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A radiological safety assessment study was performed for the transportation of low level

radioactive wastes which are temporarily stored in Korea Atomic Energy Research Institute

(KAERI), Daejeon, Korea. We considered two kinds of wastes: (1) operation wastes gener-

ated from the routine operation of facilities; and (2) decommissioning wastes generated

from the decommissioning of a research reactor in KAERI. The important part of the

radiological safety assessment is related to the exposure dose assessment for the incident-

free (normal) transportation of wastes, i.e., the radiation exposure of transport personnel,

radiation workers for loading and unloading of radioactive waste drums, and the general

public. The effective doses were estimated based on the detailed information on the

transportation plan and on the radiological characteristics of waste packages. We also

estimated radiological risks and the effective doses for the general public resulting from

accidents such as an impact and a fire caused by the impact during the transportation.

According to the results, the effective doses for transport personnel, radiation workers, and

the general public are far below the regulatory limits. Therefore, we can secure safety from

the viewpoint of radiological safety for all situations during the transportation of radio-

active wastes which have been stored temporarily in KAERI.

Copyright © 2016, Published by Elsevier Korea LLC on behalf of Korean Nuclear Society. This

is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

The first-phase construction of a facility for the disposal of low

and intermediate level radioactive waste was completed by

the Korea Radioactive Waste Agency (KORAD) in 2014. The

disposal facility consists of six concrete silos with the capacity
ng).

sevier Korea LLC on beha
mons.org/licenses/by-nc
of 100,000 drums of radioactive wastes. The permanent

disposal of waste drums was started in 2015. Therefore,

KORADmade an implementation plan for themanagement of

low and intermediate level radioactive wastes [1] based on the

basic plan for the management of low and intermediate level

radioactive wastes [2] issued by the Ministry of Trade,
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Table 1 e A plan for the transportation of radioactive wastes in 2015.

Type Capacity (L drum) Amounts (drums) Schedule Transport mode

Decommissioning wastes 200 516 NoveDec 2015 Road transport

Operation wastes 200 284
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Industry, and Energy. According to the implementation plan,

the waste generator is responsible for the transportation of

wastes to the disposal facility, although KORAD can transport

wastes based on the mutual agreement between the waste

generator and KORAD. In addition, the wastes generated from

nonreactor nuclear facilities such as research laboratories,

medical facilities, research institutes such as Korea Atomic

Energy Research Institute (KAERI), Daejeon, Korea, industrial

facilities such as KEPCO Nuclear Fuel can be transported by

road using a truck with a trailer. Before starting the trans-

portation of wastes, a radiological safety assessment needs to

be conducted for safe transportation through predetermined

routes.

KAERI has ~20,000 drums of radioactive wastes based on

200-L drums which are stored temporarily in Daejeon and

Seoul in Korea. Some of them are operation wastes generated

from the routine operation of facilities in Daejeon (hereafter

operationwastes) and the others are decommissioningwastes

generated from the decommissioning of a research reactor in

Seoul (hereafter decommissioning wastes). All operation

wastes which were transported to the disposal facility in 2015

used high-efficiency particulate arrestance filters, but the

decommissioning wastes comprises soils, concretes, metals,

used filters, and noncombustible dry active wastes. According

to the long-term plan of the transportation of radioactive

wastes for the permanent disposal, 800 drums of radioactive

wastes per year will be transported to the disposal facility of

low and intermediate level radioactive wastes in Gyeongju

city, Taiwan. A plan for the transportation of radioactive

waste drums in 2015 [3] is summarized in Table 1. Themode of

transport is road transport using a trailer that has a load ca-

pacity of 50 drums. The number of trailers for the trans-

portation of wastes in 2015 was six for operation wastes and

11 for decommissioning wastes. According to the trans-

portation plan, 284 drums of operation wastes in Daejeon and

516 drums of decommissioning wastes in Seoul were trans-

ported to the disposal facility from November 2015 to

December in 2015.

Safety is the first priority according to the implementation

plan for the management of radioactive wastes, i.e., radioac-

tive wastes have to bemanaged by the government in order to

not impose undue risks to human health and environment

because they are managed over long periods. Therefore, we

have conducted a radiological safety assessment for the road

transport of low level radioactive wastes using RADTRAN code

developed by Sandia National Laboratories (Albuquerque, NM,

USA) [4, 5]. It is an internationally accepted program and code
Table 2 e Regulatory limits for exposure dose in Korea.

