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Analysis on the Dose Standards that Transport of
Radioactive Materials for Domestic and International

Hye Jin Kim!, Tai-Jin Park!, Il Park', Won Young Jung' and Chan Hee Park'*

'Korean Association for Radiation Application, 77 Seongsuil-ro Seongdong-gu,
Seoul 04790, Republic of Korea

Abstract - According to the research on the actual condition in Korea, as the field of radiation
expands, the number of transport of radioactive materials are increasing day by day. The IAEA
is constantly amending and supplementing the standards for transport of radioactive materials
based on the latest scientific technology and the data on the health effects of radiation accumulated
every so far, however, it is difficult to apply them collectively because there are different acceptable
conditions for each country. For actively cope with such international trends and achieve advanced
regulation, it is necessary to review the current standards for transport of radioactive materials in
domestic and to establish regulations of the radiation protection that reflect characteristics of the
radiation environment in domestic. In this study, therefore, to evaluate the validity of the current
standards for transport of radioactive materials in domestic, we drew the background and basis of
calculation of standards with comparing and analyzing international standards for the dose criteria
for transport of radioactive materials. These results can be used as basic data for the improvement
of domestic regulations for transport of radiation material.

Key words : Radiation protection standard, Transport of radioactive material, Packaging and
package, Radiation worker
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Table 1. Trend of institutions using radioisotopes, etc. by year and industry

(Unit: No. of Businesses)

Year 2013 2014 2015 2016 2017 Average annual
Category increase rate (%)
Industry” 4,594 5,048 5426 5,805 6,208 7.8
Public 642 674 704 750 802 5.7
Medicine 206 208 212 199 197 —-1.1
Education 294 297 287 299 299 04
Research 282 298 305 323 329 39
Military 67 87 92 97 102 11.1
Total 6,085 6,612 7,026 7473 7,937 6.8
Increase rate compared to 35 37 63 6.4 6.2 _
previous year (%) ’ ’ ’ ’ ’
DIncludes general manufacturing, production and sales, and non-destructive inspection industries using radiation and radioisotopes
Table 2. Import/Export statistics of radioisotopes and compounds (Unit: M$)
Country Category 2010 2011 2012 2013 2014 2015 2016 2017
Import 958 1,092 962 1,075 1,404 1,333 1,401 1,375
OEC.D 1 Export 910 1,065 1,017 986 1,124 1,130 1,203 1,336
countries
Total 1,868 2,157 1,979 2,061 2,528 2,463 2,604 2,711
Import 177 174 205 170 190 176 183 168
Other | Export 97 102 75 54 125 11 128 123
countries
Total 274 276 280 224 315 287 311 291
Import 1,135 1,266 1,167 1,245 1,594 1,509 1,584 1,543
Total Export 1,007 1,167 1,092 1,040 1,249 1,241 1,331 1,459
Total 2,142 2433 2,259 2,285 2,843 2,750 2915 3,002

YMore than 31 countries such as the U.S., Japan, Germany, France, Canada, Great Britain, Italy, Republic of Korea, Greece, the Netherlands, New Zealand,
Denmark, Luxembourg, Mexico, Belgium, Sweden, Switzerland, Spain, Slovakia, Slovenia, Ireland, Estonia, Austria, Czech Republic, Chile, Turkey, Portugal,

Poland, Finland, Hungary, and Australia

?More than 13 countries such as China, Russia, Taiwan, Malaysia, Sri Lanka, Singapore, India, Indonesia, Thailand, the Philippines, Hong Kong, Kazakhstan, and

United Arab Emirates
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Table 3. Dose rate related to transport within workplaces
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Country Target

