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1. BACKGROUND
1.1. NEEDS OF REGIONAL CO-OPERATION
There is a need of co-operation among Regional Co-operative Agreement
(RCA) Member States in the field of low and intermediate level waste (LILW)
disposal for several reasons:
•

All RCA Member States are producing LILW and most of them need or will soon
need disposal facilities for such waste;

•

Establishment of a disposal facility has a long lead time and its technical concept
should be in place as early as possible to provide technical guidelines to predisposal activities as well as early siting which is crucial for disposal;

•

The activities to design and establish a waste disposal facility are complex. It is
important that the activities required for siting and establishing disposal facilities
be planned and executed in a systematic way;

•

Similar disposal concepts are being considered in RCA Member States (the same
types of waste for disposal). There is an urgent need to ensure that waste treatment
and conditioning are consistent with the waste disposal concept and acceptance
criteria to be applied when a disposal facility is established;

•

Many RCA Member States have common difficulties in establishing national
disposal facilities adequately and timely due to inadequate regulatory
infrastructure, technical expertise limitations and public acceptability;

•

Countries in the RCA region have the climatic conditions and biosphere pathways
very different from those in other regions. It is important to develop valid and
acceptable regional methodologies for evaluating disposal concepts;

•

A regional approach addressing the common difficulties will stimulate cooperation between the Member States.

A project formulation meeting to address the need was held, in Bangkok, Thailand
from 22 to 26 July 1996. The main purpose of the meeting was to review the status of
LILW management in the RCA Member States with respect to disposal, and establish
an implementation programme defining the scope of the programme and work plan.
Important findings from the review were as follows:
•

It was confirmed that all RCA Member States have LILW stored for which
disposal will be required. Some Member States are in siting processes;

•

It was confirmed that there is a wide spectrum of LILW which requires different
management strategies to ensure that the waste product meets the acceptance
criteria for disposal;

•

An integrated approach is essential for successful establishment of LILW disposal
facilities in RCA Member States. Elements that must be considered in RCA
Member States would include: a) identification of waste inventory and
characteristics, b) guidelines for implementation of LILW disposal, c) regulatory
guidelines, d) safety assessment, e) quality assurance and f) public acceptance.
This project will focus on technical issues.

•

Five RCA Member States have nuclear power plants, seven have research reactors
but no NPP, and five have radioisotope applications but neither research reactors
nor nuclear power plants;

•

Because of the difficulties of establishing waste disposal facilities and the
importance of ensuring that facilities meet international standards, all RCA
Member States would benefit from increased collaboration on waste disposal
technologies and methodologies;

•

Furthermore, many RCA Member States have significant amounts of radioactive
waste but limited technical resources and experience. These Member States would
directly benefit from technical support and assistance designed to increase the
expertise of key staff members in the important aspects of establishing LILW
disposal facilities;

•

Even Member States with relatively small quantities of radioactive waste would
benefit from involvement in the project so they gain the technical capability to
establish disposal facilities when required;

•

The review also showed that many RCA Member States had similar climatic
conditions and biosphere pathways, and regional co-operation is needed for
establishing acceptable disposal concepts.

1.2. OBJECTIVE AND PROGRAMME OF THE PROJECT
The overall objective of the project, established in the project formulation
meeting, is to assist RCA Member States in establishing national disposal activities
for radioactive waste from nuclear applications by providing expert advice and
training on techniques and methodology associated with planning and establishment
of disposal facilities and to obtain improved knowledge of key staff members for the
implementation of LILW disposal.
The project is to be implemented in three stages:
•

The first stage is to review conditions, guidelines and methodologies for LILW
disposal and prepare requirements for design concepts appropriate for RCA
Member States. Two activities are planned for this stage. The first one will be a
national co-ordinators' meeting to confirm the overall objective of the project and
assign preparatory works to individual Member States for the first workshop. The
second one will be a workshop to review waste inventory, waste characteristics

and reference site conditions and to establish preliminary reference disposal
concepts.
•

The second stage is to develop reference LILW disposal facility designs
appropriate for the RCA region. Two workshops will be held at this stage to
develop reference LILW disposal concepts and to establish safety assessment
methodologies for the established disposal concepts.

•

The third stage is to prepare guidelines to assist RCA Member States for the
implementation of LILW disposal programmes. A workshop is planned to
establish reference implementation plans for LILW disposal in RCA Member
States. Also a national co-ordinators' meeting to review and summarize the project
results.

1.3. OBJECTIVE AND SCOPE OF THE WORKSHOP
The purpose of this workshop was to identify waste inventories, waste
characteristics, site characteristics (generic or site specific) for disposal of LILW in
RCA Member States of the project and identify conceptual reference site conditions
and consider reference repository concepts preliminarily. Also the workshop was to
establish an action plan of the next step.

2. ACTIVITIES OF THE WORKSHOP
The workshop was held in Shanghai, China from 7 to 9 July 1997 and attended
by 7 countries, i.e. Australia, China, Indonesia, Japan, Rep. of Korea, Sri Lanka and
Thailand. The list of participants is shown as Appendix 1. The workshop was hosted
by the China Institute for Radiation Protection (CIRP) and the Shanghai Institute for
Supervision over Radiation Environment (ISRE).
Mr. Yang Huating, Executive Director General of CIRP, opened the workshop
and delivered the opening speech and Mr. Zhu Dan, Director of IFSR, and Mr. Zhu
Jiang, Chinese RCA National Co-ordinator, also provided welcoming remarks. The
Technical Officer (K.W. Han) provided background technical information including
needs, objective and implementation plan of the project as well as objective, scope
and agenda of the workshop. He then proposed a table of contents of the workshop
report for consideration by the participants. The workshop agenda (Appendix 2) was
adopted as proposed. Before concluding the opening session, Mr. Guo Zede, acting
local co-ordinator supported by meeting secretaries (Messrs. Guo Yongheng, Dai
Jiwei, Ge Lixin, and Shen Zhongdong), informed of general matters related to the
meeting.
The participants from Member States provided presentations, on the first day, on
their waste inventories, waste characteristics and site characteristics (generic or site
specific), and repository concepts for LILW. All papers presented are attached as
Appendix 3, which are reviewed and summarized in Section 3.2.

The morning session of the second day was devoted to discussions on the
technical issues of the workshop, summary of the presentations, and identification of
conceptual reference site conditions and repository concepts. Also discussed was on
the next step activities of the project. These are summarized in Section 3.
The participants visited the Radioactive Waste Management Plant which is
affiliated to Shanghai Institute of Supervision over Radiation Environment. The plant
has several facilities for treatment, conditioning and interim storage of radioactive
waste arising from the applications of radioisotopes in Shanghai. The stored waste is
to be sent for disposal to East China repository when it becomes available.
On the last day, three working group were formulated to draft a report of the
workshop as well as to have further discussion on specific issues, i.e. factors involved
in repository concepts, Member States' status regarding LILW disposal, and
conceptual reference site conditions and repository concepts. The draft report was
reviewed in a plenary session before making conclusion of the workshop.
The workshop ended late at night on the last day of the meeting.

3. TECHNICAL REVIEW

3.1. FACTORS INVOLVED IN REPOSITORY CONCEPT
Many factors affect the concept of a repository for LILW disposal. Geological
and environmental conditions of each RCA Member State differ, therefore, the
detailed design of a repository should be considered and optimized within the policy
and the strategy of each country.
General design considerations for a near surface disposal facility include the
following:
•
•
•
•
•
•
•
•

waste amount and properties,
site characteristics,
operation and closure,
regulatory and statutory requirements and criteria,
technical feasibility including cost,
isolation capability,
safety assessment,
quality assurance.

3.1.1. Waste Characteristics
In RCA Member States, with the development of nuclear power plants and
radioisotope application, considerable amounts of LILW have been accumulated in a
great variety of waste forms. Most of the waste generated from nuclear fuel cycle,
research applications, radioisotope applications and decommissioning of nuclear

facilities are conditioned and stored, and some have been disposed of in shallow land
repositories.
3.1.2. Site Characteristics
The site characterization involves a number of disciplines including many
branches of natural and earth sciences, engineering, safety analysis, health physics and
social sciences. The investigation of the suitable disposal sites should be performed to
meet safety and environmental requirements.
Geology
The geological setting at the site should contribute to the isolation of waste and
the limitation of releases of radionuclides to the biosphere. It should also contribute to
the stability of the disposal system and provide sufficient volume and engineering
properties favorable for implementing disposal. The geological information should
include identification of the approximate geological structure and stratigraphy,
possibly with the depth, thickness and lateral extent of the surface formation and
surrounding units.
Hydrogeology
The hydrogeological setting of the site should include low groundwater flows
and long flow paths in order to retard the migration of radionuclides. The information
on hydrogeological characteristics should encompass the data on existing and
projected major water uses, identification of major discharge and extraction points and
an estimate of groundwater flow velocity and direction.
Geochemistry
The geochemistry of groundwater and the geological media should contribute to
limiting the release of radionuclides from the disposal facility and should not
significantly reduce the longevity of engineered barriers. The information for this
characteristics should include the mineralogical and petrographical composition of the
groundwater system and the groundwater chemistry.
Tectonics and seismicity
The repository site should be located in an area of low tectonic and seismic
activity such that the isolation capability of the disposal system will not be
jeopardized. The data needs for site characterization include the distance of sites from
areas with high seismicity or from known or suspected capable faults and the evidence
of active tectonic processes.
Surface processes

Surface processes such as drainage from and flooding of the disposal site,
landsliding or erosion should not occur with such frequency or intensity that they
could affect the ability of the disposal system to meet safety requirements.
Meteorology
The site area meteorology should be characterized such that the effect of
unexpected extreme meteorological conditions can be adequately considered in the
design and licensing of the disposal facility. These include the precipitation and
evaporation rate and the extreme weather phenomena.
Landowner ship
Landownership and land use should be considered in connection with
foreseeable development and regional planning.
Population density and distribution
The site should be located such that the potential hazard of the disposal system
on the current population and projected future population is acceptable.
Transportation of waste
The site shall be located such that the access routes will allow transportation of
waste with a minimal risk to the public.
Protection of the environment
The site shall be located such that the environment will be adequately protected
during the entire lifetime of the facility and such that potentially adverse impacts can
be mitigated to an acceptable degree, taking into account technical, economic, social
and environmental factors. The information needs for this aspect include the location
of national parks and areas with historical and archaeological value, the existing
surface water and groundwater resources and quality and the existing terrestrial and
aquatic vegetation and wildlife, particularly endangered species.
3.1.4. Operation and Closure
Important factors for the safe operation of shallow ground disposal:
•
•
•
•

establishment of an overall waste management policy and disposal strategy;
establishment and implementation of a waste classification programme;
development and implementation of a quality assurance/quality control
programme;
maintenance of suitable records and documentation for the waste placed in the
repository.

