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Table 1 Specification of PFD105 Subassembly

MK — I fFE.RERE &

®HE ey vy e&2E (m 1533

® B v v FH 127

oy NEAMEHEE (m) o T4T
Porosity/Ring (mm) (MK_O'II:ZOF_{175)
A+ Y 7 4 R i

T ® K # & A7 a—BTay s
7 4 ¥ B (m) 0.90

7 AT E Yy F (m) MK—1266
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Table 2 Fuel pin fabrication parameters

5/A name PEFD1I05

Pin no A064, AQOCI1, AOQ7Y

Fuel

Fuel form

Flat end solid pellet

Pellet diameter (mm)

463

Pellet density(% T.D)

93120

Fuel composition

30W/0 PuQ2—U0Q:

U—235 enrichment (%)

12.0+03

Pu isotopic composition(%)

Pu 239240241242

766,209.721,07
. +0.02
O/M ratio 1.97_0‘03
Cladding

Type and work

SUS 316, 20% cold work

Outer.”inner diameter (mn) 5548
Lot identification S556
Fuel pin
Pin length(m) 1533
Pin outer diameter (mm) 5.5
Fuel column length (um) 550+5
Plenum length (mm) 150
Insulator pellet length(m) upper 12
: g bottom 12
Fuel/cladding dia. gap (ms) 0.17

Pin spacing & support

Wrapping wire
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Table 3 Chemical Composition Cladding

5| B T
oy KN S556
Wi ITE (%) 20
C 0.035~0.064
S i =0.75
Mn 0.5~2.00
P 0.015~0.035
S =0.01
Ni 13~14
Cr 16~18
Mo 2~8
1t % Bk 5 Co =0.1
(wt %) B 0.0005~0003
N <0.01
Cu =0.2
Ti =0.1
v =0.2
Nb+Ta <0.05
As =0.03
Al =005




Fig. 1

Specification of MK—1 Driver Fuel Pin
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LINEAR HEAT RATE (W/CM)
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Teble 4

Metallographic examination in AGS
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BE% (etched)
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Table b5

I[rradiation parameters of PFD105

. Linear | Fuel Clad.

Distance from Burnup heat center inner

Pin No | Section No core(zn:))ttom ( YWD,/ MTM) rate femp . temp.
(W./cn) (T) (tH

A064 | - ADG6422 25 39430 242 1415 416
A06442 249 57060 365 1914 510
A06484 531 32740 207 1130 577

3INJ
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Table 6 Summary data from ceremographs of PFD105

Restructured region dia. (mm) Residual | Pellet| Clad dia. @m

Pin No | Secti N diametral | outer
tn ko ection B central void |Columnar | Gas bubble | Densified | Dark ring| gap size dia, Outer | Inner

region region region region (#m) Cm )
A0D64 AQ6422 - - 2625 3241 - 56 4740 | 5491 | 4796
AD6442 0.641 2.640 3.047 3776 - 14 4785 | 5501 | 4799
A06484 - - 2474 35630 - 91 4723 | 5498 | 4814

ONd
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Table 7 FCCI data sheet of PFDI105

Pin No | Sppcimen Mo | D.F.C.B | Local Burnup | Clad. Inner | Attack Type * | Max attack Comment
() (MWd 't ) Temp (C)
A06484 531 32740 577 C 20 Photo. 9 (A)
C 20 Photo. 9 (B}
A0G64 _ C 25 Photo. 9(C}
A06485 | 532 32740 577 C 20 Photo. 10 (A}
553 30000 567 C 20 Photo. 10 (B}

¥ MIMatrix attack
C - Combine attack

I . Intergranular attack

ONd
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e 58 - BlHAOey | EHAC Y
N (PIE) A064 A058 A070
WEEC v Mo S556 S556 $556
e S EE 4 0 0
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fored
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Fig. 7 Sampling of specimens (PFD105)
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Fig. 8 Flow diagram of metallographic examination in AGS
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S/A  No. JOYO-PFD105

