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Measurement and Analysis of JOYO MK-II Spent MOX Fuel Decay Heat(2)

Shigetaka MAEDA™,Shoichi NOSE™ Hideaki NAGASAKI™® and Takafumi AOYAMA"

ABSTRACT

Decay heat of the spent MOX fuel is important not only from the viewpoint of
reactor safety concerning a decay heat removal at the reactor shut down, but also for the
thermal design of the spent fuel storage and handling facility.

In order to obtain the experimental data and to improve the accuracy of
calculation, the decay heat of spent fuel subassemblies of the JOYO Mk-II core was
measured. The burn-up was 66 GWd/t and the cooling time was between 40 and 150
days. Measured decay heat of the spent fuel subassemblies was approximately 1446+
24~663x20W. The decay heat was calculated by “ORIGEN2” code and then it was
compared with the measured value. In the “ORIGENZ2” calculation, the JENDL-3.2
cross section library and the JNDC-V2 decay data library were used and fuel power
calculated by the core management code system “MAGI” was used as a input. The ratios
between calculated and experimental values, C/Es, were approximately between 0.94
and 0.90.

The discrepancy between calculation and measurement was considered to be
larger than the experimental error (16=1.7~3.0%) or the uncertainty of calculated FP
decay heat (1~2%). It appears due to the uncertainty of actinides decay heat and that
indicates cross sections of actinides and initial composition of actinides are important to

evaluate decay heat accurately.

*1 Reactor Technology Section, Experimental Reactor Division, Irradiation Center,
Oarai Engineering Center, JNC

*2 Presently at Reactor Operation Section, Experimental Reactor Division, Irradiation
Center, Oarai Engineering Center, JNC

*3 Nuclear Engineering System Inc.
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#2.1 HIEESHEDOEEE(PFD601)

235 HEEERE . 18.5 wt. %

WOXRRRHERR | pumible © 29.3 wi &
PR HTERIRE - 30~359 4 4 )L
REHTSE (4 (1997.3.21 ~ 2000.5.31)
AEETHE %L : 369 days
® total
(%‘%{%%ﬁ]) 1.14%x 1023 n/cm2
PAIE

(REAKRF)

66, 000 MWd/t
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2.2 AIEEESAHFRDOEIE (PFD602)

235 JEHERE - 18.5 wt. %

NOXESRHMLER | pugiEm 2902 wit
FREIEEAR - 30~35H 1 L
R e (1997.3.21 ~ 2000.5.31)
HESTE %k - 369 days
® total
(ESIRTH) 1.14%x 1023 n/cm2
PRIFE

(RERFH)

65, 600 MWd/t
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#* 4.1 BREROFEFE
IEH MAGI ORIGEN?
B S JFS-3-J3.2% JENDL-3.2
TRAR 3:%tHex-2 — R IR
TRILF—BE [ :c 18
7 REAHE VRS ETE ——
PABEETE T8 EE
B, BRIETE JFS-3-J3.2% JNDC-V?2

*JAERI Fast Set varsion 3(based on JENDL-3.2)

& 4.2 WHTRARELMOGEMSREED kS (PFD601)

