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Abstract—Epoxy resin-type neutron shielding materials, KNS(Kaeri Neutron Shield)-101, KNS-102,
and KNS-103 have been fabricated to be used in spent fuel shipping cask. The base material is epoxy
resin, and polypropylene, aluminium hydroxide, and boron carbide are added. These shielding materials
offer good fluidity at processing, which makes it possible to apply this resin shield to complicated
geometric shapes such as shipping cask. The shielding property of these shielding materials for shipping
cask for loading 28 PWR spent fuel assemblies has been evaluated.

ANISN code is used to evaluate the shielding property of the shipping cask with the thickness
of the three neutron shielding materials greater than 10 cm. As a result of analysis, the maximum
calculated dose rate at the radial surface of the cask is determined to be 300 uSv/h and the maximum
calculated dose rate at 100 cm from the cask is 97 uSv/h. These dose rates remain within allowable
values specified in related regulations.
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Table 1. Composition of shielding materials
Shielding Composition(wt.% )
material | Resin | Hardener |AI(OH);| B,C |Polypropylene
KNS-101 | 275 105 59.0 30 -
KNS-102 | 275 105 57.0 20 30
KNS-103 | 275 105 57.0 30 290
Hardener Resin Additives
- J
\
Pre-mixing [ Defoamer
Vac. Mixing
A
Casting
/
Curing
Y
Analysis
Fig. 1. Flow chart of specimen preparation.
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Table 2. Gamma-ray spectrum based on 28 PWR
assemblies(Burnup : 50,000
MWD/MTU, cooling time : 10 year)
Photon Spectrum(photons/sec)

Adtivation P. HM
999 E+11 (960 E+14*
230 E+11 |259 E+13

spent fuel

Energy

MeV) | Totd
0015 | 377 E+16|367 E+16
00%5 |801 E+15|798 E+15
0087 (980 E+15|979 E+15| 122 E+11 {497 E+12
0675/ | 747 E+15|709 E+15| 110 E+11 |37 E+14
0085 | 447 E+15|445 E+15| 476 E+10 |158 E+13
015 | 447 B+15|434 E+15| 373 E+10 | 131 E+13
025 | 368 B+15(368 E+15| 143 E+10 | 103 E+12
0375 |17 B+15|173 E+15| 408 E+10 |69 E+11
0575 | 650 B+15|650 E+16| 514 E+10 |217 E+10
085 |613 E+15/613 E+15| 290 R+10 [254 E+10
125 |23 E+15|2% E+15| 353 E+13 |991 E+09

G
o Fission P.

W o ~1 O Ut e W N

= B

12 175 | 700 E+13|700 E+13| 714 E+08 |321 E+09
13 225 123 E+12|123 Et12 129 E+(9
4 | 275 |77 E+09{77 E+12 912 E+09
15 35 100 E+09|100 E+09

16 50

17 70

18 10

Total(p/s) | 150 E+17 | 149 E+17| 369 E+13 | 141 E+15

% Read as 9.60X 10"
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Table 3. Neutron source spectrum based on 28
PWR fuel assemblies according to DLC-
23 cask library
(Burnup : 50,000 MWD/MTU,

time . 10 year)

cooling

L 228 2% 19974

Upper energy | Normalized Spectrum
Gmgp (MeV) spectrum | (neutrons/sec)
10 0235 E+01 | 1156 E+01 | 8019 E+08
1 0183 E+01 | 2089 E+01 | 1449 E+09
12 0111 E+01 | 1920 E+01 | 1332 E+(9
13 55 E+01 | 1327 E+01 | 9205 E+(8
14 11 E+01 135 E+02 | 9364 E+07
15 33 E+03 00 -
16 583 E+04 00 -
17 101 E+(4 00 -
18 290 E+05 00 -
19 101 E+0 00 -
20 306 E+06 00 -
21 112 E+06 00 -
22 414 E+07 00 -
Total 1.0000 69366 E+09

Normalized

Upper energy
(MeV)

spectrum

Spectrum
(neutrons/sec)

Q
QMQmmAwmwé
)

1492 E+01
122 E+01
100 E+01
0818 E+01
0636 E+01
049% E+01
0406 E+01
0310 E+01
0246 E+01

04653 E+03
01883 E+02
05756 E+02
1924 E+02
4000 E+02
5174 E+02
104 E+02
8804 E+02
2088 E+02

3228 E+06
1306 E+07
3993 E+07
1335 E+08
2775 E+08
3589 E+08
7589 E+08
6107 E+08
1448 E+08
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Table 4. The dose rate comparison according to
energy transfer method

(unit : uSv/h)

Energy spectrum | DLC-23/CASK | Same area | Same photon num-
dose rate lib. benchmark | method |ber in same energy
width method
At 100 om
107 207 121
from the cask
surface
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Fig. 2. ANISN calculation model

Table 5. Atomic number densities of shielding ma-
terials
Shielding | Atomic number density(>X10? atoms/cm®)
material | H B C O} A | N
KNS-101 | 602 | 022 | 225 | 279 | 077 | 009
KNS102 { 615 | 014 | 236 | 261 | 072 | 009
KNS103 | 612 | 022 | 235 | 266 | 073 | 009
NS4-FR
L16]

602 - 233 {271 | 081 ) 015

4. da} A ¥

220718 A 452004 AW PARRE
HerzxE U H71EAA A 85-85 A 22
#[17], IAEA Safety Series No. 6 para.465[18]
gz wl2e) 10 CFR 71.47(191A A&AAHA
A% A% 2 F4E719 FHANA 2,000 uSv/h,
271g@o2HE 100 cm AzlelAl 100 pSv/hE
FRAsD ik AT Eo] 9E TYA(dry ca-
vity) 9] #43HE 7Hgste ALsgd ol#
AN Q7T E AEFYAR 28THES B
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Table 6. Dose rates at the cask surface with the

thickness of neutron shielding mate-

rials
(unit : pSv/h)
Thk

Shield 10cm | 11em | 12cm | 13cm | 14om | 15cm
KNS-101 208 | 249 | 212 | 182 | 157 | 140
KNS-102 300 | 251 | 215 | 183 | 160 | 146
KNS-103 209 | 252 | 216 | 184 | 162 | 142
KS4-FR 448 | 354 | 315 | 265 | 235 | 215

Table 7. Dose rates at 100 cm from the cask sur-
face with the thickness of neutron shiel-
ding materials

(unit : pSv/h)

Thk

10cm | 1lem 14cm | 15cm

Shield

KNS-101 9% | 8 | 69 52 | 48

KNS-103 97| 8| 72

60

KNS-102 ol 88| TM|62 |54 | 0
62
89

KS4FR | 143 | 116 | 103
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