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Table. 1—1 Fuel pin fabrication parameters
 S/A name PFBOOO Pin No, Ne 6602, No 8605, Ne6613, No6614
Fuel
Fuel form Flat end solid pellet
£ o e HO 00
Pellet density ( % T.D) 93.0 £ 2.0
Fuel composition 29 + 1w, 0 Pu0Q,;— UOQ;
U~ 235 enrichment (%) 12.0 £ 0.3
Pu isotopic composition (%) 2 21297?/%307;224;;02%2
0/M ratio 1.97 + DD
Cladding
Type and work SUS 316, 20% Cold work
QOuter / inner d;iameter (mm> 5.5 £ 0.030 ./ 4.8 £ 0.025 .
Lo s RS R
Fuel pin
Pin length (mm) 1533 £ 2
Pin outer diameter (mm) 5.5 £ 0.030
Fuel column length (mm) 550 1 5
T
Blanket length (mm) { ggfgm g i %
v et o0 Com) | OO TOLN a0l
Pin spacing & support Wrapping wire
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Fig.2 —1 Irradiation position of PFB000 subassembly
in JOYO MK ~H core
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Fig.2 — 2 Fuel pin positions in PFB000 subassembly
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Fig.2 —3 Burnup distribution
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Fig.2 — 7 Linear heat rate distribution
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Fig.2 — 8 Linear heat rate distribution
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Fig.2 — 9 Linear heat rate distribution
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Fig.2 — 10 Linear heat rate distribution
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Fig.2 — 11 Fluence and cladding temperature distribution
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Fig.2 — 12 Fluence and cladding temperature distribution
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Fig.2 — 13 Fluence and cladding temperature distribution
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Metallographic examination in AGS
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Postirradiation ceramography of JOYO MK —1 core fuel
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Table 4—1—1

Metallographic examination in AGS

as polished etched
H: B H By ft [ = B
e WEE x200 #MHAEH @ HEBAE
i # + 4w TEER

x 105 2EEE x10.5 £HEERE . ,
% Bl x86 LEEH | HESEBRRERE x 86 £EEE AL B

x 100 ¥HEE | F£4 FamflE x 100 #HABE |, . .

x 400 HWHEH K4 FawmillE x 400 HWHEE YRR R

e x 200~ 750

w o&m B sATE FCCI




—07—

Table 4—1-2 Surhmary data from ceramography of PFB000 subassembly

Distance Fabricated Restructured Region (Dia. mm ) Pellet Residual Change
Pin Section o from Diametral Outer Diamatral | of Gap
No " | Fuel Bottom| Gap Size Central Columnar | Gas Bubble | Densified Dark Dia. | Gap Size Size

(mm ) { gm) Void Region Region Region Ring {mm ) { pm) %)
6602 660222 2717 174 2.7 3.4 4.7 116 67
6605 660522 275 174 3.1 3.5 4.7 104 60
661322 137 204 3.0 3.5 4.7 104 66
6613 661342 274 204 0.5 2.4 3.0 3.7 4.7 146 72
661362 412 204 2.5 3.2 4.6 134 51
6614 661422 275 132 2.9 3.2 4.7 100 76

EVI-98 OIV6NL-ONd
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Fig.4—1—1 Flow diagram of metallongraphic examination in AGS
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Distance from
Core Bottom (mm) 2717

S/A  No.

JOYO-PFBOOD

Pin  No.

6602

S/A Peak Burn up

5560MWD/MTM

As polished

etched

4

Bottom a

660222

Photol Macrography of JOYO MK -1 core fuel ( 6602 Pin, as polished, etched)

Top
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S/A No.

JOYO - PFB0GO

Pin No. 6605
S/A Peak Burn up 5560MWD/MTM
- As polished
etched
Distance fram
Caore Bottnm([(mm, 2‘75 (f _l
Bottom : i Top
660522

Photo 2

Macrography of JOYO MK -1 core fuel ( 6605 Pin, as polished, etched)
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S/A  No.

