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4. W& ® AR

AGS C#Eif L - RERAREE L EAMERUES Fig. 24 IKR T,

4.1 &HHER
4.1.1 HE@Eehs:
SHFBRTEE Fig. 25 KE - ERAE% Table. 3 CRT,

4.1.2 HERHER
Fig. 24 iIRERE v &0 5 BRHEE L C&ERREEML /2. Photo, 1 ~ 5 ILRME Y
v o ORBERMNERT 2 OlHO~ 7 0 BEE%, Photo. 6 ~ 15 KEABOWELEETE
LRy VEEERY, EAABREEMEL BE Y ORNERE% Table 4 1T/R7, KEH6H
o5 b 3Rk (A50822, AB1322, A51022) HETRESBA S TV oLy
FTh B,
@ HREHEE
hE~Ly M2 EOEEE HPOEA, HIRSE, FHMERURELHERL» SHREINT
Wiz, —4, HZER Ly bOAULEFLFENER®O 1.9 *0.2mm S LT A51322 251841
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A513 ¥ 160 #m 24 #m 85 %
AbBITE Y 160 #m 29 #m 82 %
Abl19E Y 160 #m 55 #4m 66 %
Ab32 Y 160 #m 38 Lm 76 %
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Pin NO. Sample NO. Pu content 1)‘ Burnup
Calculated >’ Measured ¥
A519 AB51923 28512atom% 4.06atom%  3.85atom%
L Pu/(Pu+U) %100
2) Calculated by MAGI = — I

30 Measured by **Nd monitor method

PlEoD &S i ERIEL 3.85 atom% (35, 300 MWdt) THDE/EEDFE B/NED

-2 f:o
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Table—1 Fuel pin fabrication parameters

ey v
£ Kk 1,655 mm .
N8B 6.5 mm
BEHE S 550 mm
~ 1y b
# B (Pu, UJO,
B #® 5.4 mm
E X 8 mm
w O 85% T. D.
Pu B{bE ‘ 30W.0 LT
U R 35W/0LF
O/M Lk 1.97
wEE
S 7 6.5 mm
" & 5.56 mm
I SUS316
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Table 2 Calculation result by *SATURN-C "

" ir B # =2 BEERARRLEE #oE & L B E
MR B E N vl - K No. (°C) (°C)
11301 CAS04) 28 534 1976
11103 (A508) 28 535 1960
11104 (A513) 28 529 1918
11201 (A517) 28 522 1920
11105 (A519) 28 525 1910
11202 (AB32) 28 508 1878

Table 3 Metallographic examinat_ion in AGS
as polished etched
it % =} By & ¥ E] 9]
R BT | %200 HaEHR wHERE
:,HE IE #‘?'yfﬁﬁg
x10.5 £HEEHE x10.6 2HEHR
} AR A
x86 4LEEH x86 4AEEE
A gy B SRR R
x100 #HoHBH X100 WMAEH YT —
X400 MHBHE X400 HFHEH i
%200 ~ 750
il H FCCI
o =4




Table 4 Irradiation parameters of PFI 010
Distance Linear Fuel lg/IIIad.
. . from heat center DDLE
Pin No. Section No. core bottom Burnup rate temp. temp. Comment
(mm) | (MWd/t ) (W cm) C) c)H
A508 Ab0822 270 37.5600 325 1960 535 mZEAL b
Ab513 Abl1322 272 36,250 314 1918 529 fZE~L .y b
AB17 Abl1722 275 36,488 316 1920 522 hE~AL o b
A519 ABl1922 270 36,136 313 1910 525 HE~L .y b
Ab32 Ab53222 276 35,361 307 1876 508 R Ly b

L00—06 01F61 ONd




Table b Summary data from ceremograph of PFI 010
Re&ructured region dia. ¢ Residual Pellet Clad dia

