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Measurement and Analysis of Gamma-ray Heating in the

FCA Assembly XI-1

Shigeaki OKAJIMA, Toshitaka 0SUGI, Yukio KAWASE#*
Akio OHNO and Toshio SANDA#*%

Department of Reactor Engineering
Tokai Research Establishment, JAERI
(Recieved July 19, 1984)

Spatial distribution of gamma-ray heating has been measured using five
different types of TLD's at the FCA assembly XI-1 (mock up core for an large
LMFBR). The TLD's are 7LiF, MgZSiOQ,.CaSOq+7LiF, Sr;58104 and Ba,5i04.

The gamma-ray heating are determined with an accuracy of 20 ~ 40 Z in the
test and driver regions and 10 % in the blanket. The radial distribution of
gamma-ray heating is flat in the test region, increases from the boundary
between the test and the driver regions to the middle of the driver region
and rapidly decreases from the driver region to the end of blanket. The
axial distribution gradually decreases from the core center to the end of
blanket.

The multi-group cross section set for shielding materials, JSD 1000,
which consists of 100-neutron and 20-photon group cross sections, was used
for the calculation. The neutron and gamma-ray fluxes were calculated by
the one-dimensional discrete ordinates code ANISN-JR with the 58~P3
approximation. The calculation well predicts the tendency of measured
distribution and also agrees fairly well the measured value in the test
region. However, it slightly underestimate in the driver region and

overestimates in the blanket region.

Keywords: Gamma-ray Heating, TLD, FCA XI-1 Assembly, JSD 1000, Fast Reactor,

Measurement, Analysis, Spatial Distribution
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Table 2.3 Axial disitribution of absorbed dose in FCA assembly JI-1

unit: tha erg g~}’}10nitor count
Position TLiF He,510, CaS0,+"LiF Sr,Si0, Ba,Si0, Kedium
{a.21 [E1.t)] {t12.7] [32.5] [49.9]
4.98 - 4.80 1.00 5.10 1.91 5.38
1 pack L 0.34) (£ 0.20) (2 0.51) (2 0.41) {£0.37) (+0.93})
5.03 4. 67 4.00 4.61 5.81 5.08
2 pack (+0.22) (£0.2() (+ 0.34) (+0.52) (£ 0.98) (x0.79)
4. 60 {. 46 3. 96 §.35 1.62 5.90
3 pack (% 1.41) (£ 0,290) (+ 0.16) {+ 0.64) (+ 0.84) (+ 0.98})
4.29 4.32 3.50 {.26 3.50 3.28
4 pack (2 0,40) (+ 0.18) (x0.17) (+ 0.867) (£ 1.18) (£ 1.138)
4.39 4.1% 3.36 4.05 3.83 2. 34
5 pack (% 0,19} (£ 0.33) {4 0.404) (2 0.72) (2 1.i8) {2 1.12)
3.78 3.59 3. 15 3. 01 1.08 1.97
6 pack (£ 0,25) {2 0.i5) L+ 0.13) (£4.61) (£ 2.02) (£ 1.87)
3. 44 3. 12 2.72 2.92 3. 61 2. 54
7 pack tx0.21) (+x0.13) (+0.186) (£ 0.58) (+1.25) (% 1.30)
2.99 2.758 2. 37 3.05 1.74 0.708
8 pack (£ 0.13) (£ 0.42) (£0.10) (£ 1.58) (%0 866) taan
2. 31 Z2. 18 i.78 2.43 1.25 1. 88
9 pack (2 0.17) (£ 0.190) (£ 0.16) (+ 0.38) (+0.860) {+1.39)
1.14 1.02 0.837 0.890 0.696 {0.578
10pack (£ 0.10) (£ 0.11) (£ 0.017) (£ 0.071) (£ 0.072) (£ 6.223)
G.588 0.631 0. 564 0.572 0.504 0. 481
1lpack (x0.072) (£ 0,036) (+ 0.048) (% b.030) (£ 0.044) (£ 0.107)
0.465 0.443 G. 357 G. 399 0.309% 0.277
12pack {+ 0.073) (+ 0.039) (k0.022) (% 0.042) (+0.0271) (+ 0.043)
0.277 0.27% 0.232 0.226 0.190 0.151
13pack (t0,.013) (20,011} [+ 0.014) (x0.022) (2 0.018) (£ 0.013)

The values in square blekets mean the effective atomic number of TLD.