JOYO - PFBOOD

Pin No. 6613
S/A Peak Burn up 5560MWD/MTM
As polished
gisl'taanggttf;‘l]nmgmml 1; 7 2?4 421 2 ((
E 600 Top

Bottom

661322 661342

661362

Photo3 Macrography of JOYO MK -1 core fuel ( 6613 Pin, as polished)
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Distance from

S/A  No.

JOYO-PFBOOD

Pin  No.

6613

S/A Peak Burn up

556 0MWD/MTM

137 274

etched

l

Core Botto?/(m

LTI _.,I
N

Bottom

661322 661342

661362

Photo4 Macrography of JOYO MK -1 core fuel ( 6613 Pin, as polished)

Top
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S/A  No. JOYO-PFB0ODO
Pin  No. 6614
S/A Peak Burn up 5560MWD/MTM
As polished
etched
Distance from
Core Bottom  (mm) 2:!5 ((
600 Top

Bottom

661422

Photo5 Macrography of JOYO MK -1l core fuel ( 6614 Pin, as polished, etched)
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PNC-TN9410 86-143

S/A Name JOYO-PFBOOO

Pin No. 6602

Section No. 660222

Distance from bottom of pin 480mm
Distance from bottom of fuel column | 277mm

As polished -

Photo6 Postirradiation ceramography of JOYQ MK —1I
core fuel ( 660222 sample, as polished )




PNC-TN9410 86-143

S/A Name JOYO-PFB0OOO

Pin No. 6602

Section No. 660222

Distance from bottom of pin 480mm
Distance from bottom of fuel column | 277mm

etChed 1mm

Photo7 Postirradiation ceramography of JOYQO MK — I
core fuel ( 660222 sample, etched )

’_37_




S/A Name

JOYO-PFBO0O

Pin No.

6602

Section No.

660222

Distance from bottom of pin

480mm

Distance from bottom of fuel column

277mm

1mm

Photo8 Postirradiation ceramography of JOYQO MK —1I
core fuel ( 660222 sample, as polished )
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Photo 9

S/A Name

JOYO-PFB0O0O

Pin No. 6602

Section No. 660222

Distance from bottom of pin 480mMm
277mm

Distance from bottom of fuel column

Postirradiation ceramography of JOYO MK—1 core fuel
(660222 sample, etched )
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PNC-TN9410 86-143

A S/A Name JOYO-PFB000
Pin No. 6605
Section No. 660522
Distance from bottom of pin 478Mm
Distance from bottom of fuel column | 27smm

As polished

Tmm

Photo 10  Postirradiation ceramography of JOYO MK-—1 core fuel
(660522 sample, as polished )



PNC-TN9410 86-143

S/A Name JOYO-PFBOOO

Pin No. 6605

Section No. 660522

Distance from bottom of pin 478Mm
Distance from bottom of fuel column | 27smm

etChed 1imm

Photo1l Postirradiation ceramography of JOYO MK—1 core fuel
(660522 sample, etched )



S/A Name JOYO-PFBO0O

Pin No. 6605

Section No. 660522

Distance from bottom of pin 478Mm
Distance from bottom of fuel column | 27smm

A hed

4
i

s polis

Photo12 Postirradiation ceramography of JOYO MK—1I core fuel
(660522 sample, as polished )
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478mMmMm
275mMm

Tmm

660522
Distance from bottom of pin

6605

. S y .- I
' \wn;s.Un i1 Er.m...—.;_

JOYO-PFB0OOO

Distance from bottom of fuel column

S/A Name
Pin No.
Section No.

Postirradiation ceramography of JOYO MK—1I core fuel

(660522 sample, etched)

Photo 13



PNC-TN9410 86-143

S/A Name JOYO-PFB0OOO

Pin No. 6613

Sectionh No. 661322

Distance from bottom of pin 340Mm
Distance from bottom of fuel column | 137mm

As polished -

Photo 14  Postirradiation ceramography of JOYO MK—1 core fuel
(661322 sample, as polished )
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S/A Name JOYO-PFB0OOO

Pin No. 6613

Section No. 661322

Distance from bottom of pin 340Mm
Distance from bottom of fuel column | 137mm

etched 1mm

Photo 15 Postirradiation ceramography of JOYO MK -1l core fuel
(661322 sample, etched )




