JAERI -M
94-036

84F —12A % 7y « T b= ARARICHIRE
X % 720 RET R O ST B

1994438

HFE O F ORI OER-wWE E ML OREME
ME R A B &K RX

B X K F Hh B R M

Japan Atomic Energy Research Institute



JAERIM W R— i3, BERET FEAAA :J_H-H‘/\ T T HREREFETT,
ATO St DAREF /678 Ar ST S a3 (7319 1130 b8 18 HiF B &
fEE ST, BRLIL ISy, g, ;mu-;ﬁn.;ls.ﬁsz}-f\f%i?—}Jifcé EEH e 7 —
(309 11 BRI BL S AT H KB D TN THGC L2 ERMA 4 E 0 -7
NE+,

FAERI-M reports are issued irregularly.

Inquiries about availability of the reperts should be addressed to Information Division
Department of Technical Information, Japan Atomic Energy Research Imstitute, Tokai-
mura, Naka-gun, Ibaraki-ken 319-11, Japan.

0 dpd]l Atomic nug\ Research Institute, 1904

FEE 22 NS
En ffEWJ veld s E RN MEOR



JAERI-M 94-036

84F -12A 77 5 v « FIb b =7 LIBERAIIRE F » 7 2 L O B R RS RER

- BARETRT RS R T TR
H#H OF T EE O -EiE BE-#l s
BEE FET - FN BT -8R EX

(19942 A | BZH)

 RERORNDZYS Y- TN LBEREAEE (U, Pu) Cu oS (U, Pu) Cu. .

Ry bEENFNFRLL 2ACERE S Y (FMZ0 dun, £ X250m) %, | ADF + 7 (84F
C12ANEEAAS, JMTRICEOWTENFNERE 60K U 40kW/nDZHTL SLUB. T%F I MA
TTRE L, #5 TARSHILZ0bL, BEF » 72 d HiEHOBEEBER AL T, B
BHER U AR e E R L 7.

MHEHERBRICE VT, Y5y« T o ABRSRIBEHC DV TERA 4.5%F IMAZETO
BEHE S A ET XN, B OHEMHERBICZDELINAFUERZROLBDTH S, BEY
VOH VERAF v =TT, T LF ARADE T LOBTIMEI N, Ry ORI
ZOF (U, Pu) Co MEOFPARKHEZ, (U, Pu) CL BBOKZETH T,
Ry TR, RSO TERERO/ NS RGN EL LTEY, (U, Pu) Ci .o 8k
Uy FTRESHOEENBREI N, WEENEORRERZOTITHD, B ORE
HICHET 3 bOTIRED - 1,

HARTIE  T319- 11 RMEAHETREBM A FHIR 2 — 4
t oy MEABRE



JAERT-M 94-036

Post Irradiation Examination of 84F~12A Capsule

Containing Uranium—-plutenium Mixed Carbide Fuels

Takashi IWAI, Yasuo ARAI, Atsushi MAEDA, Tatsuo SASAYAMA
+ +
Noriaki SEKITA , Isamu NOMURA and Yasufumi SUZUKI

Department of Chemistry and Fuel Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 1, 1994)

Two fuel pins containing uraunium-plutonium mixed carbide pellets
having different carbon content, (U,Pu)C; g and (U,Pu)Cl.l, were encap-
suled in 84F-12A and irradiated in JMTR up to 4.5 and 3.7%ZFIMA at a peak
linear power of 60 and 49kW/m respectively. The capsule cooled for ~5
months was transported to Reactor Fuel Examination Facility and subjected
to non-destructive and destructive post irradiation examinatioms.

It was proved from the post irradiation examination that the mixed
carbide fuel performance irradiated up to 4.5%ZFIMA was satisfied. The
gamma ray scanning of the fuel pins indicated the transfer of cesium to
the plenum region. ({U,Pu)Cy ; fuel pellets showed two times larger fis-
sion gas release ratio than (U,Pu)C; o fuel pellets because the former
had relatively higher open porosity. At the central part of the fuel
pellets, the number of the small pores decreased and the grain growth was
stimulated in (U,Pu)CI.O fuel pellets. Slight carburization observed
near the inmer surface of the cladding tube did not affect the fuel pin

performance itself.