Experimental errors are presented in the parentheses,
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Table 2.4 Radial disitribution of absorbed dose in FCA assembly XI-1
unic: 1073 erg "V Monitor count
Posirion 7LiF t1325104 Ca504+7LiF Sr25i04 Buzsio4 Medium
[8.2] [11.1] [12.7] [32.5] [49.9]
2. 81 4.58 {.06 5. 16 4.28 4.23
Pos. 0 (£ 0.11) (+0.22) (+ 0.34) (z 1.90) (% 1.40) (+1.18)
2. 68 4.07 3.74 4. 26 4.63 5. ¢1
Pos, 1 {x0.12) (x 0.49) {x0.21) (£ 0.31) (£ 1.03) (x1.02)
2.93 §.49 {.12 4.26 4,32 3.93
Pos, 2 (x 0. 13) (£ 0.24) (+0.28) (+ a.39) (% 1.26) (£ 0.93)
.53 4. 24 3.83 3.83 2. 50 2.78
Pos. 3 (+ 0.18) (+ 0.21) (£ 0.22) (% 0.41) (2 0.%1) (x 1.086)
2.898 {.27 i.12 .73 5. 26 3. 286
Pos. 4 (£ 0. 24) (+6.20}) (% 0.54) (£ 0.75) (£ 0.54} (+ 0.89)
2.72 4. 26 3.89 {. 24 §.24 4. 55
Pos., § (x 0.12) (x0.31) (£ 0.22) (x0.42) (£ 1.09) (£ 1.05}
3. 07 5.40 . §5.13 g.33 g, 21 7.09
Pos. 6 (x 0.21) (9,27} (£ 0.32) (£ 0.88) {%1.682) (£ 1.53)
3.24 5.42 {.56 5. 60 3.3 5. 89
Pos, 7 (£ 0.0%) (£ 0.26) (+0.32) (£ 0.50) (x b.39} (& 1.12)
2.73 4. 45 {.22 5. 04 {. 08 6. 62
Pos, 8 (x 0.131) (x 0.20) (+ 0.18) (+ 0.42) i 3.58) it 1.156)
0.791 1.18 1.04 . 1.14 0,826 0.766
Pos. § [+ &.096) (£ 0.04T) (£ 0.0813) (£ 6.056) (x6.071) (£ 0.371%)
0.379 0.579 0.418 G.519 0.436 6.471
Pos. 10 (£ 0.027) (i 0.026) (£ 0.016) (£ 0.028} { 0.039) (% 0.10¢4)
0.180 0.301 0,330 0.280 (. 256 0.205
Pos. 11 (x0.01¢2) (£ 0.014) (x0.004) (x 6.016) (x G¢.023) (% 0.0201
0.101 0.156 0.154 3.143 0.135 0.116
Pos.12 (+ 0.0t3) {x 0.008) {+0.001) (£ 0.008) (£ 0.012) (£ 0.010)
G0, 0486 0.0724 0.0724 0.0717 0. 0561 0.0514
Pos. 13 (£ 0.0059) (£ 0.0045) (£ 0.096) {4+ 0.00419) (0 0061} (£ 0.0043)