Criteria

Nuclear fuel materials,
unsealed sources, and
contaminants caused by them

-10mSv-h™" at 10 cm distance from the package

Korea
g]li?l:lﬁ;?éauthonzamn -10mSv-h™" at 10 cm distance from the transport vehicle
E#s(:zlirdfgstril::ezsg’ - The maximum permissible dose rate from the packaging of the packages and
coiltaminants calise d by them all outer surfaces of overpacks during exclusive use shipment is 10mSv-h™'
IAEA
With special authorization - Excluding consigned transport, the transport index (TI)" of the packaging and
by the II)\IS SC overpacks of the packages must not exceed 10 during exclusive use shipment.
y In other words, 0.1 mSv-h™" at 1 m distance from the transport vehicle.
Nuclear fuel materials,
unsealed sources. and - The 1nd1v1dually packaged radioactive materials during normal transport cannot exceed
contaminants cau’se d by them 2mSv-h", transport index of 10, at all locations of the packaging’s outer surface.
- The packages exceeding the above standard concern exclusive use shipment,
which cannot exceed the following limits.
uS. : 10mSv-h™" dose rate at the surface of the packages. However,2mSv-h™"
With special authorization if the below standards do not apply.
by the NSSC - Transport by sealed-type vehicles
- If safe conditions are ensured such as fixing the position of the packaged material
during transport.
- If additional packages are not loaded or the existing packages are not unloaded
from the start to the end of the transport.
Nuclear fuel materials, -1 cm dose equivalent rate of 2mSv-h™" concerning the surface of the packages
unsealed sources, and —1emd ival £100 bl at 1em di f h K
contaminants caused by them cm dose equivalent rate o uSv at 1 cm distance from the packages
Japan

With special authorization
by the NSSC

- 1 cm dose equivalent rate of 2mSv-h™ concerning the surface of the packages
- 1 cm dose equivalent rate of 100 uSv-h™" at 1 cm distance from the packages
- 1cm dose equivalent rate of 2mSv-h™' concerning the surface of the transport vehicle

- 1 cm dose equivalent rate of 100 uSv-h™" at 1 cm distance from the transport vehicle

DTransport index (TI) refers to the dose rate at 1 m distance from the packages.
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Table 4. Setting for separation distance between source and work-
er about transport and package

Total sum of transport indexes Minimum distance (m)

0.1~1.0 0.30
1.1~2.0 0.50
2.1~3.0 0.70
3.1~4.0 0.85
4.1~5.0 1.00
51~6.0 1.15
6.1~7.0 1.30
7.1~8.0 1.45
8.1~9.0 1.55
9.1~10.0 1.65
10.1~11.0 1.75
11.1~12.0 1.89
12.1~130 1.95
13.1~14.0 2.05
14.1~150 2.15
15.1~16.0 225
16.1~17.0 235
17.1~18.0 245
18.1~20.0 2.60
20.1~250 2.90
25.1~30.0 320
30.1~350 3.50
35.1~40.0 3.75
40.1~450 4.00
45.1~50.0 425

If you more than one package, overpack or freight container is placed in
the aircraft, the minimum separation distance for each individual package,
overpack or freight container must be determined in accordance with the
above table, on the individual packages, overpacks or freight containers.
Alternatively, if the packages, overpacks or freight containers are separated
into groups, the minimum distance from the nearest inside surface of the
passenger cabin or flight deck partitions or floors to each group is the distance
applicable to the sum of the transport indexes within the individual groups,
provided that each group is separated from each other group by at least three
times the distance applicable to the one that has the larger sum of transport
indexes.

Note. - For total sum of transport indexes over 50 to be carried by cargo
aircraft only, see Table 7-3.
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Table 5. Maximum dose rate of packages or overpacks (in Korea)

Statute Criteria

The rules on technical
standards for radiation
safety management, etc
— Article 14

(About the transport of fertile material)

- The dose rate at the outer surface cannot exceed 2mSv-h™".
—The dose rate at 1 m distance from the outer surface cannot exceed 0.1 mSv-h".

. (Maximum dose rate of packages, overpacks)
The rules on technical

standards for radiation
safety management, etc

- The dose rate at the outer surface cannot exceed 2mSv-h™". In the case of exclusive use shipments,
however, it cannot exceed 10 mSv - h™! at outer surface.