Photo 16

S/A Name JOYO-PFBOOO

Pin No. 6613

Section No. 661322

Distance from bottom of pin 340mm
Distance from bottom of fuel column | 137mm

As polished

Postirradiation ceramography of JOYO MK-—1 core fuel
(661322 sample, as polished )
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Photo 17

S/A Name

JOYO-PFBOOO

Pin No. 6613

Section No. 661322

Distance from bottom of pin 340mm
Distance from bottom of fuel column | 137mm

etced

Postirradiation ceramography of JOYO MK—U core fuel
(661322 sample, etched)
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PNC-TN9410 86-143

S/A Name JOYO-PFB0OOO

Pin No. 6613

Section No. 661342

Distance from bottom of pin 477Mmm
Distance from bottom of fuel column | 274mm

As polished

Photo 18  Postirradiation ceramography of JOYO MK—1I core fuel
(661342 sample, as polished )




PNC-TN9410 86-143

S/A Name JOYO-PFB0OODO

Pin No. 6613

Section No. 661342

Distance from bottom of pin 477MmM
Distance from bottom of fuel column | 2zamm

Photo 19

Postirradiation ceramography of JOYO MK—1I core
(661342 sample, etched )

fuel




Photo 20

S/A Name JOYO-PFBOOO

Pin No. 6613

Section No. - 661342

Distance from bottom of pin 477MmM
Distance from bottom of fuel column | 27amm

Postirradiation ceramography of JOYQO MK-—1 core fuel
(661342 sample, as polished )
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Photo 21

S/A Name JOYO-PFBO0QO

Pin No. 6613

Section No. 661342

Distance from bottom of pin 477Mmm
Distance from bottom of fuel column | 27amm

Tmm

Postirradiation ceramography of JOYO MK—1 core fuel
(661342 sample, etched)
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PNC-TN9410 86-143

S/A Name JOYO-PFBOO0O

Pin No. 6613

Section No. 661362

Distance from bottom of pin 615Mmm
Distance from bottom of fuel column | a12mm

As polished

Photo 22 Postirradiation ceramography of JOYO MK-—1 core fuel
(661362 sample, as polished )
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S/A Name JOYO-PFB00O

Pin No. 65613

Section No. 661362

Distance from bottom of pin 615mm
Distance from bottom of fuel column | 412mm

etChed Timm

Photo 23  Postirradiation ceramography of JOYO MK-—1 core fuel
(661362 sample, etched)



S/A Name JOYO-PFB00O

Pin No. - 6613

Section No. 661362

Distance from bottom of pin 615Mm
Distance from bottom of fuel column { a12mm

Qoushed

S,

Wiy 4

L d
L

Photo 24  Postirradiation ceramography of JOYO MK-—1I core fuel
(661362 sample, as polished)
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Photo 25

S/A Name

JOYO-PFBOOO

Pin No. 6613

Section No. 661362

Distance from bottom of pin 615Mm
Distance from bottom of fuel column | #12mm

etched

Postirradiation ceramography of JOYO MK—1 core fuel

(661362 sample, etched)
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PNC-TN9410 86-143

S/A Name JOYO-PFB0O0O

Pin No. 6613

Section No. 661362

Distance from bottom of pin 615Mm

Distance from bottom of fuel column | a1zmm
As polished

O1mm

Photo 26  Postirradiation ceramography of JOYO MK—1 core fuel
(661362 sample, as polished )
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S/A Name JOYO-PFB0OOO

Pin No. 6614

Section No. 661422

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

As polished

Photo 27 Postirradiation ceramography of JOYO MK-1 core fuel
(661422 sample, as polished )
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S/A Name JOYO-PFB00O

Pin No. 6614

Section No. 661422

Distance from bottom of pin 478Mm
Distance from bottom of fuel column | 27smm

etched

Photo 28 Postirradiation ceramography of JOYO MK—1I core fuel
(661422 sample, etched)



S/A Name JOYO-PFBOOOD

Pin No. 6614

Section No. 661422

Distance from bottom of pin

478MM

Distance from bottom of fuel column

275IMmMm

Photo 29

Postirradiation ceramography of JOYO MK-1II
(661422 sample, as polished )
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Photo 30

