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Post irradiation examination of (U,Pu) C and (U,Pu) N fuel for fast reactor
— Non-destructive examination result of the fuel pin —

KOZO KATSUYAMA Y TSUYOSHI NAGAMINE »

KOJI MAEDAY SHIN-ICHIRO MATSUMOTO 1

abstract

In order to evaluate irradiation behavior of (U, Pw) C and (U, Pu) N fuel using fast
reactor, (U, Pu) C and (U, Pu) N fuel pins were irradiated in JOYO for the first time in
Japan. In this study, one (U, Pu) C fuel pin and two (U, Pu) N fuel pins were irradiated to
maximum burn up about 40GWd/t. Post irradiation examination of (U, Pu) C and (U,
Pu) N fuel pins started in Fuel Monitoring Facility (FMF) at JNC from October 1999, and
it ended in March, 2000. The results of non-destructive post irradiation examination
reported in this document .

Main results are shown in the following.

(1) The soundness of all (U,Pu) C and (UPw N fuel pins were confirmed from the
non-destructive examination result.

(2) The fuel stack elongation of (U,Pu) C and (U,Pw) N is bigger than it of the MOX fuel
for fast reactor.

(8) The singular behavior from the gamma ray scanning measurement in the stack area
was not confirmed. The migration of Cs137 to lower insulator pellet and outside of
the pellet was confirmed in (U,Pu) N BINO2 pin. In (U,Pu) C fuel, the migration of
Cs137 was not confirmed.

(4) In (U,PwC B9COL pin and (U,Pu)N BINOZ pin in which the gap width was small,
diameter of cladding increase around 50 £m in the stack area which originates for
FCMI was confirmed. In (UPw N BINO1 pin in which the gap width was wide, the
ovality which originates from the relocation of the pellet was confirmed.

(5) Fission gas release rate of (U,PuN were 3.3% and 5.2%, and the low value
compared to the MOX fuel was shown.

1) JNC, O-arai Engineering Center, Irradiation Center, Fuels and Materials Division, Fuel Monitoring Section
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#®2.1 TEBG IR -ZIEMBRHES OERLK

oy pos e | CREEE B9CO1 BONO1 BINO2
MRELES -PIEES L412 L413 L414
ol 1.9 IR S (EBF (mm) 799.5 799.4 799.5
MHESRS  Imeres n 1533 1533 1533
ME PNC1520 | PNC1520 | PNC1520
o SHEE (mm) | 850 8.50 8.50
mEE A (mm) 7.60 7.60 7.60
__ ___|RE (mm) 0.45 0.45 0.45
EZX vy 1E (mm) 0.18 0.32 0.17
AEVEE (%TD) 81.0 77.8 82.2
B MC MN MN
C./MorN./M 1.078 1.001 1.013
S14% (mm) 7.42 7.28 7.43
B (mm) 8 8 8
Puz= b BE (wt%) 21.00 18.62 18.62
BHEARLyh  U235EHEE (wi%)]  19.40 19.39 19.39
BT EL (%TD)  85.0 84.8 86.0
N (wt%) 0.12 5.56 5.62
C(wi%) 5.15 0.11 0.16
O(wt%) 0.09 0.02 0.02
A2y & (mm) 199.5 200.1 198.8
EfE uc UN UN
C./ MorN/M 1.065 0.983 0.983
4% (mm) 7.42 7.28 7.43
== (mm) 8 8 8
Pus 1k FE (wit%) - - -
RERARLvh [U235EHRE (Wwt%)| 0.71 0.71 0.71
ERBELL(%TD)| 836 85.9 86.0
N (wt%) 0.07 - -
C{(wt%) - 0.22 0.22
O {wt%) 0.02 0.02 0.02
AAy7 & (mm) 105.6 104.2 104.4