The values in square blskets mean the effective atomic number of

LY
Experimental errcrs are presented in the parentheses,

_8__,
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3. Table 3.3 DT, WAL AOIEMERIC 5« P NOBINMEEER L, « A F5H
ELTRBLNIZEDTHD. —RITHFEEFNIC L BEEREIZPPu icid 22U OSSR A
6 BREBMAUCTHM L T AT, *"Np, **UDHIREHBEAEBENTAEE LB LTS,
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WEFAcEBHERE, P Pukidd 32 Np, “UOKARREOREB T L, #hFH20
%, 30ZDOBRFMEL-THED, *UOKASRILITH LTI 4 BOBPNFFHEEL - T b, Fig.
LR LU —IRTGERETFTATHE, 7 A MREOHMERE LTI A =9 4 BOZ T 28ES HO
HEEBLTHNBHBHTRARI PAZEGHI LA b0 EBbd, L LAk s, Bichitd
HEICINSDOPHF AT P OFBOMAENS T~ FERACHMKELITEEISLZ1 0%
BETHON V2 RAEBOAITERELEZRICANNITERTEZIRKEZTH S,
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“TNp pigey (Tabled.5) &¥°Pu LEMOER TH 45, TEBEELEEHE, B FrofEic |
L BT EEEDOERGT P PuDBES LD/ hE v, BABEORBLSMICDOTRE, —KREAEE 71
W AHEEEAEEE AL L, CNiEFig 32 EFig 33 toEALB LML HC, —IK
JLETWEZRKIGE TNV ETHRIBOERBNLASBEL YD, BEROUBLERE L I-HTH S, BT
MOES LER, FEBEEIMEEEOLC /EfE (Fig.3.5) 3 F 74— fHERASHTHLIRT
ELOIGHOELE & B0, BT I Yy FEITO96~0.56 (P*Pul) 202094 ~0790
(#Np) EL/N&{ B, 2 Np DFLHTHC/ EEOEDLOET (0.97~1.03) FHElEMI
o U CEEBES BN OBMB A ER LG - icdv EBbh 5,

LIk, MOHFOHEBIAEE:OHESH 2 OVEHEEF vOBECLATEBRNOLE LS L
T, RIGEF VLA BEEOESEARIT L TE, —RICHERER 77 v » FMBICTRER
2/ NG LTk D, BAEEoHEMZSD A BEFEORFNPMETE L. L Lo, SHO
L GG E T L BETREE TR E VO EEERC—ECER U TE YD, AV 7 INE O R O
THOPRTROTLRE LTBERTHE LA B,
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LT, FEFLBOZEED/NS NP Np OBSEIIGEELZHWE L & L,
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Table 3.1 Neutron energy group structure

LOWER
.4550E+07
.2B4OE+Q7
L1331E+07
1.0000E+07
8.8250E+06
7.7880E+06
6.8727E+06
6.0653E+06
5.3526E+06
4.7237E+06
4.16B6E+06
3.6788E+06
3.2465E+06
2.8650E+06
2.528B4E+06
2.2313E+06
1.9691E+06
1.7377E+06
1.5335E+06
1.3534E+06
1.1943E406
1.0540E+06
9.3014E+05
8.2085E+05
7.244L0DE+05
6.3928E+05
5.6416E+05
4L_.97B7E+0S
4.3937E+05
3.8774E+05
3.4218E+05
3.0197E+05
2.664L9E+05
2.3518E+05
2.0754E+05
1.8316E+05
1.6163E+405
1.6264LE+05
1.2588E+05
1.1109E+05
9.8037E+04
8.6517E+04
7.6351E404
6.7379E+04
5.9462E+04
S.247SE+04
4_.6309E+04
4.0B68E+04
3.6066E404
3.1828E+04

[ Y

NEUTRON ENERGY GROUP ¢

UPPER
1.6487E+07
1.4550E+07
1.2840E+07
1.1331E407
1.0000E+07
B.B2S0E+06
7.7880E+06
6.8729E+06
6.0653E+06
5.3526E+06
4.7237E+06
4.16B6E+06
3.478BBE+06
3.2445E+06
2.8650E+06
2.S528B4E+06
2.2313E+06
1.9691E+06
1.7377E+06
1.5335E+06
1.3534LE406
1.1943E+06
1.0540E+06
9.3014E+05
B.2085E+05
7.2440E+05
6.3928E+05
5.6416E+05S
4L.97B7E+05
4 .3937E+05
3.8774E+05
3.4218BE+0S
3.0197E+0S
2.6649E+05
2.3518BE+0S
2.0754E+05
1.8B316E+05
1.6163E+05
1.4264LE+05
1.258BE+05
1.1109E+05
9.8037E+04
B.6517E+04
7.6351E404
6.7379E+04
5.9462E+04
5.2475E+04
4L .6309E+04
4.08B6BE+04
3.6066E+04

