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Table. I  Fabrication Parameters of the A—Type Unistrumented Irradiation

Subassembly and Pins

£t £8 Bartb 6 FORNER
1) Rk HESmy o b # # P4% 5y SRIEHE
B E-o 2.970mm & £ 1.533mm
# R #80ke WHE S E 5.5 mm
2 © R 3 HAMRER 74, FlMRE wEG & 4.8mm
BHERH #106%) EBEAE 0.35 mm
WETE -~ R 0.085mm
2 7 2 H Al B R RS 550 mm
% ® 78.5 mm Avvab-gary b ETF)Y | 12mm
Aow o OE B 74,7 mm HREAHEEE -300 mm
A EER 1.9 mm HAFLrF LEH 9.3CC
25} oo Sy T4 vE 0.9mm
3 sy ERmk SetvdeF 209 mm
i #® 23.3mm AR 3 =PIV S )
H ot OB ot 21.3mm | H G5y e Fubao LRAR{E L b
Ao R 1.0 mm ey FEE 4,63 mm
# B . 24.0 mm Ll S O =4 9mm
LBy ERS b TORERE 24.0 mm Ly bR 93% TD
thary FERAEER it 4F¥v2r-s<2rv, HHH
) HBenER T4 5y yEEHR 2 ® Foh v 2Btk
8 = 1533 mm “ly PEE 4.6 mm
£ R 6.5 mm ~“vy b B 12mm
HEEEHAE 5,56 mm Lo VEE 94% TD
HETARE 0.4Tmm ( F4 EEESTREN) & E- 4 EF&1@
#HEHETAL 098 mm il BEHEEE
BT -~y MR ~ 550mm # # SUS 31648
BREBESZ Smm H & 4.5 mm
4 vPat—gy b(ET) 618.8 mm =1 & 100 mm
BREEER 3.9CC @ % 3|
HRAT L F LB 0.9 mm 6 s~ -
FuEVII4YE 209 mm i3 R ERARE
o YTy F St i OBE ORE 26,2 mm
) ey b G5y e b= MRAEHEY ALy b Ao R R 24.2mm
b H 5.4 mm [2<] o8 1.0 mm
by bHE 8 mm (7) THRRSHE
Ary b B 85% TD B o 74T owsH
<y MEEE B B 8US 316
M Avvar—s~ry R | Hites vBibsvs b b & 61mm
£t m 5.4 mm £ = 350 mm
ey bEE 8mm 18 BEMAY 7R
Sy bR 94% TD ki) & 3@tV 7 AE
by PR FF&E18@ b5} b= SUS 318
4 # # 26 mm
i BREHE SUS 316 64 £ & 215 mm
# # 5.2mm B 75y FREZFEY
28 3 100 mm 5 {8 H H SUS 316
| 4 : 118.8 mm 1 {8 4 24 5.5mm
A& B 1,533 mm




Table. I Irradiation Condition of the A—Type Uninstrumented Irradiation Subassembly [PFA010 ]
4 A 7 WV 5 6 7 i 8
S i B A 2E2 R7
i " o ® 4 v o+ B K MWD,/T 12000 23500 34400 — 45300
£ & & ¥ B3 MWD,T 10000 19700 28900 — 38100
i e G R A VbR | X100, em® 119 236 350 - 465
R B o e TR B BEEFY | x10®°n/Cn’ 944 194 288 — 383
Tofal FBA VY PER | x10¥ncm? 169 336 500 = 662
BEEFE | X100 /e’ 140 279 413 - 551
- #FA VMK W./cm 463 450 434 - 414
” " A BehEs W, cm 388 378 365 - 352
i B4V rER W.cm
E5EEY W./cm
&ﬁ%%%ﬂg- BOC :c 636
EOC (&
4 3 = 8 BOC OC
BB R s B E === =
BOC C 529 524 521 - 520
SEEHIRE EOC o 528 523 521 - 520
BOC g 5 @\ -
C kY SR @ 5 M - 1.197 1.195 1.189 = LIg]
EOC Eie —
# 5 M = 1.183 1.182 1.176 - 1.164
w oM Ok B BOC kg sec 8.6 8.6 8.6 = 8.6
EOC kg sec 8.6 8.6 8.6 - 8.6

881-.8 OTV6NL-ONd



Table. I Fuel Stack Length Changes
#il . 1

25y R LT E - 2% w7 MOER RY w7 EE WEE - <L 31 _
B No. (mm ) (mm } (mm ) (%) N R ~l v I+ Lot-