Pin Mo |Section Mo _ mm) | diametral | outer (mm) Comment

Central Columnar Equiaxed Dark ring | B2&Pp slze dia. Outer Inner

Void region region region (#m) (mm)
A508 A50822 2.204 4.060 4.738 4.856 21 5.552 6.497 5.573 thegx 1y b
AbB13 Ab1322 1.841 — 3.950 4,073 24 5.547 6.494 5.571 by b
ADbBl17T AbH1722 1.306 3.493 3.899 4118 29 5544 6.497 5.573 RRALy b
A519 A51922 1.905 3.211 4.625 4.383 55 5.516 6.492 5.571 hES~L .y b

(bR R

A532 AB53222 1.292 3.554 4004 4.213 38 5535 6.495 5.573 hE~2Ly b

ONd

L00—06 01I%61
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Table 6 Measurement condition and indentation position

1) Measurement condion

i E A
E T & E g # FF B R (B
EHBE s ME 500 : 30
2) Indentation position A

fuetl

View from top

fuel

UL i s

Location :
Outer
Middle

Inner
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Table 7 Microhardness results of *JOYQO” MK—1 PFIQ10
fuel cladding.

Pin No. 11301 11103 11104 11105

Specimen No. A5042 AbB0B822 Ab51322 AB1922
DFCB (mm) 275 270 271 270
Hardness

299 299 3009 304

Number Hv (0.5)

4Hv Hv (0.5 _ + 38 + 38 + 48 + 43

4Hv

) ) %100 (%) + 15 + 15 + 18 + 16
Hv (Unirradiated)

Cladding
K573
LOT No.
Unirradiated
261
Hardness Hv (0.5)
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Table 8 Cladding microhardness of Joyo MK—1T PFI010

S/ A NAME PFI010 PIN No. 11301
Specimen No, Ab042 ‘
D.F.P.B 445 (mm) D.F.C.B 275 (mm)
OUTER MIDDLE INNER
LOCATION ) : ] . AVERAGR
A 302 298 298 311 302
B 311 307 302 307 307
C 291 304 297 280 293
D 296 284 301 288 292
RING AVERAGE 300 298 300 297 299
S/A NAME PFI010 FIN No. I11103
Specimen No. Ab08B22
D.F.P.B 440.4 (mm) | D.F.C.B 270.4 (mm)
OUTER MIDDLE INNER
LOCATION ! ; 3 . AVERAGE
A 295 3056 292 293 296
B 301 294 300 309 301
C 300 302 297 300 300
D 300 302 299 299 300
RING AVERAGE 299 301 297 300 299
S/A NAME PFIO10 PIN No. 11104
Specimen No. Ab1322
D.F.P.B 441.6 (mm) D.F.C.B. 271.6 (mm)
LOGATION OUTER MIDDLE INNER AVERAGE
1 2 3 4
A 299 328 300 308 309
B 308 297 309 313 307
C 313 317 304 317 313
D 308 313 298 310 307
RING AVERAGE 307 314 303 312 309
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Table 8 (-o3%)

Cladding microhardness of Joyo MK—1I PFI010

S/A NAME PFI 010 PIN No. 11105

Specimen No. AB1922

D.F.P.B 440 (mm) D.F.C.B 270 (mm)

OUTER MIDDLE INNER
LOCATION AVERAGE
1 2 3 4
A 322 308 296 302 307
B 309 299 304 299 303
C 307 304 310 300 305
D 298 300 289 308 299
RING AVERAGE 309 303 300 302 304