Radiation workers

Effective exposure dose rate 100 mSv for 5 yr & 50 mSv/yr
for calculating the risks of transporting radioactive materials.

RADTRAN code estimates consequences and risks associated

with routine, incident-free transportation of radioactive ma-

terials, and with accidents that might occur during

transportation.

The incident free (or normal) transportation is a trans-

portation during which no accident, packaging, or handling

abnormality or malevolent attack occurs. The transportation

“accidents” are incidents in which there is a death, injury, or

enough damage to an involved vehicle that it cannot move

under its own power; other events that interfere with routine

transportation are called “incidents.” In RADTRAN code, they

use the term “accident” for both accidents and incidents.

RADTRAN code is widely used for estimating radiological

safety during the transportation of radioactive wastes and

spent nuclear fuel in many countries [6e9].

We estimated exposure doses to transport personnel, ra-

diation workers for loading and unloading of radioactive

waste drums, and the general public for the case of normal

transportation of wastes. Also, we estimated radiological risks

and the effective doses for the general public resulting from

accidents such as an impact and a fire caused by the impact

accident during the transportation. We also checked the reg-

ulatory compliances by comparing the estimated exposure

doses with the regulatory limits which are summarized in

Table 2 [10].
2. Modelling and assumptions

We estimated exposure doses using RADTRAN code for

normal transportation and accidents such as impact and fire.

Exposure doses for normal transportation were calculated for

groups of workers such as transport personnel and workers

for loading and unloading of radioactive waste drums, and for

members of the public including people sharing a transport

link with the vehicle (on-link), people beside a transport link

that the vehicle traverses (off-link), and people in the vicinity

of the transporting vehicle while it is stopped (stop). Exposure

doses for accidents were calculated for the general public who

may be exposed to radioactive materials resulting from the

breach of radioactive waste drums due to an impact or fire.

We obtained radionuclide characteristics data such as

radionuclide inventory and external dose rate at one meter

from the waste package surface using a relevant nuclide

analyzer [11, 12]. The resulting radionuclide inventory data for
Transport personnel General public

12 mSv/yr 1 mSv/yr
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Table 3 e Radionuclide inventory in a waste drum.

Radionuclides Half life (d) Activity (Bq)

Operation wastes Decommissioning wastes

H-3 4.51 � 103 4.86 � 107 4.62 � 108

C-14 2.09 � 106 1.75 � 106 2.50 � 106

Cr-51 2.77 � 101 6.00 � 105 e

Mn-54 3.13 � 102 3.20 � 105 e

Fe-55 9.86 � 102 1.49 � 107 1.02 � 107

Co-57 2.71 � 102 5.80 � 104 e

Co-58 7.08 � 101 8.19 � 104 e

Co-60 1.92 � 103 3.45 � 106 3.62 � 107

Ni-59 2.74 � 107 3.10 � 106 4.20 � 106

Ni-63 3.50 � 104 1.43 � 107 4.21 � 107

Sr-90 1.06 � 104 3.10 � 106 1.36 � 106

Nb-94 7.41 � 106 3.10 � 106 e

Nb-95 3.52 � 101 6.94 � 105 e

Tc-99 7.77 � 107 3.10 � 106 e

Ag-110m 2.53 � 102 1.02 � 106 e

I-129 5.73 � 109 2.78 � 104 e

Cs-134 7.52 � 102 5.84 � 105 7.34 � 104

Cs-137 1.10 � 104 5.26 � 107 6.85 � 106

Eu-152 4.87 � 103 e 7.15 � 106

Eu-154 3.21 � 103 e 3.07 � 106

U-235 2.57 � 1011 9.44 � 106 e

Am-241 1.58 � 105 1.65 � 107 e

Total alpha (Pu-239) 8.78 � 106 1.08 � 107 3.21 � 105
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operation wastes and decommissioning wastes are summa-

rized in Table 3. We assumed Pu239 as a representative

radionuclide for total alpha to obtain conservative exposure

doses. The measured range of external dose rates at 1 m from

the waste package surface for operation wastes and decom-

missioning wastes are from 2.0 � 10�7 Sv/h to 1.3 � 10�6 Sv/h

and from 2.7 � 10�7 Sv/h to 9.5 � 10�5 Sv/h, respectively. We

used 1.3 � 10�6 Sv/h for operation wastes and 9.5 � 10�5 Sv/h

for decommissioning wastes as external dose rates at 1 m

from the waste package surface for conservatism.