PIE FAB PIE —-FAB PIE-FAB FAB (#m) No.
98B 1 552.9+0.5 547.0 5.9 1.08 174 TMA 002
98B2 553.2+ 0.5 5417.2 6.0 1.10 175 o
98B 3 5538.1+0.5 546.6 6.5 1.19 123 #
28B4 553.0+0.5 546.7 6.3 1.15 148 #

TMAOO02+

98B5 552.7+ 0.5 547.4 5.3 0.97 159 TMA 00 1
98B6 563.5x0.5 547.3 " 6. 2 1.13 137 TMAQO2
98B7 553.3%£0.5 547.4 5.9 1.08 140 "

1. PNC I 843-85—20 OMBERMERRO—BRLVERC L,

881-L.8 OTV6NL-ONd
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Table.IV Pin Weight Changes

EEE # E A 8 & E ' B =
98B 1 361.0 361.0 + 0.0
98 R 2 360.7 360.7 + 0.0
98B 3 362.0 362.0 + 0.0
98B 4 361.0 361.0 + 0.0
98B 5 358.8 3587 + 0.1
98B 6 361.5 361.5 +0.0
98B 7 362.2 362.1 + 0.1
Table.V Pin Total Length Changes
. @E% Nly b B 2 B ¥ s 3
PIE Mo | FAB Mo o | BEXryro7 {# % %2
( pm ) FAB 3“PIE PIE-FAB
98 B1 | AIMO03 174 1532.6 1532.5 - Bl
B2 | ~ 04 175 1532.6 1532.4 ~0.2
S # FHUA-F 4V
27 _T
B3 01 123 G 1532.1 1532.4 +0.3
B4 | » 02 148 1532.7 1532.8 + 0.1
B CPF Y #4 7 1 B
B5 08| K# 159 e O 1533.0 1532.9 0.1
B6| ~ 05 137 1532.9 1532.6 - 0,8
5 #
B7| » 06 140 1532.5 1532.2 —0.3

1 EEEMHES Hid, 48, K
%2 PIE£ER@E. 2H00FRELEA L,
MEFREZEE, +1.0mm




Table . VI Results of Puncture Test

1 v RER EYAHFRAE | ErHRSRE RS ER A

PIE Mo PIN MNo Ly b Xe/Kr
LOT Mo (cer (Torr —8STP}| (CC-STP) | Kr(%)| Xe(%)| He+ a(%) (%)
98B 1 AIMO3 TAMOO2 8.02 6631 70.01 8.22 76.73 15.05 9.34 57.5
B2 # 04 ” . 8.02 6454 68.10 8.36 756.70 15.94 9.06 55.3
B3 #» 01 ” 7.82 7127 73.30 8.26 77.02 14.72 9.33 59.9
B4 # 02 ” 7.98 6878 72.20 8.25 76.83 14.92 9.31 58.9
B5 » 08 Tgﬁ&g;;& 8.28 5895 64.20 8.09 75.92 15.90 9.39 52.4
B 6 # 05 TAMO0O02 7.86 6896 71.28 827 76.88 14.85 9.30 57.9
B7 v 06 “ 7.89 6700 69.62 8.25 76.91 14.89 9.32 56.4

1, TAMOLd.
TAMO2 &, SEBE (20 1 ) EaERGREEH

CPF iz TMK - ] BREAREZZLZEMNALTER L2V 44 2 WigREHEM,

88T-L8 0T76NL-INd
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Table. VI Peak r—Counting Rates from Ni—coated Test Section

%2
(A%} /6000sec)

il TE 51 Cr 2 Co Mn 59 Rg 2280
M 8 _#1
K gy 14401 162 1617 6484
Ni #»*% B 11630 S 958 1191 5210
& C o o*1 %]
N o L 13656 1215 5660

#1 E-7L@3HEHLNT,

*2 WMEGFEEOBRMBIEERLAT - EFELACHER LA DTS 3,
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Fig.1 A Drawing of the Subassembly [PFAO010 ]
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Fig.2 A Drawing of the Test Fuel Pin
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Fig.5 Flow Diagram of the Post Irradiation Examination
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Fig.7 Bowing Vectors of the Subassembly
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FACE TO FACE DISTANCE CHANGE (mm)