Keywords: Uranium-plutonium Mixed Carbide, JMIR, PIE, Gamma Ray Scanning,

Cesium, Fission Gas Release, Porosity, Carburization, Cladding

+ Department of Het Laboratories
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Table 2.1 Characteristics of fuel pins in 84F-12A capsule
Pio number 84F-12-1 . 84F-12-2
Fuel pin

Pin length (mm) =~ 248.4 249.4
Mixed cabide fuel length (mm) 100. 4 100.4
Quter diameter (mm) 9.39 9.39
Weight (g) 112.6 112.1
Fuel pellet
Material (U, Pu)C (U, PudC
Coo/ (U+PW) ratio 1.02 1.10
Pu/(U+Pu) ratio : 0. 202 0.198
Pellet diameter (mm) 8.23 8.23
Pellet density {¥T.D.) 82,2 82.5
Smear density (¥T.D.) 79.3 79.6
Cladding tube
Clad material 20%CW SUS316  20%CW SUS316
Clad thickness (mm) 0.51 0.51
Pellet-clad diameter gap (mm) 0.15 0.15
Bonding material Helium Helium




JAERI—M 94—036

b

1 i T
_ NN NN NN HEEREE
20 10 29 9 100 8 110 |5
l
250
Hu | tems Haterial Dimensian
| Upper endplug SUS 316L
2 Lower endplug SUSs 316L
3 Ciadding tube SUS 316 9,409 X0.51t
& Spring inconel
5 Thermal insulator pellet yc 8.239 %8 1
[i]

Fuel pallet U, PuC 5.2346%8 R

Fig. 2.1 Structure of mixed carbide fuel pin for irradiation test
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¥ig, 2.2 Cross section of 84F-12A capsule
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Table 3.1 Irradiation history of 84F-12A capsule in JMTR

Irradiation cycle Period Irradiation time(hr)
76 cycle 1986. 11. 28~1986. 12. 23 526.9
7T  cycle 1987. 1.28~1087. 2.22 529. 3
78 cycle 3. 17~ 4.11 528. 4
79 cycle 8.2 ~ 6.27 484. 3
80 cycle 1988. 2.3 ~1988. 2.28 525.5
81 cycle 3. 23~ 4.17 527. 0
82 cycle 6.1~ 7.2 443. 4
83 cycle 10. 13~ 11.8 457. 0
84 cycle 11. 28~ 12. 24 527.5
85 cycle 1989, 2.1 ~1089. 2.26 522.1
86 cycle 3,22~ 4.16 530.5
87 cycle 6.6 ~ 7.1 513.2
88 cycle 11. 24~ 12. 19 529.5
89 cycle 1890. 1.25~1990. 2. 11 520.8
80 cycle 3. 17~ 4,11 530. 4
81 cycle 5.9 ~ 6.3 526.5
82 cycle 10.5 ~ 10. 30 525. 7

Total irradiation time: 8748.0 hrs

— 8 ——
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Table 3.3 Linear power rate of fuel pins

Cycle 76 77 78 79 80 8! 82 83 8 & 86 87 88 8 90 9 92
No. 1 pin
T/Cl42 ave. ("C) 401 418 400 385 348 369 364 387 414 368 371 379 392 410 38t 372 392
total ave.
Linear pow%r/ra)te 650 535 640 595 485 545 530 6OC 685 540 555 575 620 675 585 555 620 597
W/ cm
No. 2 pin
T/C344 ave. CC) 379 400 370 357 322 335 333 351 372 330 330 334 352 365 333 326 344
total ave.
Linear pow%\t;/ra)te 575 640 550 510 420 455 450 495 560 440 440 450 495 535 445 430 475 492
[¥11]
1800
- Fuel pellet center
1600 1
Fuel pellet surface
1400 |- P
< 1200 -
o B
> 1000
hd
2 I Cladding tube outer surface
= i
E 800
E_._.
Cladding tube inner surface
600 \
400
Inner tube surface
200~
0 ] | | I ] l
40 50 e0 70 g0 90
Linear power (kW/m)
Fig, 3.1 Radial temperature distribution in 84F-12A capsule

as a function of linear power
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Table 4.1 Results of radiation rate measurement for fuel pins

84R-12-1 [{U, PWCy. o fuel pin] 84F-12-2 [(U,Pu)Cy. 1 fuel pin)
Distance (cm) Dose rate Distance (cm) Dose rate
X 7 {(Sv/hr) X 7 (Sv/hr)
25 12 2.974 25 12 2. 898
50 12 0. 832 50 12 0. 756
T5 12 0. 378 75 12 0. 353
100 12 0.176 100 12 0.176

e

Aeel pin
N -
3
(o]
o™
'-'{ -
i Measuring spot
034
O—B—B—@-
25
5
75
100

U X =Distance( ¢ m) '
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Table 4,2 Axial length of (U,Pu}Cy ¢ and (U,Pu)Cy,1 fuel pins

