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Analysis of Domestic and Overseas Radioactive Waste Maritime Transportation and
Dose Assessment for the Public by Sinking Accident

Ga Eun Oh', Min Woo Kwak', Hyeok Jae Kim', and Kwang Pyo Kim"*
'Department of Nuclear Engineering, Kyung Hee University, 1732 Deokyoungdae-ro, Giheung-gu, Yongin-si, Gyeonggi-do 17104, Republic of Korea

ABSTRACT Demand for RW transportation is expected to increase due to the continuous generation of RW from
nuclear power plants and facilities, decommissioning of plants, and saturation of spent fuel temporary storage facil-
ities. The locational aspect of plants and radiation protection optimization for the public have led to an increasing
demand for maritime transportation, necessitating to apprehend the overseas and domestic current status. Given the
potential long-term radiological impact on the public in the event of a sinking accident, a pre-transportation exposure
assessment is necessary. The objective of this study is to investigate the overseas and domestic RW maritime trans-
portation current status and overseas dose assessment cases for the public in sinking accident. Selected countries,
including Japan, UK, Sweden, and Korea, were examined for transport cases, Japan and the U.S were chosen for dose
assessment case in sinking accidents. As a result of the maritime transportation case analysis, it was performed be-
tween nuclear power plants and reprocessing facilities, from plants to disposal or intermediate storage facilities. HLW
and MOX fuel were transported using INF 3 shipments, and all transports were performed low speed of 13 kn or less.
As a result of the dose assessment for the public in sinking accident, japan conducted an assessment for the sinking of
spent fuel and vitrified HLW, and the U.S conducted for the sinking of spent fuel. Both countries considered external
exposure through swimming and working at seashore, and internal exposure through seafood ingestion as exposure
pathway. Additionally, Japan considered external exposure through working on board and fishing, and the U.S con-
sidered internal exposure through spray inhalation and desalinized water and salt ingestion. Internal exposure through
seafood ingestion had the largest dose contribution. The average public exposure dose was 20 years after the sinking,
0.04 mSv yr~' for spent fuel and 5 years after the sinking, 0.03 mSv yr' for vitrified HLW in Japan. In the U.S, it was
1.81 mSv yr' 5 years after the sinking of spent fuel. The results of this study will be used as fundamental data for
maritime transportation of domestic RW in the future.
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Assumption of the accident condition

¥

Calculation of the concentration of nuclides in the ocean

Set and consider
the ocean model

Calculate the release rate
for nuclide to the ocean

¥

Set the exposure pathway

External exposure Internal exposure

Assessment of exposure dose for the public

Fig. 1. Dose assessment process by nuclides ocean diffusion by
sinking accident
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Fig. 2. Ocean grid model of CRIEPI (Japan)
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Fig. 3. 19 compartments ocean model of SNL (U.S)
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Table 1. Specification of radioactive waste transportation shipment
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Shipment Content INF code Length (m) Width (m)  Deadweight (ton)
Rokueimaru SF, HLW, LILW 3 100 16 2810
NFT co. (Japan) Kaieimaru SF, HLW, LILW 3 100 16.5 2795
Seieimaru LLW - 100 16.5 3018
Pacific Heron MOX fuel 3 104 17 4916
PNTL co. (UK) Pacific Egret MOX fuel 3 104 17 4408
Pacific Grebe HLW 3 104 17 4902
SKB co. (Sweden)  M/S Sigrid SF, LILW 3 100 19 1600
KORAD (Korea) HJ Cheongjoengnuri LILW - 79 16 1365

LLW: Low level radioactive waste, LILW: Low and Intermediate level radioactive waste

HLW: High level radioactive waste, SF: Spent fuel

Vol. 18, No. 1 (2024)
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Table 2. Specification of radioactive waste transportation package

Package Content Package mass (t) Packaging mass (t) Length (m) Diameter (m)
NFT-38B 119 103 6.4 2.6
NFT-32B 106 92 6.4 2.4
BWR SF assemblies
NFT-22B 97 88 6.3 2.6
NFT-12B 73 68 6.4 2.3
NFT co. NET-14P PWR SF ol 115 101 6.3 2.6
assemblies
(Japan) NFT-10P 83 75 6.2 2.6
HZ-75T PWR or BWR SF 82 74 5.9 23
assemblies
. ) Length (m): 3.2
IP-2 LLW 200 L drums 9 1 Height (m): 1.1 Width (m): 1.6
PNTL co. TN 28 VT HLW 112 95 6.6 2.5
(UK) TN 12/2 MOX fuels 110 101 6.2 2.5
TN 17Max PWR or BWR SF 82 75 6.8 2.15
assemblies
. ) Length (m): 7.2
ATB 12K 120 69 Height (m): 4.1 Width (m): 3.3
. Length (m): 7.2
ATB 3T 120 58 Height (m): 4.4 .
SKB co. LILW concrete ght (m) Width (m): 3.7
(Sweden) modules ) Length (m): 4.2
ATB 1T 113 62 Height (m): 2.9 Width (m): 2.3
. ) Length (m): 3.0
ISO 1D 10 1 Height (m): 2.6 Width (m): 2.4
LW Length (m): 6.1
. ) ength (m): 6.
ISO 1CC 31 2 Height (m): 2.6 Width (m): 2.4
KORAD LILW 200 L or . ) Length (m): 3.4
(Korea) 1P-2 320 L drums 63 31 Height (m): 1.2 g th (m): 1.6
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Table 3. Summary and comparison of Japanese and the U.S studies

Japan

The U.S

Accident location 200 m deep continental shelf

7 km from Shimokita Peninsula

Grand Banks in the Labrador Ocean

Radioactive Waste Type PWR Spent Fuel, Vitrified HLW PWR Spent Fuel
Activity (Bq) f&égﬁg: o 1.29x10"
Ocean Grid model ?;?) S;gj;lgg;ifﬂiiiv(js:)d by distance ?ng (;::tailtrilofsi;i divided by current
Release rate (Bq/yr) SF: after 20 yr, 2.8x10" ggﬁ é i:ggiz jgi ig:i Eiz z ig;r

HLW: after 5 yr, 2.3x10"

Con. 3: Average 4.3x10" for T =100 yr

External exposure

Working at Seashore, Swimming, Working on

Working at Seashore, Swimming

Exposure Board, Fishing
pathway Internal exposure  Ingestion of Seafood Ingestion of Seafood, Ingestion of Desalinized
P & Water, Ingestion of Sea Salt, Inhalation of Spray
Highest dose SE: after 20 yr, 0.04 mSv/yr After 5 yr, 1.81 mSv/yr

HLW: after 5 yr, 0.03 mSv/yr

I E 5| Po} TAsto] LukS 35T}
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_\-1':1‘

AR} o= BE FEHOZ 459 oteEo] 23t 9|5 ]
3} S HE Aol g YR ES vEH R R sl
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ol B8 F9 W S, G A3 ofg hRTES FAbg0
2 sl AFE7E 23 F AR 25F sjdlE ARl o
i el 4 Aol A1 2 ASR dehi g
=5 2051 -.401] 0.04 mSv yr', 42|38}
% 519 T o) 0.03 mSv yr'
o1} ol L}E}wowa uo] 49, A2 5
el 1.8 mSv yr ‘i outol o mj & AMeko] Lelgdt)
B Q79 A3 AR g AR g HBA
H AP HE S AT AR 7 S gtefsh= bl

o= v

28 4 U2 Aolck TIPS Ay
o2 B,

2 ATE ARSI aso) Ao R dEuehaA T
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(RS-2021-KN059910).
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