Wells are normally drilled around the site for monitoring of radionuclides
migrated from the repositories. Drainage system could be installed so that any leakage
can be controlled. Disposal facilities are closed after the emplacement of wastes, by
covering, backfilling and/or sealing of repositories. After the closure of a shallow land
repository, in general, the site is kept under the institutional control to confirm system
performance.
3.2. STATUS OF LILW DISPOSAL IN RCA MEMBER STATES
Status on waste and site characteristics, and design features on waste repository
in RCA Member States are summarized in Table 1, based on presentations by the
participants (Appendix 3).
Most of the RCA Member States have produced radioactive waste from
radioisotope applications and research activities, and the cumulative amount of the
waste is estimated to be approximately 50,000 m3 (based on the information listed in
the Table 1). The principal radionuclides in the waste are short-lived radionuclides.
The major container is a steel drum, but depending on national safety criteria
and site characteristics, other containers such as high integrity container (HIC),
concrete container and stainless steel container are used when required. The types of
LILW in RCA Member States' are mainly spent radiation sources, and miscellaneous
solids and the solidified waste with the agents of cement, polymer or bitumen.
Most of the RCA Member States have not considered specific site
characteristics for their waste disposal yet. Some countries have already selected their
repository sites in an unsaturated zone, while Rokkasho site in Japan and Ratchaburi
site in Thailand are in a saturated zone.
A Shallow Land Burial (SLB) concept for the disposal of LILW coming from
the non-power sources has been adopted and/or being considered by most of the RCA
Member States. The most probable disposal concept for the LILW is an engineered
trench or vault type.

Table 1. Summary of Member States' Status on Waste and
Site Characteristics, and Design Features
Country
Australia

China

Indonesia

Japan

Waste
Characteristics
RI
RR
SRS
(3,400 m3)

NPP
FI
RP
RI (280 T)
RR
SRS

RI
RR
FI
SRS
NPP
FI
RP
RI

Site Characteristics

SLB
Engineered Trench
10,000m3

National repository:
siting

Mt. Walton East:
Arid
Unsaturated

SLB

Operation: 1992

Northwest
Arid, Desert
Unsaturated
Sedimentary

SLB
Operation: 1997
Engineered Trench
Concrete Walls and
Roof
Soil Cover
60,000 m3(first phase)
200,000 m3(total)

South
Wet
Unsaturated
Weathered Quartz

SLB
Operation: 1998
Engineered Vault
Backfill
Drainage System
80,000 m3(first phase)
240,000 m3(total)

East

SLB or RC
200,000m3

Siting
Operation: 2003

Southwest
Jnsaturated
Mud/Sand/Silt

SLB
50,000m3

Operation:
2010-2020

SLB

Jnder planning

Rokkasho
Saturated
Tuff (Rock)

SLB
Concrete Vault
Double Wall
Monolith
Drainage System
200,000 m3

Operation: 1992

Tokai
Jnsaturated
Sedimentary Sand
formation
Guleop Island
Saturated
Tuff

Simple Trench for
Dismantled Concrete

Closed: 1996

RC

Overall project review
RC has been
considered
Guleop site: canceled

SRS
(40,000 m3)

NPP
RR
FI
RI
SRS
(2,660 m3)

Remarks

Arid
Unsaturated
Weathered Rock

RR

Korea
(Rep. of)

Design Feature

Sri Lanka

Thailand

Rl
RR
SRS
RI
RR
SRS
(200 m J )

Not yet decided

Not yet decided

Not yet decided

Ratchaburi
Saturated/Unsaturated
Sedimentary Rock
(Mud Stone)

SLB
Engineered Structure
Clay Cover
Drainage System
60,000 m3

Siting
Operation: 2010

Waste Characteristics

Design Features

RR
RI
SRS
FI
RP
NPP

SLB
RC

: Research Reactor/Research Activities
: Radioisotope Application and Production
: Spent Radiation Sealed Sources
: Fuel Industry (Fabrication/Enrichment)
: Reprocessing Plant
: Nuclear Power Plant

: Shallow Land Burial
: Rock Cavern
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3.3. REFERENCE SITE CONDITIONS AND REPOSITORY CONCEPTS
As discussed in Section 3.2, all RCA Member States are producing radioactive
waste from non-power applications and most are considering disposal options. One
country is constructing repositories (China) and three countries are operating
repositories (Japan, India and Australia). In this section, several generic concepts are
developed to encourage cooperation between the Member States as repository sites
are selected, repository designs are developed and disposal facilities.are licensed and
made operational.
The conditions at potential sites in the RCA region have a wide range of
climatic conditions and land uses. Many RCA Member States have tropical climates
with wet seasons of heavy rainfall followed by dry seasons. Many of the countries
with high rainfall have high population densities and with most of the land subject to
intensive agriculture. There is a need for more information on the transfer coefficients
appropriate for the crops and land uses for RCA Member States with tropical
climates. This project will seek to encourage the exchange of any information on
these coefficients and appropriate pathway models.

3.3.1. Conceptual Reference Site Conditions
The sites discussed in presentations to this and the earlier national coordinator
meetings were used as reference sites for developing conceptual repository concepts
and generic site. The factors involved in repository design have been discussed in
section 3.1. These are listed below:
Waste characteristics
•
•
•
•

Spent radiation sources
Waste immobilized in concrete, bitumen or polymer
Compacted waste
Decommissioning waste, concrete waste, reactor components

Waste acceptance criteria
•
•
•
•

Radionuclide content and concentration
Dose rate criteria
Amount of long-lived radionuclides
Limits will be derived during repository design and safety assessment

Site Characteristics for Repositories in RCA Member States
•

(DRAFT LIST)

Meteorology (Climate)
Arid:
Wet/Tropical:

China, Australia
Bangladesh, China, India, Indonesia, Malaysia, Sri Lanka,
Thailand, Vietnam
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Temperate:
•

•

Australia, China, Japan, Korea

Population density
High:
Medium:

Indonesia, Korea, Thailand
Sri Lanka, East (China), Malaysia

Low:

Australia, North West (China)

Seismicity

High:
Japan
Medium:
Indonesia
Low:
Australia, China, Korea, Malaysia, Sri Lanka.
3.3.2. Conceptual Repository Design
Several different technologies are being considered for the shallow land burial of
short-lived LILW in Member States. The type of technology depends on the climatic
conditions and the locations available.
The concepts can be divided into two main categories: shallow land burial and
rock cavern. Shallow land burial includes a range of engineering options including
concrete walls, modular packages, multilayer cover and concrete monoliths.
3.3.3 Generic Concepts
After discussion, four different generic disposal concepts were identified which
encompass the range of technologies being considered in RCA Member states. These
generic repositories would need to be modified to take into account site specific
factors before they are applied at a specific site. Nevertheless, consideration of these
generic repositories will help identify issues common to many RCA Member States in
the development of near surface disposal facilities
The following ranges were suggested for the development of repository
concepts:
•

Precipitation
High:
Medium:
Low:
Very Low:

•

>1000 mm/y
3 00-1000 mm/y
<300 mm/y
< 100 mm/y

Evaporation
Arid:
Wet:

pan evaporation > 4 x precipitation
pan evaporation < 4 x precipitation
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•

Population Density
Remote:
Populated:

< 10 people km"2 within 5 km,
no nearby intensive agriculture with 10 km)
> 100people km",
intensive agriculture within 2 km)

Four reference repository concepts were identified for further consideration:
•

Concept A;
shallow land burial
simple trench
very low-level waste
unsaturated zone
e.g. Tokai (Japan)

•

Concept B;
shallow land burial
engineered trench with multilayer cover
unsaturated zone
e.g. North West (China)

•

Concept C;
shallow land burial
engineered vault with multilayer cover
saturated/unsaturated zone
e.g. Rokkasho (Japan), South (China)

•

Concept D;
rock cavern
abandoned mines or excavated cavity
below water table.

*
Different conceptual facilities might be needed for different climatic conditions.
Two representative conditions should be considered, an arid site and a wet site where:
•
•

arid site:
wet site:

precipitation < 300 mm, pan evaporation > 4 x precipitation
precipitation > 1000 mm, pan evaporation < 4 x precipitation

Table 2. lists appropriateness of the concepts to different climates and
population densities, while Table 3. shows the types of technologies appropriate for
different water table depths.
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Table 2. Appropriateness of concepts to different climates and population densities
Remote Site
Concept A
Simple Trench
Concept B
Engineered Trench
Concept C
Engineered Vault
Concept D
Rock Cavern

Populated site

Arid
X

Wet
X(l)

Arid

X

X

X

X

X

X

X

X

X

Wet

Note (1) only suitable for very low level waste.

Table 3. Types of technologies suitable for different water table depths with
respect to the wastes in the repository.

Technology

Concept A
Simple Trench
Concept B
Engineered Trench
Concept C
Engineered Vault
Concept D
Rock Cavern

Water table always below
waste
Unsaturated
X

Water table
Water table within
repository depth
Saturated/unsaturated

X

X

X

X

Water table always above
waste
Saturated

X
X
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3.4. NEXT STEP ACTIVITIES OF THE PROJECT
Two activities are foreseen at the moment for the next step activities of the
project, i.e. a workshop to finalize the review on reference repository concepts, and a
regional training course.
Participants felt the meeting was too short to review the subject issues
extensively. A further study is considered necessary by a group of experts
representing the all participating countries of the programme. For the next workshop,
National Co-ordinators of the project are expected to collect more information for the
comprehensive summary of the status on LILW disposal as well as carry out further
review on conceptual reference site conditions and repository concepts identified in
the meeting. To facilitate the preparation of summary, the Technical Officer may
require to provide the National Project Co-ordinators with a standard format which
identifies required information in a systematic way.
A three week regional training course on "Disposal LILW with Empnasis on
Non-Power Sources" has been proposed by the Republic of Korea at the 19th RCA
Working Group Meeting. Participants felt that it is important to select relevant
trainees fit for the purpose of the RCA project. In this respect, names should be
brought to the attention of National RCA Co-ordinators and the concerned National
Project Co-ordinators at the stage of trainee selection. It was also proposed to look for
a possibility of inviting foreign lecturers to the course on in-kind contribution basis.
This workshop was strongly supported by the participants. Continued,
appropriate and stable funding to the project was felt, by the group, essential for the
effective implementation of the programme to achieve the objective which is intended
to assist RCA Member States in establishing national disposal activities for LILW
from nuclear applications.
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4. CONCLUSION
Data and information have been collected and summarized on waste haracteristics including waste inventory, site conditions and repository concepts for
the disposal of LILW in 7 RCA Member States. A preliminary review, based on the
information, was attempted to identify major waste characteristics and conceptual
reference site conditions and repository concepts. The review has shown that:
•

Most of the RCA Member States are producing diverse types and wide range of
volumes of short-lived LILW from radioisotope applications and research
activities. The waste could be classified into four categories: i.e. spent radiation
sources; waste immobilized in cement, polymer or bitumen; compacted waste; and
decommissioning waste, concrete waste and reactor components.

