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s Experlments to assess the source geometry approximation
technlque were performed. based on the experimental plan to confirm
the_rel;abll;ty of a shielding safety evaluation code system and
data librariés. ‘The presant;experiments is to take the data by ..
which the ahalytical_progedu;es_can be confirmed on the approxima-
tion of the source geometry of spent fuel assemblies. For the
purposes, four kinds Qflexperiment were made using three spent fuel
assemblies of the PWR with different irradiation histories, that is
three experiments for each assembly and an experiment using al-
together those assemblies. The distributions of gamma-ray exposure
dose rate, 235U(n,f) and 232
measured around the fuel assemblies set in a spent fuel pond. The

Th{n,f) reaction rates to neutrons were

strong dependency of neutron intensity was found on the burn-up of
the fuel assemblies in the comparison with that of gamma rays. A
multiplication of neutrons was also recognized in the experiment

using three assemblies.

% Ship Research Institute
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This report gives the data of experimental conditions and
detector characteristics necessary for the analysis by a shielding

computor code as well as the detail of measured data.

Keywords : Shielding Experiment, PWR Spent Fuel Assemblies, Scurce

Geometry Approximation, Gamma-ray Dose, Fission Rate,

235 232

Radcon, U Fission Counter, Th Fission Counter
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232Th fission rate around the B-fuel assembly

Table 9
pos. pA counter guide tube
(cm) H I M
| i
0 0 (2.32+0.32)+01 (5.9121.76)+00 (2.53%0.34)+01

Table 10(1) 2321, fission rate around the C-fuel assembly

counter guide tube

pos. zZ
(cm) A B C E
6 180 (5.61+4.06})+00
3 120 ’(3.0310.30)+02
0 0 (3.42+0.09)+01 (B.48+1.06)+01 {1.192£0.19}+02 (3.73120.213Y+02
-3 =120 ) :
Table 10(2) continued
pos. Z counter guide tube
{cm) F G H I
6 180 .
3 120 (2.64+0.32)+02 (8.00x0.94)+01
0 0 {3.3610.18)+01 {1.19+0.14)+02 (3.61x0.15)+02 (1.14+0.12)+402
-3 -120 {4.24+0.24)+02 {(1.33£0.15)402
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Table 12 Comparisons of gamma-ray exposure dose rate among A, B,

and C fuel assemblies

Radcon
Exposure Dose. (R/hr)
Pos. 7 Fuel A B : C
No. (cm) b a b a b a
12 280 - - - - - -
11 260 1 4.5x10° - 4.8x10°  3.30x10%6.00x10°  2.85x10°
10 240 | 1.11x10%  4.65x10°| 1.44x10% 9.30 2.88x10°  1.85x10°
9 220 | 2.19 1.32%10% 1 6.36 4.14%10%15.07x10°  7.08
8 200 | 1.61x10° 9.39 7.25%10%  3.94x107|1.25x10°  6.20%10°
7 190 | 4.82 2.15x10°| 2.15x10° 9.07 3.24x10%  1.36%10°
6 180 | 7.47 3.07 3.26 1.28x10%(6.03 2.19
5 160 | 1.17x10°% 4.02 6.06 2.18 9.83 3. 54
4 140 | 1.94 6.28 9,79 3.50 1.61x10% 5,47
3 120 1 2.10 6.38 1.14x10%  4.00 1.90 6.51
2 80 | 2.32 6.72 1:19 4.16 2.03 6.73
1 3/4 70 | 2.01 4.85 1.07 3.23 - -
1 2/4 60 1 2.03 5.67 1.11 3.80 - -
1 1/4 50 | 2.17 6.37 1.17 4,12 - -
1 40 1 2.26 7.13 1.20 4.3 2.11 6.99
0 0]2.15 6.33 1.13 4.03 2.13 6.81
-1 -40 | 2.22 6.45 1.17 4.09 2.19 6.78
-1 2/4 | =60 | 2.39 6.73 1.16 4.01 - =
-1 3/4 | =70 |2.18 5,22 1.10 3.45 - -
-2 -80 | 2.34 6.41 1.17 3.91 2.21 6. 34
-2 1/2 | -100 | 2.35 7.17 1.13 4.10 - -
-3 -120 | 2.59 7.41 1.16 4.11 2.29 6.67
-3 1/2 [ =140 | 2.25 6.26 1.11 3,95 - -
-4 -160 | 1.43 3.80 7.83x10° 3,06 1.98 5.45
-5 -180 | 8.46x10% 2.11 4.70 1.93 1.25 3.135
-6 -200 | 2.40 4,01x10% | 1.21 6.95%x10% |4.36x10°  1.12
detector
position

7)) -
o,
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235U fission rate among A, B, and C

Table 13 Comparisons of
assemblies
U-235 Fission Counter

Reaction Rate {(barn/cm®*-sec})