Fuel pin L (mm) Ly (om) Ly (mm)
(U, PulCy. o 216. 1 225.0 249.8
U, PwC,. ; 216.1 224. 8 249.7

(U,Pu)Cr. o fuel pin

'f

. v

L

TOP BOTTOX

Sphere of profilometry, 213.5 mm

Direction angle (looking from the upper endplug side)

270"
o «- 180"
Mariding pesition l
90"
(U,Pa)Cy, ¢+ fuel pin
L 3
L 2
L 1

0P BOTTON

Sphere of profilomtry, 213.0 m

Direction angle (locking from the upper endplug side)
270"
1

0" - 180"
Marking position
so°
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Table 4.3 Results of puncture tests

Fuel pins 84F-12-1 84F-12-2
(U, Pu)Cyi. o pin (U, Pu)C:. ¢ pin
Void volume before puncturing (cm®) 73.15 73. 14
Void volume after puncturing (cm®) 78. 11 78. 22
Void volume in fuel pin {cm®) 4,96 _ 5. 08
Vacuum pressure before puncturing (Pa) 8.26x10°* B.67x10°*
Bquilibrated gas pressure (Pa) 8.12x108 1.13x10*
Pressure in fuel pin (Pa) 2.02x10° 2. 79X 10°
Temperature at puncturing (°C) 26.0 25.5
Total gas volume (STP, cm®) 9.03 12. 63

Table 4.4 Determination of the composition and volume of FP gas

Fue!l pins 84F-12-1 84F-12-2
(U, Pu)Cr. 0 pin (U, Pu)Cy. 1 pin
He Base Base
N2 <1 0.1
Gas composition 0; .1 0.1
(vol. © Ar Q.1 <0.1
Kr 2.69 3.4
fe 45.9 5T.7
83-Kr 15.4 16.1
Kr 84-Kr 31.3 30. 6
85-Kr 6.5 8.1
FP gas 86-Kr 46. 8 47.2
isotopic ratio

&%) 131-Xe 10.1 12.1
Xe 132-Xe 20.3 19.5
134-Xe 28.0 27.0
136-Xe 42.0 41.4
Collected volume (Kr+¥e) (STP, cm®) 4,39 7.72
Produced volume* (Xr+Xe) (STP, cn®) 61. 74 49.76
FP gas release rate (%) 7.1 15.5
Xe/Kr ratio observed 17.1 16.9
¥e/Kr ratic produceds 15.8 15.8

t Calculated by ORIGEN code
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Table 4.5 Density and porosity of fuel pellets

Sample 84r-12-1 B4R-12-2
121AP 121CP 122AF 122CP
Number of fragments 15 13 12 12
Total weight of sample (g) 4, 8192 5. 0423 h.2439 5. 2548
Archimedes’ | Period of dipping (min) 32 30 54 59
zethod Temp. of liquid (°C) 23.5 23.4 23.3 22.7
(m-xylene) Density of {iquid{(g/cd) 0. 8584 0.8583  0.8594 0, 8600
Density of sample(g/ca) 12. 105 12.000 12. 452 12. 277
(%LDJ 85.0 88. 2 92.2 80. 9
Picnometer Density of sample{g/cu) 16. 701 10. 763 10. 787 10. 751
method (§T.D.) 8.7 79.1 79.9 78. 6
(mercury)
Open porosity (%) 10.3 9.1 12.3 11.3
Closed porosity (%) 11.0 11.8 7.8 g1
Density before irradiation (¥T.D.) 82.5 82.2 82.5 82.5

Table 4.6 List of sample names for measurements

Test 84F-12-1 84F-12-2
Density measurement 121AP 121CP 122AP 122CP
Open porosity meascrement 121AF 121CP 122AP 122CP

Preparation for

12181 121B2
12183 121B4

12281  122B2
12283  122B4

metallography 12185 12285

Macroscopic photography 12181 121B2 122B1 12282
(as polished) 12185 12285

Measurement of 12181 122B1

pore distribution 12185 122B5

Microscopic photography

12181 12182

122B1 12282

12185 122B5
Mosaic microscopic 12185 12285
photography :
Measurement of 12181 12281
grain size 12185 122B5
Micro v -scanning 12183 12283
Auto radiography 12183 122B3
Analysis by EPMA 12184 12284




Table 4.7

Sampie name : 121Bl
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Results of analysis of pore distribution
for (U,PU)CI'O fuel pellet (I)