The radioactive waste drums are transported by road using

a truck. We selected transportation routes for both decom-

missioning wastes and operation wastes based on the condi-

tion such as low population density, low accident rate,

exclusion of environmental protection area, and exclusion of

a road limiting hazardous materials because Korea does not

have any route selection standard. Because RADTRAN ana-

lyses are generally route specific, a route may be subdivided

into segments (link) with independent, analyst-assigned

values for population density and other route-specific pa-

rameters [13e15]. Many parameters can be segment specific,

and individual stops may be analyzed separately. Therefore,

we divided the transportation routes into 12 links, which are

summarized in Table 4 with relevant parameter values.

Decommissioning wastes were transported through entire

links, but operation wastes were transported through

DLINK_1 to DLINK_7.

The radioactive waste drums were transported by a truck

with a container whose schematic diagram and properties are

summarized in Fig. 1. According to a transportation plan of

radioactivewastes in KAERI in 2015 [3], 284 drums of operation

wastes and 516 drums of decommissioning wastes were

transported. The maximum capacity of waste drums in a
container are 50 drums, therefore, six containers for operation

wastes and 11 containers for decommissioning wastes are

necessary. A truck with a container is assumed to be operated

by two transport personnel. No shielding is assumed for

transport personnel.

We considered two kinds of handling of waste drums, i.e.,

loading and unloading of waste drums. The radiation workers

for loading and unloading of waste drumswere assumed to be

four personnel and the average distance of handlers from the

source was assumed to be 0.1 m and handling times were

assumed to be 4 hours. Also, we assumed no shielding for

handlers for conservatism.

The transport personnel were assumed to stop at an

expressway rest area for refueling and rest for one time for the

transportation of operation wastes and two times for the

transportation of decommissioning wastes. To estimate

exposure doses for people in the vicinity of the transporting

vehicle while it is stopped, we assumed 30 minutes for a stop

and 1 m and 70 m for minimum and maximum distance be-

tween the receptor and the radioactive cargo, respectively. For

conservatism, we assumed no shielding for transport

personnel and people in the vicinity of the transporting

vehicle at the rest area.
3. Results and discussion

3.1. Normal transportation

The results of exposure doses for the normal transportation of

operation wastes are summarized in Table 5. The exposure

groups considered in this study were transport personnel,
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Table 4 e Transportation route segments (link) and parameter values.

Link name Length (km) Population densitya

(persons/km2)
Accident rate (accidents/

veh-km)b
Road type Farm fractiona (%)

Impact Fire

SLINK_1 16.6 22,654 1.05$010�9 6.58$510�14 Primary highway 13.0

SLINK_2 48.7 6,906 1.50 0910�9 9.39$310�14 Primary highway 37.7

SLINK_3 30.9 328 3.81$810�9 2.39$310�13 Primary highway 29.1

SLINK_4 46.5 4,345 3.67$610�9 2.30$310�13 Primary highway 24.9

SLINK_5 22.9 4,345 1.79 9310�9 1.12$110�13 Primary highway 24.9

DLINK_1 32.5 3,024 6.90$910�10 4.32$310�14 Primary highway 15.0

DLINK_2 35.7 100 9.81$810�10 6.14 4810�14 Primary highway 11.4

DLINK_3 30.3 136 8.43$410�10 5.28$210�14 Primary highway 15.7

DLINK_4 32.4 686 1.76$710�9 1.10$110�13 Primary highway 19.4

DLINK_5 37.3 4,813 1.26$210�9 7.89$810�14 Primary highway 3.1

DLINK_6 45 614 1.60$610�9 1.00$010�13 Primary highway 24.2

DLINK_7 37 204 4.84$810�8 3.03$010�12 Secondary road 15.6

a Derived from 2013 urban statistical data in Korea.
b Derived from 2015 traffic accident data in Korea.
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radiation workers for loading and unloading of radioactive

waste drums, and for members of the public including people

sharing a transport link with the vehicle (on-link), people be-

side a transport link that the vehicle traverses (off-link), and

people in the vicinity of the transporting vehicle while it is

stopped (stop). The number of transport personnel for the

transportation of operation wastes is 12 because six trucks are

used and two persons are assumed to be assigned for each

truck. The number of radiation workers for loading and

unloading of waste drums is 48 because four persons for

loading and four persons for unloading for each truck are

assumed to be assigned.

