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Rapsodie PNC 4 OEEGR i3, K01, K07, KOORUKIOTHD, BliFE LIcBEEII~Y
o FEKRET

1) #7 113000 MWD,/ T— oxide (# 128000 MWD,”MTM) (K09 &)

2) # 70000 MWD.” T~ oxide (4 79000 MWD, MTM) (K01, K07 RUKI0E )
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SOEBEAOER, FHTIOBAIC L DR B AECSS o
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em (2HEEENFAEEOEESE) Th -7
3) BWEEEX
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Table 1.1 Fuel pin fabrication parameters

Table 1.2 Cladding fabrication sheet

Table 2.1 Rapsodie PNC-4 irradiation condition (KO09)

Table 2.2 Rapsodie PNC-4 irradiation condition (K01,K07,K10)
Fig. 1.1 Core locaton for PNG-4

Fig. 1.241.4  Fuel pin arrangement in the capsule
Fig. 1.5v1.8 (Cladding temperature and fluence distribution

Fig. 1.901.16 Cladding temperature and linear power distribution



Table 1.1 Fuel pin fabrication parametcrs

Rapsodie

Project . . ) ]
e PNC —4 Pin M Kot Pir N K07 Pin No K09 Pin Mo K1d
Fuel
Fuel form Flat end solid pellet Flat end solid pellet Flat end solid pellet Flat end solid peilet
Pellet diameter (mm) 5411 5.406 5.396 5.41
Pellet demsity (% T.D) 84.32 85.41 84.62 84.64
Fuel composition 20.37Tw. 0 PuQ,— U0, 20.32w./o PuQ, —U0, 2037w 0 PuQ,—UC: 20.37w. 0 Pu0,—UQ,
U— 235 enrichment (%) 65.36 65.36 65.36 65.36
. Pu 239,7240,7241,7242 Pu 239724072417 242 Pu 239.7240.7241.7242 Pu 239.7240,7241,7242
Pu isotopic composition (%)
75.52.714.34,77.92/1.39 75.52.714.34,77.92,71.39 75.52./14.34,77.92,/1.39 75.52./1434,77.92.71.39
O/ M ratio 1.99 198 1.99 1.99
Cladding '
Type and work SUS31648%,9.7% cold work] SUS316182, 9.7 %cold work | SUS31648%, 9.7 %eold work | SUS3I6/H2Y,9.7 %cold work
Outer /inner diometer (mm) 6.302 / 5.592 6.304 ./ 5.603 6.303 . 5.593 6.304 / 5593
o ) ( REBEES ) ( HAEES ) HEEES HHERS

Lot identification B 3 ( B ) ( B )

K4985 — 1 K4032 —1 K4976 -1 K 4976 — 2

Fuel pin .

Pin length (mm) 999.8 999.9 1000.0 1600.0
Fuel column length (mm) 320.8 320.3 318.3 317.2
Plenum length (mm) - 2406 2221 243.8 200.07

K& 401 E& 599 EE 400 & 400
Blanket length (mm) T# 2001 TE 1997 TH#E 1999 T 2000

GET-98 0TV6NL-ONd



Table 1.2 Cladding fabrication sheet
Lot| Clad [Melt— |Solution|Cold Chemical Composition (Wt%) B Grain Tensile Properties

Vender |No.| No. | img Treat— [Work v size [Test . - ooz TE

ment 2| C SL [ Mn | P s Ni | Gr | Co |Me B N
: * Temp. | (kg/mn?) |(kg/mm?) | (%)
72.0 60.8 40.0

K 1 | K4001|Double| 1000°C 9.7 245 | 8.7 RT
69.4 65.6 42.0
e
0.05(0.50|1.56|0.02(0.01|13.0|26.410.02(2.3|0.0010(0.017 38.0 35.8 37.0
¥5000| Melt x4min 252 | 8.7 p50°C

0.05|0.5111.57(0.02]|0.01;13.0|16.4(0.02|2.3|0.0010|0.018 40.8 36.9 34,4

GE€1-98 0TV6NL-INd



PNC-TN9410 86-135

Table 2.1 Rapsodie PNC—4 irradiation condition (K 09)

&1
B e g W 7GR | -0 BEE | Y-y | E—s TV | EH B
Run Mo { HE—2 (atom{;%) Oxide Metal Total EZ01MeV | & B % |%.8.8
(W./cm) (MWD, “ton) | (MWD ton}| (> 10*nvt) (x10**nvt) | (EFPD)
33 490.40 0 0 0 0 0 12.1
(start) ’ 0 73.12.14
33
485.90 1.316 10,605 12051 1.24 1.07 47.868(74. 2. 3
(end?
34 -
477.60 2.640 21,207 24,097 252 2.17 96.700|74. 6. 6
{end)}
(e?i) 469.50 3.960 31,799 36,135 3.80 3,27 146.096 |74 8.18
36
Cond)y | 46115 5.301 42,567 48372 5.12 4,40 196.980 [74.11. 2
37
454,13 6.445 51759 58,817 6.26 5.38 240.915(75. 1. 5
(end) .
38 £ 1 B o @ om 0ox  i8da
39
454.13 6,340 51,759 58,817 6.26 5.38 240.915|75. 3.21
(start)
(ji) 443,98 7.450 61,670 70,080 751 6.46 288.929|75. 5.13
0
. 4nd) 437.00 8.510 69,379 78,840 8.64 7.43 332.997175. 7.16
e
(ei) 427.45 9.850 80,621 91,615 10.11 869 390.00175.10.19
12 % 2 B @ # & 2 oodea)
43
427.45 9.850 10.11 8.60 390.001/76. 3. 1
(start) !
43
418.68 11.240 11.64 10.01 450.047 | 76. 5.10
( end) .
2
( id) 409.59 12.390 104,516 118,768 12.96 11.15 503.517] 76. 7.31
e
( iz) 396.65 14,015 113,023 128,435 1470 12.64 577.496| 76.11.19
e
( 102.8dpa)
BEAIE 02-06

