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Measurements of Radiation Dose Rates on Board of the
Spent Fuel Shipping Vessel Loaded with Three Shipping Casks

By

Akio YAMAJI and Kohtaro UEKI
Abstract

Radiation dose rates were measured on board of the spent fuel shipping vessel HINOURA
MARU loaded with two HZ-75 casks and one NH-25 cask. The spent fuels contained in
these casks were BWR type. The burn up was about 19, 700 MWD/MTU, and the cooling
time was about 300 days.

Thermoluminescence dosimeters, an ionization chamber, and a neutron rem-counter
were used as the detectors, and 181 measuring points were selected in the holds and on
the hatch covers.

On the surface of the HZ-75 cask, the maximum gamma-ray dose rate was observed near
the head, especially on the side surface. It is considered that gamma-rays from the activated
cobalt-60 in the structure of a fuel assembly contribute to the dose rate. On the hatch
cover, the gamma ray dose rates of the port side were higher than those of the starboard
side. This indicates that the gamma rays in the port side were mainly due to the radi-
ations from the heads of the casks which were placed toward the port side in the hold.
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Table 1 Specification of “HINOURA MARU”

Length over all 78.25 m
Length between perpendicular 72 m
Molded breadth 12.20 m
Molded Depth (prer Deck) 5.85 m
Molded Depth (Erection Deck) 7.75 m
Draught 4.20 m
Gross Tonnage 1.289.95 T
NET Tonnage 509.07 T
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Fig. 1 Shield arrangement of the HINOURA MARU (vertical section)
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Dimensions in mm

Fig. 3 Vertical section of the HZ-75 shipping cask in No.3 hold

Photo. 1 HZ-75 shipping cask in No. 3 hold

Tank (REAIERZ v 2) OESEL.2m, g~y
FEME® Upper Shield Tank (FE¥ER% >~ 72) O
EXit1m, #£Alo Side Shield Tank (FEEER 2
v7) ODEIE60cmTH B, # v 7 BREIHEMm
O TH 2. WEN vFIRIES bem OR Y = F 1

VEEX 8mm OMIROMICED I EETH 2,
AETE, EIMATHZ-TBEEN2E, #2
BEK NH-25FEN 1 enfiB#ishi, cn
D DERER I, MEEER19, T00MWD/MTU, %
HIB G 3008 © BW R EETSE o BB AESIX
WMEINT03, cD5b, HZ-TBERICIR1EL.
DITROMENE, NH-25 B2ICiT 1 ROREMAD 2
NZENGRI N TS, Photo. 1 IcfimicEEixh
TeHZ-T5KE%NT, HZ-T5 RBEDHEE%: Fig. 3
KR L, BWRERTHE O FAERBEASI 7RI &
Nkl 2 HZ-T5 RBEOWEZ Fig. 4 1R
¥ NH-2BBE0EER Fig. 5 IKRT. CUDOH
ERBR2ORFHEPOES 7 v—2a KWL ET
T, ZDEWAELERME L, KEHicK L 5° OER
TEHFWEL BB L5 CHEHI NIz, CCT2HDH
Z-T5RED> b, REROBRZLZH Z-T58%E®D No.1
MEAOEBHZ-158ED No. 2 & 2hZNIES,

(311)



Dimensions in mm

Fig. 4 Horizontal center section of the HZ-75 shipping cask

loaded with BWR fuels (even level with the ground)
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Fig. 6 Configuration of the shipping casks on board
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Table 2-1 Measured Values on Board (1/6)

Measuring Distance Gamma Ray Dose Rate (mR/h)
Flame | from B.L.
Number (m) * TLD
Erection Plane 1 57.5 0 0.0118 #0.0087
Upper Surface of 2 53.5 -1.5 0.0373 0.0111
No.3 Hatch 3 61.5 -1.5 0.0413 +0.0116
' ‘ 4 53.5 0 0.0150 #0.0089
5 57.5 0 0.00962+0.00841
6 61.5 0 0.0167 $0.0091
7 53.5 1.5 0.0183 #0.0093
8 61.5 1.5 0.0167 £0.0091
Under Surface of 9 53.5 -3 0.198 +0.028
No.3 Hatch 10 55.5 -3 0.263 +0.0234
i1 57.5 -3 0.318 +0.039
12 59.5 -3 0.244 +0.031
13 61.5 -3 0.171 10.024
14 51.5 ~1.5 1.38 +0.15
15 53.5 -1.5 3.29 +0.34
16 57.5 ~-1.5 1.36 +0.15
17 61.5 -1.5 3.86 +0.40
18 63.5 -1.5 1.23 +0.13
19 51.5 0 0.428 +0.051
20 53.5 0 0.588 +0.067
21 55.5 0 0.576 #0.065
22 57.5 0 0.519 £0.059
23 59.5 0 0.661 +0.074
24 61.5 0 0.578 +0.065
25 63.5 0 0.348 +0.042
26 51.5 1.5 0.404 +0.048
27 53.5 1.5 0.440 +0.052
28 57.5 1.5 0.355 $0.042
29 61.5 1.5 0.387 +0.046
30 63.5 1.5 0.244 '10.031
31 53.5 3.0 0.143 £0.022
32 55.5 3.0 0.157 0.023
33 57.5 3.0 0.160 *0.023
34 59.5 3.0 Q.177 +0.025
35 61.5 3.0 0.139 10.022

* Positive; Starboard Side,

Negative; Port Side
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Table 2-2 Measured Values on Board (2/6)
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Port
Measuring | Gamma Ray Dose Rate (mR/h) T
Number TLD Ion Chamber r‘""‘"“1 lb T
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Table 2-3 Measured Values on Board (3/6)