The individual exposure doses for transport personnel and

radiation workers are 1.23 � 10�2 mSv/y and 8.96 � 10�2 mSv/

y, respectively. These values are 0.10% and 0.18% of regulatory

limits which are listed in Table 2. The effective doses for

members of the public, people sharing a transport link, people

beside a transport link, and people in the vicinity of the

transporting vehicle while it is stopped are 1.68 � 10�6 mSv/y,

8.10 � 10�9 mSv/y, and 1.52 � 10�4 mSv/y, respectively. All

these values are far below the regulatory limit of 1 mSv/y.

Therefore, normal transportation of operationwastes by truck
Fig. 1 e Schematic diagram of a container and its propertie
will impose negligible radiological impact on transport

personnel, radiation workers, and general public.

The results of exposure doses for normal transportation of

decommissioning wastes are summarized in Table 6. The

number of transport personnel for the transportation of

decommissioning wastes is 22 because 11 trucks are used and

two persons are assumed to be assigned for each truck. The

number of radiation workers for loading and unloading of

waste drums is 88 because four persons for loading and four

persons for unloading for each truck are assumed to be

assigned.

The individual exposure doses for transport personnel and

radiation workers are 1.55� 10þ0 mSv/y and 6.26�10þ0 mSv/y,

respectively. These values are 12.9% and 12.5% of regulatory

limits which are listed in Table 2. The effective doses for

members of the public, people sharing a transport link, people

beside a transport link, and people in the vicinity of the

transporting vehicle while it is stopped are 2.37 � 10�4 mSv/y,

2.68 � 10�6 mSv/y, and 2.20 � 10�2 mSv/y, respectively. All

these values are far below the regulatory limit of 1 mSv/y.

Compared with the results of exposure doses for normal

transportation of operation wastes, exposure dose values for
s. ISO, International Organization for Standardization.
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Table 5 e Exposure doses for normal transportation of operation wastes.

Population dose (man-
mSv/yr)

Individual exposure dose
(mSv/yr)

Regulatory limit
(mSv/yr)

Percentage of regulatory
limit (%)

Transport personnel 1.47 � 10�1 1.23 � 10�2a 12 0.10

General

public

Onelink 1.40 � 10�1 1.68 � 1 0�6b 1 0.00017

Offelink 4.28 � 10�3 8.10 � 10�9b 1 0.0000008

Stop 5.91 � 10�2 1.52 � 10�4b 1 0.024

Radiation worker 4.30 � 10þ0 8.96 � 10�2c 50 0.18

a Derived from dividing population dose by total number of transport personnel (12).
b Derived from dividing population dose by number of people for each exposure group.
c Derived from dividing population dose by total number of radiation workers (48).
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normal transportation of decommissioning wastes are about

two orders of magnitude higher than those for operation

wastes. This is due to the fact that the external dose rate at

1 m from the waste package of decommissioning wastes are

much higher than that of operation wastes, large amount of

waste drums to be transported, and longer transport distance.

However, all the exposure dose values are far below the reg-

ulatory limits. Therefore, we can transport decommissioning

wastes without imposing undue radiological impacts on

workers and general public.

3.2. Accidents

We estimated population risks and exposure doses of acci-

dents for the general public. Among many incidents and ac-

cidents, we consider only an impact and a fire caused by the

impact accident. The accident rate derived from the statistical

data of traffic accidents in Korea for each route segment is

summarized in Table 4. We divided all the radionuclides into

two physical/chemical groups such as gases and solid mate-

rials. Only H-3 and C-14 are gases and all the other nuclides

are assumed to be solid materials.

The most important parameter for estimation of risks and

exposure doses of accidents is the release fraction for each

radionuclide. A release fraction is the fraction of each radio-

nuclide in the cargo that could be released in an accident,

depends on the physical and chemical properties of the ra-

dionuclides and on the severity of the accident. The severity of

the accident is divided into several categories depending on

factors such as impact speed and geometry, type of impacted

objects, crush, puncture, fire, and immersion. However, we
Table 6 e Exposure doses for normal transportation of decomm

Population dose
(man-mSv/yr)

Individual expos
(mSv/yr)

Transport personnel 3.40 � 10þ1 1.55 � 10þ0

General public On-link 2.60 � 10þ1 2.37 � 10�4

Off-link 5.64 � 10þ0 2.68 � 10�6

Stop 1.73 � 10þ1 2.20 � 10�2

Radiation worker 5.51 � 10þ2 6.26 � 10þ0

a Derived from dividing population dose by total number of transport pe
b Derived from dividing population dose by number of people for each e
c Derived from dividing population dose by total number of radiation wo
assigned only one category of accident severity for each ac-

cident such as an impact and a fire accident. Then, we

assigned a single release fraction of 0.1% for an impact and a

fire accident for conservatism [16, 17]. The release fraction of

0.1% is a value recommended as an upper bound release factor

for use in screening assessment [17].