#1 E =01 MeV il Total x 0.86
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Table 2.2 Rapsodie PNC—4 irradiation condition (K01, K07, K 10)

®1
PRELER e B - | e BBE | C—r7rIvR| BTV EY B
Run Ne | HE—7 Catomicgs | O%ide Metal Total EZ01MeV | & B % | A8
(W cm) (MWD, ton)| (MWD, ton)| (x 10% nvt } (% 10%%nvt ) (EFPD)
39
486.0 0 0 0 0 0 0 75. 3.21
{start)
39
480.0 1.325 10,685 12,142 1.25 1.08 48.014 | 75. 5.13
{ end}
40
472.0 2.507 20,216 22,973 2.38 2.06 92.082 | 75. 7.16
( end)
( 41d) 463.0 4012 32,355 36,767 3.85 3.31 149,086 | 75.10.19
en
42 th B i & (26dpa)
43
463.0 4.012 32 355 36,767 3.85 3.31 149086 [ 76. 3 1
(start)
(iid) 454.0 5.661 44,844 50,959 5.38 4,63 200.132 | 76. 5.10
44
Cend) 446.0 6.838 55,142 62,661 6.70 5.76 262.602 [ 76. 7.31
4
( eid) 434.0 8.656 69,806 79,325 8.43 7.25 336.581 | 76.11.19
{59.8dpa)
HShrE 0208
FE1 EZ 0. 1MeVidTotal X 0.86
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Fig. 1.1 Core location for PNC-4
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Capsule inner tube
Spacing wire
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Capsule 30 - 22
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Fig. 1.2  Fuel pin arrangement in the capsule
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Core center

Capsule inner tube

Run 39 - 4]
Capsutle 30 - 35
Location 02 - 06

Fig. 1.3  Fuel pin arrangement in the capsule
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Fuel pin

Flow guard

Core center
-

Capsule inner tube
Pun 43 - 45
Capsule 30 - 23
Location 02 - 06

Fig. 1.4  Fuel pin arrangement in the capsule
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Table. 4. 1.1 Metallographic examination in AGS
as polished etched
B g} T k& B g}
BE AT HAERE
x 200 HEHE
S BT F vy THE
x 105 £HEE x 105 2EEE
5 ke R
i - X 75 £HEEH e B8R | x 75 2EEER
i X 100 WHABEE | A FOmRE x 100 HAEH
X 400 MABHE A FOHEAE x 400 HAER
X 200~ 750 FCCI
w R B




Table 4-1-2 Irradiation and fabrication parameters of all specimen for ceramography
#*]1 Local Linear Clad. Inner %2 %2 *2 *2 *2
Pin |Section|Location Burnup Heat Rate Fluence Temp. Pellet |Pellet|Gap |[Carbone | Clad.
No.| No. (DFFB) (MWD /MTM) (W/cm) E>0.1MeV (°C) Density| O/M |Size|in clad. Grain
nm (1022 /cm?) (%TD) (vm) | (w/o) |Size
Local {Pin Ave.| BOL |EOL |Ave. BOL |EOL jAve. (pm)
YC207 98 74971 | 67196 | 454|414 1434 7.01 504 (496|500 85 1.98 |200 | 0.064 |17.3
K07 | YC20E 219 69561 | 67196 i 449 (418 (434 6.51 572 (558 (565 85 1.98 |200 | 0.064 |17.3
YC20J 318 41737 67196 | 306|301 (304 3.76 602 | 588|595 85 1.98 (200 | 0.064 |17.3
K09 | YC2332 56 |113023] 111662 | 413|321 {367 11.1 477 {466 472 85 1.99 (200 | 0.05 17.3
K10 | YC218 166 77507 | 68066 | 481|437 [459 7.23 548|534 541 85 1.98 {200 | 0.05 17.3

#] Distance from fuel bottom (4 ¥zl —#UQ, 2l v 10 mmEEL)
%2  2TiLEEgOF—5 (EEE)

GET-98 0TV6NL-ONd



Table 4.1.3

Summary data from ceramography

S/A No. Rapsodie PNC-4

Distance Restructured Region (Dia. mm) Residual
Pin | Section | from fuel Diametral [ Quter Dia.
No. No. bottom Central [Columnar|Gas bubble|Densified|Drak Ring | Gap Size (mm)
{mm) Void Region Region Region (pm)
YC207 98 1.8 4.0 4.4 4.7 5.1 20 5.5
K07 | YC20E 219 1.9 3.9 4.3 4.8 5.3 143 5.5
YC200 318 1.5 3.7 4.2 4.7 5.1 106 5.5
K09 | ¥C2332 56 1.9 4.0 4.4 4.8 162 - 5.4
K10 YC218 166 1.8 4.0 h.h 4.7 5.2 25 5.5

