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fettw&EEZD (FHRBALHBMEOHEBH ),

iR
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M vy2yriverret sy sy — (WHIMELTTF PS5 2700 FLy) 2

L, EADBH ImicE b XD icigtloic Ly, HEVIBTL AR, 759 2 OFRELDIL
BORECFABARESORB AR R I —FRREVEEL, CREMBHEBAEHRE
FELle TEBR] MK-Tv)—XoflETRMEESROBRCE - RABFEHERLT
Wcd, SEEABRADTCBRBRIZE SHPATAEARSEABMFEHBRL, AEE
AT ERICAELEHICEEL .

4.4.2 MEFIE

MEHFERL—Y—7 5 w2 THE00°C~1,600°CoEZH (W2 X107 torr ) TIT=720
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5o TDHEBERET HRICFHEIOMK-T ¥ ) - XDRETH, BFEEHITH 1,600 °C
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600~ 1,600°C) ZHBE L TA, Fig l5icEnE27RdT. HECELTR, KUNERBRH
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ZZT, P fractional porosity
gt BE 100 B0 & & B R
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HHLODOKATERR L Gibby LDHERILIL—FHLTWV 3,
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A4Gos=R+Tv~ In Poq
TCZT R :HREH (1.98cal/deg+mol)
T:&E (K)
Po,: E S HFE (atm)

T=1873 K (1,600°C) , Po:=5X107° ~5x 10" atm (HREHAEE 2x107°~2x107™
torr) ZfRAT 5 & 4Goa=—63.5~~ 723 kcal /mol 755, HEFITENSH B0,
2X107° torr (BB HKRELTUE SN bDTH 21D, REEECEEEACh X
DIHFSWEETERLATLEKKEIBLDTH S,

20O/ MILEHT 5MOK BB P EHRTHT 5 4Go LEE L OBG % Fig. 161X
A LTe THd, HE, BRMEEHEREES Woodley EFAE AL 2536 L 7 &0
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KR D 4Go LVBOC LAH LB TH Bo A MESMEAEM & THIC/ 5 X 5TMOX #
B O/MEIE 1,997 ~1.9985 THAE L Db b, Bb, MEHBAEHABE 3, AEX
B (REE2X107°~2X107 torr) TR|EIEE O TO/MEA EAET EHBREYIC
FZohbd, HL, Fig IOt EEE PuELE2XEOMOXBE O LD THD, EEOR
BMOPuBEIRNSTH 5, 0B PuBILEC DV TOF— #1310, &7z FiEDOKR I,
PHRETORKTHORIEEELAEEL TOHVEDHIERTER L, &%, MY 0K
O/MEETHARFALZHOCTNATEOO/MAERELK T5C LICIVERTBLENS B,
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Table 1 Fuel pin fabrication parameters
S/A name PFBO11 Pin Mo No. 8905, No.8922
Fuel
Fuel form Flat end solid pellet
Pellet diameter (mm) 463+ 005
Pellet density (% T, D) 93.0+ 20

Fuel composition

29i IW/D PllOz_UOz

U— 235 enrichment (%)

120+ 03

Pu isotopic composition (%)

Pu 239/240/241/242
75.7/20.7/2.8/0.7

. 0.02
O/M ratio 197:t003
Cladding
Material SUS 316, 20% cold work

Cuter / inner diameter (mm)

5656+0030/48+0.025

Lot identification No 8905 : K551 ;Nn8922: 5015
Fuel pin

Pin length (mm) 1533+ 2

Pin outer diameter (mm) 55+ 0.030

Fuel column length (mm) 550+ 5

Plenum length (am) —

Blanket length (m) {ggﬁ‘;; jji

Fuel /cladding dia. gap (mm) 0170

Pin spacing & support

Wrapping wire
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Table 2 Metallographic examination in AGS
as polished etched

it: % B # Tt B Y
B/ HEE WHERE

2 & B
£ oaw | (N0 ISR L oexm

x10.5 SHEHE x 10.5 THEH N ,
@ g | X 75 REEE | mMESUMEEE | x 15 aEEm | LIRS
. x100 WMHFH | K4 FHHAE %100 HHEH e ot el e

x 400 BoBEHE KA FRmillE % 400 EHEH }#m%ﬂ%ﬂﬁﬁﬁ

| %200~ 750

 O® A agnEg | FCCL




Table 3

Summary of ceramography (PFBO1l)