Pin No. ADG4

S/A Peak Burnup 59000MWd /t
Distance from
Core Buttoi;ljmm) 25 249 531 552 1121
Bottom 7 550

A06422

A06242

Photo. 1

5
N
AD6484

Macrography of

Top

: A06485

PFD105 core fuel (64Pin)

INdJ

010—-06 0I%61
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S/A Name JOYO-PFD105

Pin No. A064

Section No. A06422

Distance from bottom of pin 111mm
Distance from bottom of core column | 25mm

Photo. 2

Optical micrograph of the transverse section of the core fuel
pin(Specimen No A06422) etched



Photo, 3

Optical

S/A Name JOYO-PFD105

Pin No. A0G4

Section No. A06422

Distance from bottom of pin 111mm
Distance from bottom of core column | 25mm

etched ~_Imm

microstructures of the core fuel (Specimen No A06422) etched

ONd

0T0—-06 O0T%6I




PNC 19410 90—-010

Photo, 4

S/A Name JOYO-PFD105

Pin No. A064

Section No. A06442

Distance from bottom of pin 335mm
Distance from bottom of core column | 249mm

etched 1mm

Optical micrograph of the transverse section of the core fuel

pin {(Specimen No A06442) etched

__31_



Photo. 5

S/A Name JOYO-PFD105

Pin No. A064

Section No. A06442

Distance from bottom of pin 335mm
Distance from bottom of core column | 249mm

1mm

Optical microstructures of the core fuel (Specimen No A06442) etched

JNd

0T0—06 0OT¥61
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Photo, 6

S/A Name JOYO-PFD105

Pin No. A064

Section No. A06484

Distance from bottom of pin 617mm
Distance from bottom of core column | 531mm

Optical micrograph of the transvere section of the core fuel pin

(Specimen No A06484) etched




S/A Name JOYO-PFD105

Pin No. A06G4

Section No. A06484

Distance from bottom of pin 617mm
Distance from bottom of core column | 531mm

Photo.7 Optical microstructures of the Core fuel (Specimen No A06484) etched

1mm

JONd
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etched

imm

S/A Name JOYO-PFDI05
Fin_No. ADB4

Section No. ADG485

Distance from bottom of pin [ easmm

Distance from bottom of core column [ 552mm

Photo. 8

Optical microstructures of the longitudinal section of the core fuel pin

(Specimen No A06485) etched

ONd
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S/A Name JOYO-PFD105

Pin No. A064

Section No. A06484

Distance from bottom of pin 617mm
Distance from hottom of core column | 531mm
c As polished
_-s-w---—-_(&mm

010—-06 0TI761

01mm

Photo, 9 Fuel./cladding gap and FCCI of the core fuel pin (Specimen No A06484)

as polished




Photo, 10 Fuel./cladding gap

as polished

and FCCI

S/A Name JOYO-PFD105
Pin No. A064
Section No. A06485
Distance from bottom of pin 638mm
Distance from bottom of core column | 552mm
As polished
G — . |

of the core fuel pin (Specimen No. A06485)

ONd
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Distance from
Lore Bottom
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: LTU B ar'V.) y ¥ 2 2 _ ‘
Irad Tempfc) 403 Irad Templg) - 504 d  Temnple 1 593
Fluence({xi0z2n/em2); 44 FIuence(xﬂ]ZQn/cmZ}: 7.7 Hﬁanc‘&(il{‘lllpz IF/t):mZ\: 39

Photo.1l Optical micrograph of fuel cladding
(Specimen No A06422, A06442, A6484)
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Table 8 Measurement condition and indentation position

1} Measurement Condition

s —VETR | rrmE (o) R R ()

IEHE B X E 500 30

2) Indentation Position

fuel

View from Top

NI D

Location : A,B,C,D

Cuter 1
Middle v 2,3
Inner 4




Microhardness of PFD105 Cladding (A064 pin)

