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Tablel Fuel pin fabrication parameters
, 9358, 9364
S/ A namc PFD 036 Pin no
. 9370
Fuel
Fuel form - Flat end solid pellet

Pellet diameter (mm)

" 4.63

Pellet density (% T. D.)

93 £ 20

Fuel composition

30W.”0 PuQ, —UGC,

U — 235 enrichment ( %)

12.0 £ 0.3

Pu isotopic composition { %)

Pu 2397240 . 241 .7 242
756 209727707

+ 0.02
O/ M ti .9
7 ratio 1.97 0.03
Cladding
Type and work SUS 316, 20% cold work
~ Outer / inner diameter (mm) 55 . 48
9358
Lot identification 9364 ¢ : K007
9370
Fuel pin
Pin length (mm) . 1533
Pin outer diameter ( mm )} 5.5
Fuel column length (mm) 550 + 5
Plenum length {mm) 150
Insulat. llct length (mm) upper 12
nsulator pellct le
P ne mm bottom 12
Fuel  cladding dia. gap ( mm) 0.17

Pin spacing & support

Wrapping wire
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Table 2 Metallographic examination in AGS

as polished etched
i B E i) t* B B i)
R AT X200 HL5HE | BIETAR
i pli] _ oy w TEHE ‘
x 105 2HEEBEHE x 105 2HEEBEH
. . <86 AWEA AR e R x 86 SEEM ) #REL S A
X100 MHABE | F4 FHFRE| x100 HLEE . .
X400 HMABE | £ 4 FEHHHE| x40 HLABEH )R
x 200 ~ 750
# @& B FCCl
BoaEE




Table 3 Irradiation parameters of PFD 036
Distance Linear Fuel Clad.
Burnup i
Pin Mo Section No from heat center Haner Comment

core bottom (MW4.,” t) rate temp. temp.
(mm) (W, cm) c) c

9358 035822 278 51510 249 1564 485

9364 936422 278 46330 224 1462 500
9370 937022 278 39830 192 1263 460 -

¥02-88 OTV6NL-ONd



Table4 Summary data from ceremograph of PFD036

Restructured region dia. {(mm) Residual Pellet Clad dia. (mm)

Pin Mo Section Na diametral outer

n ction s .
Gas bubbl D : : .

Central void COljlmnaI‘ a? ubble Derfslﬁed ar-‘k ring gap size dia. Outer Inner

region region Tegion region (4m) (mm)
9358 935822 — — 1.633 * 3.735 % — 48 4753 - 5.496 4.801
9364 936422 - — 1.357 3.748 - 56 4,752 5.504 4.808
9370 937022 - — 0.834 * 3533 % — 57 4,751 5.500 4.808

# As polished THEMABREEZRMEL /.

702-88 OTV6NL-ONd



Table 5 Summary of burnup measurement by Nd —method for PFD 036

Distance from Burn up

core fuel Pu content 2
Pin Mo Sample No D MWd.“t atom %

bottom (atom %) : i

(mm) Calculated ¥ Measured ¥ Calculated ¥ Measured

9370 937021 262.5~ 26738 27.710 39,900 40,900 4.38 4.50
9364 936421 262.5~2679 27416 46,360 42,500 5.09 472
9358 935821 262.5~ 2685 27.278 51,650 46,900 5.66 516

1) Distence from pin bottom — 86 (mm)