GE1-98 0TF6NL-INd
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- Table.4. 1.4 FCCI data sheet

*1 | Average | Max. Predicted
Pin No| Section No | Attack | Attack | Attack Comment Max, Attack
Type Cpm) | Cemd (gm)
YC207 M 3 8 9 *2
Fiw TEHICFP RUE %3
YC20E C 20 40 BERGOERKES 5. 48
Ko7 ML A £ 00 £
¥ v 7THICFP RUB 2
YC20] C 20 &0 AN OER-LE S B, 34
MEHEA I A
28y *3
K10 YC218 I 7 30 %4
(400

* 1 M: Matrix Attack
I : Intergramdar Attack
C : Conbined Attack
* 2 FCCIFMXo#ERRIcLSHEME
* 3 FCCIFAIRXOBER (7R - #EAR) ic &k B3 EAE
* 4 FCCIFHROBER (B, AESF)IC X A3TRIHE
(OWTFNHBELE S ITd B)
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Fig. 4.1.1 Flow diagram of metallographic examination in AGS
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S/A Name RAPSODIE PNC-4

Pin No. KO7

Section No. YC207

Distance from bottom of pin 424mm
Distance from bottom of fuel column | 8smm

As polished

Tmm

Photo 5 Postirradiation ceramography of Rapsodie core fuel
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Photo 6

S/A Name RAPSODIE PNC-4

Pin No. K07

Section No. YC207

Distance from bottom of pin 42amm
Distance from bottom of fuel column | 8smm

eiched 1mm

Postirradiation ceramography of Rapsodie core fuel




Photo 7

Postirr

S/A Name RAPSODIE PNC-4

Pin No. K07
Section No. YC207
Distance from bottom of pin 424mm
Distance from bottom of fuel column | ssmm

adiation

polished

ceramography of Rapsodie core fuel

GET-98 0TV6NL-ONd



Photo 8

S/A Name RAPSODIE PNC-4

Pin No. K07

Section No. YC207

Distance from bottom of pin 42amm
Distance from bottom of fuel column | 8smm

Postirradiation ceramography of Rapsodie core fuel
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RAPSODIE PNC-4

K07

YC20E

544mm
208mm

S/A Name
Pin No.

Section No.

D
D

istance from bottom of pin

tance from bottom of fuel column

IS

Tmm

ished

As pol

Postirradiation ceramography of Rapsodie core fuel

Photo 9
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S/A Name RAPSODIE PNC-4

Pin No. K07

Section No. YC20E

Distance from bottom of pin B44MmM
Distance from bottom of fuel column | 209mm

etched imm

Photo 10 Postirradiation ceramography of Rapsodie core fuel



Photo

11

S/A Name RAPSODIE PNC-4

Pin No. K07

Section No. YC20E

Distance from bottom of pin 544mm
Distance from bottom of fuel column | 20amm

As polished Tmm

Postirradiation ceramography of Rapsodie core fuel
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Photo

S/A Name RAPSODIE PNC-4

Postirradiation

ciched.

Pin No. K07

Section No. YC20E

Distance from bottom of pin 544mm

Distance from bottom of fuel column | 2a0smm
1mm

ceramography of Rapsodie core fuel
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S/A Name RAPSODIE PNC-4

Pin No. K07

Section No. YC20J

Distance from bottom of pin 643Mm
Distance from bottom of fuel column | 308mm

As polished

Tmm

Photo 13 Postirradiation ceramography of Rapsodie core fuel
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S/A Name RAPSODIE PNC-4

Pin No. K07

Section No. YC20J

Distance from bottom of pin 643Mmm
Distance from bottom of fuel column | 308mm

etched

Tmm

Photo 14 Postirradiation ceramography of Rapsodie core fuel



Photo 15

S/A Name

RAPSODIE PNC-4

Pin No.

K07

Section No.

YC20J

Distance from bottom of pin

643MmMm

Distance from bottom of fuel column | 308mm

Postirradiation ceramography of

Rapsodie core fuel

Tmm
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Photo 16

Postirradiation

S/A Name

RAPSODIE PNC-4

Pin No.

K07

Section No.

YC20J

Distance from bottom of pin

Distance from bottom of fuel column | 3esmm

etohed

ceramography of Rapsodie core fuel
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S/A Name RAPSODIE PNC-4

Pin No. K09

Section No. YC2332

Distance from bottom of pin 381Imm
Distance from bottom of fuel column | 4smm

As polished TR

Photo 17 Postirradiation ceramography of Rapsodie core fuel
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S/A Name RAPSODIE PNC-4

Pin No. K09

Section No. YC2332

Distance from bottom of pin 381MmM
Distance from bottom of fuel column | 4emm

etched 1mm

Photo 18 Postirradiation ceramography of Rapsodie core fuel



Photo 19

Postirradiation

S/A Name

RAPSODIE PNC-4

Pin No. K09

Section No. YC2332

Distance from bottom of pin 381Mm
Distance from bottom of fuel column | 4smm

polished

ceramography of

Rapsodie core fuel
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S/A Name RAPSODIE PNC-4

Pin No. K09

Section No. - YC2332

Distance from bottom of pin 381Mm
Distance from bottom of fuel column | asmm

etched o dmm

Photo 20

Postirradiation ceramography of Rapsodie core fuel
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S/A Name RAPSODIE PNC-4