' Distance Restructured Region Dia. (mm) Residual Pellet Clad Dia. (mm) Linear
Section from — Diametral Outer Heat
N Core Bottom leatral Colmnar Gas.Bubble Den§1f1ed Gap Size Dia. Inner Outer Rate

(m) Void Region Region Region (zm) () (w/em)
890522 26 195 46186 4811 5503 267
890542 125 2.476 3.005 162 4,648 4. 810 5. 506 338
890562 247 2.418 3.303 161 4.651 4812 5501 383
890582 435 2.438 2810 129 4678 4.807 5503 319
8905A2 534 124 4. 688 4812 5505 “ 237

¢61-88 0TV6NL-ONd



Table 4 Contraction rate of pellet outer diameter
L . (*1)
Section Location Pellet Apparent Crack Real Pellet Contraction
(D.F.C.B) Density Pellet Area Area Peliet Area Outer Dia. Rate

No Cmm) %TD) (A) (md) (B> (i) (A (m) D=2y A7z (o) (%)
890522 26 930+ 20 16. 786 0126 16,660 4. 60 (%2)
890542 125 930+ 20 17. 041 0.579 16,462 4. 57 1.2
800562 247 9304+ 20 17.068 0. 636 16.432 487 1.4
890582 435 93.0+ 2.0 17.235 0.975 16. 250 455 1.8
8905A2 534 9301+ 20 17. 468 0.819 16.649 4, 58 (x%2)

{(%1) Contraction rate : D/463 x 100 (%

fabrication pellet diameter @ 463 0.05 (mm)

(%23 by b AAEAS 468~ 458mDEEEMIC S5 b D HR .

¢61-88 0TV6NL-ONd
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Table 5 Composition of spike solution and natural neodymium
U 233 43914 x 10
24y D EF
Pu 242 19674 x 10"
(atoms/ml )
Nd 150 T7.1740 x 10
Nd 142 / Nd 150 4824980
Nd 145 / Nd 150 1.472180
KK A VLD EN & L
Nd 146 / Nd 150 3.050830
Nd 148 / Nd 150 1.021325
Nd 142 / Nd 150 0. 008937
FF YV LRI D Nd 145/ Nd 150 0. 004336
=] iz % e Nd 146/ Nd 150 0.0(?9122 '
Nd 148 / Nd 150 0. 007046
U 234/U 233 0014108
U7 YR, ID
U 235/U 233 0.000401
=] i & H
U 238/U 233 0.006410
Pu239 / Pu 242 ' 0.001309
TP Z D LRASNA D
Pu 240 / Pu242 0.013696
il (A {a H
Pu 241 / Pu242 0.000859
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Table 6

Calculation of effective fission yield for 890563 sample

HNd-148 Ma-148 Med—-145
Composition Fiszslan
Mucli1de | CAtom Cross
Fraction) Bt ion FisgionfFractionalFizzionfFractionalFisstanfFracticnal
Yieid Figgion|Yield Figaion | Yield Fiszian
L barn 1 E ¥ 1 Yield [ %1 Yield L =% 1 Fimld
1) 21 22 23
233 nd - 1.14 - 3.26 - 4.1 -
1) 22 212 2)
U 234 O.oEE2az - 1.44 - 3.@8 - 4 .06 -
11 3 1’ q)
Il 225 B.E358164 | 1,94E+b8 1.68 @, 448 2.94 a.2&1 2.7B A.33949
1) 21 27 21
U 23B B.20dB74 | 1.25E-B] 1.81 8, B 3.885 a. bEE 2.77F B.054
11 a7 R Al
1 238 B.5253876 | 5.45E-A2 2.08 B.111 J.48 A.181 .58 B.18E
) 13 22 22 2)
Fu238 H.EE0347 - 1.78 - 2.789 - 3.24 -
1) 3 32 a)
Pu2219 B.214263 | 1.84E+BDB 1.63 l.dpa 2.45 1.58%5 2.d1 1.841
11 =9 2l 2
Fu24B B.B857464 | 4.46E-E1 1.54 @, 473 2.93 g.112 3,34 B.132
11 27 2l 213
Pu241 A.9807349 | 2.5 E+P8 1.94 A, 835 J.91 a. a6 3.52 B.181
1) 21 22 a)
Fu24? B.001BB2 | 3.51E-81 2.04 &, dp2 J.18 d.B&3 3.78 B . BEd
Effective Fizsion Yield
1.7@ 2.67 3,26
L= 1
Hote;nd=rnot detected
Fractional Figssion Yield={AF){CS><{FY3»/SUMCAFY(CS)
AF:atom fraction of U and Pu(PIE data) CS5:ifission crozs zsction