S/A Name JOYO-PFB00O0

Pin No. 6614

Section No. 661422

Distance from bottom of pin 478Mm
Distance from bottom of fuel column | 275mm

As

R

polished

o1y Pl xd

e A T

1mm

Postirradiation ceramography of JOYO MK—1 core fuel

(661422 sample, etched)
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PNC-TN9410 86-143

Tabled —2—1
Tabled — 2 —2

Tabled—-2-3

Fig. 4-2-1

Foy 83 PEEE S ERR

Measurement condition and indentation position

Summary of cladding microhardness measurement of JOYO
MK—T PFB0O0OO No.6613pin

Cladding microhardness of JOYO MK—I PFB00O0 No6613
pin

Cladding microhardness distribution of JOYO MK—I PFB
000 No6613 pin
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Tabled — 2 —1 Measurement condition and indentation position

1) Measurement Condition

B ES | ETHE(g) | RIEHEE)

EHRES A 500 30

2) Indentation Position

fuel

View from Top

QO fuel

t
87.5
o> s
300
250 @l ' ZéL
175 f—150
1

—-1

875 Unit : 4™

Location : A,B, C, D
Outer %
Middle : 2, 3

Inner : 4



PNC-TN9410 86-143

Table4—2—2 Summary of cladding microhardness measurement of JOYO
MK~ 1 PFB00O0 Noe 6613 pin

Pin No 6613 —PFBO00 — (*1) : 4Hv = Hardness — Unirrad. Hardness
Specimen No. 661322 661362 (*2} :  Hv = Unirrad.Hardness = 283( Hv 500 )
D.F.C.B{mm) 136.9 412.0 (*3) * Fluence : E= 0.1 MeV
R R
(;kﬂl-%v( Hv 500 ) 40 6 ‘ Cladding Lot No=8551
(ZI?V/HV(%) 14.1 1.1 TR A =20 (%)

ﬁéif) Tod Mgrell | a2 574

Gy | Fluemge, o 0.607 0.637

Tabled—2—3 Cladding microhardness of JOYO MK—1 PFBO0O0O0O No 6613 pin

S/A Name ! PFB 000 Pin Mo ; 6613
Specimen Mo | 661322
D.F.C.B. E 136.9 (mm) D.F.P.B. E 339.9 (mm)
Pt Outer Middle Inner P
1 2 3 : 4
A 312 333 326 318 322
B 318 326 . 324 330 325
c 324 318 318 324 321
D 320 330 324 324 325
s 319 327 323 324 323
S/A Name : PFB000 Pin Mo § 6613
Specimen No : 661362 |
D.F.C.B. ; 412.0 (mm) D.F.P.B. § 615.0 (mm)
Eooeain duter Middle Inner Y
i 2 3 4
A 287 296 287 298 292
B 287 287 282 301 289
C 280 289 280 285 282
D 298 285 287 296 292
g s 288 288 284 295 289




Cladding Microvickers Hardness Number ( Hv500)
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PNC-TN9410 86-143

T R4 WEEEENERR

Tabled—3—1 Summary of density measurement

Fig. 4—3—1 Pin cutting diagram for density measurement ( Special
assembly type B)

Fig. 4—3—2 Cladding density distribution of PFB000 No. 6613 pin



Table4—3—1 Summary of density measurement

. . Distance from Pin | Fast Fluence Cladding Mid— Wall | Density | Density Change
Pin No, [ Ssction No. 4
Bottom (mm) (n/ecm*10%) | Temp. (°C) (g/ce) “Tp (%)
MEK—-If Cold #
PFB 000 300089 7.966 Base
66131 661344
0 - .5, , .952 0.17
(S551) 479.0 - 503.5 0.716 7

eVI-98 0T¥6NL-ONd



PNC-TN9410 86-143

[
(TOP) % 3
il
= PIN No 6613
§ i
E Clad. Lot No 8551
&
- m : density
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Fig.4-3—1 Pin cutting diagram for density measurement ( Special assembly
type B)
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TS5 ENRERENE A R

Tabled—4—1 Composition of spike solution and natulal Neodymium

Tabled—4—2 Calculation of effective fission yield for 660223 sample

Tabled—4—3 Result of isotope analysis and burnup calculation for PFB
000 660223 sample