EV ) (

NO.
51
52
53
5¢
55
56
57
58

59

60
61
62
63
64
65

66

67
68
69
70
71
72
73
74
75
76
77
78
79
BO
81
82
B3
84
85
86
BY
88
89
90
91
92
93
F4
?5
g6
97
98
99
100

1

- 100 GROUPS )

LOWER
2.8088E+04
2.478BE+04
2.18B75E+04
1.9305E+404
1.7036E+04
1.5034E+04
1,1709E+04
9.1188E+03
7.1017E+03
5.5308BE+03
4 . 3074E+03
3.3546E+03
2.6126E+03
2.0347E+03
1.5846E+03
1.2341E+03
92.6112E+02
7.4852E+02
5.8B295E+02
4.5400E+02
3.5357E+02
2.7536E402
2.1445E+02
1.6702E+02
1.3007E+02
1.0130E+02
7.88B93E+01
6.1442E+01
4.7851E401
3.7267E+01
2.9023E401
2.2603E+01
1.7603E+01
1.3710E+401
1.0677E+01
8.3153E+00
6.4760E+00
5.0435E+00
3.9279E+00
3.0590E+00
2.3824E+00
1.8554E+00
1.4450E+C0
1.1254E+400
8.7642E-01
6.8256E-01
5.3158E-01
4.1399E-01
1.5183E-01

 3.523BE-04

UPPER
3.1828E+04
2.808BE+04
2.478BE+04
2.1875E+04
1.9305E6+04
1.7036E+04
1.5034E+04
1.1709E+04
9.1188E+03
7.1017E+03
S.5308E+03
4.3074E+03
3.3546E403
2.6126E+03
2.0347E403
1.5846E+03
1.2341E403
9.6112E+02
7.4852E402
5.8295E+02
L.S4L00E+02
3.5357E402
2.7536E402
2.1445E402
1.6702E+02
1.3007E402
1.0130E+02
7.8893E401
6.1442E+01
4.7851E+01
3.7267E+01
2.9023E+01
2.2603E+01
1.7603E+01
1.3710E+01
1.0677E+01
8.3153E400
6.4760E+00
5.0435E+00
3.9279E+00
3.0590E+00
2.3824E+00
1.8554E+400
1.4450E+00
1.1254E+00
8.7642E-01
6.8256E-01
5.3158E-01
4.1399E~-01
1.5183E-01



Table 3.2 Gamma-ray energy group structure
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PHOTON ENERGY GROUP ( EV )
NO. LOWER ~ UPPER
1 1.2C00E+07 1.4000E+07
2 1.0000E+07 1.2000E£+4+07
3 8.0000E+06 1.0000E+07
[ &6.5000E+064 8.0000E+06
S S.0000E+06 6.5000E+06
5 4 ,0000E+06 5.0000E+06
7 3.0000E+06 4.0000E+06
8 2.5000E+06 3.0000E+06
9 2.0000E+06 2.5000E+06
10 1.6600E+06 2.0000E+06
11 1.3300E+06 1.6600E+06
12 1.0000E+06 1.3300E+0Q6
13 8.0000E+05 - 1.0000E+06
14 6.0000E+05 8.0000E+05
15 4L . 0000E+0S 6 .0000E+05
16 2.0000E+0S5 4 .0000E+05
17 2.0000E+05 3.0000E+05
18 1.0000E+05 2.0000E+05
19 5.0000E+04 1.0000E+05
20 2.0000E+404 5.0000E+0Q4
Table 3.3 Central fission rate ratios at FCA
Assembly X1-—1
Measurement Calculation
i lat O Dim Two Dim
One Dim Plate ae Cvlinder Cylinder
ANISN—JR ANISN—JR TWOTRAN
S8-P3 S8-P3 S4—-P0
BINp,/?**Pu 01547 +47% 0.1862 0.1594 0.1542
BE(J %P 0.01894+3.2% 002455 002010 0.02099
2y 2Py 1.125 +2.8% 1.086 1.111 1.132
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rate distributions*