3.1 RAEYREE Y [BOCO1 ] BBEH R

E295 1)L E30Y1 I B4 | ERHy14o0L FE33H 1)L
fB 57 A #(EFPD) 24 #3960 #4955 #3969 68
BRA#RE A (W, cm) BOC 734 713 690 687 680
EOC 727 698 677 670 664
B e RIFERE (MWdLt)- 3,743 12,680 20,610 30,450 40,090
BARPHFREE(ncm2) total 6.71E+21 2.28E+22 3.74E+22 5.60E+22 7.46E+22
fast 4.59E+21 1.57E+22 2.57E+22 3.85E+22 5.13E+22
HEEAERLREBE(C) BOC 649 634 629 634 643
: EOC 647 630 626 629 638
723.2 ZE{PREE L [BONO1] AR R
YA | $E0YFLHL E3H1II E32Y A EXkpRtrdln
FEaTH#(EFPD) #124 #3960 #4955 $969 68
mA#RE A (W~ cm) BOC 742 720 699 695 686
' EOC 735 705 686 678 670
BE AR (MW 1) 3,682 12,480 20,300 30,000 39,460
BAHEFEE R (n cm2) total 6.89E+21 2.34E+22 3.85E+22 5.76E+22 7.66E+22
fast 4. T1E+21 1.61E+22 2.64E+22 3.96E+22 527E+22
HEERNEDLRERE(C) BOC 650 635 630 634 643
EOC 648 630 626 629 638
3.3 ELYBREE L [BONO2] BBAT KR
29019 30T Ao E31HAI)L 2L EIIH AT
B4 EH # (EFPD) 524 #360 #4955 #9769 #e68
RBABEH I (W~ cm) BOC 781 758 732 730 722
EOC 773 742 719 713 705
= R E (MW 1) 3,679 12,460 20,240 29,920 39,380
RAPUEFEHE (N cm2) total 6.88E+21 2.34E+22 3.84E+22 5.74E+22 7.65E+22
fast 4.71E+21 1.61E+22 2.63E+22 3.95E+22 5.26E+22
HEEARPILESBE(°C) BOC 650 635 630 635 643
EOC 648 631 626 630 638
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£5.1.1 T4 INICEET D EMFOR LR

EIE» 5B I =B B9CO0O1 BESNO1 BONO2
Uk No | ERHCEE A DFPB AE DFPB AE DFPB faE
(mm) °) {mm) ) (mm) ) (mm) )
48 78 0 78.2 0.0 79.5 0.3 79.6 0.0
120 79.2 120.3 79.9 120.1 79.9 120.0
240 79.5 243.2 79.6 241.6 79.9 242.3
47 278 0 279.3 5.2 280.0 4.1 279.7 359.0
120 279.4 121.4 279.6 120.7 279.5 120.7
240 279.3 241.3 279.6 241.8 279.5 240.2
46 478 0 479.0 4.8 480.1 0.3 478.0 0.0

120 479.1 118.6 479.1 121.0 479.8 128.9

240 479.1 236.6 477.3 237.9 479.7 241.0

45 678 0 678.7 358.7 679.2 11.3 678.9 5.6
120 678.9 114.8 678.8 117.1 678.9 121.1
240 678.9 241.3 679.1 244.8 678.8 240.5
44 878 0 878.1 0.2 878.3 1.8 878.3 1.0
120 878.1 115.4 878.0 113.9 878.3 116.1
240 878.0 242.3 878.0 244.2 878.2 2424
43 1,078 0 1,077.7 0.4 1,077.9 356.0 1,078.3 0.3
120 1,077.9 118.6 1,077.9 115.8 1,078.3 121.0
240 1,077.9 237.7 1,077.8 233.1 1,078.3 241.0
42 1,278 0 1,277.56 358.0 1,277.5 0.5 1,277.9 369.0
120 1,277.2 119.9 1,277.4 120.5 1,277.6 122.0

240 1,277.5 2414 1,277.4 237.9 1,277.8 238.3

#%5.1.2 #HBERAOEMBREEMNSE

HERE A B9CO1 BI9NO1 BO9NO 2
DFPB {(mm) 579.3 584.0 577.0 | 582.0
aAN—bFAMNEED | AE (°) 0 358 1 1
EAEF (0° AHED £& (m) 1.3 2.0 0.7 0.6
M (mm) S 1.1 0.8 0.8 0.9
e DFPE (mm) 586.4 583.0 578.0 | 588.0
F_fﬁg@; RRRT S LEE FE ) 151 154 149 155
(150° H0) £ (mn) 14.0 12.3 5.2 6.5
M (mm) 0.6 0.8 0.8 0.5
v e DFPB (mm) 576.0 577.7 | 587.5 580.0
%ﬁgﬁ RERTDERE 5wy 211 212 214 212
(210° F7) £ (m) 3.4 4.9 9.9 13.5
i (um) 12 0.8 0.8 0.3