Pin No. K10

Section No. YC218

Distance from bottom of pin 492mm
Distance from bottom of fuel column | 157mm

As polished

1mm

Photo 21

Postirradiation ceramography of Rapsodie core fuel
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S/A Name RAPSODIE PNC-4

Pin No. K10

Section No. YC218

Distance from bottom of pin 482mm
Distance from bottom of fuel column | 157mm

etched 1mm

Photo 22 Postirradiation ceramography of Rapsodie core fuel



S/A Name RAPSODIE PNC-4

Pin No. K10

Section No. YC218

Distance from bottom of pin 492mm

Distance from bottom of fuel column | 157mm
As polished - Imm

Photo 23

Postirradiation ceramography of Rapsodie core fuel
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S/A Name RAPSODIE PNC-4

Photo 24

Postirradiation ceramography of Rapsodie core fuel

Pin No. K10

Section No. YC218

Distance from bottom of pin 492mm

Distance from bottom of fuel column | 157mm
etched __1mm
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S/A Name RAPSODIE PNC-4
Pin No. K07
Section No. YC207

Distance from bottom of pin

424mim

Distance from bottom of fuel column | 8amm

250m

50um

As polished

Photo 25 Postirradiation metallography of Rapsodie cladding
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S/A Name RAPSODIE PNC-4

Pin No. KD7

Section No. YC20E

Distance from bottom of pin

544mm

Distance from bottom of fuel column

209mm

As polished

250um

Photo 26 Postirradiation metallography of Rapsodie cladding
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Photo 27

S/A Name RAPSODIE PNC-4

Pin No. K07

Section No. YC20E

Distance from bottom of pin 544MmM
Distance from bottom of fuel column | zosmm

As polished

Postirradiation metallography of Rapsodie cladding



S/A Name RAPSODIE PNC-4
Pin No. K07
Section No. YC20J
Distance from bottom of pin 643MmM
Distance from bottom of fuel column | 308mm
As polished
50um
|
i
100um

Photo 28 Postirradiation metallography of Rapsodie cladding
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S/A Name RAPSODIE PNC-4

50um

100um

Photo 29 Postirradiation metallography of Rapsodie cladding

Pin No. K07

Section No. YC20J

Distance from bottom of pin 643Mm

Distance from bottom of fuel column | 308mm
As polished
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S/A Name RAPSODIE PNC-4

Pin No. K10

Section No. YC218

Distance from bottom of pin 492mm
Distance from bottom of fuel column | 1s7mm

As polished

Photo 30 Postirradiation metallography of Rapsodie cladding
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S/A Name RAPSODIE PNC- 4
Pin No. K10
Section No. YC218
Distance from bottom of pin 492mm
Distance from bottom of fuel column | 1571mm
As polished
Photo 31 Postirradiation metallography of Rapsodie cladding
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Cladding microhardness measurement condition and
indentation position

Summary of cladding microhardness measurement of
Rapsodie PNC-4

Cladding microhardness of Rapsodie PNC-4(2) KOl pin
Cladding microhardness of Rapsodie PNC-4(2) KOl pin
and PNC-4(3) K10 pin

Cladding microhardness of Rapsodie PNC-4(2) K07 pin
Cladding microhardness of Rapsodie PNC-4(3) K09 pin
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Cladding microhardness of Rapsodie PNC-4 as the
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Table 4.2.1 Cladding microhardness measurement condition
and indentation position

1) Measurement Condition

Rz @lg
e E I F # g B 5 B M)

EHESAE 500 30

2) Indentation Position

Aot ¥ -irE

Cladding

fuel
View from Top

LOCATION A

OUTER 1

MIDDLE 12,3
4

INNER
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Table 4.2.2

of Rapsodie PNC~4

Summary of cladding microhardness measurement

PIN NO. Rapsodie PNC-4(2) Unirrad.

K01 (Hardness = 248(HV)J
Specimen NO. YC224 YC227 YC22A ¥C22D
D.F.C.B. (mm) 100.0 164.0 219.0 274.0
(*1)
Hardness (HV500) 282 256 245 232
(%2) -
ABV/HV (%) 13.7 3.2 -1.2 -6.5
PIN NO. Rapsodie PNC-4(2) Unirrad.

KO7 (Hardness = 248(HV))
Specimen NO. YC207 YC20E YC20J
D.F.C.B. (mm) 98.7 219.4 318.7
(*1)
Hardness (HV500) 281 235 234
(*2)
ARV/HV (%) 13.3 =5.2 =5.6
PIN NO. Rapsodie PNC-4(3) Unirrad.

K09 (Hardness = 248(HV))
Specimen NO. YC2332 ¥C23C YC23H
D.F.C.B. (mm) 56.0 219.0 320.0
(*1)
Hardness (HV500) 303 232 228
(*2) .
AAV/HV (%) 99,8 -6.5 -8.1
PIN NO. Rapsodie PNC-4(3) Unirrad.