Cladding
LOT HNe

C5h56

Unirrad
Hardness Hv(0.5)

268

Table 9
Pin No AQDB4
Specimen No AD6422 ADG442 A06484

D.F.C.B (me) 25 249 551

Hardness
Numbe r Hv (0.5) 368 316 268
AN Hv Hv (0.5) +100 + 48 0
AHy — X 100(%) + 37 + 18 0

Hv (Unirradiated)

ONd
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Table 10 Cladding microhardness of JOYO MK-I PFD—105 (A064 pin)

S/A NAME PFD—105 PIN M A0DB4
Specimen No. A0G422 '
D.F.P.B. 111,4 Com) D.F.C.8B. 264 (mm)
QUTER MIDDLE INNER
LOCATION AVERACE
1 2 3 4 -
A 355 377 364 358 364
B 364 364 355 373 364
C 368 378 376 374 374
D 373 358 380 371 370
RING AVERAGE | 365 369 369 369 368
S/A NAME PFD—105 PIN N ADG64
Specimen MNo ADB442
D.F.P.B. 3354 (m) D.F.C.B. 2494 (m)
L OCATION OUTER MIDDLE INNER AVERACE
1 2 3 4
A 316 309 307 307 310
B 325 317 333 329 326
C 318 304 319 307 312
D 319 3009 323 309 315
RING AVERAGE 320 310 320 313 316
5/A NAME PFD-105 PIN N AD64
Specimen No A0.6484
D.F.P.B. 6172 (m) D.F.C.B. 5312 (m)
LOCATION OUTER MIDDLE INNER AVERACE
1 2 3 4
A 269 257 270 275 268
B 262 245 2717 263 262
C 263 289 258 267 269
D 265 281 272 271 272
RING AVERAGE 265 268 269 269 268

—42-
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Clading midwall temperature
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Fig.12 Variation of cladding hardness with fluence and cladding temperature (A064 pin)
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Table 11

Summary of Density Measurement

Distance from Fast Fluence | Clad. Temp. Density | Density Change
Pin No | Specimen Neo Ap (%
Pin Bottom (mm) (n/chs X10°%) Midwall (T) {(g/cc) P )
5556 - — - 7.953 Base
A0BG444 340.56 — 364.5 7.7 505 7.958 —0.06
A064 -
A0646 486.56 — 510.5 6.5 565 7.9556 —{0.08
A06482 576.0 —600.9 4.6 588 7.948 0.06

INd
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Diameter Change S3AD/D (%)

‘Density Change

—ANpsS e (%)
=1
T

=
=
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PIN NO.
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R

I—e—-Diamater change{
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5 00
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Fig.1l4 Cladding Density Change
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Table 12 Summary of Burnup measurement by Nd—method
Distance froml) Pu coutent 2) Burﬁup (atom %)
Pin No Sample No core fuel 3) D
bottom (mm) (atom %) Calculated Measured
A058 A05823 250.5 ~ 255.9 27479 6.441 6.36
A06423 25.7~ 310 27.937 7.393 4.33
A064 AD6443 249.7 ~ 254.2 27.172 6.328 6.22
A06483 5152 ~520.4 28.007 3.770 3.80
A 070 A0T7022 248.8 ~ 254.0 27561 6.019 5.99
1) DFCB=DFPB-—86 (m)
2) Pu/(Pu+U) X100
3) Calculated by ESPRIT—] code
4) Measured by *#®Nd moni.tor me thod