Table 3.4 Calculated axial fission
for ®*Pu and C/E walues
Region Position)bk One Dimensional é(aﬂi?k Two Dimensional ﬂ(?;;lk*
by ANISN-]JR by TOWTRAN
(em) ) C/E C/E
2.54 1.0000 1.000 1.00090 1.000
508 0.9936 1.000 0.9935 0.999
7.62 0.9831 1004 0.9828 1.004
1016 0.9683 1001 0.9679 1.001
Core 1270 0.9496 1.600 0.9488 0.999
Test 1524 0.9268 1.002 0.9257 1.001
<Region> 17.78 0.9003 — 0.8987 —
2032 0.8700 0.999 0.8681 0.997
2286 0.8364 — 0.8339 —
2540 0.7993 0598 0.7965 0.994
2794 07593 — 0.7561 —
3048 07166 0683 0.7130 0998
33.02 0.6715 — 0.6675 —
3556 0.6245 0880 0.6200 0.973
3810 0.5762 — 0.5712 —
4064 0.5272 0.964 065216 0854
4318 0.4784 0.659 04717 0.945
4572 0.4365 0.941 04224 0810
4826 0.3955 0935 03737 0.883
Axial 5080 03478 0.908 03254 0.850
Blanket 5334 02891 0.885 02782 0823
5588 02496 0.855 02322 0.795
5842 0.1993 — 01872 —
6096 0.1486 6728 0.1429 0.7G0
6350 0.0970 — 0.0983 —
% Normalized at axial position of 254w from core center

*% Distance from core center

*k%**k Plane model ;

skokskk Cylinder mode

(S8~-P3) approximation

1

(54—P0) approximation
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Table 3.5 Calculated axial fission rate distributions
for #*'Np and CE values
Region Position>k>k One Dimensional Cab'll(_\*)k Two Dimensional ﬂéjik*
by ANISN—]JR by TWOTRAN

(em) C/E C/E
2.54 1.0000 1.000 1.00090 1.000
508 0.9936 1.009 0.9934 1009
762 0.9829 1.003 0.9825 1.003
10.16 0.6679. 1.009 09673 1.009

Core 1270 09489 1.000 09478 0.699

Test 15624 0.9256 1.003 0.9242 1.001

(Region) 1778 0.8985 — 0.8966 —
2032 0.8673 1.000 0.8649 0.998
2286 0.8322 — .8293 —
2540 0.7934 0999 0.7¢01 0.995
2794 0.7508 - 0.7473 —
3048 0.7045 1.001 0.7004 0.995
33.02 0.66546 — 06496 —
3556 06007 0.996 0.5953 0.987
3810 05427 — 0.5371 —
4064 0.4800 0.988 0.4740 0875
43.18 0.4101 0974 0.4032 0.958

— 45772 0.3270 0.970 0.3258 0.967
4826 02487 0871 0.2531 ¢9849

/Axial ) 5080 01928 ¢.950 0.1959 0.865

\Blanket 5334 01501 0921 01527 0937
5588 61161 0914 0.1187 0935
58.42 00885 — 0.0908 —
6096 00653 0.859 0.0673 0.886
6350 00400 — 0.0472 —

% Normalized at axial position of 254cm from core center
*% Distance from core center
sk Plane model : ($S8—P3) approximation
*kskckk Cylinder model ; (S4—P0) approximation