— Article 99 - The dose rate at 1 m distance from the outer surface cannot exceed 0.1 mSv-h™", except in the case of
exclusive use shipments.
. Any transport container that carries radioactive material
NSSC Notice (Any P )

~ The dose rate at the outer surface cannot exceed 2mSv-h™" at outer surface.

~No.2017-56 Article 12 - In the case of exclusive use shipments, the dose rate at the outer surface cannot exceed 10 mSv - ht

Table 6. Maximum dose rate of packages or overpacks

Target Country Criteria

-2mSv-h" at outer surface

Korea -0.1mSv-h™" at 1 m distance from the outer surface

- Excluding packaged materials and overpacks of exclusive use shipments by road or rail,
or exclusive use shipments by sea or air as in the following conditions, the maximum dose
rate of packaged materials and overpacks is 2mSv-h™".

: Marine transport

- 2mSv-h™" if there is no special assignment by the transport method.

- 2mSv-h" if there is special assignment by the transport method.
Maximum dose rate of IAEA

packages, overpacks
(In the case of
non-exclusive use
shipments)

: Alir transport
- 2mSv-h™" if there is no special assignment by the transport method.
- 2mSv-h" if there is special assignment by the transport method.
- Excluding consigned transport by exclusive use shipment, the transport index (TI) of the

packages and overpacks cannot exceed 10. In other words, the maximum dose rate at 1 m
distance from the surface is 0.1 mSv-h™".

- Each package of radioactive materials during normal transport cannot exceed 2mSv-h™",
U.S. transport index of 10, at all locations of the packaging’s outer surface. In other words, the
dose rate at 1 m distance from the surface of the packages cannot exceed 0.1 mSv-h™".

-2mSv-h" dose rate at the surface of the packages.

Japan -0.1mSv-h™" dose rate at 1 m distance from the surface of the packages.
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Table 7. Type of freight container and transport in non-exclusive HIE9] A AT AHY A] 7|&Fo 2 ALY
use shipment

RDR=(5mSv-y™")/(250h-y )=0.02mSv-h™’

Type of freight container or conveyance Transport index (TT)
Freight container Qlgieolzl Ay
Small freight container 50 — MATP (Maximum annual travel periods): 252} &2
Large freight container 50

dukelel A7k H ol Azt
Vehicle 50 — RTF (Radioactive traffic factor): 97t & o] Z A7t tH)
2% A 2RET 35 Y TAE SR H]

Aircraft

Passenger 50 - MAET (Maximum annual exposure times): MATP$}

Cargo 200 RTFE 53¢ gto 2 28k 52 dukele] Azt vy

A3
Inland waterway craft 50
— DV (Applicable dose value): Z¥g4A+e] AL 5mSv-h™

SeagOing vessel* — RDR (Reference dose rates): <HHET} 2uka} 58 o
O akaon e o defined deck area whele] Az HeALE AR AT Ao

Small freight container 50 DV/MAET

Large freight container 200
(ii) Tatal vessel: Packages, overpacks 4. AL LU WAL E 7|2

Small freight container 200

Large freight container No limit AL ou AR L dALAHATE] 59| 7]%7] 29
“Packages or overpacks carried in or on a vehicle that are in accordance with ISF 32 A|125F9] A Eo] o o2y Aok "AEgo
wre ot remened o e vl sty e while o b e vessel, | E SUSHE QUHE EE SmA) o|REWE AT 10

Table 8. Limit on CSIs for transport and freight container including fissile material

Limit on sum of CSIs in a freight container or aboard a conveyance

Type of freight container or conveyance

Not under exclusive use Unber exclusive use

Freight container

Small freight container 50 Not application

Large freight container 50 100
Vehicle 50 100
Aircraft

Passenger 50 Not application

Cargo 50 100
Inland waterway craft 50 100
Seagoing vessel®
(i) Hold, compartment or defined deck area:

Packages, overpacks

Small freight container 50 100

Large freight container 50 100
(ii) Tatal vessel: Packages, overpacks

Small freight container 200° 200¢

Large freight container No limit® No limit°

“Packages or overpacks carried in or on a vehicle that are in accordance with the provisions of para. 573 may be transported by vessels provided that they are
not removed from the vehicle at any time while on board the vessel. In this case, the entries under the heading “under exclusive use” apply.