2) Pu/{(Pu+1U) x 100

3), 5) Calculated by ESPRIT —J code

4)  atom % — MWd ./t OBREGHEE, So8tx 2 v ¥—E&pFRAR, rREEGPOEABEICEDL A,

6) Measured by ** Nd monitor method

¥02-88 0TV6NL-ONd
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Table 6 Calculation of effective fission vield for 936421 (example)
Hd—144d Nd—§46 Md-145
Compoeftion|{ Fleslon
Huclide | (Rtom Crogssg :
Fraction) Secklon Fisston|fFraotionalffieetonffractianallFisston|ffractional
Yield Fiseion|Yield Fiesion | Yicld Fisrion
L barn 3 L X1 Yield %13 Yield - {f %1 Yield
1) 2> 22 2)
Uy 231 nd - 1.14 - 3.2d - 4.10 -
1) 22 22 21
U 234 B.8087268 - i.44 - 3.8 - 4 .60 -
1) 3 L) q)
U 235 R.878257 | 1.83E+P0O 1.68 9,4B3 2.94 a,/’8e5 3.76 8.962
1 c2) 2l 2)
U 236 B.822508 | 1.47E-B1 1.81 8,48/ 3.86 a.pez2 3.77 8.063
1) ED kR 2]
u 238 B.b43B73 | 6.66C-B2 2.0d B.143 J.48 a.244 3.58 B.251
1) a 2> 2)
Pu238 B.Q2Q44495 - 1.78 - 2.79 - 3.24 -
1) an . 3> 3)
Pu23g B. 197531 1.862E+BO 1.65 8,980 2.46 1.478 3.41 1.806
1] 22 2) 2}
Puz4b B.065B33 | 4.98E-D1 1.84 8.a48s 2.83 d. 153 3.34 G.184
1) 2) a’ a)
Puz2+4l 0.8a7878 | 2.480E+BD 1.94 9.4862 J3.81 a.b36 3.52 B.113
1) 2> 2l 2)
Puadé 8.882327 | 3.95€£-81 2.94 8.a83 3.108 8.bas 3.76 B.0u6
Effeotive Figeion Yield
%l 1.71 2.68 3.26

Hotej;nd=not detected

Fractional

AFiatom fraction of U and Pud(PIE data)

FYifission yield
Effective Fission yield=SUN(Fractional Fission yleid)
1)MRG] code
2)TRG-2143-R
3)ICP~1858-1
4)AERE~R-8753

Fission Yield=(AF)»{(CS> (FY)>/SUMCAF>(CS>

CSifission cross
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Table 7 Composition of spike solution and natural Neodymium

- U 233 : 2.7764 x 108
R 7RO B
Pu 242 5.0316 x 10V
( atoms. ml)
Nd 150 49362 X 10’
Nd 142 ./ Nd 150 4.824980
Nd 145/ Nd 150 © 1.472180
K A&A4 ¥ LA OEMNMEHE
Nd 146 . Nd 150 3.050830
. Nd 148 /N4 150 1.021325
Nd 142 ~ Nd 150 0.017568
Nd 145/ Nd 150 0.006446
AATHRINLID
Nd 146 ./ Nd 150 0.014612
& tive & e
Nd 148 /Nd 150 0.008769
U 234U 233 0.011521
W5 YRS TD
U 235U 233 0.000425
] fiL & E
U 238U 233 0.006425
Pu 239/ Pu 242 0.001066
P b T AR, ID
Pu 240/ Pu 242 0.013671
=] fir & H
Pu 241 / Pu 242 0.000601
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Table8 Result of isotope analysis and burnup calculation for
- PFD 036 937021 sample

S7R HO.CFAB)
SAMPLE HO,

PFDO3& PIH HO.CPIE) . 9370
-937021 SAMPLE POSITIOH ; 262.5~267.8 (mmd#

YOLUME RATIO0 OF SPIKE SOLUTIOH TO SRMPLE SOLUTIOH ; i6.088

1¢0TOPIC RATIO OF U,Pu,td IH ¢a)SAMPLE AHD <b)SAHPLE-SPIKE MIXTURE ;

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

nd 6.e011e4 0.120291 0,005626 =C(a
0.672073 0,008793 0,119946 9.0085615 -{b)
[(Pu238-,239] [Pu240-239] [Pu241-239]1 L[Pu242,/239]
0,002784 0.,342835 8.043924 0.612035 ~Ca)
0.082784 6.348151 8.044168 0.408737 -(b)
(Hdi42-,158] [Nd143-158) [Hd144-/150] [Hd145-1501 [lidi46-1501 (Hd148/150]
P.BP25312 5.088361 4,254%857 3.463118 2.939411 1.828672 =Ca)
0.031954 1.848612 1.563766 1.269886 1.081201 B.673533 ~(b>

ISOTOPIC COMPOSITION OF U,Pu,Hd IH SAHMPLE <atom4) }

f U2331 L U234] U235} { U236l L U238]
nd 0,09080 18,6734 0.4992 88.7295

[Pu2381] [Pu239) [Pu2401 [Pu241] LPu242]
0.1986 71.3482 24.4606 3.1339 8.8587

LHd142] [Hd143) CNHd144) [Hd143] [Hd148] {Hd148] [Hd159]
0.136} 27.3264 22.8845 18,6275 15.8106 9.8361 5.3788