%521 MBIV XBIOXT 5T 4 —NERRBLERE R

R . ¥Fv97 1mo| ¥ ¥97 1mn oAV,
F! \9::5: 3 ¥ %’[ > »
> No HUivZEEL BLE it Kby RN | XLy R Do
Bgcol sy ﬁ ﬁ& ﬁ Pl ﬁ
B9NO1 = i i3 H F
BIN02 13 i3 e H i3 A
%522 BMBECXBSDAVST4—A Y v ERIEER
ARV Yy ORI E
B RE it hged - -
ENo AT wIE AFwIE elas ﬁ‘fﬁ%
(mm) (%)
(mm) (mm)
B9C01 199.5 202.5 +3.0 +1.5
B9NO1 200.1 208.7 +3.6 +1.8
—
BYNO02 198.8 201.5 +2.7 +1.4
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#F5.3.1 BRECCERAIERESE

E SN0 RENER | BHERER _EE=
(g) (g) (BER; — FEATH2)
B9Co1 625.7 625.3 —0.4
BINO1 630.2 630.0 —0.2
BINO2 637.6 637.3 —0.3




#5410 BERARILHAERR

¥ Na T;%;E Rh 106 Zr-95 Mn-54 Cs-13 £s-13/ FR-141 Co-60 Co-58 Ru-103
{om) ALEi (counte) DAL I S (counte) VRN () BY B M (counte) (HUISHCOL AHBE A (counts) LRI | 81858 cones) Ligibe )] st comta) | il Sisemceonnts) [ | atatia comts) [mesiy| mranan counis) [
3518 264992 | - 225735.5 | - 385053 [ - 54776.0 | - 8010.7] - 5964.5 ) - 541.0 | - 196224.4 | - a7e0os.2 | -
403.0| 16814874 1011 1345020 1.08 a3125 | 1011 314007.0 ] 100 37234 | 1.05 38358.5 | 1.03 509.8| 1.23) 21606239 12| 10770860 1.0
Bacol [ 478.0 | 160400.1 ] 102 1412096.0] 1.02 4057.3) 1.01] 3169542 | 1.0 37356.8 | 1.04 5.2 | 1.01 286.0 | 0.64| 255209 101 2002mr.0 .02
553.0| 1603746 0.97] 133e850| 0.7 30786.8 | 0.98| zo0783.3| 0,97 82805.2 | 0.9 36059.9 | 0.96 5027 | 1.13] 2056506 0.97 | sos2e2.0 0.97
£04.2 23439.1 | - 1993714 | - 35969.9 | - 450047 | - 5173.4 | - 5783.7 4 - 431.3] - 1862568 | - 3288366 | -
803.0 o0l - o0l 198846 ] - gos.1 ] - ur3l - ool - 1476.2 | - 104532 1 - g0l -
351.8 21549.0 [ - 184330.1 | - 2008.4 | - 49583.9 | - 85563 | 5032.2 | - 368.9| - 156687,0 | - 304586.2 | -
403.0 | 126033.9 | 1.01{ 11155890 1.00 30071 | 102 2474051 ] 1.0 31200.3 | 1.05 30504.4 | 1,02 4d.2} 1.04] 170867.6 | 1.01] IS43s480] 10
BoNo1 | 478.0 | 131132.3] 1.03] 1128041.0 | 1.02 32217.6 ) 1.00] 2522809] 1.03 31161.3 | 1.05 30857.8 | 1.02 489.2 | 105} 1704938 | 1.01| 1560855.0 ) 1.02
553.0 | 123077.3| 0.95| 1063403.01 0.96 aiz23.0| oo7] 233803.8] 0.96 26397.1] 0.89 28634.0 | 0.96 344.8| 081 1637608 | 0097] 1473780.0) 0.97
604.2 19964.8 | - 163327.2 | - 277202 - 343407 - 3503.9] - 4456.0§ - 32| - 440021 ] - 268389.4 | -
803.0 o0l - g0l - 51337 - 284 - o.0f - 001 - 7395.6 | - 548018 | - p.0l -
351.8 a3z | - 267904.3 | - 4227304 - 97065.5 { - 21472.1) - 7248.1) - 472 - 222385.9 | - gngm ol -
a03.0F 1816666 ) 1.01f 15829680 1.01 44984.3] 102 | 3426000 | 1.01 54| 1.06) 424661 1.01 624.4 | 137 239546.9| 1.02] 21603200 1.0
BoNOZ | 4780 | 184957.5! r.03| 1s09834.0| .02 a311.4f 100f 505051 .04 42020.2 | 1.05 43012.6 | 1.02 508.3 | 0.95| 2308868 1.01] 2103080 .02
553.0 | 173148.7| o906 | 1si2m020] o007 43016.0 | o008 | o793} 0.95 35568.8 | 0.89 40507.3 | 0.96 473.6] o088] 2237303] o9 zorues0| o.97
604.2 28479.2 | - 241553.7 | - 38702 | - 512008 [ - 5230.8 | - g676.8 | - 511,91 - 200796.6 | - 3071806 ) -
803.0 00l - 0.04 - z2mg. 7 | - 40.4) - 00] 0.01 - J208.2 | 80787.0 1 o0f -