®The consignment shall be so handled and stowed that the sum of CSIs in any group does not exceed 50 and that each group is handled and stowed so as to
maintain a spacing of at least 6 m from other groups.

“The consignment shall be so handled and stowed that the sum of CSIs in any group does not exceed 100 and that each group is handled and stowed so as to
maintain a spacing of at least 6 m from other groups. The intervening space between groups may be occupied by other cargo in accordance with para. 506.
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Table 9. Load limit

Target Country Criteria
-2mSv-h" at outer surface of transport vehicle
Korea -0.1mSv-h™" at 2 m distance from the outer surface of the transport vehicle
-0.02mSv-h™" at riding position of people
- Excluding the exclusive use shipment by road or rail, 2mSv-h™' from the outer
IAEA surface of the transport vehicle and 0.1 mSv-h™" at 2 m distance from the outer
Load limit surface of the transport vehicle
(Based on transport vehicle
and riding position of people) - Each package of radioactive materials during normal transport cannot exceed
Us 2mSv-h™", transport index of 10, at all locations of the packaging’s outer surface.
o In other words, the dose rate at 1 m distance from the surface of the packages
cannot exceed 0.1 mSv-h™".
Japan -2mSv-h™" maximum dose rate at 1 cm distance from the surface of the vehicle

-0.1 mSv-h™" maximum dose rate at 1 m distance from the vehicle

Inside surface of
. passenger or crew
£l compartment

2]

o T

"Main deck

Fig. 1. Typical configuration of main deck stowage on a combi or cargo aircraft.
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Table 10. Dose rate standard for exclusive use shipment

Target Country Criteria

- 10mSv-h™" dose rate at the outer surface of the packages or overpacks

- In the case of outer surfaces, including the vehicle’s upper and lower surfaces, and open vehicles,
2mSv-h™" from the vertical plane of the vehicle’s outer edge, upper surface of the packages, and
Korea outer surface of the vehicle

— At 2m distance from the vertical plane of the vehicle’s outer side and in the case of transport of
materials by open vehicles, 0.1 mSv-h™" at 2 m distance from the vertical plane of the vehicle’s
outer edge

— At all outer surfaces, including the upper and lower surfaces of the transport vehicle, and in the
case of transport by open vehicles, 2mSv-h™' dose rate at the vertical plane of the transport
vehicle’s outer edge in relation to the upper surface of the load, upper surface of the packages,

Exclusive use IAEA and lower outer surface of the transport vehicle
shipment — At 2m distance from the vertical plane of the transport vehicle’s outer side and in the case of
(packages, overpacks, transport by open vehicles, 0.1 mSv-h™" dose rate at 2 m distance from the vertical plane of the
vehicle) transport vehicle’s outer edge

-2mSv-h™" dose rate at all external surfaces, including the upper and lower surfaces of the
transport vehicle

— At 2m distance from the side surface (excluding the upper part and interior of the transport
US. vehicle) of the transport vehicle and in the case of transport by open flatbed vehicles, 0.1
mSv-h™! dose rate at 2 m distance from the vertical plane of the transport vehicle’s outer edge

- Excluding transport vehicles of private use, 0.02mSv-h™" at the riding position for workers
wearing a personal dosimeter