06 T T T 717717 T T T T T

0.5~ O MK-1 —

@ MK-1I
04— —

@

PFAOI0 —> @
® o

0.1 — 8 Io0) O

O
® 8 °

— 01 —

- 0.2 | [ S A O O [ | A A N O O
1021 1022 1023

SUBASSEMBLY MAXIMUM FLUENCE (n/cm?) (E>01MeV) )
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88T1-L8 0TV6NL-ONd



CORE FUEL STACK LENGTH CHANGE (mm) ( Average)
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Fig.10 Fuel Stack Length Change as a Fanction of the Subassembly Average Burnup
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An Axial Profile of Test Fuel Pin outer diameter (Spec. No. 98B 1 )
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Fig.12 An Axial Profile of Test Fuel Pin outer diameter (Spec. No.98B2 )
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Fig.13 An Axial Profile of Test Fuel Pin outer diameter (Spec. No 98 B3 )
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Fig.15 An Axial Profile of Test Fuel Pin outer diameter (Spec. N0 98B5 )
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Fig.17 An Axial Profile of Test Fuel Pin outer diameter (Spec. No 98B 7 )

881-.8 OTV6NL-ONd



PIN OUTER DIAMETER CHANGE (%)

0.0 0.1 0.2 0.3 0.4 0.5 0.6

~ 0:1

——1 PFA 010

1022

SUBASSEMBLY MAXIMUM FLUENCE (n/cm®, E>0.1 MeV)

Fig.18 Pin Outer Diameter Changes as a Fanction of the

Subassembly Maximum Fluence

10%

MAX
% AVE
MIN

® MK-I

88T-L8 O0TV6NL-ONd



240

A-FACE

200

PNC-TN9410 87-188

5
%e
[

O
RO
.v .v A.v A.v < >
YA.YA > YA.YA
efe%e2e20
26302 %0220
rrese

Bowing
| —
10MM

Maximum

Top
j
Bottom
VIEW FROM TOP

(FAB)
(MM)

BOWING

PIN NO.
® DIRECTION OF BOWING

180
COMMENT
by

180

o0
020a0

i20

D-FACE

]

— -

—<(& va.vA
> VA.
0302

Oa®

50

MAX KEY

Fig.19 Pin Bowing Vectors in the Subassembly



— I v —_

{CPS}

COUNTING RATE

10

10

10

S/A NC. (FAB)
PIN NO. (PIE)

COOLING TM (BAYS):
COLL. WIDTH(MM)

OF NO.

CORRECTED

: PFAOIO
: 98BI

100

: 0.38

¢ 5571

SYMBOL NUCLIDE EMERGY(MEV)

X+a00

RH108
Cs137
ZR3S
MNS4
GROSS

0.622
0.862
0.7z4
0.835
1.697

Al \ ¢ : The s R i
- ["’ AWAY
y
\J
i
!
1 | i | 1 | | ‘ o
3] g7 175 267 350 437 5I5 B1° gl
AXIAL POSITION  (MM)
Fig.20 Axial Distribution of Gamma Ray Intensity (Spec. N 98B 1 )

88T-L8 0TV6NIL-ONd



— z v —

(CPS)

COUNTING RATE

10"

10

S/7A NO. (FRB) : PFADIO
PIN NO. (FIE} : 98B2
COCLING .TM (DAYS): 100
COLL. WIDTH(MM) : D.36
0P ND. : BE70

CORRECTED

SYMBOL NUCLIDE ENERGY(MEY)

RH108
8137
ZRIS
MNS&
GROSS

X+A0M

t.622
D.862
0.7z4
0.835
1.597

‘V“Q AN it B g A AL ST
| 7
EMI i | 1 1 | 1
87 175 ZEZ 350 437 525 612

Fig.21

AXIAL FOSITION  (FIM)

Axial Distribution of Gamma Ray Intensity (Spec. No 98B 2 )

881-.8 OTV6NL-ONd



= 8 v —

(CPS)

COUNTING RATE

10

S/A ND. (FAB} : PFADIO

PIN NO. (PIE)Y - 3883

COOLING TM (DAYS): 100

COLL. WIDTH(MM} : D.38

OP NO. : 5648
CORRECTED

SYMBEOL MUCLIDE ENERGY(MEV)

X+4A00

RH10G
5137
ZRI5
MNS4
GROSS

G.622
0.662
D0.724
0.B35
1.697

87 175 262 360 437 525

AXIAL POSITION (MM

Fig.22 Axial Distribution of Gamma Ray Intensity (Spec. No98B3 )

12

88T-L8 0T76NL-ONd



(CPS)