K10 (Hardness = 248(HV)]
Specimen NO. ¥C218
D.F.C.B. (mm) 166.4
(*1)
Hardness (HV500) 249

- (*2)

ARV/HV (%) 0.4

C(F1) ;i 16 BROTE

(*2)

: HV
ARV

nn

Unirrad. Hardness
Hardness — Unirrad. Hardness
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Table 4.2.3 Cladding microhardness of Rapsodie PNC-4(2) K01 Pin

S/A NAME | Rapsodia PNC—4 PIN No. | KO1
SPECIMEN No.,| YC224 |
D.F.C.B. "100.0 (mm) D.F.P;B.E 435.0 (mm)
LOCATION OUTER MIDDLE INNER | AVERAGE
1 2, 3 4
A 276 271 . 278 266 273
B 287 282 i 293 273 284
C 291 287 | 285 273 284
D 301 296 | 285 266 287
RING AVERAGE 289 284 | 285 270 282
| Unit (HV500)
S/A NAME ! Rapsodie PNC—4 PIN No. E K01
SPECIMEN No. ! YC227
D.F.C.B. | 164.0  (mm) D.F.P.B.| 499.0  (mm)
LOCATION OUTER MIDDLE INNER | AVERAGE
1 2 1 3 4
A 255 249 E_ 251 247 251
B 251 258 | 251 239 250
C 268 258 |, 259 249 259
D 271 264 | 262 251 262
RING AVERAGE 261 257 1 256 247 256
| Unit (HV500)
S/A NAME | Rapsodie PNC—4 PIN No. E K01
SPECIMEN No. K YC22A
D.F.C.B. F219.0 (mm) -D.F.P.B.i 554.0 (mm)
LOCATION OUTER MIDDLE INNER | AVERAGE
1 2, 3 4
A 249 245 i 245 243 246
B 255 249 | 245 239 247
C 239 247 1 245 239 243
D 247 243 i 241 238 242
RING AVERAGE 248 246 i 244 240 245

Unit (HV500)
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Table 4.2.4 Cladding microhardness of Rapsodie PNC-4(2) KOl Pin
and PNC-4(3) K10 Pin

S/A NAME ! Rapsodia PNC-4 PIN No. ;KDl
SPECIMEN No.i YC22D ‘
D+ PGB ' 274.0 (nm) D.F.P.B. 1609.0 (mm)
OUTER MIDDLE "INNER
LOCATION 1 2 T 3 4 AVERAGE
230 224 E 224 235 228
B 226 228 ; 230 230 229
C 234 238 . 231 241 236
D 241 239 223 238 235
RING AVERAGE 233 232 ; 227 236 232
' Unit (HV500)
S/A NAME | Rapsodie PNC-4 PIN No. 1KI0
SPECIMEN No.E YC218
D.F.C.B. | 166.4 (mm) D.F.P.B. i501.4 (mm)
OUTER MIDDLE INNER
LOCATION 1 2 3 2 AVERAGE
259 245 1 247 243 249
B 253 243 5 245 241 246
e 262 256 1 249 247 254
D 251 247 E 243 241 246
RING AVERAGE 256 248 ; 246 243 249

Unit (HV500)
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Table 4.2.5 Cladding microhardness of Rapsodie PNC-4(2) KO7 Pin

S/A NAME i Rapsodia PNC~4 PIN No. E K07
SPECIMEN No.i YC207 |
D.F.C.B. i 98.7 (mm) D.F.P;B.E 433.7 (mm)
OUTER MIDDLE INNER
LOCATION 0 5T 3 i AVERAGE
A 291 280 i 287 278 284
B 287 276 i 280 276 280
C 298 278 282 271 282
D 287 282 | 280 268 279
RING AVERAGE 291 279 | 282 273 281
| Unit (HV500)
S/A NAME | Rapsodie PNC-4 | PIN No. ! KO7
SPECIMEN No.i YC20E
D.F.C.B. | 219.4 (mm) D.F.P.B., 554.4  (mm)
OUTER MIDDLE TINNER
LOCATION 1 5 3 4 AVERAGE
241 235 i 238 234 237
B 230 234 1 235 223 231
C 239 241+ 235 231 237
D | 234 234 | 231 239 235
RING AVERAGE 236 236 | 235 232 235
' Unit (HV500)
S/A NAME | Rapsodie PNC-4 PIN No. | K07
SPECIMEN No.i YC20J i
D.F.C.B. | 318.7 (mm) D.F.P.B.E 653.7 (mm)
OUTER MIDDLE INNER
LOCATION 1 2 i 3 4 AVERAGE
235 235 1 226 241 234
B 231 234 226 234 231
c 228 231 1 238 243 235
D 230 234 | 241 238 236
RING AVERAGE 231 234 5 233 239 234

Unit (HV500)
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Table 4.2.6 Cladding microhardness of Rapsodie PNC-4{3) K09 Pin

S/A NAME i Rapsodia PNC—4 PIN No. i K09
SPECIMEN No.. YC2332
D.F.C.B, 56.0 (mm) D.F.P.B. 391.0 (mm)
OUTER MIDDLE T INNER
LOCATION 1 ) J 3 4 AVERAGE
A 307 298 ; 303 291 300
B 318 307 T 301 291 304
C 307 303 i 307 303 305
D 307 307 i 307 293 304
RING AVERAGE 310 304 ! 305 295 303
| Unit (HV500)
S/A NAME | Rapsodie PNC-4 PIN No. i K09
SPECIMEN No., YC23C
D.E:CB: i 219.0 (mm) D.F.P.B.i 554.0 (mm)
OUTER MIDDIE INNER
LOCATION 1 7 3 A AVERAGE
A 234 235 E 231 221 230
B 228 223 1 234 228 228
C 238 231 1 234 230 233
D 238 235 5 231 238 236
RING AVERAGE 235 231 ; 233 229 232
' Unit (HV500)
S/A NAME | Rapsodie PNC-4 PIN No. | KO9
SPECIMEN No.i YC23H )
D.F.C.B. i 320.0 (mm) D.F.P.B.! 655.0 (mm)
OUTER MIDDLE INNER
LOCATION 1 2 3 4 AVERAGE
A 224 228 i 228 230 228
B 228 |- 226 i 224 238 229
C 223 226 1 226 235 277
D 223 230 | 224 224 225
RING AVERAGE 225 227 E 226 232 228