JAERI-M 84—-144

§
Table 3.6 Calculated radial fission rate distributions

for ®*Pu and C.E wvalue

ok e
Region Positicn One Dimensional Cal.
by ANISN—-JR
(em) C/E
0.00 1.0000C 1.000
552 1.0002 0.996
Core 11.04 0.9947 1.006
(Test
Region) 16,56 0.9808 1.601
2208 0.6588 1.002
2760 0.9185 0999
3312 0.8658 1.020
Core 38.64 0.7674 1014
(Drl er)
Region 4416 06156 0994
4968 0.4019 0954
5520 0.2339 0911
Radial
Blanket 60.72 0.1303 0.875
66.24 0.0668 0.798
7176 0.0256 | 0563

* Normalized at center of the core
*% Distance from core center

sksksk Cylinder model ; (S8—P3) approximation



*3*ck Cylinder model ;

JAERI—M 84—-144

Table 3.8 Central

(§8—-P3) approximation

Table 3.7 Calculated radial {fission rate distributions*
for " Np and C.E wvalue
Region POSitiO;Ik* One Dimensional C;kiﬂ_(*
by ANISN—-]JR
(em) C/E
0.00 1.0000 1.000
Core 5.52 09778 0.984
(Tesjn ) 11.04 1.0384 1.032
Region 1656 1.0191 0.976
2208 1.1025 0.989
27.60 1.1443 0.968
Core 33.12 1.3435 1.018
(Dri\.rer) 3864 1.2896 1.021
Region 4416 0.9742 1.010
4968 04763 0,935
_ 5520 .2105 0.897
g?j;ﬂi:}t 60.7 2 0.0939 0.855
6624 0.0408 0811
7176 00152 0.694
% Normalized at center of the core
%% Distance from core center

gamma—ray heating at FCA Assembly

XI—1 (10" Joule w ®, Monitor count)
. One Dim. One Dim. Plate
Monitor Measureme Plate Cylinder %)ylinder
22"Np fission 2.19+045 1.69 1.79 0.94
#9py fission 339069 316 2.86 110
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Fig.3.1 One dimensional plane model of FCA XI-1 assembly for
the calculation of the axial y-heating distribution
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Fig.3.2 One dimensiomal cylinder model of FCA XI-1 assembly for

the calculation of the radial y-heating distribution
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rable a.1.1  Proportionality between the TL signal and the dose

TLD read out

Dose
{R) Mg0Si10y4 Sro5i0y BapSi0y4
2.275 1. 297 0. 3422
2.212 1. 245 0.2835
5 2. 208 1.233 0. 3053
2.292 1.076 0. 3304
2.215 1.221

Av. 2.240° Av. 1,214 Av. 0. 3154
4.543 2. 436 0. 5390
4. 477 2. 507 0. 6839
10 4.528 2.513 0.5386
4. 477 2. 304 0.6740
4.692 2.192 0.6047
Av, 4.543 Av. 2.390 Av. 0.6080

9. BG5S 4.773 1. 307

9.199 4. 685 1.281
20 10.17 5.015 0. 9480
g, 411 4, 210 1.168

8.971 4. 839 1.249

Av. 9.463 Av. 4.704 Av. 1,191

24.51 12.29 3,239

22.29 11.71 2. 646

50 22.75 11. 39 3.144
22. 47 10. 45 2. 495

23.82 11.79 2. 586

Av. 23.11 Av. 11.583 Av. 2.822

46. 98 23. 41 5.923

49.85 26. 30 5.152

100 48. 89 25. 51 5.190
52.18 21.71 g. 391

51.47 20. 36 4,785

Av. 49. 87 Av. 23.46 Av. 5. 488
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Table A.1.2 Reading condition for

Sr.510, and Ba:5i10,

TLD Sr;310, Ba,51i0,
H.T. (sec) 60 60
MT (C) 500 450
ST (C) 20 20
ET (C) 420 370

H.T.:: Heating time

MT : Maximam temperature for heating TLD

ST : Starting temperature

ET . Ending temperature

for

for reading

reading
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