Fig. 4—4—1 Cutting diagram of PFB000 6602 pin for burnup meas-
urement

Fig. 4—4—-2 Specimen preparation process for burnup measurement in

AGS
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Tabled—4—1 Composition of spike solution and natural Neodymium -

U 233 43914 10% S 3
o4 s ETFH
' Pu242 7.6674 % 10V A242
( atoms,” mé&) -
Nb150 7.1740%10% AS50
Nd142 /Nd150 4.824980 C42 /50
Nd145 / Nd150 1.472180 C45 /50
KRG & ¥ L ORI
Nd 146/ Nd150 3.050830 C46 /50
Nd 148, Nd150 1.021325 €48,/ 50
Nd142 / Nd150 0.008937 S42 .50
33 DLRSNA IO Nd 145,/ Nd 150 0.004336 S 45,50
B o # K Nd 146/ Nd 150 0.009122 S 46,50
Nd148 ~ Nd150 0.007046 S48 /50
. U 234,/0U 233 0.014108 S 43.
M3 VRN D
U 235,/0U 233 0.000401 353
R 7 A~ S -
U 238U 233 0.006410 583
Pu 239,/ Pu 242 0.001309 S 92
TR LRI, D
Pu 240 / Pu 242 0.013696 S 02
R & K
Pu 241/ Pu242 0.000859 312"

# HEI-FTHEHLTHWIRES




PNC-TN9410 86-143

Table4 — 4 — 2 Calculation of effective fission yield for 660223 sample

Hd—=148 M =148 Ha-145
Compozitlon|Fizslon
Hasi1ds | CHtom Crozz
Fractiond Emctign [FI&&tonfractionalFiss fonffractionalFlzsionlFractional
Tield Figzion|Yield Fizzian | Vield Fizzion
L barn 1 L %13 Yield L % 1 Yield £ % 21 Yiaeld
il 2 - 23 21
I 233 nd - 1.14 = 3.24 s = 4.108 =
S| 2af 21 al
L 254 b OEEF 1S = 1.44 = o.EE = 4. @@ -
11 o2 33 41
235 B.E2Ez22 | 1.72E+B5 1.632 =, 487 .94 d,7211 3.76 B.al8
1) 21 . 23 a2 -
1) EZE i 1.31E~-B1 1.21 B, 9RE 3. 88 4. baE 3 P B. =05
14 el 12 al
L 238 H.BZ28H28 | 6.7IE-BZ 2.88 B, 143 3.4A 0,234 3,38 B.241
1 23 21 3
Puz38 b.ERE335 - 1.78 = 2.749 - q.24 -
1) EP 33 ) 33
Fuz3d B.2|SBE7Y | 1,75E+D09 1.65 L. d@3a 2.4 1.9E85 3.81 1,841
1] 2> ar 21 i
Fuz4p B.EIZEFT | 5.63E-01 1.24 =3, 482 2.33 . 138 .54 B.1E1
11 = 217 21
Fud+l BR.BEFFAFR | 2.23E+00 1.94 B.RA35 .81 | @.PE5 3.52 a8.8332
13 =) 23 23 _
Puade B.EE1853 [ 4.909E-51 2.609 @, [0E3 3.18 A. B24 3,.7R A.5a%
Effective Fizaion Yield
1.78 =.63 3. 2H
L % 1

Hoteind=not detected

Fractiomal Fiszion Yield=(AF2CCSr<FYI-SUMCAFI (OS5
AFtatom fraction of U and PU(PIE data) CSifiszien cross Section
Fiifizsion vield

Effective Fizzian wield=SUM{Fractional Fizzion wisld)

13MAGT code

2ITRG-Z143-F

ZVICP-1B858-1

4 'AERE-R-&V532
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Table4 —4 —3 Result of isotope analysis and

0 86-143

PFBO00 660223 sample

burnup calculation for

s MOLCFRED  FREEAE FIM HO.(FIE) ; 6682
SZAMFLE HO, ;O BEEZ2E SHMPLE POSITION ; 2PF.3%282.2 C(mmd#
Y¥OLUME EATIO OF SPIEE SOLUTION TG SAMPLE SOLUTION g, 288