Unit (HV500)
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5. WEEEEMET—75

Table 4.3.1 Summary of density measurement (AGS data)
Table 4.3.2  Summary of density measurement (CEA data)

Fig., 4.3.1 Pin cutting diagram for density measurement Rapsodie
PNC-4

Fig. 4.3.2 Cladding density change of Rapsodie PNC-4(2) KO7 pin

Fig. 4.3.3 Cladding density change of Rapsodie PNC-4(2) K10 pin

Fig. 4.3.4 Density change of irradiated cladding as the function of

fluence
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Table 4.3.1

Summary of density measurement (AGS data)

Pin | Section | Distance from Cladding Density Change
No. No. Pin Bottom | Fast Fluence | yjqga11 | Denmsity Ap
(mm) (x10%“*n/em®) | repp. (°C) (g/cc) -3 (%)
YC202 65.5 ~ 90.5 _— 430 7.970 BASE
¥C206 384.8 ~ 423.4 7.8 462 7.960 0.13
YC208 434.0 ~ 468.2 8.4 490 7.945 0.31
Ko7 -
YC20C 498.3 ~ 533.2 8.0 526 7.940 0.38
YC20F 554.7 ~ 588.1 6.9 552 7.938 0.40
YC201 609.8 ~ 642.7 5.0 570 7.938 0.40
YC212 66.3 ~ 091.4 S 430 7.971 BASE
K10
YCc217 453.1 ~ 491.6 8.5 505 7.949 0.28

GET-98 0TV6ENL-ONd



Table 4.3.2

Summary of density measurement (CEA data)

. France CEA Data

No. | No- | Gove Botten | JasEluence | pilny | Demsiry PR E RS
{mm) Temp. (°C) g/ec PO (%)
— 73 11.86 470 7.884 0.77
— 118 12.62 500 7.710 3.00
K09 - 182 12,11 538 7.642 3.81
— 237 10.22 566 7.668 3.49
— 293 7.44 584 7.810 1.70
— 70 6.98 472 7.944 0.01
-— 118 7.43 502 7.936 0.11
K01 — 182 7.13 540 7.915 0.38
—_ 237 6.02 566 7.887 0.73
— 292 4.16 586 7.91 0.44

Base value

pp = 7.945 g/cc

GET-98 0TPENL-ONd
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Fig. 4.3.1 Pin cutting diagram for density
measurement of Repsodie PNC 4
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Fig. 4.3.4 Density change of irradiated cladding as the function of fluence
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6. MRIEEUET—F

Summary of burnup measurement by Nd-method

Cladding calculation of effective fission yield for
Rapsodie PNC-4 (YC204)

Calculation of atom%ZBU-MWD/MIM BU conversion at PNG-4
Composition of spike solution and natural Neodymium
Isotopic analysis of Uranium (YC20A)

Isotopic analysis of Plutonium (YC20A4)

Isotopic analysis of Neodimium (YC20A)

Result of isotope dilution analysis and bﬁrnup calculation

for PNC~4 YC20A sample

Sample treatment procedure for burnup measurement in AGS
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Table 4.4.1 Summary of burnup measurement by Nd-method

Pin No. | Sample No.

Distance froml)
core fuel

Burnup 2)

bottom {mm) 148Nd monitor
atom % MAD/MTM3)
KRO7 ¥C20A 144.0 ~ 153.5 8.74 80200
1) Distance from fuel bottom; +200 mm
Distance from pin bottom; +335 mm
2) Burnup = atom percent fissions
_ P/FY
“TH+ /<100
P = atom concentration of fission product burnup
monitor

FY = effective fission yield value

H = atom concentration of heavy nuclides

3) 1.09 atom¥%

10,000 MWD/MTM

(Table 4.4.3 28 )




Table 4.4.2 Calculation of effective fission yield for Rapsodie PNC-4 (YC20A)
Abundances (wt%) *1 Nd148 Nd146 Nd145
Fission*2
Nuclide|py/ U and Equiv-*3 Rate Fission |Fractional| Fission |Fractional| Fission |Fractional
(Putl)| Pu Fuel | alent (£/s°g) | Yield (Z)| FY (%) |Yield (%)| FY (%) |Yield (%X)] FY (%)
11234 0.4486 0.3643 — — — - — — — _
U235 61.0088 |49.5471 | 49.5471 |1.171x1013 1.68 1.170 2.94 2.047 3.76 2.620
81.213
U236 1.6330 1.3262 — — — — — — - —
U238 36.9097 [29.9755 | 32.7605 0.081x1013 2.08 0.066 3.40 0.108 3.50 0.111
Pu23i8 0.7368 0.1384 — — — — - —_ — _
Pu239 76.7972 |14.4279 | 16.6323 |1.363x10!3 1.65 0.449 2.46 0.669 3.01 0.819
Pu240 {18.787|16.5985 3.1184 — — — — —_ —_ _ —
Pu24l 4.2337 0.7954 — —_ —_ — — — — —
Pu242 1.6348 0.3071 - —_ —_ — — — — —
Effective Effective Effective
Total 100 200 100 — FY (%) 1.69 FY (%) 2.82 FY (%) 3.55
Note; Fractional FY = (Equivalent Abundance)(Fission Rate)(Fission Yield)/Z{(Equivalent Abundance)(Fission Rate)}