ONd
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Table 13 Calculation of effective fission yield for A06443
(example)
Fleeion Nd- 148 Nd— 146 Nd— 145
Compoeition| Croee ‘
Nuolide| (Atom Section|Fieeion|Fractional|Fieeion|PFractional |Fieeion|Fractional
Fraction) Yield Fieeion |Yield Fieeion |Yield Fieeion
(barn ) (%) Yieid (%) Yieid (%) Yieid
U 233 nd R ERYR - 3.20 2 - 210 2 -
U 234 | 0.000828 ~ D4 ¥ _ 3.08 2 - o0 P -
U 235 ] o0.076258 |1.70E+00"| 1.68 | o382 | 2094 D] o668 |37 Y| 0.855
U 236 | 0.003300 |150E-0B| 1.81 2| o0.002 | 3.06 2| 0008 |3.77 2| o.008
U 238 | 0.647899 |7.288-02| 2.08 2| o172 | 340 P| o282 |350 2| 0200
Pu238 | 0.000422 - Dl ? - 5.79 2 - 3.04 ¥ -
Pu23o | 0.194020 |17aE+0d’| 165 2| o081 | 246 2| 1463 ]3.01 2| 1790
Pu240 | 0066631 |5.188-00° 184 2| o112 | 283 ] o017z [3.34 P 0203
Pu241 | 0.008131 |2.208+00°| 1.94 2| o061 | 3.01 2| oo0es |352 2| 0111
puzdz | 0002512 |a28E-0| 204 2| o004 | 318 2P| o006 |370 2| 0007
Effective Figeion Yield
1.71 2.69 3.26
(%)

Note :

nd=not detected
Fractional Fission Yield= (AF)(CS)(FY) SUM(AF)(CS)
AF:atom fraction of U and Pu(PIE data) CS:fission cross

FY:fission yield

Effective Fission yield=SUM(Fractional Fission yield)
1> MAGI code

2y TRG—-2143—-R

3y ICP-1050—-1

4) AERE-R-8753
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Table 14 Composition of spike solution and natural Neodymium

‘ U 2383 27764 x 10
A4 JEPDORF
Pu242 50316 x 10Y7
{atoms/mé )
Ndi50 4.9362x 10
Nd142,/Nd150 4.824980
' Nd145,/Nd150 1.472180
Rk x4 ¥ L ORI ERL
Ndi146,Nd150 3.050830
Nd148,/Nd150 1.021325
Nd142,/Nd150 0017568
XA YV LRNL D Nd145,/Nd150 0.006446
[&] fir & e Nd146,Nd1ls0 0.014612
Nd148  Nd150 0008769
U 2340 233 0.011521
T 5 VRSN AL IO
U 2850 2383 0.000425
il fir i It
U 2380 233 0.006425
Pu239,/ Pu24?2 0.001066
FN =T LRNALID
Pu240,/Pu24?2 0.0138671
5 £z & H
‘ Pu241 - Pu24?2 0.000601
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Table 156 Result of isotope analysis and burnup calculation for
PFD105 A0BBZ3 sample

S/A HO.<{FAB>

PFD165 PIN NO.C(PIE> ! ARSS
SAMPLE MO, :

AB5823 SAMPLE POSITIOHW 259.5%255.9 {(mmi#%

YOLUME RATIO OF SPIKE SOLUTIOH TO SAMPLE SOLUTION ; 15.008

IS0TOFPIC RATIO OF U,Pu,Nd IH (aySAMPLE AND (b)SAMPLE-SPIKE MIKTURE ;

[ U233-2381 [ U234-2383 [ U235-2383 [ U236-2381

nd 89.881275 B.117167 B.885279 -{aJ
8,977581 8.812477 8.116731 8.085247 -(b>
[Pu238-2391 [Pu24B-239]1 [Pu241-239]1 [Pu242,2391
0.883087 9.345054 B.042428 2.913819 =¢al
8.683887 9.352988 B.942775 B8.6080343 -(b>
[Hdi42-158] [Hdi43-/1581 ENd144-158]1 [Hd145-1%6] (Ndi46-150]1 {(Hdi48-15@]
G.004191 4.872677 3.891151 3.372973 2.828847 1.791363 -Car
B.942269 1.7917@0 1.451239 1.242151 1.856649 B.6637383 ~{b>