HAE{EILDFPB403, 478, 553mD R ¥ v 7 O o MEEOTHEY 1 & LTEBE L,

§00-0002 OIVGNL ONI



AR

#55.1 2RMELR
BT 3

N A =& (mm) EH mm
Mo, ) ; PIE-FAB
0 1532.5 0.0
45 1532.5 0.0
B9Co1 89 15326 1532.5 0.1
135 1532.8 0.3
Ave 1532.6 0.1
0 1531.9 —0.6
45 1532.1 0.4
B89NO1 90 1532.0 1532.5 ~0.5
135 1532.1 —0.4
Ave 1532.0 ~0.5
179 1532.3 0.2
45 1532.3 -0.2
BIND2 89 1532.2 1532.5 0.3
135 1532.3 0.2
Ave 15323 -0.2
#55.2 HHYMERR
BN B (mm)  BEC ) AR mm]
BYCO1 634.1 29 4.6
BINO1 626.4 31 92
|__BING2 6460 16 ki
#553 NENTEER
N 125 e
£ Mo HE (1) 15 30 Lk B0 75"’3 90" 1057 1207 135" 150° 165
BA5EfE(mm)] 8533 8528 8.537 8535 8,536 8.524 8.526 8.528 8530 8.526 8525 8526
B9COT BhriE (mm) 3947 4275 576.1 549.7 548.6 478.7 5497 4769 4758 465.1 575.6 5726
REF(mm) 8.492 8.491 8461 8.490 8.490 8490 8.491 8.491 8.490 8.491 8.490 8.490
ZD{mm) 0.041 0.037 0.046 0.045 0.0486 0.034 0.035 0.037 0.040 0.035 0.035 0.036
£b/D%) 0.479 0.441 0.546 0,526 0.547 0.401 0412 0.440 0.466 _0414 0.411 0.423
BASEMmm)| 8.534 8.528 8525 8.535 8528 8.530 8.639 8.536 8.538 8.532 8519 8.527
BONO1 B (mm) 4210 4209 - 544.3 543.3 541.7 458.3 4585 4535 A474.2 475.3 393.7 436.2
REF(mm) 8.481 8480 8.480 8480 8479 8.478 8479 8478 8.478 8479 8.479 8.479
AD{mm) 0.053 0.048 0.045 0.055 0.049 0.052 0.060 0,058 0.080 0.053 0.040 0.048
ZID/D(%) 0,623 0.560 0.529 0.645 0.581 0.610 0.706 0,681 0.708 0.631 0.475 0.567
BA EMl(mm)|  8.536 8.534 8.536 8.531 8.531 8.531 8.537 8.531 8537 8.528 8533 8,534
BINO2 B B (mm) 5328 524.9 569.5 501.5 509.0 5100 458.7 466.4 4858 562.8 569.4 5692
REF(mm) 8.483 8481 8.481 8.482 8.481 8.481 B.As1 8.481 8.482 8.482 8.482 8.481
ZD(mm) 0.053 0.053 0.055 0.049 0.050 0.050 0.056 0.050 0.049 0.046 0.051 0.053
1.4D/D(%) 0.621 0.625 0.647 0.582 0.587 0.593 0.862 0.589 0.581 0.543 0.601 0.620
# REFIZIXTLTART Y BR(DFPB 753~ 853mm)D#IA M F XN EEERALI-. M. ATIXZOE VO BRI ERCH D,
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3%5.6.1 N T TF A BREE R

pin No. [ igmses] CLNER |er vz E[ermyagk HAZa L (%) FPA At "
atdh (cc) (Torr) (ce)™ Kr Xe Ar N2 He+ o Xe/Kr (%)