•

The conditions at potential suitable sites in the RCA region have a wide range of
climatic conditions and land uses. Many RCA Member States have tropical
climates with wet seasons of heavy rainfall followed by dry seasons. Many of the
States with high rainfall have high population densities and with most of the land
subject to intensive agriculture. There is a need for more information on the
transfer coefficients appropriate for the crops and land uses for RCA Member
States with tropical climates.

•

Four reference repository concepts were identified for further consideration: A)
shallow land burial/simple trench/very low-level waste/unsaturated zone; B)
shallow land burial/engineered trench with multilayer cover/unsaturated zone; C)
shallow land burial/engineered vault with multilayer cover/saturated or
unsaturated zone; and D) rock cavern/abandoned mines or excavated cavity/below
water table.

•

Further collection of information and study on the subject issues by a group of
experts representing the all participating countries of the project are considered
necessary.

Two activities are foreseen for next stage of the project, i.e. a workshop to
finalize the review on reference repository concepts, and a regional training course on
" Disposal of LILW with Emphasis on Non-power Sources". For the next workshop,
national co-ordinators of the project are expected to collect additional information on
the status on LILW disposal as well as carry out further review on conceptual
reference site conditions and repository concepts identified in this meeting. For the
training course, participants felt that it is important to select relevant trainees fit for
the purpose of the RCA project. In this respect, names should be brought to the
attention of National RCA Co-ordinators and the concerned National Project Coordinators at the stage of trainee selection. It was also proposed to look for a
possibility of inviting foreign lecturers to the course on in-kind contribution basis.
This workshop was strongly supported by the participants. While, participants
felt the meeting was too short and limited in participation to review the technical
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issues extensively. Continued, appropriate and stable funding to the project is felt
essential for the effective implementation of the programme to achieve the objective
which is intended to assist RCA Member States in establishing national disposal
activities for LILW from nuclear applications.
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APPENDIX 1.
LIST OF PARTICIPANTS
Workshop to Review

Waste Inventory, Waste Characteristics and Reference Site Candidates
(RAS/4/016)
7-9 July 1997, Shanghai, China

COUNTRY

NAME

FULL ADDRESS
(Tel & Fax nos.)

AUSTRALIA

Mr. John R. Harries

ANSTO
Environment Division
PMB1
Menai, N.S.W. 2234
Tel: (61) 2 9717 3896
Fax: (61) 2 9717 9260
E-mail: jrh@ansto.gov.au

CHINA

Mr. Guo Zede

China Institute of Radiation of
Protection
Department of Environment
Science
P.O. Box 120
Taiyuan, Shanxi, 030006
Tel: (86) 351 702 0266 3108
Fax: (86) 351 7020407

INDONESIA

Mr. Harjoto Djojosubroto

BATAN
Nuclear Techniques Research
Centre
J., Tamansari 71
Bandung
Tel: (62) 22 250 4898
Fax: (62) 22 250 4081

JAPAN

Mr. Kenji Shimooka

Japan Atomic Energy Research
Inst.
Radioactive Waste Techn. Div.
Department of Decommissioning
and Waste Management
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2-4 Shirakata-Shirane, Tokaimura, Naka-gun, Ibaraki-ken,
319-11
Tel: (81) 292 82 5581
Fax:(81) 292 82 5227
REPUBLIC OF
KOREA

Mr. Kwan Sik Chun

Korea Atomic Energy Res. Inst.
Director of Radwaste Disposal
Technology
Development Team
P.O. Box 105
Yusong, Taejon, 305-600
Tel: (82) 42 868 2017
Fax: (82) 42 864 0355
E-mail:
KSCHUN@nanum.kaeri.re.kr

SRI LANKA

Mr. H.L. Anil Ranjith

In-Charge of Radiation
Protection
Atomic Energy Authority
Ceramics Building, Galle Road
Colombo 03
Tel: (94) 1 501 468
Fax: (94) 1 501 457

THAILAND

Mr. Pathom Yamkate

Office of Atomic Energy for
Peace
Vibhavadee-rangsit Rd.,
Chatuchak,

Bangkok 10900
Tel: (66) 2 5790 1389, 579 5230
4
Fax: (66) 2 561 3013
IAEA

Mr. K.W. Han

International Atomic Energy
Agency
P.O. Box 100
A-1400 Vienna
Tel: (43) 1 2060 22672
Fax: (43) 1 2060 20607
E-mail: K.W.Han@iaea.org
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China

Mr. Zhu Jiang

Bureau of International Cooperation
China
Atomic
Energy
Authority
P.O. Box 2102
Beijing, 100822
Tel: (86) 10 68512211 Ext. 3276
Fax: (86) 10 68513717

China

Mr. Yang Huating

China Institute for Radiation Protection
P.O. Box 120
Taiyuan, Shanxi, 030006
Tel: (86) 351 7020266
Fax: (86)351 7020407

China

Mr. Zhu Dan

Shanghai Institute for Supervision over
Radiation in Environment
500 Hutai Road
Shanghai, China
Tel: (86)21 56085107
Fax: (86)21 56085107

China

Mr. Guo Yongheng

China Institute of Radiation Protection
P. O. Box 120
Taiyuan, Shanxi, 030006
Tel: (86) 351 7020266
Fax: (86) 351 7020407

China

Mr. Dai Jiwei

Shanghai Institute for Supervision over
Radiation in Environment
500 Hutai Road
Shanghai, China
Tel: (86) 21 56087112 Ext. 3304
Fax: (86)21 56085107

China

Mr. Ge Lixin

Shanghai Institute for Supervision over
Radiation in Environment
500 Hutai Road
Shanghai, China
Tel: (86) 21 56087112 Ext. 3310
Fax: (86)21 56085107
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China

Mr. Shen Zhongdong

Shanghai Institute for Supervision over
Radiation in Environment
500 Hutai Road
Shanghai, China
Tel: (86) 21 56087112 Ext. 3310
Fax: (86) 21 56085107

China
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Shanghai Institute for Supervision over
Radiation in Environment
500 Hutai Road
Shanghai, China
Tel: (86) 21 56087112 Ext. 3309
Fax: (86)21 56085107
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APPENDIX 2.
AGENDA
Workshop to Review

Waste Inventory, Waste Characteristics and Reference Site Candidates
(RAS/4/016)
7-9 July 1997, Shanghai, China
Monday. 7 July 1997
09:30 - 10:00
Welcoming remarks
Technical officer's remarks
Introduction of the participants
Administrative information
10:00 - 10:30
Coffee break
10:30-12:00
Briefing of the background
Discussion/acceptance of agenda
Presentation on participating countries'
waste inventories, waste characteristics,
site characteristics and repository concepts
12:00-13:00
Lunch break
13:00 - 14:30
Continuation of the participating countries' presentations
14:30 - 15:00
Coffee break
15:00 - 17:30
Continuation of the participating countries' presentations
18:30Reception (Hosted by the IAEA)
Tuesday. 23 July 1996
09:00 10:30 10:45 12:00 13:00 -

10:30
10:45
12:00
13:00
17:30

Discussion on reference sites and designs
Coffee break
Discussion on future work
Lunch break
Technical tour to waste management facilities

Wednesday. 24 July 1996
09:00 - 10:30
10:30 - 10:45
10:45-12:00
12:00-13:00
13:00 - 14:30
14:30-15:00
15:00 - 17:30
18:30 -

Preparation of a workshop report
Coffee break
Continuation of the preparation
Lunch break
Review of the report
Coffee break
Wrap up discussion including on future actions
Adjourn
Reception (Hosted by the CIRP)

(Host)
K.W. Han
G.Zede
K.W.Han
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XA9745283
Presentation at the IAEA Workshop to Review Waste Inventories, Waste Characteristics and
Reference Candidate Site, Shanghai, China, July 7-9, 1997

RADIOACTIVE WASTE MANAGEMENT AND DISPOSAL IN AUSTRALIA

John R. Harries
Australian Nuclear Science and Technology Organisation (ANSTO)
PMB 1, Menai, NSW 2234, Australia
Phone +61 2 9717 3896, Fax +61 2 9717 9260

1.

INTRODUCTION

A national near-surface repository at a remote and arid location is proposed for the disposal of
solid low-level and short-lived intermediate-level radioactive wastes in Australia. The
repository will be designed to isolate the radioactive waste from the human environment under
controlled conditions and for a period long enough for the radioactivity to decay to low levels.
Low-level and short-lived intermediate-level waste is defined under the new IAEA waste
, classification scheme as short lived low and intermediate level waste (LILW-SL) (IAEA
1994a). LILW-SL classification includes those wastes suitable for disposal in simple landfills,
engineered surface facilities or near-surface facilities at depths of, typically, a few tens of
metres. The concentration of long-lived radionuclides in LILW-SL is limited to low levels
consistent with the radiotoxicity of the radionuclides and the requirements set by national
authorities.
Compared to countries that have nuclear power programs, the amount of waste in Australia is
relatively small. Nevertheless, the need for a national disposal facility for solid low-level
radioactive and short-lived intermediate-level radioactive wastes is widely recognised and the
Federal Government is in the process of selecting a site for a national near-surface disposal
facility for low and short-lived intermediate level wastes.
Some near surface disposal facilities already exist in Australia, including tailings dams at
uranium mines and the Mt Walton East Intractable Waste Disposal Facility in Western
Australia which includes a near surface repository for low level wastes originating in Western
Australia.
2.