Jp| BB EEE" (cn) MAGI &t Bfl i fE i =
2| LR TR | BoR="? | gomz | "aagz| gomz | araEE" ()
(fission/s/cc) | (HE¥HE) | (cps/cm) | (AExHE) [ TR LR
i 525 625 = = = = 14400 1540
2 42.5 525 - - - - 1540 1640
3 32.5 425 - - ~ - 1640) 1740
4 30.0 325  9.600E+11 0015 - - 1740|1765
5 275 30.0]  1.245E412 0020 — - 1765 1790
6 25.0 275 3513E+13 0.566] 1.769E+03 0638 1790|1815
7 225 25.0]  3.908E+13 0.630] 1.903E+03 0.686| 1815 1840
8 175 225 4489413 0.724] 2.103E+03 0.758] 1840 1890
9 125 175|  5.168E+13 0.833| 2.353E+03 0.848] 1890 1940
10 7.5 12.5 5.694E+13 0.918] 2.559E+03 0.922 1940 1980
11 25 75| 6.032E+13 0.973]  2.703E+03 0.974] 1990 2040
12 -25 25| 6.201E+13 1.000] 2.775E+03 1.000]  2040] 2090
13 -1.5 -23]  6.196E+13 0.989] 2.769E+03 0.998 2090 2140
14 -12.5 -7.5 6.014E413 0.970] 2.690E+03 0.969 2140 2190
15 -17.5 -12.5 5.639E+13 0.909] 2.545E+03 0.917 2190 2240
16 -22.5 -17.5 5.073E+13 0818 2.353E+03 0.848 2240 2280
17 -2500  -225]  4549E+13 0.734]  2.191E403 07901 2290} 2315
18 =275 ~25.01  4.202E113 0.678] 2.081E+03 0.750 2315 2340
19 -30.0 =215 1.580E+12 0.025 - - 2340 2365
200 -325  -30.0{  1.324E412 0.021f - - 2365 2390
21 =415 =325 - - - - 2390 2540
22 -57.5 ~47.5 - - - - 2540 2640
23| 675 575 — - - ~ 2640 2740
24 —77.5 -67.5 - - - - 2740 2840

EVK PR ARILD OB NERERE .

2 SEISY A 2JLEQCID P TR, A BHEBRCRFEBEEERAVTHELE.,
I MRRNERE CERATRER T RICT I AMBEILLARO X+ EROZRUBFRT.
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3 4.3 PFD601 O FRiEEL

X grRizEl)

T AT vE
MAGI | ORIGEN? | (BEIER) | MaGl T ORIGEN?
1 40 1377.11 | 1342.33 | 1446.02 | 0.952 0.928
? 41 1357.45 | 132317 | 141282 | 0.961 0.937
3 46 1270.86 | 1238.38 | 133370 | 0.953 0.929
4 47 125534 | 122324 | 132787 | 0945 0.921
5 48 1240.23 | 1208.00 | 1324.84 | 0936 0.912
b 54 1159.20 | 1129.30 | 124335 | 0932 0.908
7 55 1147.21 | 111717 | 122742 | 0935 0.910
8 70 999.28 | 972.45 | 1066.13 | 0.937 0.912
9 88 874.49 | 85050 | 93850 | 0.932 0.906
10 89 868.61 | 84473 | 92837 | 0.936 0.810
11 96 829.84 | 806.72 | 891.09 | 0.931 0.905
12 97 82459 | 801.65 | 88043 | 0.937 0.911
13 98 819.44 | 79658 | 87363 | 0.938 0.912
14 118 728.27 | 707.34 | 77471 | 0.940 0.913
15 119 72416 | 70338 | 767.25 | 0.944 0.917
16 120 72017 | 699.43 | 77011 | 0.935 0.908
17 124 70449 | 68412 | 74732 | 0943 0.915
18 125 700.70 | 68046 { 74673 | 0.938 0.911
19 146 62842 | 609.77 | 67278 | 0934 0.906
20 147 625.26 | 606.73 | 667.83 | 0936 0.909

% 4.4 PFD602 O RpEEL
X ARIEELN)

No. | P EE S W TR e
MAGI | ORIGEN2 | (WHIE#) | MAGI | ORIGEN?
i 42 1330.04 | 1296.33 | 139880 | 0.951 0.927
? 43 131153 | 127817 | 138776 | 0945 0.921
3 56 1126.32 | 1098.38 | 119578 | 0.942 0.919
4 67 1015.84 | 991.04 | 1083.91 | 0937 0.914
5 68 1007.16 | 982.59 | 1080.27 | 0932 0.910
6 69 998.78 | 97360 | 1050.73 | 0.951 0.927
7 83 897.00 | 87517 | 96157 | 0.933 0.910
8 84 890.70 | 867.45 | 953.26 | 0.934 0.910
9 85 88451 | 859.90 | 946.02 | 0.935 0.909
10 110 754.94 | 73483 | 81620 | 0925 0.900
11 111 75042 | 73002 | 808.65 | 0.928 0.903
12 112 74622 | 72575 | 79867 | 0934 0.509
13 13 74190 | 72158 | 79416 | 0.934 0.909
14 131 671.83 | 652.84 | 71436 | 0.940 0914
15 132 668.36 | 649.38 | 71265 | 0.938 0.911
16 133 66478 | 646.03 | 707.91 | 0.939 0.913
17 134 661.31 | 64242 | 704.06 | 0.939 0.912
18 144 628.37 | 610.56 | 670.07 | 0.938 0.911
19 145 625.22 | 60657 | 662.95 | 0.943 0.915
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=51 BEERERUVREMGEEOLE (PFD601)