-2mSv-h™" maximum dose rate at 1 cm distance from the surface of the vehicle

Japan -0.1 mSv-h™' maximum dose rate at 1 m distance from the vehicle
Table 11. Transport index 5. 44 9 g 2uto] I3 WAAFE 7|E
Transport index Transmission factor Package radius Auk 4 EFoule) T3t YALAEE 7|2 HALASHA
(TD) (TFf) (r) (m) _ -
e 59 Zle7|Ee B 732 A126x2%} A12729 7]
0~10 10 005 #5lo] glom, Zzte] SFEE 8L Table 129} 2t}
H1~20 08 01 A g o] B FANFE 71E AEPH
20 07 04 o 2, gute] B LuSR A0, ofo] Yt A
2 IAEA Safety Safety Requirements No. TS-R-1 Table 10
= AT 5 ok HHA o] B 2 TAEA Safety

RDR = (TI/100) (TFy) (1.0+1)*/ (S+0.4 + 1)
=(50/100) (0.7) (1.0+0.4)*/ 2.0+0.44+0.4)?
=0.09mSv-h'=0.1mSv-h™"

Requirements No. TS-R-1 Table 102 A-&-&4to| old 7L

eute] gat SUA4E aokt B2 £44%8 &
A

SELEEE o= () HHAS 20002 FA5tH, o]of wet AFE
2 A7t 2mSv o|Hfo|tt. E3F Table 13& F3f Aut &

— RDR (Reference dose rate at seat height) (mSv - h_l)

T oulol T3t HpAMA SO 7122 oF & 9Jr}.
— TI (Transport index divided by 100, 2%FX]<=, Table 11 ¢ o °l AR =8l T1ES & 5 AT

e 6. 2050, u] 2 B 242 AL ANZAE
— TF (Transmission factor of the passenger compartment 27 7%
floor)
- S(AFFY Y7 7Pt o APH O R RE 2u|E F 2Rk, e 9 B3 REEY A E 7E/AAHE |4
o1zl A1) 712 AT T 77| Eol e #3 A101
- r (R ¥EAF) (m) zof 7|eE o] 9lon, o]t WHT 9| 7|E2 Table 145
— AMD (Actual minimum distance to the dose point) (m), B3 AT 4 k. HHHES] R uHI dxAt-sE
AMD=r+S+04 Holy @ B39 f-oRuxHY AAY FHLAEE ¢
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Table 12. Dose rate for Marine and Air Transport (in Korea)

Statute

Criteria

The rules on technical standards
for radiation safety management, etc

— Article 126

(in case of the Marine Transport)
- The surfaced dose rate of the packages cannot exceed 2mSv-h™", except the special authorization.

The rules on technical standards for

radiation safety management, etc

— Article 127

(in case of the Air Transport)
- The surfaced dose rate of the packages cannot exceed 2mSv-h™", except the special authorization.

Table 13. Dose rate for Marine and Air Transport

Target Country Criteria
Korea -2mSv-h™" dose rate at the surface of the packages
IAEA -2mSv-h™' dose rate at the surface of the packages

— The dose rate standard for the surface of the packages is not applicable for exclusive use shipments.
—Dose rate standard for crew
- 7pSv-h! for 700 work hours per year

Us. - 1.8Sv-h™" for 2750 work hours per year
Dose rate standard - Dose rate standard for passenger
for Marine Transport - 1.8Sv-h™" based on 550 hours per year in consideration of the cargo’s relocation during transport
-2mSv-h"if there is no significant increase in the max1mum dose equivalent rate at the surface
during normal transport condition. However, 100 mSv - h™" if there is authorization in accordance to
Article 107(3) of the Regulation on Maximum Dose Equivalent Rate.
Japan — If the test COl’ldlthIl§ recognized by the Mmlstry of Land, Infrastructure, Transport and Tourism,
2mSv-h" if there is no significant increase in the maximum dose equivalent rate at the surface.
However, 100 mSv-h™! if there is authorization in accordance to Article 107(3) of the Regulation on
Maximum Dose Equivalent Rate.
Korea -2mSv-h" dose rate at the surface of the packages
TIAEA -2mSv-h" dose rate at the surface of the packages
Dose rate standard U.sS. -2mSv-h™" dose rate at the package’s surface for non-exclusive use shipment
for Air Transport
—2mSv-h™! maximum dose rate for containers that are storing radioactive materials, and 100 uSv - h!
dose rate at 1 m distance from 1 m surface
Japan