Pu COMTEHT <(atom%)s/(Cueight%) j 27.7198 7 27.831

HUHMBER OF TOTAL HEARYY ELEMEHT (atoms/sawnple) ; 1.9238E+21

. [Nd148] tHd146] CHd143]
HUMBER OF Hd HUCLIDE (atoms/sample) ; 1.5508E+18 2,4675E+18 2.9439E+!8

EFFECTIYE FI1SSIOH YIELD i 1.71E-@2 . 2.68E-02 3.26E-02

HUMBER OF F1S$SIONS (fissionss/sampled#s; 9,068BE+19 9.2070E+19 9.08365E+19

BURMUP (atom¥%>¥ : H 4.50 4.57 4.49
SPECIFIC BURHUP <(MHd-tIH# H 40500 41500 40800

HOTE § nd=not detected
# Distance from core fuel botton
## FISSIONS=HUMBER OF NJA/EFFECTIVE FISSIOH YIELD
# BURNUP=1Q@#F]SSIONS/{(TOTAL HEAYY ELEMENT+FISSIONS)
4% 1.1 atom¥% BU=10860 Hidse BU
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Table9 Result of isotope analysis and burnup calculation for

PFD 036 936421 sample

S/A HO.<FAB)
SAMPLE NO.

PFDB36 PIH HO.CPIED
936421 SAMPLE POSITIOH

9364
262, 5~267,

- we
-

9 Cmind*

YOLUME RATIO OF SPIKE SOLUTIOHM TO SAMPLE SOLUTIOH ; 10000

ISOTOPIC RATIO OF U,Pu,Hd IH (ad>SAMPLE ANHD ¢b)>SAMPLE-SPIKE MIXTURE ;

[ U233/238]1 [ U234,238) £ U235-238) [ U236-,238]

1.808736 ~(3)

nd 0.001127 0.121541 8,004629 =(a)
0.659913 8,008652 R.121246 0.004629 =(b>
[Pu238,239) [Pu240-239) (Pu241-,239]1 [Pu242,/239)
0.,002504 0.333280 9,048392 e.,al1r7v79 -Car
0,002504 0.338523 9.040639 0.403101 =(bJ
[Hd142-1568] (Hd143-/150) [Hdid4-,150) (Hd145-,158) [Hdi46-1581 (Hdl48-150]
0,011601 4,988430 4,1330836 3.432153 2.868407
0.018312 1.894852 1.,8¢7427  1.316427 1,0899908

I1SOTOPIC COMPOSITION OF U,Pu,Hd IH SAMPLE Catom%) ;

L U2331] [ U2341] f u2351 L U238l { uz23sl
nd 2,1008 je.7s8le 0.4106 88,7078

[Pu238] (Pu2391 [Pu240]) [Pu241) (Pu242]
0.18064 72.8484 24.8123 2.9182 0.8487

[Hd142] - [Hd143]) CHd144] CHd1451] CHdi461 Lild1481
8.0636 27,3453 22,6563 19.8142 15.7239 9,9158

Pu COHTEHT <CatomX)s/(ueightX) } 27.416 ~» 27.335

HUHBER OF TOTAL HEAVY ELEMENT Catomss/sampled ; 1.9920E+21

[(Hd1481] [Hdid486]
HUHMBER OF Hd HUCLIDE Catomss/sample) ; 1.6529E+18 2.5954E+18

EFFECTIVE FISSION YIELD i L.7lE-02 2.68E-02

HUHBER OF FISSIONS {(fissionss/sanple)##} 9.6662E+19 9.6842E+19

BURHUP (atom¥)H H 4.72 4.73

SPECIFIC BURHUP <(iilid~t 48 H 42900 43000

HOTE j; nd=snot.daetected
# Distance from core fuel bottom
## FISSIONS=NUMBER OF Nd/EFFECTIVE FISSIiOH YIELD
# BURHUPui@@#FISSIONS/{(TOTAL HEAVY ELEMENT+FISSIOHS)
44 1.1 atom¥% BU=10000 MWHdst BU