1S0TOPIC COMPOSITION OF U,Pu,Nd IN SAMPFLE cCatom¥y ;

[ Uz331 [ U2341 [ U2351 [ U236l [ u23el
hd B.1135 18.4267 2.4698 88.99061

[Pu238] [Pu23921] [Pu24B3 [Fuz41] [Pu2421
6.2199 rl.2468 24.5837 3.0228 B.9276

[Hd1421] [Hd1431] [Hd144] EHd145] [Hdid4g] [Hd1481 ENd1583
B.0236 27.46386 21.8995 18.9832 15.9288 15.68818 5.6280

Pu CONTENHT (atom#xd-/CweightX? ; 27.4Y9 ~» 27.618

HUMBER OF TOTAL HEAVY ELEMENT (atoms~/sampled ; 1.9679E+21

THdi481 [Ndi46] fHd145]
HUMEER OF Md HUCLIDE <atoms-<samplel 5 2.2978E+18 3.6224E+18 4.3354E+18

EFFECTIVE FISSIOH YIELD 7 l.72E-82 2.69E-82 3.26E-92

NUMBER OF FISSIONS (fissions- sampled**} 1,3359E+20 1.3466E+28 1.3292E+26

BURNHUP Catomx)# H 6.36 6.48 6.33

SPECIFIC BURNUP <Hkd~t)#4 H S78Re J8280 57506

HOTE ; nd=nct detected
# Distance from core fusl bottom
#% FISSIOQHS=HUMBER OF Hd4d-/EFFECTIVE FISSION YIELD
# BURNUP=180%FISSIONS/¢(TOTAL HERYY ELEMENT+FISSIONS)
## 1.1 atom¥ BU=16606 HMld-t BU
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Table 16

Result of isotope analysis and burnup calculation for
PFD105 A06423 sample

SR NO. (FAB>
SAMPLE HO.

PFD185 PIN NO.<{PIE>
ARG423 SANMPLE POSITION

AB&4
25.7731.0 C(mm>*

YOLUME RATIC OF SPIKE SOLUTICH TO SAMPLE SOLUTION ; 15.289

ISOTOPIC RATIO OF VU,Pu,HMd IH <¢a)SAMPLE AHD <b)SAMPLE-SPIKE MIXTURE ;

[ U233-2381 [ U234-238) [ U2235-2381 [ U236-/2381

nd 8.881283 8.122864 B.0884232 -<al
B.991551 B.912650 9.122433 9.894237 -{b?
[Pu238-239] [Pu240-239] [Pu24i-2392) [Pu242-2391]
B.B862477 B.334225 6.0848984 B.@12379 -¢al
P.B882477 2.341793 8.641388 0.586715 =(bd
fMd142-/1581 [Hd143-1581 L[Nd144.-1%581 [Ndi45-1591 [Hd146-1581 [Hd148-1508]
Q.,0682439 4.963880 3.967696 3.419371 2.857238 1.86052%8 -Car
8.858232 1.360397 1.114348@ B.949562 B,808237 B.585985 -(b?

ISCTOPIC COMPOSITION OF U,Pu,Nd IN SAMPLE ¢ateom%} ;

L U2331 [ U2341 [ u23351] [ u2381] [ Uz381
nd B.1137 1B.88835 B.3751 88.6227

[Pu23B1 [Pu2391] [Fuz24@1] [Pu241] [Pu242]
B.1782 71.9391 24.08438 2.9484 9.8905 .