INVENTORY OF RADIOACTIVE WASTES

The amount of LDLW-SL radioactive waste in Australia was estimated to be about 3,400 m3,
Table 1.
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Table 1. Existing solid low level radioactive wastes for repository
Volume m3
900

Organisation
ANSTO

Defence
States and Territories
CSIRO

200
100
60
100
2000

Total

3400

Description
Compacted wastes in 205 L drums
Dried sludges from treatment of low-level
liquids
Uncompacted solid items
HEPA filters
Electronic valves, watches, etc
Sealed sources, etc
Soil contaminated with uranium process
tailings

The existing generation rate of LBLW-SL radioactive wastes in Australia is less than 50 m3 per
year. Over 50 years this generation rate would correspond to less than 2,500 m3. However,
this generation rate does not include such potential additional sources as those that could arise
from the decommissioning of the HDFAR and Moata research reactors, from increased use of
consumer products, and from the mining and use of naturally-occurring radioactive materials.
It is estimated that decommissioning HEFAR could generate about 2500 m3 of LILW-SL waste
and about 150 m3 intermediate-level waste assuming that the reactor is dismantled soon after it
ceases operation. The amount of waste from site remediations will depend on regulatory
clean-up criteria and acceptable disposal options.
Based on the amount of low-level and short-lived intermediate-level radioactive waste already
in various storage facilities around Australia, the repository might only need a capacity of
10,000 m3 over a 50-year period. However, as there could be other sources of radioactive
wastes it has been suggested that the repository have space for 100,000 m3 of waste.

Table 2.
Type
Intermediate level solid

Intermediate level liquid

Uranium process tailings
Spent research reactor fuel

Other radioactive wastes in Australia
Volume
300 m
15 m3
6 m3

2 million tonnes
per year
1600 elements

Comments
Research reactor operation,
production of radioisotopes,
medical radium sources.
Processing of research reactor fuel
Production of molybdenum-99.
These wastes are to be
solidified
Disposal at mine sites
0.25 tonnes heavymetal

The mining of uranium and mineral sands also produces wastes containing elevated levels of
naturally occurring radionuclides. The two Australian uranium mines now operating produce
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over 2 million tonnes of uranium mill tailings a year and most of these tailings are disposed of
in near surface facilities at the mine sites. Although uranium mill tailings are controlled by
different regulations, the requirements for their disposal are consistent with disposal criteria for
near surface disposal of radioactive wastes. The processing of mineral sand concentrates can
produce wastes with elevated levels of thorium.
Australia also has intermediate level wastes that are unsuitable for near surface disposal. These
include numerous radium sources, wastes from the production of molybdenum-99 and
intermediate level wastes resulting from the overseas reprocessing of research reactor spent
fuel. Consideration is being given to establishing a national store for intermediate level wastes
pending the establishment of deep geological repository that would be suitable for intermediate
level waste.
Small quantities of very low level radioactive waste from medical and research activities are
disposed of in municipal tips, by incineration or to the sewer. Limits of these disposals are
specified in the Code of Practice for the disposal of radioactive wastes by the user (NHMRC
1985).

3.

THE SITE SELECTION PROCESS FOR AN AUSTRALIAN NATIONAL
REPOSITORY

In 1992, the Federal Government with support from the States, started a site selection process
for a national near-surface disposal facility at a remote and arid location (Davoren et al 1996).
Selection criteria are based on the requirements in a code of practice for a near-surface facility
in Australia issued in 1992 (NHMRC, 1992). The national repository will be designed to
isolate the radioactive waste from the human environment under controlled conditions and for
a period long enough for the radioactivity to decay to near-background levels.
In Phase 1 of the site selection process, the National Resource Information Centre (NRIC)
developed a methodology to identify a suitable site using the site selection criteria of the
NHMRC Code of Practice as previously described. A discussion paper on the methodology
and the near-surface concept for the repository was issued (NRIC 1992).
In Phase 2, NRIC assembled more detailed information and applied the GIS methodology
again on a country-wide basis (NRIC 1994). Based on the assessment and suggestions from
public comment, NRIC identified eight regions for further assessment. The eight identified
regions had areas ranging between 11,000 and 67,000 square kilometres, and were
characterised by low population density, low annual rainfall (mainly less than 500 mm), high
pan evaporation, generally local and low productivity aquifers and no intensive agriculture.
Detailed digital data were assembled for each region on a 250 m grid. The themes used for the
regional analysis were geology, faults, drainage features, standing water levels, supply rate and
water quality in water bores, tenure and transport.
The public comments were sought on both the Phase 1 and the Phase 2 discussion papers
(DPEE 1993, 1995). A National Repository Advisory Committee has been formed to advise
the Minister.
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Phase 3 of the site selection process is the identification of a suitable site. The Federal
Government will nominate one of the eight regions for detailed field investigations. A
comprehensive public consultation process is planned during the selection and investigation of
a preferred site.

4

DESIGN CRITERIA

The Australian National Health and Medical Research Council (NHMRC) developed a Code of
Practice for the Near-Surface Disposal of Radioactive Waste in Australia that specifies
requirements for site selection, design criteria, safety assessment, operation, regulation, and
rehabilitation for a near-surface facility (NHMRC 1992). This code is expected to form the
basis for regulations governing operation of the repository.
Three categories of radioactive waste (A, B and C) are defined in the NHMRC Code as
suitable for near-surface disposal and one category (S) as unsuitable. Category C waste is bulk
materials with similar activity concentration limits to Category B. The minimum cover
thickness for Category A material is 2 m between the top of the waste and the top surface of
the cover, and for Category B and C materials the minimum cover thickness is 5 m.
Design criteria for the Australian repository will be based on the requirements of the NHMRC
Code of Practice for the Near-Surface Disposal of Radioactive Waste in Australia and the
IAEA RADWASS recommendations. The design will also depend on the amounts and types of
radioactivity waste for disposal, the climate and geology of the site, the design dose constraint
. for any release, the level of access control that can be imposed while the site is operational and
the institutional control period for which land use limitations can be maintained after the site
has closed. At the end of the institutional control period (100 -300 years) the residual levels of
radioactivity should be low enough that foreseeable human and biological activity will not
result in unacceptable doses.
The lowest level of wastes, Category A, must be treated to reduce the waste volume and to
minimise voids. The next level of wastes, Category B or Category C, must in a form which will
maintain its physical dimensions and properties under the anticipated conditions of disposal,
including the compressive effects of overburden and compaction equipment, and the structural
changes caused by chemical reaction or biodegradation. Category B or C wastes must be
structurally stable for a design period of at least 300 years. Stability could be provided by the
waste form itself, by processing the waste into a stable form, by placing the waste into a
disposal container, or by placing it in a structure such as a lined trench or a bore hole.
Under the Australian NHMRC Code, Category B waste must be at least 5 m, and Category A
waste at least 2 m, below the top surface of the cover. If Category A and B wastes are buried
in the same trench, the Category A wastes must be stabilised to the same standard as required
for Category B wastes

5.

REPOSITORY SITE CONDITIONS

The site for the repository is expected to be in an semi arid or arid climate. The site will have
an average annual rainfall less than 500 mm and an average annual pan evaporation greater
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than 2500 mm. Storm intensity will be medium, i.e. a maximum rainfall over 3 days of 300 mm
for a 50 year average recurrence interval.
The site is expected to have low vertical relief with clearly defined surface water flow paths
and slopes low enough to ensure erosion is not significant over the life of the repository.
Ideally the repository will be on elevated land where no off-site water flows onto the site. The
facility will be designed to ensure there is no accumulation of surface waters in the vicinity of
the buried wastes both during operations and after closure.
The institutional control period limits the activity concentration of wastes that can be disposed
of in the repository. An institutional control period of 100 to 300 years is being considered.

6.

FACILITY DESIGN OPTIONS

The performance of a near surface facility depends on the waste form, the waste package, the
engineered barriers built into the repository design and the surrounding geology. The
conditioning and packaging of the waste for disposal could involve a range of immobilisation
techniques such as cement, polymer and bitumen and a range of packages such as polyethylene
high integrity containers, steel drums, stainless steel drums, concrete lined steel drums, large
steel boxes, prefabricated concrete containers, concrete vaults and monoliths. A balance needs
to be maintained between the level of containment which forms part of the waste package and
the level of need for engineered barriers built into the repository.
Because the Australian repository will have to accept many different types of radioactive
waste, the facility design needs to be flexible and capable of accepting wastes of widely
differing toxicity. The disposal facility is expected to be based on an excavated pit or trench
into which are placed packaged wastes, modular canisters, and perhaps engineered structures.
Disposal Technologies
Direct disposal in 205 litre steel drums could be appropriate for the thousands of cubic metres
of very low-level wastes, including cleanup wastes and very low-level laboratory wastes. The
very low level wastes would be placed in trenches, the spaces between the wastes backfilled
and a low infiltration cover installed.
In the case of direct disposal, steel drums cannot be considered to provide long term
containment after wastes are buried. For direct disposal, the engineered cover and geology
would need to be shown to provide adequate isolation. Individual items would be placed by
fork lift and/or crane in ordered arrays. All packages should be numbered and positions of
each item surveyed and recorded. Voids between each item should be filled with dry sand at
the completion of each layer, with the fill extending to the sidewall of trench. If greater
containment is required, mortar could be used as backfill.
Additional containment can be provided by modular canisters made of concrete or steel and
able meet structural criteria. Containment can be provided by the canister itself, or by an inner
package such as a polyethylene high integrity container. Modular canisters can be packed at
the repository or at regional centres.
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For some wastes, it might be appropriate to consider concrete vaults or concrete monoliths.
For both vaults and monoliths, the waste is placed in an open concrete cell, which is backfilled
with concrete/mortar to produce a concrete monolith or by sand/gravel, and fitted with a
concrete lid.
Because different toxicity wastes have different containment and structural requirements, there
can be advantages in using different disposal structures for the different types of wastes.
However, if as in the Australian repository, the amount of waste is relatively small, there can
be economic and operational advantages in limiting the number of disposal structures being
used at any time.
Intermittent Operation
The low generation rate of radioactive waste in Australia means that disposal campaigns at the
repository could be separated by extended periods of inactivity. At the end of each campaign,
the facility will have to be closed and all waste securely contained to prevent intrusion by
humans, animals and plants and to limit the ingress of rainwater. It would be advantageous to
design the icpository so that periodic monitoring and surveillance of the site during the closed
periods would provide adequate security without the need for permanent staff on site.
Site Layout
As discussed above, the amount of wastes to be disposed of in the Australian repository is
expected to be between 10,000 and 100,000 m\ A waste volume of 100,000 m3 would fit in a
.volume of 200 m x 200 m by 5 m deep, assuming the waste takes only half the volume with the
balance for spacing and backfill.
The preliminary plans for the Australian repository are based on a notional site area of 25 ha
(500 m x 500 m) surrounded by a buffer zone of about 500 m width where access is restricted
and development controlled. With the buffer zone, the area of the site is about 1.5 km x 1.5
km. A further zone of restricted occupancy where land use is controlled and housing restricted
could be advantageous.
Cover Design
A suitably engineered cover will be placed over the buried waste to limit infiltration of
rainwater, discourage entry of animals, plant roots and humans, and inhibit erosion for the
particular conditions at the site. In undisturbed soils in arid locations only a very small fraction
of the annual rainfall percolates to depth. The design of the cover depends on the level of
containment required, climatic conditions and local topography. The cover design must be
designed to ensure it maintains its integrity during any consolidation of the wastes or backfill..
Voids should be filled and back-fill compacted to minimise consolidation
On-site Facilities
The Australian repository is expected to have minimal on-site conditioning facilities. However,
there will be a need to be able to inspect wastes, to store and handle any waste that does not
comply with acceptance criteria and has to be returned to the conditioner.
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While the inventory of Australia's waste that is not suitable for near surface disposal is still
relatively small, proposals are being considered for a national storage facility where this waste
can be stored pending establishment of a suitable geologic disposal facility. If a national
storage facility for long-lived intermediate level wastes is to be established, one option would
be to co-locate the intermediate-level storage facility at the site of the national low-level
radioactive waste disposal repository. Because the site selection criteria for the two facilities
are different, co-location will only become an option if the site selected for the disposal facility
wastes is assessed and found to be also suitable for the storage facility. Co-location of a
storage facility for long-lived intermediate level wastes would not imply that a deep geological
facility for Category S wastes would be sited at the same site or in the same region.
Monitoring
A comprehensive site monitoring program will be undertaken beginning well before any
radioactivity is taken to the site, and continuing through the operational and the institutional
control periods.