The other important parameters for estimation of risks and

exposure doses of the accident situation are aerosol fraction

and respirable fraction. The aerosol fraction is the fraction of

each release faction that would be aerosolized in an accident,

depends on physical behavior of the radionuclides and on the

severity of the accident. The respirable fraction is the fraction

of each aerosol fraction that consists of particles or droplets

most of which are small enough to enter the lung alveoli

(usually considered to be < 10 m in diameter), depends on the

physical and chemical behavior of the radionuclides and on

the severity of the accident. We assumed that all the radio-

nuclides released to the atmosphere due to an accident are

aerosolized for conservatism. Therefore, we assigned an

aerosol fraction of 1.0 for all physical/chemical groups.

Although the respirable fraction value is often between 0.05

and 0.1, we assigned 1.0 for respirable fraction value for

conservatism.

A deposition velocity is necessary for the estimation of

exposure doses for each pathway. A deposition velocity de-

pends on the size, density, and shape of the radionuclides that

are released into the environment as a result of the accident.

We assigned a deposition velocity of 0.0 m/s for a gas group

because gases do not deposit. We assigned a deposition ve-

locity of 0.01m/s for a solidmaterial group,which is oftenused

as being generally representative of aerosol particles [4, 5].
issioning wastes.

ure dose Regulatory limit(mSv/yr) Regulatory limit (%)

a 12 12.9
b 1 0.024
b 1 0.00027
b 1 2.20
c 50 12.5

rsonnel (22).

xposure group.

rkers (88).
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Table 8 e Risks and exposure doses for accidents during
transportation of decommissioning wastes.

Link Population risk
(man-mSv)

Individual exposure
dose (mSv/yr)

Impact Fire

SLINK_1 1.92$910�7 1.25$210�11 5.77$710�6

SLINK_2 8.45$410�8 5.50$510�12 5.83$810�6

SLINK_3 6.47$410�9 4.22$210�13 3.70$710�6

SLINK_4 1.24$210�7 8.10$110�12 5.55$510�6

SLINK_5 2.98$910�8 1.94$910�12 2.74$710�6

DLINK_1 3.30$310�8 2.15$110�12 1.13$110�5

DLINK_2 5.87$810�10 3.82$810�14 4.27$210�6

DLINK_3 5.82$810�10 3.79$710�14 3.63$610�6

DLINK_4 6.55$510�9 4.26$210�13 3.88$810�6

DLINK_5 1.10$110�7 7.17$110�12 1.30$310�5

DLINK_6 7.41$410�9 4.81$10�13 5.39$310�6

DLINK_7 6.12$110�8 3.98$910�12 4.43$410�6
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The population risks and individual exposure doses for an

impact and a fire accident during the transportation of oper-

ation wastes are summarized in Table 7 for each route

segment. The individual exposure doses are obtained by

dividing the population risk by accident rate and total number

of population. According to the results, the population risks

are very small and the individual exposure doses are negli-

gible compared with the regulatory limit value of 1.0 mSv/y.

The population risk values for an impact and a fire accident

are different because the accident rates are different. How-

ever, the individual exposure doses have the same values for

each route segment because we assigned the same release

fraction value for each accident.

The population risks and individual exposure doses for an

impact and a fire accident during the transportation of

decommissioning wastes are summarized in Table 8 for each

route segment. Also the population risks are very small and

the individual exposure doses are negligible compared with

the regulatory limit value of 1.0 mSv/y. Similar to the case of

operation wastes, the individual exposure doses have the

same values for each route segment because we assigned the

same release fraction value for each accident although the

population risk values for an impact and a fire accident are

different due to different accident rates for each route

segment.

The accurate values of release fraction, aerosol fraction,

and respirable fraction for each accident severity category

considering several factors such as impact speed and fire

duration are necessary in order to estimate population risks

and individual exposure doses for accidents more accurately.