B.696442 —(b)

(Hd150]
S.4818

[HAd1451
3.1200E+13

3.R6E-02

9.5707E+19
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Table10. Rusult of isotope analysis and burnup calculation for
PFD036 935821 sample

SR HO,(FRB) PFDo36 ' PIH HO.CPIE)

; ! 9358
SAWPLE HO, ; 935821 SANPLE POSITION

262.5%268.5 C(mmor#

- wu

YOLUME RATIC OF SPIKE SOLUTION TO SAMPLE SOLUTIOH ; 10.000

ISOTOPIC RATIO OF U,Pu,Hd 1H ¢a)SAHPLE AHD ¢bYSAHPLE~SPIKE HIXTURE

[ U233,238]1 [ U234-238] { U235,238) [ U236-,238]

nd 8.8081132 0.120442 B.0804770 - =Cal
8.5682206 0.007620 9.120161 0,004781 ~(b>
{Pu238,2391 [Pu240-2391 [Pu241,2391 [Pu242,239]
0,002585 - 8,334824 0.040553 v.011879 -Ca
0. 002585 8.,339299 0,048729 8,351751 =<{b>
fHd142-150] [Hd143~-150]1 [Nd144/150] [Nd145-156]1 [Hd146-1561 [Hd148/150)
0.0812519 4,956036 4.098660  3.416051 2.851812 1.803088

8.015667 2.181929 1.811859 1.514813 1.265007 0,80016&5

ISOTOPIC COMPOSITIOH OF U,Pu,Hd IH SAHPLE Catom%) ;

[ U2331 [ U234) L U2351 [ V2361 [ U238l
nd @.1805 10.6932 8.4235 88.7828

fPu2381 [Pu2391 EPu240] [Pu2411 {Pu242]
0.1860 rl1.9507 24.0908 2.9178 0.08547

[Nd142] [Hd1431] [Hd144] [Hd1451] {Hd146] (Hd1487 [(Hd1i58)]
09,0690 27.3238 22,5969 18,8335 15,7227 9.,9409 5.5132

Pu CONTENT <atom%d-s(weightX%) ; 27.278 » 27.396

HUHMBER OF TOTAL HEAYY ELEMENT (atoms-/sampled § 2.2621E+21

[Hd148)] [Hd1461] [Hd145]

-3
—(h)

HUMBER OF Hd HUCL!DE (atoms-/sample) ; 2.1039E+18 3.31B0E+i8 4,00B9E+IE

EFFECTIVYE FISSIOH YIELD y 1.71E-82 2.68BE-02 3.26E-02

HUMBER OF FISSIONS (fissions/sampled®#; 1.2303E+20 1.2381E+20 1,2297E+20

BURHUP Catom*)#

4.1
[
(4]}
(4]
—
<0
4]
—
2

SPECIFIC BURHUP <HUd-/t)H#

E-N
[0
]
[ ]
o
o~
=~
n
-]
L~]
£
12
w
un}
Q

HOTE ; nd=not detected
# Distance from coreg fuel bottom
#% FISS10NS=NUMBER OF HdJ/EFFECTIVE FISSIOHW YIELD
# BURHUP=100#FISSIONS/{(TOTAL HEAVY ELEMENT+FISSIOHS)
#4 1.1 atom% BU=10000 MWdst BU '
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Fig.2 Irradiation position of PFD 036 subassembly in “JOYO"” MK—1I core
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S/A Name JOYO-PFD0O36

Pin No. 9364

Section No. 936422

Distance from bottom of pin 364mm
Distance from bottom of core column | 278mm

As polished

Tmm

Photo.5 Postirradiation ceramograph of the transverse section of

*JOYO” MK-1 core fuel { 936422 sample)
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S/A Name JOYO-PFDO36
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Photo.6 Postirradiation ceramograph of the transverse section of
*JOYO” MK-1 core fuel ( 936422 sample)
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S/A Name JOYO-PFD0O36

Pin No. 9370

Section No. 937022

Distance from bottom of pin 364mm
Distance from bottom of core column | 278mm

As polished 1mm

Photo.7 Postirradiation ceramograph of the transverse section of
*JOYO” MK-1T core fuel ( 937022 sample)
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Photo.9 Postirradiation ceramograph of “JOYO”
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