Pore area(u nf)
(measured area
0.0125 mm® ) -

Number of pores

Outer

Intermediate

Center -

Intermediate

0.0 ~
50 ~
10.0 ~ 20
20.0 ~ 30
30.0 ~ 40
40.0 ~ 50
50.0 ~ 60
60.0 ~ 70
70.0 ~ 80
80.0 ~ 90
90. 0 ~ 100
0
0
0
0
0
0
0
0
0

< o

OO OO OO OO O OO OO O OO OO

+

O 0O —~1 N Tt = LI DO —

100.0 ~ 11
110.0 ~ 12
120.0 ~ 13
130.0 ~ 14
140.0 ~ 15
150.0 ~ 16
160.0 ~ 17
170.0 ~ 18
180.0 ~ 19
190.0 ~ 200.0
200.0 ~ 210.0
210.0 ~ 220.0
220.0 ~ 230.0

.
.
.
.
.
-
.
.
.
-
.

594 4

84
65
12
11

HOOOOOOO—OOMNMNUIWOTUIF -] WWNNWR U O

OO OODOOODOOO OO OO O LWL P

52
10

SO O OO OO O = D) DD =k 00 G DN GO CO D

543
64
45
19

OOOOOOOOOOOO OO OO O]

Total pore number

T76 101

116

693

Ave. pore area (und)

4.55 39. 08

28. 23

5. 03

Porosity (%)

28.9 31. 84

26.41

28. 12
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Table 4.8 Results of analysis of pore distributien
for (U,Pu)C; g fuel pellet (II)

Sample name : 121B5

Pore arealy of) Number of pores

(measured area '
0. 0125 mm® ) Quter Intermediate Center Intermediate

[=p]

COOOOOOR OO OLWR O TN 1O dE -1 00 -] 00 -

281
87
79
18

436 397
81 93
o4 (6]
17 21
17 5

0.0 ~
5.0 ~
10.0 ~
20.0 ~
30.0 ~
40.0 ~
50,0 ~
60.0 ~
70.0 ~
80.0 ~ 90.
90.0 ~ 100.
100.0 ~ 110.9
110.0 ~ 120.0
120.0 ~ 130.0
130.0 ~ 140.0
140.0 ~ 120.0
150.0 ~ 160.0
160.0 ~ 170.0
170.0 ~ 180.0
180.0 ~ 190.0
190.0 ~ 200.0
200.0 ~ 210.0
210.0 ~ 220.0
220.0 ~ 230.0

(D00 —) T O o= LI DN —
O OO O OO DOO O

COOOCOOOOOOOOOOOOO LW
COCOODO OO OO OOOOOODOW
OO ODOCOODOOOOOOOOOO oL

Total pore number 602 554 121 479

Ave. pore area (urod) 5.15 5. 48 27.19 6.23

Porosity (%) 25.03 26. 26 26. 54 24.09




Table 4.9

Sample name : 122B1

JAERI—M 94036

Results of analysis of pore distribution
for (U,Pu)Cl.l fuel pellet (III)

Pore area{yof)
(measured area
0.0125 mm® )

Number of pores

Quter

Intermediate

Center

Intermediate

0.0 ~
5.0 ~
10.0 ~
20.0 ~
30.0 ~
40.0 ~
50.0 ~
60.0 ~
70.0 ~
80.0 ~
90.0 ~ 10
100.0 ~ 11
110.0 ~ 12
120.0 ~ 13
130.0 ~ 14
140.0 ~ 15
150. 0 ~ 160.
160.0 ~ 170.
170.¢ ~ 180.
180.0 ~ 190.
180.0 ~ 200.0
200.0 ~ 210.0
210.0 ~ 220.0
220.0 ~ 230.0

O Q1 D UV W= LI DN —

5.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.9
0.0
0
0
0
0

414 352

97 115
76 64
18 19
12 12

OO0 OO OOOOOOOODOOODO
COOODOODOOOOOOOOOOOOODNDNND

372
101
66
24

COOOOOOOQOOOOOOOO O W

335
96
63
18

D OO OOOOOOOOO AN MW

Total pore number

598 566

573

530

Ave. pore area (umof)

4.99 5.96

5. 72

6. 5T

Porosity (%)

24,07 27.24

26. 43

28. 09
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Table 4.10 Results of analysis of pore distribution
for (U,Pu)Cy,; fuel pellet (IV)

Sample name : 122B5

Pore area(u of)
(measured area
0.0125 mm? )