COUNTING RARTE

S/R NO. (FRB) : PFAO10 SYMBOL NUCLIDE ENERGY!MEY)
PIN NOG. {FIE) : 28B4 3] RH 108 0.822
COOLING TM (DAYS): 100 3 ggégT gﬁgz
COLL. WIBTH(MM) : 0.38 + MNE4 0.835
X GROSS 1.697
0P NO. : 5654
CORRECTED

W}-s#.uw.' A i s ke W A P

! . . . ,

o

!
87 . 175 262 350. 437 525 512

AXIAL POSITICON  (MH)

Fig.23 Axial Distribution of Gamma Ray Intensity (Spec. N 98B4 )

J
o]

i

881-.8 OTV6NL-ONd



—q p —_—

(CPS}

COUNT ING RATE

10

10

10

S/A NO. {FAB) : PFACIO
PIN NO. (PIE) : 98BS
COOLING TM (DAYS}): 100
COLL. WIDTH(MM) : 0.36
OF NO. : BB78

CORRECTED

SYMBOL NUCLIDE ENERGY(MEV)

X+a00

RH10B
£s137
ZRSS
MNS4
GROSS

0.ez22
0.e62
0.724
0.838
1.897

Fig. 24

175

Axial Distribution

AXIAL POSITION (MM

of Gamma Ray Intensity ( Spec. No.98 B5 )

1 !
ZEZ 350 437 5C5

612

~J
=}

i

88T1-L8 0TV6NL-INd



(CPS)

COUNTING RATE

10

10

10

S/R NO, {(FAB) : PFADID

PIN NO. (PIE) : SBBB

COOLING TM ¢DAYS): 100

COLL. WIDTH(MM) : 0.36

0P NO. : 5586
CORRECTED

e AR A rmgda b d il

1 |

3

SYMBOL NUCLIDE ENERGY(MEV)

X+4A40M

RH1DS
Cs137
ZR3IS
MNS4
GROSS

c.ez2
0.662
D.724
0.835
1.6397

1 1 1
g7 175 2BZ 350 437 525

RXI1AL POSITION (MM

Fig.256 Axial Distribution of Gamma Ray Intensity (Spec. N 98B6 )

88T-L8 0TV6NL-ONd



(CPS)

COUNTENG RATE

S/7A NO. (FAB) : PFROIC SYMBOL NUCLIDE EMNERGY [MEV)

PIN NO, (PIE) : 9887 [a] RH10E 0.822
5] 5137 0.862

COOLING TM (DAYS) : 100 9 7RIS D.724

COLL. WIDTE(MM) : 0.38 + MNS4 0.835
X GRDSS 1.6897

OFP NO. : 5700

CORRECTED

D
'f:i.."Lﬂ'\"N A A O i“'-l: Mg J-

W\/‘“’\ p =
AN

|
87 175 pd<ve 3:0 437 £25 B12 70

RX1AL POSITION (MM

Fig.26 Axial Distribution of Gamma Ray Intensity ( Spec. No98B7 )

881-L.8 0TV6NL-ONd




COUNTING RATE RATIOD

S/ﬂ ND‘ (FQB) . PFQO]O SYMBAL NUCLIDE ENZRCYIMEV)
3] CS137 /3RS BB .72
PIN NO. (PIE) : 98B4 & 03137 o g oelrD-Te
q C5137 1] .G .835
COOLING TM (DAYS}: 100 T SR Jmnes  ooanoem
COLL. WIOTH(MM) .« 0.36
0P NG. . 5654
1
107+ CORRECTED
10°L M
] WW |
g i bl
__,:f
10‘2 L { | | | .
a 57 75 762 320 137 =oc as 700

AXIAL POSITION  (MM)

Iig.27 Axial Distribution of Count Rate Ratio (Spec. No. 98B 4 )

