak Burnup

82MWd/t

As polished

etched

Core Bottom (mm) 2}'5

2

2/

Bottom 0

AB0722

550

Photo.1 Macrography of PFB031 core fuel ( A607 pin, as polished and etched )

Top
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S/A No. JOYO-PFBD31
Pin No. AG09
S/A Peak Burnup 80MWd/t

As polished

Distance from
Core Bottom imm 275

etched

/
7
/
/
7
4

P

Bottom 0 550

AG60922

Photo.2 Macrography of PFB031 core fuel ( A609 pin, as polished and etched )

Top
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Photo. 3

S/A Name

JOYO-PFBO31

Pin No.

AGO7

Section No.

AGQ722

Distance from bottom of pin

478mMm

Distance from bottom of core column

275mm

As polished

Tmm

Optical micrograph of the transverse section of the core

fuel pin ( specimen No. AB60722 } as polished
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S/A Name JOYO-PFB0O31

Pin No. ABO07

Section No. AB6Q722

Distance from bottom of pin

478mm

Distance from bottom of core column

275mm

etched

Tmm

Photo.4 Optical micrograph of the transverse section of the core

fuel pin ( specimen No. A60722 ) etched




S/A Name JOYO-PFBO31

Pin No. AB607

Section No. AB60722

Distance from bottom of pin 478mm
Distance from bottom of core column | 275mm

As polished 1mm

Photo.5 Optical microstructures of the core fuel ( specimen No, A60722 ) as polished
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Photo.6 Optical microstructures

S/A Name JOYO-PFB031

Pin No. AB607

Section No. ABQ0722

Distance from bottom of pin 478mm
Distance from bottom of core column | 275mm

etched ~_1mm

of the core fuel ( specimen No. A60722 ) etched
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S/A Name -~ JOYO-PFBO031

Pin No. A609

Section No. AB0922

Distance from bottom of pin 478mm
Distance from bottom of core column | 275mm

As polished

Tmm

Photo.7 Optical micrograph of the transverse section of the core

fuel pin ( specimen No. A60922 ) as polished
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S/A Name JOYO-PFBO0O31

Pin No. AGO09

Section No. A60922

Distance from bottom of pin 478mm
Distance from bottom of core column | 275mm

etched 1mm

Photo.8 Optical micrograph of the transverse section of the core

fuel pin ( specimen No. A60922 ) etched



S/A Name JOYO-PFBO031

Pin No. A609

Section No. A60922

Distance from hottom of pin 478mm
Distance from bottom of core column | 27smm

As polished Tmm

Photo.9 Optical microstructures of the core fuel ( specimen No. A60922 ) as polished
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S/A Name JOYO-PFB031

Pin No. AB609

Section No. A60922

Distance from bottom of pin 478mm
Distance from bottom of core column | 275mm

etched : mm

Photo.10 Optical microstructures of the core fuel ( specimen No. A60922 ) etched
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