However, we assigned the conservative values derived from

references for these parameters because we do not have

parameter values based on experiments and/or tests. There-

fore, we performed a sensitivity analyses for these parame-

ters, and the results are plotted in Figs. 2 and 3. The X-axis of

Figs. 2 and 3 is individual exposure doses for the general public

who may be exposed to radionuclides which may be released

to the atmosphere due to an impact or a fire. The exposure

doses for accident situations are proportional to the activity

level of radionuclides released to the atmosphere, aerosol

fraction, and respirable fraction.

The maximum exposure doses for accidents for the

transportation of operation wastes and decommissioning

wastes are 2.94 � 10�4 mSv/y and 1.30 � 10�5 mSv/y for the
Table 7 e Risks and exposure doses for accidents during
transportation of operation wastes.

Link Population risk
(man-mSv/yr)

Individual exposure
dose (mSv/yr)

Impact Fire

DLINK_1 7.51$510�7 5.26$210�11 2.57$510�4

DLINK_2 1.33$310�8 9.35$10�13 9.68$610�5

DLINK_3 1.32$310�8 9.28$210�13 8.22$210�5

DLINK_4 1.49$410�7 1.04$010�11 8.81$810�5

DLINK_5 2.50$510�6 1.76$710�10 2.94$910�4

DLINK_6 1.68$610�7 1.18$110�11 1.22$210�4

DLINK_7 1.39$310�6 9.76$710�11 1.01$010�4
route segment of DLINK_5, respectively. As shown in Figs. 2

and 3, if we assume that all the radionuclides are released to

the atmosphere, i.e., if we assign 1.0 for the release fraction

value with the value of 1.0 for the aerosol fraction and respi-

rable fraction, the exposure doses for accidents during the

transportation of operation wastes and decommissioning

wastes are 2.94 � 10�1 mSv/y and 1.30 � 10�2 mSv/y for the

route segment of DLINK_5, respectively. These values of

exposure doses are maximum and are far below the regula-

tory limits of 1 mSv/y. Also, as shown in Figs. 2 and 3, the

exposure doses will decrease if the values of aerosol fraction

and respirable fraction decrease because we have already

assigned the maximum values of aerosol fraction and respi-

rable fraction. Therefore, we can secure safety from the

viewpoint of radiological safety for every situation during the

transportation of radioactive wastes which are stored

temporarily in KAERI.
4. Summary and conclusions

The permanent disposal of low and intermediate level radio-

active wastes was started by KORAD in 2015. Therefore, KAERI

can transport low level radioactive wastes generated from the

routine operation of facilities and the decommissioning of a

research reactor for permanent disposal. However, we have to

make radiological safety assessments before starting the

transportation in order to secure radiological safety during

normal transportation and accidents. Therefore, we esti-

mated exposure doses to transport personnel, radiation

workers for loading and unloading of radioactive waste

drums, and the general public for cases of normal trans-

portation of wastes using RADTRAN code. Also, we estimated

radiological risks and effective doses for the general public

resulting from the accidents such as an impact and a fire after

an impact during the transportation. Finally we checked the

regulatory compliances by comparing the estimated exposure

doses with the regulatory limits.

According to the results, all exposure doses for the normal

transportation of operation wastes and decommissioning

wastes are far below the regulatory limits. The exposure doses

http://dx.doi.org/10.1016/j.net.2016.05.003
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Fig. 2 e Sensitivity analysis results for operation wastes.
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for normal transportation of decommissioning wastes are

about two orders of magnitude higher than those for opera-

tion wastes due to high surface external dose rate, large

amount of waste drums to be transported, and longer trans-

port distance. The exposure doses for the accidents during the

transportation of both operation wastes and decommission-

ing wastes for the general public are negligible compared with

the regulatory limit of 1 mSv/y. Also, we performed sensitivity

analyses for important parameters such as release fraction,
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Fig. 3 e Sensitivity analysis results
aerosol fraction, and respirable fraction in order to overcome

the conservative estimation of exposure doses. According to

the sensitivity results, the maximum exposure doses for ac-

cidents are far below the regulatory limits, even if all the ra-

dionuclides are released to the atmosphere. Therefore, we can

secure radiological safety for both normal transportation and

accidents such as an impact and a fire from the viewpoint of

radiological safety during the transportation of radioactive

wastes which are stored temporarily in KAERI.
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for decommissioning wastes.
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