PNC 19410 90-007

Table 9 Calculation of effective fission yield for A51923

Hd—148 Nel-146 Nd~145
Camposition|Fieelon
MHucltde ] (Rtom Croes
Fractian) Smet{on FleelnnFraoti?nalFiaejonFractlanaiFlee1onrracciona|
Yield Fieslon|Y¥ield Fiegion | Yield Flieeion
L karn 1} L % 3 Yleld L %1 Yicld L% 32 Yield
1) oAy 21 a)
J 233 nd - 1.14 - a.2d. - 4.108 -
: 1y o2 ' 2y 2)
U 234 @.8a1383 - 1.44 - 3.68 - 4 .04 -
1) 3> EP) 4)
U 23§ B.2230879 | 2.96E+P0 1.68 9.8234 2.94 1.443 3,76 1.845
1) 27 a7 al
U 236 8.006B30 | 1.28E-D} 1.81 e.dap2 3.8 a.p93 3.77 3.004
1} 3 H 2}
U 238 P.482E685 | 5.79E-B2 ¢.0d B.86) J.48 8.108 3.59 . 103
1) 2 23 2
Pu238 B.RHA3E 12 - 1.78 - a.7a - 3.24 -
1) 3 D) a)
Pu234 P. 187316 | 1.94E+BB 1.65 B.638 2.46 a,8952 3.41 i.164
1) 27 27 2)
Pu246 P.066224 | 4.48E£-B1 1.84 0,458 2.83 d.0889 3.34 H. 168
11 27 2) 2)
Pu241l 8.919372 | 2.77E+D0 1.94 .11} 3.91 8,172 3.52 #0.261
1) 23 2 2)
Pu24a B.BE31499 | 3.54E-B] ¢.94 a,dp? 3.8 a.B11 3.70 R.913
Effective Fisgion Yield
L% 3 1.70 2.77 3.44

Hotejnd=not detected

Fractional Fission Yield=(AF)(CS){FY>/SUHCAFX(CS)
AF:atom fraction of U and PU(PlE data) CS:fission cross
FY¥ifission yield

Effective Fission yield=SUH{Fractional Fission ‘yield)

1XHMAG] code

2>TRG-2143-R

3> ICP-1850-1

4YAERE~R-B8753
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Table 10 Composition of spike solution and natural Neodymium

R4 7 B h DR

(atoms.” ml)

U 233

Pu242

Nd 150

2.7764 X 10'®
5.0316 x 107

49362 x 10®

KR F A ¥ LDERIE

Nd 142,/ Nd 150

Nd 145/ Nd 150
Nd 146 / Nd 150

Nd 148 /Nd 150

4.824980

1.472180

3.050830

1.021325

AFd YL AL D

M o & L

Nd 142 / Nd 150

Nd 145 / Nd 150

Nd 146 / Nd 150

Nd 148 / Nd 150

0.017568

0.006446

0.014612

0.008769

Y5 VA NA T D

ki & K

U 234U 233
U 235U 233

U 238,/U 233

0.011521

0.000425

0.006425

T =G LZNAL T D

= #®

Pu239./Pu242

Pu240,/Pu2d2

Pu241,/Pu242

0.001066

0.013671

0.000601
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Table 11  Result of isotope analysis and burnup calculation for

PFI0I0 A51923 sample

PFl1eie PIH HOLC(PIEY | ; RAS5i9
AS1923 SRAMPLE POSITION ; 278.3%v275.4 C(mm)¥

SsA HO. (FAB)
SAHPLE HO.

VOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION ; 15.008

120TOPIC RATIC OF U,Pu,Hd 1H ¢a)SAMPLE AHD (bISAHPLE-SPIKE MIXTURE ;

[ U233-,238] [ U234,238) [ U235-2381 [ U236-/2381

nd 8,002866 8,464027 9.9014149 —Ca)
1.214521 8.816950 8.454906 0.813888 -(b>
[Fu238-,239) (Pu248-,239]1 [Pu241-2391 [Pu242-2391]
2.616080 8,353539 0.183419 - 0.949109 ~(al)
0.016080 9.361186 9.1083214 8.620367 -C(b)
[Hd1427150] [Hd1437158] [Hdi44-150] (Hd145-1561 [Hdi46-:508) [HdI148-156]
5.912940 5.827164 3.785022 3.940444 3.213716 1.967919
0,024123 1.447063 0.954411 @.988321 0.8i6410 9.425842