Number of pares

Juter

Intermediate

Center

Intermediate

0.0 ~

5.0 ~
10.0 ~
20.0 ~
30.0 ~
40.0 ~
50.0 ~
£0.0 ~
70.0 ~
80.0 ~
90.0 ~ 100.0
100.0 ~ 110.4
110.0 ~ 120.0
120.0 ~ 130.0
130.0 ~ 140.0
140.0 ~ 150.0
150.0 ~ 160.0
160.0 ~ 170.0
170.0 ~ 180.0
180.0 ~ 190.0
190.0 ~ 200.0
200.0 ~ 210.0
210.0 ~ 220.0
220.0 ~ 230.0

CO 00 —1 O UI = G D =
ooodoosoowm
OO OOOO

645
98

85 -

17
4

OO OO0 OOOOOD OO OO

286
88
75

1
1

8
3
2

OO OODODOOOOOOOOOoOOoOOO

245
100
71
17
g

COODOCOOOOOOOOOOOO O

398
83
7]
27

OOOOOOO0OOOOOOOOO—O-]00

Total pore number

820

482

445

596

Ave. pore area (unof)

3.67

6.57

8. 77

5.82

Pcrosity (%)

24. 27

25. 56

24.31

28.45
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Table 4.11 BResults of grain size measurement for fuel pellet

Sample Position Average grain diameter(um
Quter 3.1
12181 Intermediate® 9.5
Center 8.6
Intermediate® —
Quter 2.5
12185 Intermediate® 2.6
Center 7.0
Intermediate®@ 2.8
Fuel pellet
Quter 2.9
12281 Intermediate® 2.4
Center 3.1
Intermediate® —
Quter 2.8
12285 Intermediate® 3.2
Center 3.3
Intermediate® 3.2

Table 4.12 Results of grain size measurement for cladding tubes

Sample Position Average grain diameter{zm
121CC Quter 15.6

Inner 17.1
122CC Quter 17.5

Inner 16. 8
Unirradiated 10. 68
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Table 4.13 Results of micro vickers hardness of cladding tubes

Micro vickers hardness (Hv)

Sample Position
0° 80° 180° 270° Average value
1 (inner) 309 289 292 294 296
2 283 287 276 279 281
121CC 3 268 274 297 268 277
U, Pu)Ci. ¢ 4 297 276 297 294 281
fuel pin 5 289 270 272 274 276
6 287 297 287 297 292
7 287 - 285 302 299 . 293
8 287 279 272 281 280
9 (outer) 279 283 283 281 282
1 (inper) 281 283 302 302 292
2 274 279 306 285 286
122¢CC 3 204 287 287 276 286
(U, Pu)Cy. 1 4 285 294 276 276 283
fuel pin 5 279 274 272 276 275
6 268 276 289 306 285
7 276 268 292 285 280
8 281 270 289 287 282
9 (outer) 287 268 204 281 283

Unirradiated 286
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Fig. 4.12 Results of diameter measurements
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in (U,Pu)Cy, ;1 fuel pin
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Photo. 4.1 Appearance of 84F-12A capsule after irradiation
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Photo. 4.2 Appearance of inner tube of 84F-12A capsule
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Phote. 4.4 X-ray radiograph of fuel pins
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INTERMED IATED

Photograph of (U,Pu)Cy,g fuel pellet for pore distribution
analysis (121Bl)
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Photo. 4.8 Photograph of (U,Pu)C; g fuel pellet for pore distribution

analysis (121B5)
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Photo. 4.9 Photograph of (U,Pu)C;_ ; fuel pellet for pore distribution
analysis (122Bl)
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Photo. 4.10 Photograph of (U,Pu)C;_; fuel pellet for pore distribution
analysis (122B5) :
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Photo. 4.11 Microstructure of (U,Pu)Cy_ g fuel pellet (121B1)
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Photo. 4.12 Microstructure of (U,Pu)C;_p fuel pellet (121B2)
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Photo. 4.13 Microstructure of (U,Pu}Cy p fuel pellet (121B5)
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Photo. 4.14 Microstructure of (U,Pu)C; ; fuel pellet (122Bl)
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Photo. 4.15 Microstructure of (U,Pu)Cy ; fuel pellet (122B2)
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Photo. 4.16 Microstructure of (U,Pu)Clel fuel pellet (122B5)
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Photo. 4.18 Macroscopic photograph of

Macroscopic photograph of

4,17

Photo.

(U,Pu)C| g fuel pellet
(12183, 121B5)

(U,Pu)01°0 fuel pellet

121B2)

(12181,
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