CHdi42] [Hd1431] {Nd1441] [Nd145] {Hd1461] iHd148] CHd158]
8.8135 27.54935 22.0243 18.9886 15.8682 19.02109 5.55089

Fu CONTENT catomX)-CweightXy ; 27¢.937 ~ 28.977

HUHEER OF TOTAL HEARYY ELEMENT (atoms-sample} ; 1.9684E+21

[Hd148] EHd1461] [Hd1451]

HUMBER OF Hd HUCLIDE Catons-samplsl 5 1.5169E+18 2.3833E+18 2.8B826E+18

EFFECTIVE FISSION YIELD sy 1.71E-82 2.68E-82 3.26E-82

HUMBER OF FISSIONS (fissions-sampley®#%; 8.8707E+19 8.8930E+19 8.8425E+19

EURHUP {atom%)#

SPECIFIC BURHUP <HMWd-t)##% H 324a0 39480 39208

HOTE ; nhd=not detected
# Distance from core fuel bottom
#% FISSIONS=HUMBER OF Hd/EFFECTIVE FISSION YIELD
# BURHUP=188%FISSIOHS-{TOTAL HEAYY ELEMENT+FISSIONS)

# 1.1

atom¥ BU=100680 MUd-/t BU
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Table 17 Result of isotope analysis and burnup calculation for
PFD105 A06443 sample

S/A HO.<FRAB>
SAMPLE WO,

PFDiBS PIN NO.<(FPIE>
AB6443 SAMPLE POSITION

ABS4
249.7v234.2 (mm)#

we wm
EYRY

YOLUME RATIO OF SPIKE SOLUTIOH TO SAMPLE SOLUTION ; 15.0860

ISOTOPIC RATIC OF U,Pu,Hd IH (=>SAMPLE AND (b)SRMPLE-SPIKE HMIXTURE ;

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

nd P.0601278 8.1177a@e 9.885093 ={ay
1.226552 9.815532 8.113538 9.60850085 -th
[Fu238-,2321 [Pu248-2391 LPu241-239] (Fu242-239)
R.682175 9.34342¢ 8.841987 B.812947 -Ca?
8.082175 9.353234 0.842319 8.7668523 -¢b>
[Hd142-158] [Hd143-158]1 [Hd144-158] [Nd145215é] [Nd146-158]1 [Nd148-1581
B.882453 4.872606 3.893799 3.373798 2.8195092 i.78rae2 -¢al

0.851165 1.512271 1.231974 1.847961 8.895214 9.568871 -¢b)

ISO0TOPIC COMPOSITION OF U,Pu,¥d IN SAMPLE (atomi) 3

L U2331 L U2341 L u2351] [ U23sl [ U238l
nd B.1137 10.4709 8.4531 88.9624

[PU23831 [Pu239] CPu2481] [Pu2411] [Puzd2]
8.1553 71.4854 24.5225 2.9924 8.9245

[Nd1421] [Hd1431 [Hd144] fNd145] [Hd14561] [Hd1d4ge}F [Hdi5el
P.6138 27.4525 21.9379 19.9681 15.8852 10.0684 5.6341

Pu COHTEHT (atomX}/Cweight¥) ; 27.172 ~» 27.318

HUMBER OF TOTAL HERYY ELEMENT {atoms-sampled : 1.5598E+21

CHd1481 [Ndid6] [Hd145]
HUMBER OF Nd HUCLIDE (atoms-sample? ;3 1.7695E+18 2,.7838E+18 3.3348E+18

EFFECTIYE FISSION YIELD y l1.7iE-82 2.69E-82 3.26E-02

HUMBER OF FISSIONS (fissjons-/sampleds%; 1.B8348E+20 1.B8349E+20 1.0230E+20

BURNUP <atom¥%)# ' H £.22 6.22 6.15

SPECIFIC BURNUP (MWd/t)## H 56640 J6688 560806

HOTE } nd=not detected
¥ Distance from core fuel bottom
#% FISSIONS=NUMBER OF MNd~/EFFECTIVE FISSIOH YIELD
# BURMUP=100#FISSIONS/<TOTAL REAYY ELEMENT+FISSIONS)>
## 1.1 atom¥ BU=10866 HWd-t BU
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Table 18 Result of isotope analysis and burnup calculation for

PFD 105 A06483 sample

S-A MNO.(FAB}
SAMPLE HO.