7.

CONCLUSION

International experience and practice shows that a range of different technologies are available
to ensure that a near-surface repository can be established to dispose of Australian low and
short-lived intermediate-level waste in a effective, safe and cost effective manner that meets
, international standards.
Site selection is proceeding, and design options are under consideration. Selection of
packaging options and the disposal will be based on an engineering costing study to estimate
comparative costs of different options, and a safety assessment using site specific data to select
the technologies that meet radiological and environmental criteria.
8.
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NOTES ON LOW-LEVEL DISPOSAL FACILITIES AROUND THE WORLD
John Harries, Australian Nuclear Science and Technology Organisation, 4 July 1997
Site
Australia, National
Repository
Australia, Mt Walton
East, WA

Operating

Near Surface

Operating

Near Surface: concreted
shaft, concrete ISO
container
Near Surface: below
ground concrete vault
Near Surface: below
ground vaults (no
concrete floor)
Near Surface: below
ground concrete vault
Excavated Rock Cavity
Near Surface: concrete
vault/monolith
Near Surface: tumulus
and concrete
vault/monolith
Salt Mine (500 m)
Near Surface: below
ground monolith
Rock Cavern
Near Surface: simple &
concrete canister

Canada, Chalk River

Proposed

China, Northwest

Under
Construction

Czech, Dukovany

Operating

Finland, Olkiluoto
France, L'Aube

Technology

Proposed

Operating
Operating

France, La Manche

Closed

Germany, Morsleben
Japan, Rokkasho

Operating
Operating

Norway, Himdalen
S Africa, Vaalputs

Construction
Operating

Slovak, Mochovce

Operating

Spain, El Cabril

Operating

Near Surface: concrete
trench
Near Surface concrete
vault/monolith
Excavated Rock Cavity
Near Surface: below
qround concrete vault
Near Surface

Sweden, SFR Foreman^
UK, Drigg

Operatinq
Operating

USA, Bamwell
(commercial site)

Operating

USA, Beatty
(commercial site)
USA, Hudspeth, Texas

Closed

USA, Nevada Test Site
(DOE site)
USA, Pennsylvania

Operating

Near Surface: modular
concrete canisters
Near Surface:

Proposed

Near Surface Tumulus

USA, Richland
(commercial site)

Operating

Near Surface

USA, Savannah River
(DOE site)
USA, Hanford (DOE
site)
USA Ward Valley

Operating

Near Surface

Operating

Near Surface

Proposed

Near Surface

Near Surface

Rate

Design Volume
10,000 m3

125 m3 to
1997

Rainfall

Evaporation

< 300 mm/y

- 2500 mm/y
(pan)
2800 mm/y
(pan)

220 mm/y

4,000 m3

800 mm/y

60,000 m3
(later 200,000 m3)

< 70 mm

310,000 m3

- 500 mm

3

15,000 m
1,000,000 m3

20,000 m3/y

—600 mm/y
870 mm/y

3

1000 mm/y

40,000 m3
40,000 m3

- 600 mm/y
1200 mm/y

525,000 m

2,000 m3
800 m3/y
220,000 mJ
50,000 m3

500 mm/y
(actual)

650 mm/y
actual?
630 mm/y
actual?

- 700 mm/y
74 mm/y
- 500 mm/y

3,000 rrvVy
3

452 mm/y

1800 mm/y
(pan)

3

60,000 m
1,000,000 m3

2,500 m /y
6,000 m3/y

- 5 5 0 mm/y
- 1000 mm/y

800,000 m3
[720,000 m3
cum thru 1994
137,000 m 1
(cum thru 1992)

20,800 m3
(1994)

1200 mm/y

481,000 m3
(cum thru 1994)

22,900 m3
(1994)
6,700 m /y

1,500,000 m J
[358,000 m3
cum thru 1994
676,000 m
(cum thru 1994)
615,000 m'
(cum thru 1994)
300,000 m3

3,500 m3
(1994)

100-125 ' - 2000 mm/y
mm/y
(pan)
300 mm/y
- 2600 mm/y
(pan)
100 mm/y
- 2000 mm/y
(pan)
- 800 mm/y
-1200 mm/y
(pan)
150-200
-1400 mm/y
mm/y
(pan)

11,400 m3
(1994)
13.700 ms
(1994)

-1600 mm/y
(pan)

1200 mm/y

-1400 mm/y

150-200
mm/y
130 mm/y

- 1400 mm/y
2500 mm/y
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IAEA Workshop to Review Waste Inventory, Waste Characteristics and Reference Site
Candidates (RAS/4/016),7-9 July 1997, Shanghai, China

NON-POWER RADWASTE INVENTORY,
CHARACTERISTICS,
STORAGE AND DISPOSAL PLAN IN CHINA
Zhao Yamin National Environmental Protection Agency, China
Guo Zede China Institute for Radiation Protection, CNNC.

Nuclear technology application has a history of over 40 years in China, it has brought
a great benefit to the public health and the development of science, industry and
agriculture. However, nuclear technology application produces inevitably radwastes.
Chinese government has paid a great attention to safety management of this kind of wastes
for both protecting environment, human health, and promoting nuclear technology
application.
According to sources, radwastes can be classified into four categories in China:
• Nuclear industry waste
• Nuclear power plant waste
• Nuclear technology application waste (since a large portion of it produced from
cities, it is also called "municipal radwastes")
• Associated mineral radwaste (some non-ferrous metals and rare earth tailings with
Uranium and Thorium).
Based on the practical experience regarding L/ILW management, national
management system and waste management principles have been established in China,
and their key points are summarized as follows:
• The National Environmental Protection Agency (NEPA) is responsible for the
centralized management of country's radwastes: unified planing; organizing
coordinations; licensing; supervising and inspecting the activities of environment
protection.
• The China National Nuclear Corporation (CNNC) takes the responsibility of
research and development of radwaste management; siting, construction, and
operating disposal facilities; technical support for making regulations, standards and
guidelines.
• The units using radioactive isotopes and producing radwastes should take charge
of temporal storage of their own wastes.
• L/ILW management principles: controlling waste generation amount as less as
possible; collecting wastes according to their categories; reducing volume and
immobilizing; reliably packaging; interim storage and disposal.
This paper is limited to introduces the waste from nuclear technology application, its
inventory, characteristics, interim storage and disposal plan. Information concerning L/ILW
management, not limited nuclear technology application radwaste, can be found in
references11'2'3].
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1. INVENTORY AND CHARACTERISTICS
Sources of nuclear technology application wastes are summarized as follows:
• Hospitals and medicine research institutions, where radioactive isotopes are
mainly used for diagnosis and therapy.
• Agriculture, where radiation technology is used for breeding and keeping crops
fresh.
• Industries, such as metallurgy, mining, petroleum prospecting, hydrogeological
survey, etc..
• Research institutions and education departments.
Surveyed data in 1994 indicated there were 3300 units used total of 13800 sealed
radioactive sources, and there were 1009 units used open isotopes. Up to the middle of
1995, 3168 spent sealed sources and 280.3 t solid or solidified low and intermediate level
wastes were accumulated. Main radionuclides contained in the spent sources and wastes
are ^Sr, 137Cs, 3H, 14C, ^Co, ^ R a , 147Pm and 241Am etc., nudides with short half lives are
not listed.
2. WASTE TREATMENT AND STORAGE
According to the regulation requirement, all wastes from nuclear technology
application must be transferred to and storaged in the interim storage facilities. The first
storage facility was built in 1983, and 21 facilities located in different provinces are in
operation at present.
Each facility consists of two parts: one part with capacity about 500 m3 is used for
storage of L/ILW, another used for spent sealed sources. These facilities are operated and
supervised by local environmental protection authorities.
Any waste, containing artificial radionuclides with specific activity more than 2x104
Bq/kg, or containing natural radionudides with specific activity more than 7.4x104 Bq/kg,
shall be treated as radwaste. If wastes containing only short life radionuclides, after certain
period of storage to decay and reach exemption level, the wastes can be buried as
common garbage in a simply constructed pit within the storage facility area following being
approved by an environmental protection authority.
Waste producers shall take possible measures to minimize waste amount and
volume, classify wastes based on combustibility and compressibility, and package wastes
safely. In storage fadlities, acceptance check shall be performed to confirm that the
collected wastes meet acceptance criteria. Before storage, wastes shall be treated with
volume reduction (incineration, compaction) for some solid wastes, or with purification
(evaporation, filtering, precipitation, ion exchange) for liquid wastes, and the residue shall
be solidified. Then the solid or solidified wastes shall be packaged in standard drums.
3. DISPOSAL PLAN
All wastes from nuclear technology application are currently storaged in 21 storage
facilities. In a similar status at present, wastes from nuclear industry and nuclear power
plants are interimly storaged in place where wastes are produced.
In 1992, Chinese government approved an Environmental Policy Concerning the
Disposal of L/ILW. According to the Policy, four regional disposal sites will be constructed
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and used to dispose of all kind of L/ILW including wastes from nuclear technology
applications.
South China disposal site
This site is located 5 km northeast of the Daya Bay NPP in Guangdong province. Site
selection began from 1991. First, 37 sites were screened on geological maps and
socioeconomic conditions, then 20 of them were investigated in the field. Finally detailed
site study was conducted for three years in a coastal hilly area called Beilong-Lingao area.
At this site a strongly weathered light metamorphic quartz siltstone exists, annual
precipitation is 1900 mm. Each disposal vault has engineered barriers of reinforced
concrete wall and bottom, water collecting and drainage system, and multilayer cover of
more than 5 m thickness.
This site was approved by National Environmental Protection Agency (NEPA) in
1994. The total designed capacity of the site is 240,000 m3 The first phase engineering
with 80,000 m3 will be finished and receive wastes in 1998.
A model developed in Environmental Impact Assessment Report[5] predicted the
radiological effect caused by radionuclides released from disposal units. The model
considered such factors as surface water infiltration, leaching of nuclides from solidified
waste form, sorption and diffusion in concrete containers, the presence of backfill material,
migration and retardation of nuclides in groundwater, and food chain. The committed
effective dose equivalents calculated in the model for an adult at the boundary of disposal
units at various times after closing the site concluded that the doses are 4 orders of
magnitude lower than the Chinese regulation standard of 0.25mSv/a.
Northwest China disposal site
This site is located in a very dry area in Gansu province, annual precipitation is less
than 70 mm. The local population is about 10 persons/km2. Lithology consists of thick
sedimentary deposit in different compositions of sand, gravel and clay. The total designed
capacity of the site is 200,000 m3 The first phase engineering with 60,000 m3 is scheduled
to be finished and receive wastes in the later of 1997.
East China disposal site
17 sites in Zhejiang province have been surveyed since 1988. Preliminary information
on geology, hydrogeology, enviroecology and socioeconomy have been obtained and
evaluated. Five sites were recommended for further investigation. Disposal concept of one
of the five sites is near surface vault with engineering barriers, three sites will use
abandoned mines, and the fifth one is an artificial cavity. Further detailed investigation and
comprehensive evaluation will be conducted, and it is planed that this site will be set up
with capacity of 200,000 m3 in 2003.
Southwest China disposal site
In Southwest China, three sites have been candidated following site screening. These
sites are situated in a relatively stable region, in which the earthquake intensity is below 6
on the Richter scale. Jurassic strata consisting of mudstone, sandstone and siltstone crop
out at sites.
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In its first phase, the Southwest site will have a capacity of 50,000 m3, and receive
wastes 10-20 years later.
4. CONCLUSION
A considerable amount of wastes from nuclear technology applications are interimly
storaged in 21 facilities. Waste treatment processes, such as classification, volume
reduction, purification, solidification and packaging are required to be applied for safe
storage and retrieval. The government has established the regional disposal policy for
L/iLW, and four sites will be built, two of them are under construction and will soon receive
wastes.
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WASTE INVENTORY, WASTE CHARACTERISTICS AND WASTE REPOSITORIES
IN JAPAN