[ EHHRT 70 B
BiE E3 At ORIGENZ S X =By ORTGENZ R Ea] ORIGENZ
MAG] [ ORIGEWZ | ~ WAGI NAGL [ ORIGENZ | ~ MAGI MAGL [ ORIGENZ | ~ WAGI
ey L.58E+00 | 1.50E+00 | 0.95 | 1.94E+14 | 1.84E+14 | 0.95 [ 1.936+02 | 1.836+02 | 0.95
2py 3.88E+01 | 351E+01 | 0.81 | 246E+13 { 2226413 |  0.91 2.20E+01 | 1.99E+01 | 0.91
MiAm B.76E+01 | 8.70E+01 | 099 | 1.11EHI3 | LUIEH13 | 0.89 | 9.99E+00 | 9.92E+00 | Q.99
20py T.65E402 { 753E+02 | 0.98 | 6.4SE+12 | 6.35E412] 0.98 | 543F+00 | 5.35E+00 | 0.98
By 1.67E+03 | 1.67E+03 | 1.00 | 3.83FE+12 | 3.85E+12 | 1.00 | 3.20E+00 | 3.21F+00] 1.80
Moy 1.45E-01 | 274E-01 | 1.80 | 4.33E+11 | 8226411 | 1.90 | 409601 | 7.776-01 | 1.90

Hipy 1.69E+02 | 1.70E402 | 1.01 | 6.44E+14 | 649E+14 | 1.1 5.40E-01 | 543801 1.01
TOFZK | 1.O0E+04 | 1.00F404 | 1.00 | 8.91F+14 | 8.78E+14 | 0.99 | 235E+07 | 2236402 [ 0.95
FP T.46E+02 | 7326402 | 0.98 | 7.3BE+15 | 7.24E¥15 | 0.98 | 7.37E402 | 7.236402 | 0.98
e rgeh | 6.76E+03 [ 5.76E+03 | 1.00 | 1.026+14 | 1.02E+14 | 1.00 | 1.47E+01 | 1.47E¢01 | 1.00
Total 1.65E+04 | 1.65E+04 | 1.00 | 8.37€+15 | 8.22F+15 | 0.98 | G.8RE+0? | 8.61E+02 | 0.97
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(PFD601. PFD602)

FERsi ORI E

RAEE s EIEER jaze 3
30cy 31 33cy d4-1cy 34-Zcy 35-1cy 35-2cy
10235“ 61H l 968 485H | 898 |IU |42EIHI4E|! ]

308, 398 6H_ 448

PFDG01 [ BI] UBU [1B1] [IBU (1813 (1B1} (181 £iB1)

PFDB0Z  (1D1) (i1 \ (1) (iD1) (161 - (ip1) (1p1) €11
LT RLR

2.1 HERCEORNRE
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IEERBHE
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13001 (7 2457+1.116x(R=0.99995) :
s |
>
ﬂl]EHIOOO |
e
A
& 500 |
l _
A :
o

] ] ! : | 1 1 ] 1 I ! |

0 500 1000 1500
E—MNT D RICEZBREBE : x (W)

3.3 FAEBIEEEOREABRERE K& 0.57 /min)

000————————————
C y=-2.9095+1.1273x(R=1.0000
S so0f T RS -
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i
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T
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3.0 QAD—CGO—
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PFD602 : A, =1/(1-0.1132X & 0070Tey
PFD601 : A ,=1/(1-0.1123 X & %%}
' T ' |

—— PFD601 |
----- PFD602_

1.10

1.08-
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RBIERE : A,

1.04

=
H
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FEEE

1.00
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BAEER () : Te
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Q
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