881-L.8 0TV6NL-ONd



Syr{ <Ly bEIK) 18tios

1Tiiiri1e=0-0 ®
IFIAQUGFUIERe/OIBI0 B =
LAY EAISARYO RN/ 0/ Q180 @
F/eTAYEFOUNRYF 0K/ #aO/QIf=0-F X
5 40F e+ XFXQFOTRIPUF LOnuna B 18t R 191X
=FOFOARES KTOYAZXu X ok /FaOu0/ K/ 5/ €10:F
Ds#ADsSFYLYOVAREIOIKIPuE | uFuX /DS 0SH
XFRNQF++ 145 KYRADIRVS R IFYNYF=eln X%
Y41FY TOCAYXYXYF S oY ’;
IDFF o XYFYFYO+FIFYFaXVF YAV of ¢ ZFE4mtiOVRY
XQES0RAO+X+XFLEAFFYNL 5L
~2asDPFSeFYFskFFoeTel (21
1XORBFQFR+RFEFXN4YE 1=
1008 XEF 0+XFOXDEXSYF
1XERPOOFRFXFAFRRXYw s
108t REXK++XFXREANL fTme o
1800RE00+++FFFRA0F 0/ 1511 | 10/F 2K
1XBeFOACEFAFOTSO00F S IX4QTAYF ISV FFOKSIRS
FOPXF o RDLCFRFRABROIOVIF 00eQoEYFY+I VI ¢ FF4LROF
SFRFXIReSI0VT R+ RYXYFYFoXANY oYY TV IYIFoFT)
+#+9Y2YaFB+oVSHOYEoF4FFFS$YTYYYY 4TSS
VDI XTI IYTeYTYT 4T oY AYY Y]

afi34EL t=bat 31

=ins].
4 sfeiFalt
"-:D}:.:'I f4TFef. FYYFAUIV/F1d=1 l/

.

8 Co (HAETER)

1eagTr+1X104Y 2
e IS TR PEL PR L
# #1287 - =4 p+3YiF tmm
uF 1t 1 2 ptuxt

3 Kfert
2101078 =
- w LA femsfRIF
1Yex@I01YImimi V4OYEIRI+
VIFYTF=riF+FI=aF¢F

COUNTING RATE CPS

COUNTLHG RATE CPS

. FRB  NO: PFADIO  MEAS,POS.: 30
2 FIE  NO: 9883, NOCLIDE @ G5137
= HEASURMENT DRTA
-
=2 A— A WE
=
£
i
il
i
2
=
2
2]
et
2 T T T T T T
.0 10.0 20.0 0.0 40.0 0.0 0.0 70.0
RADIAL e
(Spec. M98B3 Fyva—F427)
- FRE  NO: PFAOI0  MEAS,POS.: 30
4 PIL  MO: 9FE4  NOCLIDE & C3i37
W HEASURMENT DATA
n
= B-BHWHE
&
‘i:“
w
2
=
z
n
Al
.
KR
i
2 T T 'l T T
0.0 0.0 0.0 40.0 0.0 60.0 70.0

L0
RADIAL

(Spec. No98B4 )

Fig.28 Emission Tomographs of Radionuclides and Radial Distribution of Gamma

Ray Intensity in Test Fuel Pins

mm

88T1-L.8 0T76NL-ONd



PIN GAS PRESSURE ( Torr)

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

0

| 1 | ] i ] 1 | |
<—PFA 010
T P

. { T— (? —
n o o i
D % $e w D 1

1 1 1 1 [ 1 1 1 |
0 5,000 10,000 15,000 20,000 25,000 30,000 - 35,000 40,000 45,000

SUBASSEMBLY AVERAGE BURNUP (MWD, T)

Fig.29 Plenum Gas Pressure as a Function of the Subassembly Average Burnup

50,000

MAX
% AVE

MIN

@MK—I

§MK—I{

88T-L8 0TV6NIL-ONd



PIN F.P GAS RELEASE RATE (%)

30

T T T ] T T T T
(=% ]
2t b |
<
o
o
2+ o ' i
- o %
g o
T o %
2 ® .
= - -
()] L |
Sk ¥ = .
§ o)
< ® Faxy | oo ods i 1 | | 1 1 1 1
0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000

SUBASSEMBLY AVERAGE BURNUP (MWD/T)

Fig.30 Fission Gas Release Rate as a Function of the Subassembly Average Burnup

MAX
{ AVE
MIN

§MK—1

§MK—H

88T1-L8 0TV6NL-INd



PNC-TN9410 87-188

Duct
Bottom

P 26
N 15 W
r -
¢ 4 %
P |~ |
s L~
¢ ] SR
] Z ZBE
L]
%
“ Z ¢
/—-\/\_/
Ni# o +8 | Duct

; l Top

TR P VRIERE
A B C

Fig.31 Measurement Position of Gamma Ray Intensity




—p5~€6—

(before)

Photo 1

Face F (after)

Surface Condition of the Subassembly before and after Sodium Removal
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Photo4 Surface Condition of Orifice
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Photo 5

Surface Condition of Test Fuel Pins
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