-2mSv-h! max1mum dose rate for the surfaces of aircrafts that are storing radioactive materials, and
100 uSv-h™" dose rate at 1 m distance from the surface

olo] & 3004 FANIEuE ool tfste] A3t Ht 245 299 §4 Rfﬂi‘ﬁfﬂEL A=y duarE
of Het-ZmPEEA 9 A5 LuptEAs AFAlEmq A welZuhEA Q) 49 4Bq-em”, 718 GubEA|
B 463, 1 99 BE SuptEA = AFAEHuET ¢l 4% 04Bq-cm 9] HARs 7]& 7%]# k. olet 2
04H| 2 A& 2JsLA] offstofof gttt e}t AAA & L ogly FHYSEE Suksnt 9 Zu|S9] 300 cm’
HeAE At gk oo R 2 ARIAY :‘iDMWPJ ks o] WO izt H LEEE Yu|tER, o] Ly
AR EFE O] AIZMS SU}OlﬂiﬂltﬂEE ESIL A s 4 Aol Eo] HAAYU] FHRE LFH &S nlgitt
e 4 FHPEEL 7Hse A&SHA A Dok HJE}. LS J2BEE Yyt o g 47|19 L EER HEg-ubd ol
g AAY FHLAEY Ag %k% 23S AY AE T & 3 e g Yk 7%§EE o, o]of oJ3f L AH Hk
He] n2y eFoz Qg WAKFE ] AIZtY 5uto]a o 2 ol it AE 2 AAES fg AriEe ¢
ZAMEZ 2I5He U Y] B ARREEL o oF o] A=r|Ed Z2apetd YA Azt Z}%MPP(ZOOO
ARG A = <t ok A F 28 ZAQe R gl whE 4= Qs AFFo] AR &
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Table 14. Decontamination standard/reuse prohibition standard for transport vehicles, equipment, and accessories

Target Country Criteria
Korea -5 uSv-h™" surface dose rate for transport vehicles, equipment, etc.
IAEA - If the transport vehicle, equipment, etc. exceed the non-fixed surface contamination limit or
Dose standard for if the surface dose rate exceeds 5 pSv-h™', contamination must be implemented immediately.
decontamination
- If the transport vehicle, equipment, etc. exceed the non-fixed surface contamination limit or
UsS.
if the surface dose rate exceeds 5 uSv-h™', contamination must be implemented immediately.
Japan — There are no standards.
Korea -5 uSv-h™" surface dose rate for transport vehicles, equipment, etc.
- Reuse is prohibited if the non- fixed surface contamination limit is exceeded or if the transport
vehicle exceeds 5 uSv-h™' dose rate caused by non-fixed contamination on the surface.
IAEA : Non-fixed surface contamination limit
- 4Bq-cm™? for low toxicity alpha emitters, beta/gamma emitters
- 0.4Bq-cm™ for other alpha emitters
Dose rate
standard for reuse . o T .
. —Reuse is prohibited if the non-fixed surface contamination limit is exceeded or if the trans-
prohibition . e
port vehicle exceeds 5 uSv/h dose rate caused by non-fixed contamination on the surface.
U.S. : Non-fixed surface contamination limit
- 4Bq-cm™? for low toxicity alpha emitters, beta/gamma emitters
- 0.4Bq-cm™ for other alpha emitters
- Removable surface contamination limit
Japan - 4Bq-cm™” for low toxicity alpha emitters, beta/gamma emitters

- 0.4Bq-cm? for other alpha emitters
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