15QTOPIC COMPOSITION OF YU,Pu,Hd 1H SAHMPLE (atomx) ;

£ Uz331 [ y2341 [ U2351 C U2361 { u23g]
nd 9.1935 31.3311 0.9553 67.52080

CPu2381 [Pu239] [Pu24al fPu2411 [Pu2423
i.0564 65.6967 23.2263 6.7943 3.2263

[Hd142] {Hd1433 CHd144] {Nd1451 [Hd1461] tHd1481] [Hd1581
9.6B655 29.5888  19.1674 19.9544 16.2743 9.9656 5.0640

Pu COHTEMT <(atomX)sCweight’%) ; 28.5i2 -~ 28.681

HUMEER OF TOTAL HEAVY ELEMEHT (atoms-/sample) ; 2.1146E+21

[Hdi48] (Hd1d461 CHd145]

.. JMBER OF Hd HUCLIDE <atowms/sample) i 1.4379E+18 2.3436E+18 2,9052E+1R

EFFECTIVE FISSIOH YIELD 7 1.76E-92 2,77E-02 3.44E-02

HUMEER OF FISSIONS (fissionss/samnple)#®; ©,4580E+19 8,4687E+19 B8.4454E+19

EURIIUP Catom%)# H 3.85 3.85 3.84

SPECIFIC BURHUP ClHd-t > ## H 35300 35300 352a8

HOTE ; ndonot detected

¥ Distance from core fuel botton

#% FISSIOHS=HUMBER OF NJ/EFFECTIVYE FISSIOH YIELD

# BURHUP=100*FISSIONS/¢(TOTAL HERYY ELEHEHT+FISSIOHS)
A% 1.99 atom® BU=10000 HHdI/t BU

-Cay
~{b)
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Fig.4 Irradiation position

of PFI010 subassembly in "JOYO" MK-—- I core
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Fig.12 Fluence distribution ( A504 Pin)
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Fig.18 Limear heat rate distribution ( A504 Pin)
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Fig.19 Linear heat rate distribution ( A508 Pin)
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Fig.25 Flow diagram of metallongraphic examination in AGS



Vickers Micro Hardness (Hv 0.5)

Fig. 26
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Photo. 1

Macrographs of
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Photo.3 Macrographs of “JOYO” PFI0I0 core fuel ( A517 pin)
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Photo.6 Postirradiation ceramograph of the transverse section of

“«JOYO" PFI010 core fuel ( A50822 sample)
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Postirradiation ceramograph of the transverse section of
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Photo.9 Postirradiation ceramograph of the transverse section of
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Photo. 10 Postirradiation ceramograph of the transverse section of
“JOYQO" PFI0I0 core fuel { A53222 sample)
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Photo. 12

S/A Name

JOYO-PFI010

Pin No.

A513

Section No.

A51322

Distance from bottom of pin 442mm

Distance from bottom of core column | 272mm

etched

Tmm
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Photo. 13
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Photo.14 Postirradiation ceramograph of “JOYOQO” PFI010 core fuel ( A51922 sample )
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Photo.16 Postirradiation metallograph of “JOYQO" PFI010 clading
( AB0822 sample, FCCI )
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Photo. 17 Postirradiation metallograph of "JOYO”™ PFI010 clading
( A51322 samole, FCCI)
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Photo. 18 Postirradiation metallograph of “JOYO" PFI010 clading
( A51722 sample, FCCI)

As polished




PNC 19410 90-007

B S/A Name JOYO-PF1010
Pin No. A519
Section No. A51922
Distance from bottom of pin 440mm
Distance from bottom of core column | 270mm
As polished
B
E (. 1mm

R S—

Photo. 19 Postirradiation metallograph of “JOYO" PFI010 clading
( A51922 sample, FCCI )
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Photo. 20 Postirradiation metallograph of “JOYO” PFI010 clading
( Ab3222 sample, FCCI )
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