K. Shimooka
Japan Atomic Energy Research Institute (JAERI)
Tokai-mura, Naka-gun, Ibaraki-ken 319-11, Japan

1.

INTRODUCTION
There are two types of repositories for the low level radioactive wastes in

Japan. One is a trench type repository only for concrete debris generated from the
dismantling of the research reactor. The Nuclear Safety Commission (NSC) and the
Science and Technology Agency (STA) have established a system to ensure the
safety of the disposal of very low level radioactive waste (VLLW). According to the
safety assurance system, Japan Atomic Energy Research Institute (JAERI) has
disposed of the concrete debris arose from the dismantling of the Japan Power
Demonstration Reactor (JPDR).
The other type is the concrete pit with engineered barriers. Rokkasho Low
Level Radioactive Waste Disposal Center has this type of repository mainly for the
power plant wastes. Japan Nuclear Fuel Ltd. (JNFL) established by electric power
companies is the operator of the LLW disposal project. JNFL began the storage
operation in 1992 and buried approximately 60,000 drums there. Two hundred
thousand drums of uniformly solidified, waste may be buried ultimately.

2.

CLASSIFICATION AND INVENTORY OF RADIOACTIVE WASTES
Radioactive wastes are classified into four categories according to their

sources of generation. Inventory of those wastes (Nuclear Pocket Book, 1996) are:
1) Power Plant Waste generated from nuclear power plants and other similar facilities.
Approximate volumes of Power Plant Waste are 514,000 drums (as 200 liter drum). ;
2) Cycle Waste generated from reprocessing facilities, fuel fabrication facilities and
other facilities related to nuclear fuel cycle; roughly 120,000 drums
3) Rl Waste generated from facilities and places using radio isotopes. The volumes
are 73,000 drums (as 200 liter drum).; and
4) Research Institute Waste generated from laboratories and institutes. The volumes
are 133,000 drums (as 200 liter drum).
The total amount of Non-power wastes, namely summing of Rl Waste and
Research Institute Waste are 206,000 drums in Japan.

3.

MAJOR RADIONUCLIDES IN THE WASTES TREATED AT JAERI, TOKAl
Tokai Research Establishment of JAERI and Japan Radioisotope

Association (JRIA) have been treating most of the low level radioactive wastes
arising from nuclear research activities in Japan. JAERI has been treating the low
and intermediate level wastes produced by use of radioactive materials in research
and industry. JRIA is treating the medical waste arising from the application of
radioisotopes in the field of medical research and therapy.
Major radionuclides and the total activities of the wastes received by the
treatment facility of JAERI since 1960 are shown in Table I. Main radionuclides are
activated nuclides and fission nuclides. Approximate total activity of radionuclide
treated and conditioned at JAERI is 4.1E+13 Bq including 5.7E+11 Bq of alpha
nuclides.
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4.
4.1.

SITE CHARACTERIZATION AND THE FACILITY DESIGN
Characterization of the Tokai site for very low level waste
The Nuclear Safety Commission established the upper bound

concentration limits for Very Low Level concrete waste permitted to be disposed of in
a near surface disposal facility without conditioning or engineered barriers (NSC,
Tokyo, 1992). The concentration limits of radionuclides are shown in Table II.
Based on the regulation, the shallow land disposal facility was constructed in the site
of Tokai Research Establishment of JAERI. The location of the site is about 120 km
northeast of Tokyo, along the coast of the Pacific Ocean. The facility of Tokai site is on
the coastal sand terrace. Characteristics of the coastal sand are not the best, however,
the disposal site is an adequate place for JAER' from a technical and nontechnical
viewpoints. Hydrogeological condition around the site has already been investigated
by a long term field experiment. Monitoring wells are existing around the site. We
have many technologies available to the operation of the facility and various
information about the site. There is no question of land ownership, no problem in
availability and accessibility of the site. Taking into account the characteristics of
both site condition and very low radioactivity of the waste, a disposal pit was excavated
in the site of JAERI. Size of the pit is 45 m in length, 16 m in width and 3.5 m in
depth. The pit is divided into six sections by iron frames. During the emplacement of
the waste, a section of the pit was covered by a sliding roof to prevent rain
permeation. After filling the section with the waste, the sliding roof was moved to
another section for the following operation.
Approximately 1,700 tons of very low level waste, with a total radioactivity
of approximately 230 MBq have been disposed of in the pits. The waste is mainly
concrete debris generated from the dismantling of JPDR. One thousand and three
hundred tons of concrete debris are originated from the dismantling of the biological
shield and 400 tons are from the contaminated floor. The radioactivity and the
maximum concentration of major radionuclides in the concrete debris are shown in
Table III.
Geological and hydrogeological features of the site were previously
investigated by using 42 bore holes. The geological feature of the site consists of
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Tertiary formation, Quaternary deposit and the sand layer. The bedrock is the Tertiary
silt, at 60 m beneath the surface. The N value of the sand layer measured by a
standard penetration method is nine and the wet density is 1.8 ton/m 3 . The facility on
the coastal sand terrace is 200 m apart from the Pacific Ocean. Elevation of the site is
about 8 m from the sea level. This elevation is higher than the highest tide recorded in
the history. No fault is observed around the facility. Hydraulic conductivity of the sand
layer is about 3 x 10"2 cm/s. The performance of the disposal pit was improved by
covering the pit with less permeable soil that had a permeability of 10~3 -10" 4 cm/s.
The direction of a groundwater flow is from west to east, consequently groundwater
flows into the sea. Recharge of the groundwater is the annual precipitation of 1,300
mm. The bottom level of the disposal pit was constructed approximately 1 m above the
groundwater level. (M. Okoshi, et al., 1997)

4.2.

Rokkasho Low Level Radioactive Waste Disposal Center
Low Level Radioactive Waste is regulated under the Law for the

Regulation of Nuclear Source Material, Nuclear Fuel Material and Reactors.
Regulation for LLW disposal is based on the guidelines determined by the Nuclear
Safety Commission. The repository at the Rokkasho site is a concrete pit type with
engineered barriers.
The Rokkasho LLW Disposal Center is located at the northeastern part of
the mainland of Japan. Japan Nuclear Fuel Ltd. (JNFL) began the operation of
emplacement in 1992. Approximately 60,000 drums had been buried by the end of
1995. The drums contained uniformly solidified liquid waste concentrates with cement,
bitumen or plastic are stacked in the concrete pit. The burial facility is constructed on
the low permeability bedrock beneath the ground water table. The bedrock at this
site is Tertiary Takahoko formation composed of sandstone and pumice tuff. The N
value of this Takahoko formation is around 50. The hydraulic conductivity of this
formation is 1.5 x 10~4 -1.1 x 10"5 cm/s. The Quaternary deposits overlying the
Tertiary are extensively distributed in this area. The deposits consist of a terrace
deposit, a volcanic ash layer and an alluvium deposit. The groundwater table is
located mostly in the Quaternary formation and the level is about 45 m above the
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sea level. Observations of water balance at the site indicate that the precipitation rate
is about 1,200 mm/a, the evapotranspiration rate is about 600 mm/a and the average
groundwater recharge is 300 mm/a, other rainwater flows into streams as surface
runoff and interflow. (Y. Sakabe, 1997)
5.

CONCLUSIONS
Research wastes consist of both activated nuclides and fission products

have long half-lives. From these characteristics, concrete pit type repository with
engineered barrier system is preferable for the disposal. However, trench type
repository without engineered barrier system may be considered for the considerable
volume of very low level radioactive wastes.
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TABLE I.

j3 y

a.