PFD1835 PIN HO.<{PIE> y ABe&4
ABGE483 SAMPLE POSITION ; 515.2~528.

4 {mm)#*

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTION § t5.660

ISOTOFIC RATIO OF U,Pu,Hd TN (a2SAMPLE AND (b)SAMPLE-SPIKE MIXTURE ;

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

nd 9.801293 8,.123588 0.983486 -{a)
1.856855 8.0813386 g.125881 0.0034632 =(b>
[Fu23s-,2391 [(Pu248-2391 [Pu241-239]1 [Pu242-2391
9.892457 9.326443 8.@39927 P.012162 =<al
6.802457 0.334430 @8.848221 0.617301 =({b>

[Md142-1501 [Nd143-/150] [Nd144-150] [Ndi45-1501 [Ndi46-1581 [Nd148-1501

B.806416 4.941556 3.920068 3.412189 2.8306941
B.852871 1.173890 B.959290 a.825927 8.699158

ISOTCOPIC COMPOSITION OF U,Pu,Nd IN SAMPLE (atom%) ;

£ U2331 [ Uz2343] L ya2351 L Uz23el L uz381]
rnd 8.1144 11.1897 8,36884 88.4675

[Pu238l [Pu2321] [Fu24@] LPu241l [Pu242]
9.1779 72.4154 23.6394 2.8913 B.8764

[Hd1421] [Hd1431] [Hd1441] [Nd1453 [Hd146] [Ndi481
8.8358 27.39135 21.8879 19.8522 15.881°7 18.9472

Pu CONTENT <atomX2-(uweightX) ; 28.087 -~ 28.148

NHUMBER OF TOTAL HEAVY ELEMEHT ¢atoms<sanplel) ; 1.8435E+21

[Hd1483 ENd1461
NUMBER OF Md HUCLIDE catoms-sample) 7 1.2452E+18 1.9443E+18

EFFECTIVE FISSION YIELD s L1.71E-B2 2.68E-82

HUMBER OF FISSIONS (fissions/sampled%#%} 7.2B17PE+19 7.2554E+19

BEURNUP (atom%2#

-e
(]
w
.~ ]
@
.

~
5+

SPECIFIC BURNUP (MWd-t)## H 34580 34400

NOTE § nd=hot detected
# Distance from core fuel bottom
%% FISSIONS=HUMBER OF Md-/EFFECTIVE FISSION YIELID
# BURNUP=1868%FISSIONS/{(TOTAL HEAYY ELEMENT+FISSIONS)
## 1.1 atom?” BU=18088 MWd-t BRU

1.799416
B.438973

EHd158]
5.5836

[Hd1451
2.3805E+18

3.26E-82

7.3020E+12

~{al
-(b>
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Table 19 Result of isotope analysis and burnup calculation for

PFD105 A07022 sample

50 HO.<FAB) ; PFD1BS PIH HO.{PIE> y ABYG
SAMPLE HNO. ;y Revezz SAMPLE PGSITION ; 248.8%254.0 (mmr#

VOLUME RATIO OF SPIKE SOLUTIOH TO SAMPLE SOLUTION ;3 15.080

ISOTOPIC RATIOQ OF U,Pu,MNd IN ¢a’SAMPLE AWD (b)SAMPLE-SPIKE MIHXTURE ;

[ U233-2381 [ U234-238]3 [ U235-2383 [ U238-2381

hd 9.801282 6.118445 9.085009 —¢a)
1.0857905 B.013412 g.117892 0.024967 -¢ho
[Pu238-2391 [Pu24G-2391 [Pu241-239) [Pu242-2391
5.902868 B.342024 9.042019 9.012868 -¢ad
8.902868 9.350456 9.842308 9.643868 b
[Hd142-1587 [Nd143-1583 [Hd144-1587 [Hd145-158] [Nd146-1501 [HJ148,1581
nd 4.893184 3.898505 3.378632 2.826063 1.792241 -¢a)