Pos. z Fuel A B o
Ho. (cm) b a b a b a
3 oon 3.70x10% 2.10x10°
7 190
6 180 | 7.82x10%  3.73%10% | 1.37x10% 6.29x10% | 1.16x10° 5.16x10"
5 160
4 140
3 120 | 1.19x10% 5.42x10° | 4.14x10% 1.81x10° | 4.97x10° 1.98x10°
2 80
1 40
0 0 11.25%16% 5.21x10°% | 4.33x10% 1.93x10° | 6.05x10° 2.27x10°
-1 -40
-2 -80
-3 —120 |1.11x10% 5.31x10% | 4.07x10°% 1.77x10° 5.01%10° 2.13x10°
A -160
-5 -180
-6 -200 | 3.36x102 1.70x10% | 6.37x10% 3.29x10°

detector

W e position

Tuel ® b

7

Table 14 Multiplication effect to the gamma-ray exposure dose

rate due to assembling A, B, and C assemblies

Pos. Exposure Dose Rate (R/hr) Sum of Ratio (= a/B)
Ne.{ Z{cm) A B C ABC (o) AB,C(B) Average
1 120 | 5.88x102| 3.65%10%| 6.72x10%| 1.12x20* 1.10%10%| 1.022 | 0.9%%
0| 6.3C 3.60 7.71 1.18 1.19 0.988

-120 | 8.15 3.74 8.63 1.28 1.32 0.371
E 120 | 1.90%x10? - 1.89x10% 2.17x10%! 2.08x10%| 1.044 | 1.071

0 | 1.98 - 2.04 2.41 2.24 1.076

-120 | 2.35 - 2.20 2.67 2.44 1.094

C 120 | 3.77x10° - 6.31=x103| 7.28x10?%| 6.89x10%} 1.057
0 | 5.64 - 6.45 7.89 7.01 1.126 | 1.111

-120 | 6.24 - 6.27 7.93 6.89 1.151

H 120 - 1.16x10%| 1.91x10%} 3.09x10%! 3.07x10%] 1.006
0 - 1.11 2.21 3.24 3.32 0.976 | 0.980

-120 - 1.14 2.37 3.36 3.51 0.957

G 120 - 1.95%103] 6.82x10%| 1.13x10%| 1.08%x10%| 1.046
0 - 3.78 6.90 1.10 1.07 1.028 | 1.044

—120 - 3.81 6.44 1.09 1.03 1.058
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Table 15 Multiplication effect to the
assembling A, B, and C fuel assemblies

U fission rate due to

- 235 . -
Pos. Reaction Rate (°7°0) Seum of Ratio (a/B)
No.| Z(em) A B C ABC (o) A,B,C(8) Average
I 120 | 4.86x10% | 1.64x10°% 131.76>10% | 2.35%x10% | 1.92x10% | 1.221 | 1.309
0| 5.59 1.73 2.14 3.08 2.31 1.332
-120 | 6.04 1 88 2 38 3.49 2.54 1.375
E 120 ] 1.13x10% - 4.75x10°% | 5.40x10°% ) 4.76%10°% ] 1.134 | 1.137
0 1.21 - 5.87 6.74 5.88 1.146
-120 | 1.29 - 5.98 6.78 5.99 10131
c 120 | 5.62x10° - 1.78x10% | 2,00x10% | 1.79x10% [ 1.074 | 1.110
0| 5.5 - 2.12 2.49 2.13 1.087
-120 | 5.22 - 2.10 2.32 2.11 1.169
H 120 - 4.33%10° {5.18x10% ! 6.03x10°% | 5.61x105 [1.118 | 1.129
0 - &.35 6.22 7.24 6.66 1.169
-120 - 4.08 6.04 7.11 6.08 1.100
G 120 - 1.94%10° |2.23x10% | 2.63 2.42x10%| 1.085 | 1.092
0 - 1.97 2.46 2.90 2.66 1.091
-120 - 1.62 2,11 2.50 2.27 1.100
232

Table 16 Multiplication effect to the
assembling A, B, and C_fuel assemblies

Pos. Reaction Rate (2*2Th) . ]
Sum of Ratio
No. | Z(cm) B c ABC (o) B,C(B) | (= afB)
1 0 5.91x10° | 1.14x10% 1 1.42%10% | 1.20%10% | 1.1B4
H 0 2.32x10% | 3.61%102 | 5.30x102 | 3.84x10% | 1.119

_30__

Th fission rate due to
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Fig.2 The positions of A, B, and C fuel assemblies in the fuel

stand and the postions of counter guide tubes
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Fig.5 Model 500-6A Radcon dosimeter and the measuring system
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Fig.6 Calibration curve of the 500-6A type Radcon dosimeter for

a Frike dosimeter
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Fig.8 Comparison of the energy spectra emitted from cf and

spent fuel calculated by the ORIGENZ2 code, and the energy
dependence of 232Th(n,f) reaction rate weighted by the

252Cf neutron spectrum
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Photo.l The fuel assembly stand for the present experiment

Photo.2

The water proofed type counter housing for a 500-6A type

232

Radcon dosimeter and 235U and Th fission counters