BANOL|  4.20 10.79 1165.6 14.66 2.2 19.3 0.0 0.0 78.5 8.77 3.3

Bonoz | 4.19 10.35 1311.8 15.58 3.5 29.8 0.0 0.0 66.7 8.51 5.2

#] BEHELREE (0°C,1atm) TOfE

*2 PP RBEMBICAV-FPH LR BT, L413E-—22.68(CC-STP/at%)
L414t"-—23.80(CC-STP/at)% & AL 7=,

#5.6.2 IAHESHER
BINO1' BINO2
B AR R E t%ﬁ#fﬁ%*s B fiakit) EnefEe
mol% mol%

Rr 0.000 0.000 0.000 0.000
Ky 1.227 0.089 0.709 0.049
gy 0.251 0.285 0.193 0.163
e 1.771 0.134 1.031 0.063
®gr | 15.323 0.243 | 15.473 0.227
SKr | 27.410 0.266 |  27.508 0.214
"Kr 5.854 0.141 6.025 0.090
®Kr | 48.164 0.450 | 49.060 0.325
2y e 0.020 0.021 0.025 0.002
126y o 0.012 0.020 0.024 0.006
128y e 0.050 0.004 0.030 0.002
129y e 0.047 0.004 0.028 0.002
130x e 0,082 0.004 0.075 0.003
Blve | 14.800 0.086 |  14.870 0.113
B2ye | 99889 0.104 | 22.371 0.063
By e 0,065 0.004 0,040 0.002
Biyel 33953 0.214 | 33.381 0.215
Boxe | 28.788 0.228 |  29.156 0.208

*3: 20[E AF v i LA R

600-0002 OT¥6NL ONIT



=T

<
uy : 3=
F w 8
g o
% 3 &
|~ A | ]
b A Y b
I} A
= 2%
{122.5) ! 52.5
(550
(800)
1533

i1 A8 &~AL 5 F(7) 0
TIECRUTEI) PuC-UC
0 7L F 0270 507) SUS304 %08 i
8 I EBEHE~LVY F (7] BRI i
T | FREHE~L v F(7) Rt 1
B |MABRTILTLR)—T(8)  |SUSIIE i
5 [ESemaE) PSR i
& | TRPMRIE) ;;J?“”””‘ i
3L & A 89 e AR !
2 1T B & 12(9] AR L AR l
1| & #(9) ARoCaROL 1
%3 & 2 % K |mm "
‘ BURBRRALSHE
B REAES(])HisM

2.1 RALYIIRELE > HH

600-000% 0TP6NL ONI



©
Abw hEE 7

2
Toiheb

I

PR o
200 22,8, 00,1, 25
- 88
(103)

(550) .

(800)

1533
11 [RARAL - F(B), (9) 1]
) |REAL % F(2). (3) PU-UN
NE LT it) SUS304¥PB 1
8 [ESRHEAL 5 F(]) A 1
T I FSEAEAL v - (7) LA 1
b [MARMTLI LAY —T(8) ig?gig?fibr !
5 I TmpmMAR(l) wz= j 1
G | TRTMARL1) ;ﬁg;“;%?ﬂm !
3L & M 89 g-‘ﬁﬁf”“ 1
AEEEEIO) }r—yﬁi‘i'-%ii@m !
{ [ WM %(9) 28503 ' i
X ) % f LT

= 2 BRI B MEA
- REBRAERD-O. -Q M

600-0002 OT¥6NL ONT

2.2 2{LYIRELE > XmE




1#18.211

6.2 143, 811

(411,79}

1417}

+0. |
$22-0.2

xﬁbﬁﬁ

PFB090=Y 78— R AL NS TR o 1B AN —RA NN R BRI e R A

X|2. 3 PFBO90R Z{LIAEIE S AL

600-0002 OTPENL ONC



278 78 DFPB mm
1678 1478 1278 1078 878 678 478 : (DFCB um)
(1300)  (100)  (900)  (700)  (500) (300) o 100) (-300) -378)
200 200 200 200 200 200 200 200 78
— > > >
Y N b £y N N ™ B EY W
S L — — EvFfayk
L FVAARTYY LIRER TERmE  omaet TSR
EERPRIRE FREF MR
R
675 105 | 1225 |52.5 200 52.5| 122.5 | 105 98
<t PPt — P D (D — P — Pt >
1533 858 753 630.5 578 378 3255 203 98 0  DFFBmm
(1155) (480)  (375) (252.5)(200) (0 (-525 (75 (280) (-378) (DFCR nm)

2.4 BBV RO 20y M B EMEE
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