B.847225 1.637866 1.326419 1.134371 8,%64695 B.68519% -Cb>

ISOTOPIC COMPOSITION OF U,Pu,Hd IH SRHMPLE {atomX) ;

[ Uu2331] [ U2343 [ 02351 [ UZ36] [ uz23s1l
nd B.1148 18,5383 8.4453  88.9898

[Puz3gl  [Puz39] [Puzd481] [Puz41} [Pu2421]
B.2849 v1.4398 24.4341 3.08818 8.9193

[Hd142] [Hd143} [Hd144] (Nd145]) ° [Hd1461] [Nd143] LHd1581]
td 27.5874  21.9157 18,9932 15.8869 16,8752 S.6216

Pu CONTENT catomXx>/CweightXk) ; 27.561 ~» 27,700

HUMBER QF TOTAL HEAYY ELEMEMT Catoms-/sanpie) 3 1.8212E+21

tNd148] [Hd14&1] [Hd145]
MUMBER OF Md HUCLIDE (atoms-/zanple? 5 1.9848E+18 3.1259E+18 3.7592E+18

EFFECTIYE FISSIOH YIELD ; 1.71E-B2 Z2.69E-02 3.26E-82

HUMBER OF FISSIONS (fissions- samplel#%; 1.16B7E+28 1.1620E+28 1.1531E+20

BURHUP (atom%)# ; 5.99 .00 5.95

SFECIFIC EBURHUP C(HMWd-t)## H 54569 545880 54108

NOTE ; nd=not detected
# DPistance from core fuel bottom
%% FISSIONS=NUMBER OF WA~ EFFECTIVE FISSIOHW YIELD
# PURNUP=10B8%#FISSIONS/(TOTAL HEAYY ELEMEHT+FISSIONS)
## 1.1 atom¥ BU=18800 MMd-t BU
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. Examined pin

B0 ] Location: iD1

*DFCR— 0 530
DFFB_— cl)—1:2 5TZ—|574

DFPB— 0 —74-86 686-698 1535

A058 pin | | |

A05823
(250.5~255.7)

AD6423  A06443 5 A06483
(25.7~31.0) (240.7~254.2) (515.2~520.4)

A064 pin ]

A070 pin | | |

A07022
{248.8~254.0)

Fig.15 Cutting diagram of PFD105 subassembly fuel pins for

burnup measurement

Core Center Direction: E
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Fig.16 Specimen preparation process for burnup measurement in AGS



Ratio Normalized to Values of A(06443 Sample (at 251.95m)
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Fig.17 Burnup axial distribution of PFD105 (A064 Pin)
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O ; Measured Bl?.l‘nup '
/\ ; Calculated Burnup
[ 5 Rh-106 r-Scanning
X 3 Pr-144 r-Scanning
1.2
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Ra_tio Mormalized to Values of A064 Pin

0.9
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70 64 58
PIE Pin No core center
—_—

Fig.18 Brunup radial distribution of PFD105 subassembly
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Table 20 Summary of Melting point measuremont (PFDI105)

" B K

PuE 1 E EEEE (T) o
i i T 0 M Jud
Specimen Mo (MWt ) Cw/ o) CRI ) HHEBEE (TC) /
A0Q5BB24P 59,000 29+ 1 2602 13 2740 =12

1.98¢ £ 0.002

JNd

0T0—-06 0T%76I1
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Temperature ,

90—-010
2800
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2750 //’< <
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o /(\\\\\\\ Solidus Temp.
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fr-’
2650
2600
2 4 6 10
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Fig.19 Heating curve of irradiated mixed-oxide fuel
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Melting tomparature
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| Tm=2847.5(TC)
JCAverage value|)

§§ %_Z
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U0; — 18wt % Pu0Q,
TVOz — 20wt % PuO,
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Thermal arrest method
using sealed tunasten
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Fig.20
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