1>MAGI code
23TRG~2143-R
3)ICP-1B58-1
4>AERE-R-8752

F¥ifiszsion vield
Effective Fission Yield=SUM(

Fractional Fizsion Yield>
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Table 7 Result of isotope analysis and burnup caleulation

for PFBO11l 890563 sample

S/A NO.<FAE> ; PFEB11 FPIM HO.KPIE?
SAMFLE HMO. y 898552 SAMPLE FOSITIOH

8985
247.17252.4 (mmd#*

MOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTIOM ; 9,568

ISO0TOPIC RATIO OF U,Pu,Hd IM ¢a)SAMPLE AMD tb)SAMPLE-SPIKE MIXKTURE ;

L U233-22281 [ U234-2381 [ U235-2381 [ U236-2381]

nd 8,.6861146 8.139976 B.06068117 =Cal
B.,043959 0.881i715 B,13985% 8.0001i29 -Cbh2
[Fu238-239] [Pu24B8-239]1 [Pu241-239]1 [PU242-2391
B.aB8lels 8.258257 ©.8343688 H.003414 ~Cald
B.0081818 g.2c2842 H.034252 B,B833873 -(b2
[Hd142-1568] [Nd143-1581 (Hd144-158] [Nd145-/158] (Hd14&-1581 [NdA148-158]
8,830578 4.598119 1.725587 3.398626 2,738639 1.787429 —ha
B.@11732 3, 485578 8.152475 8.281555 B.237914 a,152v92 -{hbo

ISOTOPIC COMPOSITION OF U,Pu,Nd IH SAMFLE {atomX’ j

L Uz33] C u2z241 [ Uz2351] [ Uz2381 L Uzzsl
nd 0.10a4 12.2648 6.8163 57,6245

EPuzZEa] [Puz233] [Fuzdi@?l [Pu2411] [Puzd4z]
8.1223 TE.1843 208.4377 2.6137 B.5418

[Hd1421] CHd14321] [Hdld4] [Hd1435] EMd14561] fHd142] CHd138]
B.3235 31.2867% 11.82377 21.6828 i7.5383 11.4338 6. 3958

Pu COHTENT <atomx)-CuweightX) 3 28.116 ~ 28,236

HUMEER 0OF TOTAL HEAYY ELEMEHT (atomz-zamplel ; 2.8926E+21

[Hd148] [Hd14€] fHd145]
NUMEER OF Hd HUCLIDE Catoms/ sampled i 1.7B61E+16 2.6655E+16& 3.2484E+18

EFFECTIVE FISSIOW YIELD : 1.76E-82 2.57E-B2 Z.26E-B2

HUMBER OF FISSIONS (fissions- samplel+#; 1,0636E+18 9S.9331E+17 9.9480E+17

BURHUP Catomii# H 8.@248 8.848 8.0458

SFECIFIC BURNUP cHMbdst 244 H 737 fgct s recl

NOTE ; nd=not detected
# Distance from core fuel bottom
#% FISSIOMS=NUMBER OF HA-EFFECTIYE FISSIOM YIELD
# BURHUP=168%#FISSIONS-<TOTAL HEAYY ELEMENT+FISSIONS»
#% .69 atomx BU=198808 MWd-t EU
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Table 8 Results of O/M ratio measurement using the X-ray diffractometer
8922511 890562 8922514
@ B & .. ) . ALRKeE »
B OF OE +0.0010 +0.0008 +0.0005
(il ? H) 54674 b.4546 5 4489
A —0.0008 —-0.0012 —0.0006
S~ IHEBD
B OF B % 54631 ~548677 b 4479 ~5.4514 54476~ 54489
A
1.945~1.955 .
0/ M It o 1.9%0~2002 1.999~ 2.003
(1.937~1955)