Effective FY

%3 mBeq = m8+2.1m6, m%eq

L(Fractional FY)
*] FEGUEFHRGIR T -5
*2 57V T« —FREEHT—5

DRNR/SEER NT/IRR 72/5 "Neutron Fluxes and Fission Rates in Rapsodie Coxe" (1972)
= m9+0.36m0+1 .36m1 (mé6: U236, m8: U238, m9: Pu239, m0: Pu240, ml: Pu2édl)

GET-98 0TP6NL-ONd



Table.4 4 3 Calcolation of atom® BU— MWD.” MTM BU Conversion at PNC—4

3R A B *2 1wt % FFBEHE *2 latom%BU |HRE{ES
1 Mlton | MaBE | BUKK BFRIT | 1% | SOz Rjatom®
_ ®mOoR B Ty (&R) | fissiony| 1ton e B | Yooz | F-KHE| vs
% R c ( ) 414
AR R — mim | goon|\ g ) @m | FTEVRIR papg | dus- | uwp | 10 mwp
F1i R 5 40 0% & v da g (MTM) /' MTM
atom®% | wt.% | wt. % %R p) (atom %){ (MeV)
U 2357 | 23402 ; S
U 235 | 23504 | 52328 | 51.951 | 51.951 1717 | 7.6514 | 1.9603 194.2
13 3 25
U 236 | 236.05 * 10 *10 *10
U 238 | 23805 | 27.852 | 28.006 | 28006 | | 236.74|| 25437 | 0.081 0.1946 | 00492 bass21|1.0033 | 1925 9205 1.09
3 27 13 3 25 x 102
Pu238 | 23805 | 0104 | 0105 X107 107 > 10 x 10 10
Pu 230 |239.05 | 14939 | 15.084 | 18424 1.363 21540 | 05426 201
13 3 25
Pu240 | 24005 | 2861 | 2901 * 10 x 10 x 107
Pu24l | 24106 | 1658 | 1.688
Pu242 | 24206 | 0258 | 0.264 ) )

4 1. SR OMBEE T -4 ‘

* 2 SN841-73—05, 57V 71— ABHEEARE © v ORHHES

3 % 2kb U238eq=U238 + 21 U236, P23%eq=Pu239 + (.36 Pu 240 + 1.36 Pu241
U234, Pu238 and Pu242 are to bé neglected

GET-98 OTV6NL-INd
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. Table.4. 4. 4 Composition of spike solution and

natural Neodymium

U233 43914 x 10*° s3 ™
A4 2 HORTE .
Pu242 7.9674% 10 A 242
(atoms  me)
Nd 150 7.1740% 105 A 50
Nd 1427 Nd 150 4.824980 C42,/ 50
K, & 4 ¥ L ©|Nd145,/Nd150 1.472180 C45 /50
B fr {&  {|Nd146.Nd 150 3.050830 C46 /50
Nd 148 / Nd 150 1.021325 C48 /50
Nd 142/ Nd 150 0. 008937 $42 /50
AU 8 z% 4 » | Nd145,/Nd150 | 0.004336 S45, 50
o B i & 4k |Ndi146.Nd 150 0.009122 $46.7 50
Nd 148 ,/Nd 150 0.007046 848,50
U234,/U233 0.014108 $43
Y5 Y RNAY
U235,/ U233 0. 000401 S53
o @ f #F 1t
U238,7 U233 0. 006410 583
Pu239/Pu242 0.001309 $92
PR T AR, Y
Pu240 /Pu242 0.013696 S02
o [ A & 1t
Pu241 /Pu242 0.000859 S12

* FEI-FTERLTWSLES
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Table 4.4.5 Isotopic Analysis of Uranium (YC20A)

S/H number FHNC—-4 Samplas mumbar Wo2EA
Izotopic ratio Izctonizc sbundancs
Unzpike Spike ' Unzpike
atom weight X
B. ABESE 8.1838333
2332358 o N U 233 8. A905 B. 295
Y1t p.opaeon |t 9.002038
B.812261 A.3132558
234231 23 B.4526 . 4428
SIEIR N, 5 ppamis |= popmeeiz | F - 9. 448
. E2 35 LBE31E53
235239 {. -0879H23 L.BESIES ) one | gilaeve | s1.9889
i B, 00003 (= a,90933E
b.@44£12 4.5442£09
236-23! 4y 238 L5338 LE3EA
B2y pompaziz |t e.geeezs | C oo | LBEE toB33
oazg 2E.B1EE 2E. 38335
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Table 4.4.6 TIsotopic Analysis of Plutonium (YC20A)