ISOTORPIC RATIO QF U,Pu,id IH

CadSAMPLE AHD (EOSAMPLE-SPIKE MIXTURE ;

#% FISSIOMZ=HUMBER OF HA-EFFECTIYE FISSIOMW YIELD
# EURHUP=189%FISSIONS-(TOTAL HERWY ELEMENT+FISSIOMSD
## 1.19 atom¥k BU=18096@ MWD-MTH BU

[ U233-,238) [ Uz234-.233) [ UB235-238]1 [ UR235-2381
nd B.581129 8.137354 0. 008582 -(al
9.132341 g, 0a2731 B.13768H B, @8B515 -k

FPUz33-239) [Pu240-233) [Pu241-239] [Pua42-2391]

B, 8@1557 B, 272833 0.836172 A,8653613 -Cal
B.,881357 B.2738839 B.@3683%9 9.0525331 -th’

[Hd142-156] [HdA143-15087 [Hd144-150] [Hd145-15861 [Hdl45-1581 [Hd143-158]
B, BAZEET 4.822882 S.5086621 3.337828 2.TFR7AE 1.7%3259
W.EEF353 1.432925 1.6832483 @,930881 @.317825 B.526722

IS0TORIC COMPOSITION OF U, Pu,Hd IH SAMFLE {atomX)
[ U2331] [ Hz234] [ L2351 [ L2361 [ Uzzel
rid 89,8931 12,9523 G, @522 E7.7898
[Pu2zgl LPu232] [Fuzdgl [Pu241i] [Fu24z1]
a.11g@ 73.8043 20.6821 2.7428 #6.6531
[Hd142] [Hd143] [Hdt44] [Hd1451 [Hd14&] [HA1421] fHd154]
H.8151 25.1534 2h. 1541 19,5379 15,9683 lg.3zza D.73EQ
Fu EOHTEHT CatmmXl)s(weighti) § 28,371 » 28.492
HUMEER OF TOTAL HEAWYY ELEMEHT catoms-sampls? 3 1.268i8E+21
[Hd142] [Hd145] [Hd145]
HUMEER OF Hd HUCLIDE {atomzssamnpled ; 1.2663E+17  1.968ZE+1F 2.4957E+1
EFFECTIVE FISSIONW YIELD ; 1.7BE-B2 2.88E-02 Z.26E-B2
HUMEER OF FISSIONS (fizszions- zampledss; F.4459E+18 7.343%E+18  7.35258E+1
EURMHUF Catom># H 8.615 B.&ay B.611
EFECIFIC BURHUPR CHMHD-MTHI ## ) Jlge i@ 5134
HOTE ; nd=snot detected
¥ Diztance frem core fusl bottom

atom % — MWD,/ MTM SEHAHE, MRS HESE MAGI 2 - FRERASNTYS

HABRIGHRRRUCESERE 2 v+ —Er GRH LT,

:.-"

—-La
—-Chl
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MAX KEY

: Examined Pin

Location : 1 A1l

Core center Core Center Direction ;' B

D
(DFCB) — ? 550 mm
I
(DFFB) — ?—fz 56?-F74
(DFPB) — 069 19%— 03 753~ 765 1533
| ? |

660223
(277.3~2822)

Fig.4—-4—1 Cutting diagram of PFD000 6602 pin for burnup

measurement
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B RO E AR

w8 8 M« HNO; 30m#

HTY S R4 FHEER

# B o’ 0.5 mf
VRS | 0.5m¢
B A H
[ {f %

EFEEE, 8M - HNO; 2mé TiEfiE

&4 & v RHLH 5 B

(AGI x 4 100~ 200 mesh HNO; &)
| | l

V7svivay Puisidiaw F. PI7§%'/aV

E
Hi AL B

bl
8M - HNO; — MeOH T

f& 4 4 >~ 4 Nd W&

a * AT PSR AGI x4 200 ~400 mesh
HNO; —Me OH#
Pu 238 . 239 OfIE Nd 7 5"9 av
UBESHr Pu BHE ST Nd B # 2
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Fig.4—4—2 Specimen preparation process for burnup measurement in AGS