#1 S—1I: Self Irradiation
W2 BEROBEAFIEL /|
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Fig. 2 Irradiation position of PFB011l subassembly in JOYO MK-II core
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Pinl 8922 /%;wq:w'irﬂ

Pin No8905

Fig. 3 Fuel pin position in PFBOll subassembly
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Fig. 4
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Fig. 5 Flow diagram of metallographic examination in AGS
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MAX

. Examined Pin
Location: 1 D1
Core Center Direction : E

(DECB) 0 550 m
{DFPB) 0—12 562+—574
1533
(DFFB)  g—p9 19 753{—|{765
i |
890563
(247.1~2524)
Fig. 7 Cutting diagram of PFBOl1l 8905 pin for burnup measurement
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Fig., 8 Specimen preparation process for burnup measurement in AGS




Intensity ( Counts}

SAMPLE Ne :892252
TARGET/FILTER (MONOCHRO) : Cu
VOLTAGE/CURRENT : 40KV 50ma
COLLIMATOR : 2mm ¢

SLITS : RS .6 55 .6

SCAN SPEED: 10 DEG/MIN.
STEP/SAMPLING : .02 DEG
PRESET TIME : 6 SEC

(c) ST 72150

(b) ZESiEkhh 48
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Fig. 9
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X-ray diffraction patterns of predefected pin fuel
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X-ray diffraction
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Result of search-match analysis for PFB0O11l predefected pin fuel

Fig. 10
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Thermal Diffusivity ( ef,sec)
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Fig. 13 Thermal diffusivity of (U,Py)02 fuel irradiated in JOYO MK-II
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Thermal Diffusivity (ed. sec)
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Fig. 14 Comparison between Gibby's data and this work for thermal diffusivity
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S/A Peak Burn up

570 MWd/t
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Photo.
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Macrographs of "JOYO" PFBOll core fuel (8905 pin)

Top

¢61-88 OTV6NL-ONd



PNC-TN9410 88-192

S/A Name JOYO-PFBO11

Pin No. 8905

Section No. 890542

Distance from bottom of pin 328mm
Distance from bottom of fuel column | 125mm

Photo.

As polished

2  Ceramograph of "JOYO" PFBOLLl core fuel
(890542 sample, as polished)




Photo.

3

Ceramographs

S/A Name JOYO-PFBO11

Pin No. 8905

Section No. 890542

Distance from bottom of pin 328mm
Distance from bottom of core column | 125mm

1Tmm

of "JOYO" PFBO11l core fuel (890542 sample, etched)
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S/A Name JOYO-PFBO11

Pin No. 8905

Section No. 890562

Distance from bottom of pin 450Mm

Distance from bottom of fuel column | 247mm

| As polished

Photo. 4 Ceramographs of "JOYQO" PFBO1ll core fuel
(890562 sample, as polished)



Photo.

5

S/A Name JOYO - PFBO11

Pin No. 8905

Section No. 890562

Distance from bottom of pin

450mMm

Distance from bottom of core column

247mm

etched __tmm

Ceramographs of "JOYQO" PFBOll core fuel (890562 sample, etched)
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S/A Name JOYO- PFBO11

Pin No. 8905

Section No. 890582

Distance from bottom of pin 638mm

Distance from bottom of fuel column |435mm
As polished mm

Photo. 6 Ceramograph of "JOYO" PFBOll core fuel
(890582 sample, as polished)




Photo.

7

S/A Name JOYO - PFBO11

Pin No. 8905

Section No. 890582

Distance from bottom of pin

638MmM

Distance from bottom of core column

435mm

etched Imm

Ceramographs of "JOYQO" PFBO1l core fuel (890582 sample, etched)
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S/A Name JOYO - PFBO11

Pin No. 8905

Section No. 8905A2

Distance from bottom of pin 737mm
Distance from bottom of fuel column | 534mm

As polished

Photo. 8 Ceramographs of "JOYO" PFBO1ll core fuel
(8905A2 sample, as polished)



Photo.

9

S/A Name JOYO-PFBO11

Pin No. 8905

Section No. 8905A2

Distance from bottom of pin 737mm

Distance from bottom of core column | 534mm
Tmm

Ceramographs of "JOYO" PFROll core fuel (8905A2 sample, etched)
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