INVENTORY OF RADIONUCLIDE STORED
AT JAERI
(Bq)
H-3
C-14
Na-22
Mn-54
Fe-55
Co-57
Co-60
Ni-63
Zn-65
Sr-90
Ru-106
Cs-134
Cs-137
Pm-147
Th-232
U-238
Pu-241
nat-U

6.4E12
2.7E11
9.5E08
9.2E08
4.1 E08
6.0E08
4.2E11
7.7E10
2.0E08
3.4E11
1.2E12
3.9E10
5.2E11
3.0E13
2.6E09
1.1 E09
• 1.1E12
1.2E08

Total

4.1E13

Pb-210
Ra-226
Np-237
Pu-238
Pu-239
Pu-240
Am-241
Cm-244
gr-Alpha

3.0E07
1.9E10
2.1 E07
2.4E10
2.5E11
2.5E07
1.8E11
5.2E10
3.7E10

Total

5.7E11

Grand Total

4.1E13

TABLE II. RADIOACTIVITY CONCENTRATION UPPER BOUNDS (Bq/t)
FOR CONCRETE WASTE NOT SOLIDIFIED INTO CONTAINERS
Concentration upper bound

a

H-3

3.0E9

C-14

1.1E8

Ca-41 a

1.5E8

Co-60

8.1 E9

Ni-63

7.2E9

Sr-90

4.7E6

Cs-137

1.0E8

Eu-152a

3.6E8

a emitters

1.7E7

Applies only to activated concrete waste.

•-a

TABLE III. ACTIVITY AND MAXIMUM ACTIVITY CONCENTRATIONS FOR
MAJOR RADIONUCLIDES IN THE VLL CONCRETE WASTE
Max.activity
concentrations
(Bq/t)

Activity(Bq)
Activated concrete

Contaminated concrete

Total

H-3
C-14
CI-36
Ca-41
Co-60
Ni-63
Sr-90
Cs-137
Eu-152
Eu-154
a emitters

1.7E8
4.0E5
1.2E4
7.4E5
3.9E6
2.5E5
1.0E5
2.0E4
1.7E7
7.8E5
3.4E3

7.5E6

1.8E8

6.9E6

7.3E6

Total

1.93E8

1.1 E6
2.0E4
7.7E1
4.8E3
1.6E5
3.0E4
2.0E4
1.0E4
1.1 E5
5.0E3
6.4E2

1.2E4
7.4E5
2.1 E6

6.0E6

1.0E7

1.1E7

6.9E6

7.0E6

8.8E5

9.0E5
1.7E7
7.8E5

2.2E5

2.2E5

3.45E7

2.28E8
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CURRENT STATUS OF RADIOACTIVE WASTE MANAGEMENT
FROM NUCLEAR APPLICATIONS IN KOREA

Kwan Sik Chun
Korea Atomic Energy Research Institute

Introduction
Korea has been in operation of nuclear research reactor(s) since the first research reactor. TRJGA
MARK-II type, started to operate in 1965. The third research reactor. HANARO, has begun to
operate since 1995 while other research reactors have been shut down for their decommissioning
and will be dismantled in near future.

From these reactors radioisotopes(RI) have also been

produced to supply a part of internal demand of the isotopes, which have been utilized in medical,
industrial, educational and research fields since 1963. However, most of radioisotopes have
been imported.
Several kinds of radioactive wastes from non-power source have been produced by the
application of the isotopes and by the operations of the research reactors and a fuel fabrication
plant.

The RI application wastes have been collected and stored at the Nuclear Environment

Technology Institute(NETEC) under the Korea Electric Power Company(KEPCO), separately
from the operational wastes of nuclear power plant(NPP) which are being stored at on-site
storage of each NPP.

The other wastes have been stored at the Korea Atomic Energy Research

Institute(KAERI) and the Korean Nuclear fuel company(KNFC).

There has been no repository

for the disposal of the low- and intermediate-level radioactive waste(LILW) in Korea yet.

Arising of Radioactive Wastes and Their characteristics
Up to the end of 1996 the cumulative radioactive wastes collected from 173 organizations for RI
application, a research institute, KAERI. and a nuclear fuel fabrication plant, KNFC, of which
the capacity is 200MTU/yr for PWR fuel and will be scaled up to 300MTU/yr by August of this
year, are shown in Table 1[1, 2, 3].
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Table 1.

Cumulative Amount of Radioactive Wastes up to the End of 1996

1) Wastes from KAERI
Low- and intermediate-level wastes
- Conditioned wastes

- Non-conditioned wastes
3

325.0 m

Combustible

:

337.8 mJ

:

72.6 m3

Spent resin

:

11.2 m3

Decommissioned :

1,042.2 mJ

Spent filter

:

101.4m3

Spent drum

:

260.6 m3

• Non-combustible:
Solidified

High- level wastes
- Spent radiation source : 22 boxes
- High-level waste

:

0 ,9n

2) Wastes from RI applications
Solid
- Combustible

Liquid
379.0 m

:

- Non-Combustible :

54.2 m3

- Non-Compactible :

16.5m3

- Hepatitis

3

- Organic
Spent radiation source :

3.8 m3
560 boxes

3

: 54.5 m

3) Wastes from KNFC
Solid
- Combustible

:

155.2 m3

- Non-Combustible

:

113.4 m3

- Spent filter

:

306.7 m3

At present, the wastes from RI applications are stored in two storage buildings of NETEC and
from KAERI in four storage buildings on her site.
storage building on the site.

And the wastes from KNFC are stored in her

A program to reduce the volume of wastes, by incineration and

repackaging, or reclassification would systematically be studied.
The wastes from RI applications are divided into miscellaneous wastes(Table 2) and spent
radiation sources(Table 3).

As shown in Table 2[4]. the miscellaneous wastes are classified

into 5 categories depending on their properties of contents.

To protect an infect of hepatitis.

plastics such vials and syringes used for the examination and/or treatment of the hepatitis are
separately collected and stored.

Most of the wastes are contaminated by short-lived
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radionuclides and/or consist of the material of which the contamination level is very low.

The

major nuclides are H-3, C-14, P-32, S-35, Tc-99m, 1-125,1-131, Cs-137r Pm-147 etc.
The overall characteristics of the KAERI wastes are indicated in Table 4 [5].

The surface dose

rates of their containers are comparatively high due to the hot-cell operation wastes for the postirradiation examination of PWR fuels.

The major nuclide is Cs-137 which is one of the

dominant fission products in spent nuclear fuel.

The spent drums are contaminated by UO2.

which have been utilized as a container of natural uranium oxide for CANDU fuel fabrication.
The decommissioned wastes have been produced mainly by dismantling the old radioactive waste
treatment facility at Seoul site of KAERI.
The wastes from KNFC are contaminated only by uranium.

The components of the

combustible wastes are clothes, gloves, tissue, etc. and non-combustible wastes consist of steel,
firebrick, lime precipitate, plastic, etc.[3].
Regulatory Aspects
Regulating and licensing of nuclear facilities in Korea are based on the provisions of the Atomic
Energy Act. Enforcement Decree. Enforcement Regulation and Notice of the Minister of Science
and Technology.

The Ministry of Science and Technology(MOST) has the prime responsibility

for nuclear regulatory and licensing and their enforcement has been entrusted by the government
to the Korea Institute of Nuclear Safety(KINS) as the safety authority.

So. the triangle

licensing system on radioactive waste disposal, shown in Figure 1, confirms that radioactive
waste will be managed safely within an appropriate legal framework including clear allocation of
responsibilities for independent regulatory functions[6].
To assure adequate protection of the public and workers, the detailed teclmical standards on
LILW disposal have been developed and the followings [7] :
- Siting criteria for the disposal (Notice No. 91-7).
- Criteria for design of the disposal facility (Notice No. 91-9).
- Acceptance criteria for radioactive waste (Notice No. 91-10).
- Standard format and contents of emironmental report(Notice No. 92-9)r
- Criteria for quality assurance of the disposal facility(Notice No. 92-17).
- Performance criteria of the disposal facility(Notice No. 94-2).
- Guide to environmental radiation measurements and monitoring(Notice No. 94-3), and
- Standard format and contents of site characterization report(Notice No. 94-4)
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License
Application /

/ License

Entrustment

Insurance

Inspection Application

/ b a f e t y Authority"-

Inspection
Figure 1.

Fundamental Framework for Licensing on LILW Disposal

Site Characterization Plan
The purposes of site characterization are to provide data for license application and approval of
the safety assessment for a proposed repository site.

Thus the common' investigation activities

for Site Characterization Report(SCR) and Environmental Report(ER) should be arranged in
such a way that the investigation results can be shared for both purposes.
environmental data and preliminary engineering design data are also produced.

General

In general, the

site characterization plan includes the following activities.
- To define the regional geological conditions.
- To refine the geological conditions in a site scale.
- To determine the localization of repository, and
- To clarify the site specific data such as local geological and hydrogeological conditions.
The preparation of SCR and ER on LILW disposal site is based on technical standards. Notice
No. 94-4 and No. 92-9.

Also the technical standards relevant to the site characterization are

available on Siting Criteria (Notice No. 91-7) and Design Criteria (Notice No. 91-9).

Major site characterization activities are as the followings:
1)

General environmental survey

The activity includes the investigation on geography, transportation, public health and other
general environmental factors.
2) Geological investigation

57

The survey area is defined as three regions.

The regional geology should describe within 320km

of the site, including tectonic history of the region, regional geomorphology, stratigraphy, tectonic
structures and geochronology.

The detailed geologic conditions within 8km of the site comprise

lithologies, structural geology, stratigraphic units and geologic characteristics.

And detailed

survey of structures in the vicinity of repository area includes fault, fold, structural weak zone,
altered zone, irregularly weathered zone.

Especially the investigation on faults and joints will be

performed most carefully.
3) Seismic investigation
The purpose of seismic investigation is to provide basic data for design.

Any historical and

instrumental record of seismic activities that have a magnitude of 3 or more, or a Modified
Mercalli Intensity of IV or more within 320km of the site will be reviewed.
4) Hvdrological and hydrogeological investigation
In surface hydrological sunny, the natural events such as heavy rainfall, flood, tidal wave,
typhoon will be investigated.

The water budget analysis will be executed. Hvdrogeological

investigation is accomplished by identifying the groundwater flow system including groundwater
flow characteristics, hydrogeological structure and hydraulic properties of rock mass.
Groundwater flow modeling will be accomplished with the conditions of geology, fracture
systems and hydraulic parameters.
5) Geophysical investigation
Airborne, marine and surface geophysical investigations are performed.

