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Abstract - If the continuous common decontamination system of radioactive spent resin designed
by Huvis Water Co., Ltd is actually operated, the radioactive spent resin with the considerably-
high radioactivity level would be handled, so that the radiation shielding is essential to the treatment
facilities, and its performance should be secured as well. When designing the shielding or calculating
the thickness of shielding wall, the dose at the point of interest should be calculated by assuming the
case without the shielding material, and then the shielding material and the thickness of shielding
are decided. In the treatment facilities, the treatment system as a source term is divided into three
processes, and out of them, from the SKID 1 with “Co and "'Cs as source term to the work zone
were set up as the point of interest. For the calculation of dose rate, the point kennel method was
used. In accordance with the shielding design standard, the shielding material and its thickness were
decided, so that the dose rate at the point of interest after shielding could be less than 1 mSv - week .
Regarding the shielding materials, the concrete, steel, and lead that would be generally used the
most in reality, were decided. The thicknesses of shielding meeting the standard value at all the
points of interest were like 30 cm for concrete, and 3 cm for lead. Considering the optimization of
radiation protection, it should be set up as the above values or up. The shielding material and its
thickness should be selected by considering the economic feasibility and many efficiencies.
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2 A/Eragol o] & 7]& (Yang et al. 2006; Choi et al. 2014;
ZES A 2012), 2YASLAS M2 714 (Kim et al.
2009), 223} o] (Sung 2015), H=ol EA5H= YA HZF
A A714 (Son et al. 2019), E L= AE=Y HAAH &
I g3tste] nE9] AT ES Eole 7ol ARt
=17 9Jth(Kessel and Kim 2016; Kamaruzaman et al. 2018).
S, 99 U £ WA ddola 2y A WA F
2 dFog YA 9 AEQE F4E AHESA F4
Z} ZAto] Qs AAE CHY ¥ TMgAFR HlS gL,
B3 AEA Y4A AT, VA AE, ddw &4 —011
olg MC HFo] WAL TH Moir e al. 1994). TabA] Z
A Y oF AFozrE ¥yE w42 Yol MC Q%OI
oheF RG] §lom (Yang er al. 2006), @A 47]7} 7155
A e =W F4E 98 A HEA ARl oF 10~
20ci-m™ FE2] Co] FFHo| A Aoz IHTHAY
EAAUE 2018).

olFR A F FRoA TAE A HEAE e
Tt A& ARG Fob 71E Ao A7t 2

Asto] W% W YAAGIS] B, o3 B
S PAAEAL AR AP B BRI 2estn B
7] ARl e o L S, was 29 U A
AR o] AL 2V ATUFESH 2012).

Table 1. Annual production of spent resins based on the Final Safety
Analysis Report (FSAR)

Nuclear power Plant Volume (L-yr™")

Shin Kori 3&4 71,360

Shin Wolsong 1&2 44,500

Yonngwang 5&6 55,640

Ulchin 5&6 55,640
SKID 1

\

Radioactive spent resin,  Radioactive spent resin,
150L (75%)

crud 160L (80%)

Resin Mixture

(active
carbon/zeolite/radioactive
spent resin, crud) B —
200L (100%)

80Co : 37 MBq

137Cs : 1850 MBq

14C : 5550 MBq

Active carbon/zeolite Radioactive crud
40L (20%) 10L (5%)
137Cs : 1200 MBq 60Co : 37 MBq

137Cs : 650 MBq

Cation resin
75L (37.5%)
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Table 2. Design criteria of shielding materials

Type Criterion

Places where people always access

. s 1 mSv - week !
the inside of use facilities, etc.

Areas in which people live

i 0.1 mSv-week ™'
near the boundary of use facilities, etc. mov-wee

Table 3. Nuclide of radioactive spent resin

Nuclides Radioactivity (MBq)*
“Co 37
e 1850
“c 5550

*The actually measured values of radioactive spent resin at Wolsong Nuclear
Power Plant.

SKID 2 SKID 3
| |
Aionic resin 4CO, gas
75L (37.5%) 13.4L (37.5%)

Ca(OH)2 33.6g
19.4 L Need solution

Aionic resin
75L (37.5%)

Ca'¥CO4(s) 60g
14C : 5550 MBq

Fig. 1. Process diagram of radioactive spent resin and its mass balance.
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Table 4. Distance to Shielding point-of-interest

Distance to each SKID (mm)

Point-of-interest
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B: Buildup factor
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r: A A T (cm)
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Fig. 2. Decontamination system point-of-interest setup.
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Table 5. Dose rate at point-of-interest

Dose rate (mSv - week ")

5.09
1.37
746
03

Point-of-interest

CISICXS)

Table 6. Half value layer and linear attenuation coefficient by shield-
ing material*

Concrete Iron Lead

Ucon HVL Miron HVL HUpy
(em) (em™) (m) (m) (m) (ecm™)

OCo 62 0.11 2.1 0.33 12 058
3¢ 4.8 0.14 1.6 0.43 0.65 1.06

*NCRP Report 49. 1997. Structural Shielding and Evaluation for Medical
Use of X-Rays and Gamma-Rays up to 10 MeV.

Nuclides HVL

Table 7. Build up factor (B) for concrete

B factor
Thickness (cm) ut
1173 keV 1332keV
60,
Co 10 1.1 207 203
20 2.2 341 33
30 33 5.00 4.79
B factor
Thickness (cm) ut
662 keV
137
Cs 10 14 281
20 2.8 5.36
30 4.2 8.70

FAE AAsoF 3tk TR @ 7IEA R WS ol
B2 A QJAIZ T

AP A4 u= B7FE(HVL : Half Value Layer)2] %4
ojlmz Al ¥ EFERE 7 4= Ut (Table 6).
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Table 8. Dose rate at points of interest according to the thickness
of the concrete

Dose rate at the point of interest

Thickness (mSv-week )
(cm)
@ ©) ®
10 353 0.94 5.17
20 1.67 045 2.46
30 0.68 0.19 1.00

Table 9. Build up factor (B) for lead

B factor
Thickness (cm) ut
1173 keV 1332keV
60,
Co 1 0.58 123 124
2 1.16 143 144
3 1.74 1.61 1.62
B factor
Thickness (cm)
662keV
137
Cs 1 1.06 130
2.12 141
3 3.18 1.72

Table 10. Dose rate at points of interest according to the thickness
of the lead

Dose rate at the point of interest

Thickness (mSv - week ")
(cm)
@ @ ®
1 2.38 0.64 349
2 0.96 0.26 141
3 0.44 0.12 0.65
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