Measuring | Measuring Gamma Ray Dose Rate (mR/h)] I;?Sx:ron
Number Position TLD Ion Chamber %;::m/h)

51 Bulkhead 0.90

52 Upper Cover 1.22 #0.13 1.3 0.18
53 Upper Cover . 4.1

54 @, B 12.0 0.45
55 é;, a 9.0 0.25
56 ®. o 19.5

57 ®. E 1.7

58 ®. F 6.0

59 @®., ¢ 0.75

60 ®. a 5.29 0.53 4.0

61 ®. ¢ 12.9 #1.3 0.33
62 ®., F 3.51 $0.36 2.8

63 ©., » 0.8400.092 0.74

64 ©., c 1.04 $0.11

65 ©., F 0.564:0.064 0.52

66 ©. H 0.656:0.073

67 @, a 0.822%0.090 0.75 0.13
68 @, c 1.11 £0.12 0.45
69 @, F 0.634%0.071 0.58 0.12
70 @. ¢ 0.32 <0.1
71 @, ® 0.705£0.079

72 ©. 2 1.01 $0.11 0.85

73 ®., ¢ 0.9740.105

74 ®. F 0.737%0.081 0.64

75 ®., H 0,764£0.083

76 ®, 2 0.635:0.071 0.54

77 ®, c 0.495:0.057

78 ®., F 0.419:0.050 0.43

79 Bottom Cover| 0.253:0.033 0.26 <0.1

Bulkhead

Upper Cover

Surface

Dimensions in m

Upper Deck

c SR

B//f’ Ny

z;//;5° \]i,.l,o“_g
A

H Fin Surface

——> Bow Bottom Cover

Surface



(818)

Measuring Measuring Gamma Ray Dose Rate (mR/h)
Number Position TLD Ion Chambe_i-

80 Bulkhead 0.75
81 Upper Cover 1.23 #0.13 1.5
82 Upper Cover 3.9
83 Upper Cover 0.50
84 ®. ¢ 4.0
85 ®. b 1.0
86 @, a 6.7
87 (), B 1.0
88 @, F 18.0
89 ®. ¢ 1.6
90 @, = 4.4
91 ®., 1 1.0
92 ®., a 4.07 $0.41 3.2
93 ®., E 9.27 $0.93

94 ®., u | | 2:88 20.29 2.2
95 .(©, a | 0.67920.075 0.63
96 ©., = 0.872£0.094

97 ©. = 0.699:0.077 0.61
98 ©., 3 0.634£0.071

99 , A 0.713£0.079 0.64
100 @, B 0.26
101 , E 1.01 20.11

102 @, = 0.595:0.068 0.66
103 @, s 0.621%0.070

104 . a 0.795:0.087 0.78
105 e, E 0.883£0.096

106 , H 0.7790.086 0.63
107 O 0.829+0.091

108 , A 0.477:0.056 0.47
109 EE%, E 0.398:0.047

110 @®. = 0.53420.061 0.45
111 Bottom Cover 0.25

0.327+0.040

Bulkhead

Upper Deck

82
0.3

&.

1 83

X

©

—3 Bow

Upper Cover

Surface

Table 2-4 Measured Values on Board (4/6)

Dimensions in m
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Table 2-5 Measured Values on Board (5/6)

Measuring Distance Distance Gamma Ray Dose Rate (mR/h)
Position Flame from B.L.] from Tank Top
Numbexr (m) 1 (m) TLD Ion Chamber
=
Surface and near the aft 112 50 -2.1 1.0 0.172 $0.024 0.19
shield tank in NO.3 Hold 113 50 -2.1 2.0 0.507 £0.058 0.50
114 50 -2.1 2.5 0.639 £0.071 0.72
115 50 -2.1 3.0 0.618 +0.069 0.71
116 50 -2.1 3.5 0.721 +0.080
117 50 -2.1 4.0 0.83
118 48 0 1.0 0.175 £0.024 0.15
119 48 0 2.0 0.214 10.029 0.20
120 48 0 2.5 0.215 £0.029 0.21 -
121 48 0 3.0 0.227 #0.030 0.23
122 48.65 0 4.0 0.30
123 50 2.1 1.0 0.102 0.017 0.10
124 50 2.1 2.0 0.182 +0.025 0.19
125 50 2.1 2.5 0.202 *0.028 0.19
126 50 2.1 3.0 0.237 £0.030 0.23
127 50 2.1 3.5 0.227 +0.030
128 50 2.1 4.0 0.23
Surface and near the 129 —68(2) 0 1.0 0.235 +0.030 0.26
bulkhead between No.2 and 130 -68 0 2,0 0.271 £0.034 0.30
No.3 Hold 131 ~68 0 2.5 0.49
132 68.75 0 2.5 0.35
133 ~-68 0 3.0 0.301 $0.038 0.35
Surface of the bulkhead 134 68 0 1.5 0.57
between No.2 and No.3 135 68 0 2.0 0.549 £0.062 0.57
Hold 136 3V | 68 0 2.0 0.54
137 68 0 2.5 0.57
Surface of aft shield
fank in engine room 182 ~48 0 2.5 0.00063+0.00699

Note; (1) positive; starboard side, negative; port side
(2) aft side of bulkhead

(3) only NH25 cask
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Table 2-6 Measured Values on Board (6/6)

Measuring

Number

Measuring

Gamma Ray Dose Rate (mR/h)

Neutron
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TLD

Dose Rate

Ion Chamber {mrem/h)

138
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143
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145
146
147%
148
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151+%
152
153*
154
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157%
158
159%
160
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166
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168
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Gamma Ray Dose Rate (mR/h)
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Fig. 14 Gamma ray dose rates on the upper surface of HZ-75 No. 1
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Fig. 17 Gamma ray dose rates on the vertical line of flame 57.5 on ship center
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