SSA number PHC—4 Sample number TC218A
Izostopic ratia : Izatopic zmbundanca
Umepike Spike ' Unzpike.
- atom ¥ wsight X
Tl B.8E363S @ . AEIE3S
238238 273 3,7 4138 . raga
Fus3d + p.opEDi2 |t p.ogemie | " 474 B. 7358
B.215232 21147
3407329 23! TE.3338 FB.73R3
Fud4g + [ GEEALE + 5.aREEsE Fu23z3 233 BE.73083
B.834674d #.4a533978
a4 122 246 5. 5432 .53a2
Fud41-228 + @ EEEELD + @ @EcEl> Ful4s 1E.,543 1E.53492
B, B2 1824 B.BE2245
242233 241 4.20836 4.2336
PU242-238 ) o proame |t p.ooeets | oo =8 .2338
Pu2dz l.61xE 1.5249

# carrscted by alpha-zpesctromstry




PNC-TN9410 86-135

Table 4.,4.7

Isotopic Analysis of Neodimium (YC20A)

S0 numbier P-4 Sample numkar ¥CZEA
Izotopic ratin Izotopic zbundancs
Unzpike Spike Unzpike
- atom X weight X
B . 2 DEs 9.833179
42 <165 - 33 - i 27.47
NAIREA19R ) o pommos |+ o.ooemin | NOL9F| 27.8@8d #7959
E.45739E54 E.ES2477
dd 14215 R 25.1722 aC FAm
Md 1437156 + §.PAR493 + B.ARE4ER pd 144 25.17¢ c3. 128k
3.334354 9.473884
{d 144158 4d 145 H.73E 18.73E
WHIASTIS8 bl oodass |+ o.pemegy | IS | 5| 18.-788e
4_ 354322 4 @74147
d 14571 5K dd 1< 4.3845 5. 1aS3
Hd 1 S8 + @.oE3299 |+ 5.o05e9E Md 148 14.93645 15,8352
3.477965 3.35455%3
Hd 1451513 4= 2,994% b.1319
NA14B-150 | ot e b o ooooan | N 3. 9948 L1319
) c. | 3aszs [.955781
L=V E-1: B 4d 15 4.3B27 4158
NITSEIOR s aoppartr |t o.oomisy | M91TP 3= 4384
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Table 4.4.8 Result of isotope'anélysis and burnup calculation for
PNG-4 YC20A sample

/R MO.{FAB) ; FHC-4 PIH MO.<{PIED 3 YCzd ( KO7)
SAMPLE HO. ; WCIERA SAMPLE POSITION 5 144.8%133.3 <mmi

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTIGH ; 1.28@

ISNTOPIC RATIO OF W,Pu.Md IM {aXSAMPLE AND {(bI)2AMFLE-SPIKE MIXTURE :

U;:Ef_igl

L u223-,2331 [ U234-2331 [ UE35-23281 (
g, 2Ransg B.0123681 1.674623 LB44E12 - Cad
B.18949325 A, B3T3 1.586835182 B.u4425* =<
CPu232-2291] fPu:4M£229] EPuE41 "222] [Pu342-,239]
B.909833 3,213232 H.34534278 B.921924 -<z0
B.B92535 ,215147 8.8334373 G, 352345 —(bo
[Hd142-153] [(Nd143-158] [Hd144-158] [Hd145-158] (Hd142-1502 [HA142-158]
B, BEREAN B.4E570 . 20gIsd 4.3254£32 2.477963 ZLA9RASZC —dal
S99

B.9A3173 B.A5E4TVT S.473284 4.874147 3.254 C1.955781 —d<b3

1SOTORIC COMPOSITION OF U,Pu,Hd IH ZAMPLE {(atom¥%? ;

L U:u@] [ Uzz4] C 402331 [ U238] £ Uz23E3
B, BEGE 8, 452& 81.297a 1.6338 358.6186
[PuZ33) [Pu2321] [Puz4rl EPug4l] [Fuz242]
B.74883 76 2899 16.3422 4.2936 1.58185
(Hd142] [Nd143] CHd1443 CHd1435] [Hd14&] CHd1432] {Hd1SE]
g, ae0a 27.32%4 . 1vaz 12.7353 14,3843 8.9948 4.3827

Fu TOMTENT datomk)<dwesightfd § 185.524 ~ 13.757

HUMEER OF TOTAL HERYY ELEMEHT (stoms<szaplsd § 4.8473E+21

[HI14E] [Hd14&] CHd1s31]
HUMEBER 0OF Hd MUCLIDE (atoms-zampled 7 S.53TIE+412 1. 8ES29E+19 1.35VZE+1R
EFFECTIVE FISSION YIELD ;7 1. &%E-a2 2.52E-92 3.35E-82

HUMBER 0OF FISSIONS (fissions<zampleiss; 3.3772E+20 3, 8528E+206  3.5513E+28

BURHUP (atomi2# v 2.74 3.8% g.89
SPECIFIC EURHUP CHWD-HTHM ## 5 82949 TITEG rerag

HOTE ; # Distance from cores fusl battaon
%% FISSIONS=HUMEER OF N4 EFFECTIVYE FISSION WIELD
8 EURNUP=188%FISSIONS-{TETAL HEAVYY ELEMEHT+FISIIONE)
## 1.69 atomx B.U=1203 MWD<MTH B.U
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Fig. 4.4.1 Sample treatment procedure for burnup measurement in AGS