The first stage of

im-estigation will reflect the reconnaissance geological conditions and the supplementary survey
will be continued on certain area.
6) Geothechnical investigation
This activity gives the information on engineering behavior and properties of site materials.

The

analyses of slope stability and liquefaction are also provided.
7) Geochemical investigation
This survey includes hydrochemical analysis of surface water, groundwater and sea water, and
geochemical characteristics of soils and rocks within 8km of the site.

Programme for Disposal of LILW
Along with the technical development, KAERI has intensively focused on the selection of a
repository site with successive national campaigns for enhancing the public awareness of
radioactive waste management since 1986.

However, due to the prevailed misunderstanding

of even the LILW as something like nuclear bomb, all attempts were completely hindered by the
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strong oppositions from the concerned local communities backed by the anti-nuclear groups.

At

the end of 1994, the Government designated the Guleop Island with only nine residents as a
prospective candidate site for the national site.

Unfortunately, however, the final blow against

the Guleop Island Project was made at the end of 1995 by the confirmation of active fault zones
near and along the island during the site investigation process.
After the withdrawal of the Guleop Island the attempt to investigate new repository site will be
started again from the beginning in the next century [8]. Therefore, it may be expected that the
programme to build a repository for LILW by the year 2001, which was decided at the 236th and
237th meetings of the Korea Atomic Energy Commission, would be delayed over at least a few
years.
The role of overall project management for LILW was transferred from the MOST and KAERI
to the Ministry of Trade: Industry and Energy Resources(MOTIE) and KEPCO by the
amendment of ''Atomic energy Law" and "Electricity Enterprise Law".

Then NETEC was

established as a special organization of KEPCO for the implementation of the follo\vings[8].
- Siting for LILW disposal.
- Construction and operation of LILW disposal facility, and
- Collection and treatment of the wastes from RI applications.
At present the NETEC studies on the radioactive waste management strategy to support the
MOTIE for the revision of LILW disposal programme to the end of this year[9. 10].

This

project includes to review disposal methods as well as the size of disposal facility" to find the most
suitable ones to our circumstances
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Table 2.

Major Nuclides in Miscellaneous Wastes from RI Applications

Year

Classification
Combustible

1990 Tc-99m, P-32,
Cr-51, H-3,
1-125,1-131,
S-35

1991 Tc-99m, 1-125,
P-32, 1-131,
H-3, C-14, S-35

Noncombustible

Tc-99m

Tc-99m

Au-198,1-125,
H-3, P-32. C-14,
1-131, Tc-99m,
S-35

Tc-99m, P-32,
S-35, H-3, C-14,
Co-60

1-125

1-125, Tc-99m,
Am-241, Ca-45, 1-131, H-3, C-14,
1-125, H-3, C-14, Tl-201, Ga-67,
P-32, Rb-86
Sr-90, 1-131,
S-35, Cs-137

P-32, C-14,
Tc-99m. S-35,
Pm-147, H-3,
Tl-201

Tc-99m, 1-125,
H-3, 1-131, 1-125, 1-131, C-14,
Pm-147, C-14.
H-3, P-32. S-35
S-35, P-32
1-131, Tc-99m,
Fe-59, Co-60,
P-32.S-35,H-3,
C-14. Pm-147

1996 G-67. Ca-45.
1-125, Cr-51.
P-32, H-3,
Pm-147, S-35,
C-14, Tl-201,
1-131

Organics

Tc-99m, P-32,
1-125
S-25, Co-60, H-3.
C-14, 1-125.
Pm-147, Cs-137

1-131, 1-125,
Tc-99m, Pm-147, 1-125
C-14, H-3,1-131, Cs-137
Tc-99m. Cr-51,
P-32, S-35,
Ga-67, Tl-201

1994 Sr-90. Tc-99m,

1995 1-125, Ca-45,

Hepatitis

P-32, S-35,
1-125, H-3

1992 Au-198,Pm-147,

1993 1-131,1-125,

Noncompactible

P-32, C-14

H-3, Cs-137,
1-125
Tc-99m, Pm-147.
1-131
H-3,1-125,
Pm-147, Cs-137,
Tc-99m, Fe-59.
Co-60

1-125

H-3, C-14,
P-32,1-125

1-125. H-3. C-14, 1-125, Pm-147,
Tc-99m, 1-131,
Tc-99m, Cs-137
P-32

1-125

H-3. C-14.
P-32

P-32. H-3. C-14,
1-125, Tc-99m,
1-131, Pm-147
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Table 3. Spent Radiation Sources Stored in NETEC

Radiation
Sources

Year

No. of
Producers

1991

30

Ni-63, Co-60, Cs-137, Am-241,
H-3 etc.

1992

34

1993

Amount
No. of source

Box

94

49

Ir-192, Ni-63, Cs-137, Co-60
H-3 etc.

6,247

55

30

H-3, Co-60, Ni-63, Am-241,
Pm-147 etc.

75

57

1994

32

Co-60, Ni-63, Kr-S5, Am-241,
Ra-226 etc.

197

102

1995

46

Co-60, Ni-63, Cs-137. Pm-147,
Ir-192 etc.

2.6S6

94

1996

40

Co-60, Ni-63, Cs-137. Pm-147,
Ir-192 etc.

362

203

9,661

560

Total

62

Table 4. Characteristics of Radioactive Wastes Stored in KAERI

Classification
Combustible

Components

Major Nuclides

Tissue, Glove, Vinyl,

UO 2 , Co-60, Cs-137

Clothes

1-131, Mn-54

Dose( \i Sv/hr)
10-100

-

Non-combustible

Steel, Soil

Solidified

- Cement

UO :

- Asphalt

Co-60, Cs-137

2,600-3,000

Spent resin

Resin

Co-60, Cs-137

100

Spent radiation source

Radiation source

1-131, Co-60

1 Ci

High-level waste

Tissue, Glove, Steel

Co-60, Cs-137

Spent filter

HEPA filter

UO : , Co-60

0 . 3 - 10

Spent drum

Drum

uo:

0.3- 1

Decommissioned

Soil

Co-60

0.3-1

Steel

U

0.5-1

16,000
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WORKSHOP TO REVIEW WASTE INVENTORY, WASTE
CHARACTERISTICS AND REFERENCE SITE CANDIDATES
(RAS/4/016) 7-9 JULY 1997, SHANGHAI, CHINA.
COUNTRY REPORT - SRI LANKA
H.L.Anil Ranjith
Division of Radiation Protection
Atomic Energy Authority
696, 1/1, Galle Road
Colombo, Sri Lanka

SECTION- 1, Radiation Protection Programme in Sri Lanka.
SECTION - 2, Radioactive waste management Activities in Sri Lanka.

Introduction

The Atomic Energy Authority, which was formed in 1969, under the Atomic Energy Authority
Act. No. 19 of 1969 is the organization responsible for the regulatory and promotional activities
in the use of nuclear technology in Sri Lanka. The Authority functions under the Ministry of
Science, Technology and Human Resources Development. The governing body of the Authority
consist of four to seven (seven at present) Board Members including Chairman, who are appointed
by the Minister of Science, Technology and Human Resources Development.
As defined by the AEA Act, main objectives of the Authority are:
*
*
*

*

Protection of radiation workers and general public from the hazards of overexposure to
radiation.
The dissemination of information and the training of persons in matters pertaining to the
use of isotopes and radiation techniques.
The promotion, execution of research and development and provision of support services
on the use of isotopes and radiation methodologies for national and social development
programmes.
Make arrangements with other institutions, universities and Government Departments for
the conduct of development oriented research and training in the use of radio isotopes and
radiation.

As Sri Lanka does not possess any Research or Power reactors, the regulatory and promotional
activities are limited to uses of radioisotopes and radiation in Medicine, Industry, Research and
Teaching.
With the rapid increase of use of radiation and radioisotope in Sri Lanka during the past several
years in the above areas, the Authority realized that the radiation protection should be seperated
from promotional activities. As a result, the Authority formed a separate division (Division of
Radiation Protection) directly under the Chairman of the Authority in order to ensure
properregulatory basis for Radiation Protection, (see figure - 1 for organizational chart).
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Radiation Protprtion & Rpgiilatnry Division
The Division is entrusted by the AEA implementing the task of the Radiation Protection
Regulations and orders made by the Authority under the Atomic Energy Authority Act. No. 19
of 1969.
The Activities of the Division are broadly classified as follows:
(I)

(ii)
(iii)

Registration inspections and licencing of premises where radioactive material and
irradiating apparatus are used.
Advisory and surveillance services,
Provision of island wide personnel monitoring service.

(iv)

Education and training.

(v)

Secondary Standard Dosimetry Laboratory (SSDL).

(vi)

Radioactive waste management programme,

(vii)

Preparation of safety codes.

Status of Radiation Protprtion Regulations and dories of Practices.
At present, use of radioactive material, Irradiating apparatus and Transport of Radioactive
Material are regulated by the Atomic Energy Regulations made in 1975 under the AEA Act. of
1969. Importation of contaminated food items above the limits imposed by the AEA is restricted
by an order published in the gazette in 1994.
Due to lack of adequate regulatory base in the current Regulations for proper implementation of
the radiation protection, programmes, it was decided by the AEA to revise the existing regulations
incorporating I.A.E.A. Basic Safety Standard (Safety series 115). .

AEA has drafted four codes of practices as follows and arrangements have been made to obtain
the services of an IAEA expert to review the drafts and to make necessary ammendments and
prepare the final drafts.
1.

Radiation safety in Industrial Radiography Using X-rays and Gamma rays.

2.

Safe Management of Radioactive Waste.

3.

Radiation Safety during Manufacture of Thoriated Gas Mentles.

4.

Radiation Accident Procedures. (Emergency Preparedness)
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It is suggested that codes of practices for the other important areas listed below should be prepared
in collaboration with an IAEA Expert proposed to be provided under the Interregional Model
Project on Radiation Protection.
a.
b.
c.

Safe Use of X-ray machines in Diagnostic Radiology.
Safe Use of Radioisotopes in Research.
Safe Use of High Intensity Irradiators.

Manpower of thp. Division

There are four Scientific Officers and two Technicians including the Head of the Division. Two
Scientific Officers are assigned for Licencing and Inspection of facilities and one Scientific Officer
and two Technicians are responsible for carrying out personnel monitoring service and SSDL.
U r e n r i n g anH Tnspprfinns

In Sri Lanka, uses of radioisotopes and radiation in Industry, Medicine, Research, Teaching and
other areas are regulated by the Atomic Energy Authority. At present 144 registrations and
licences are issued to the following categories.
CATEGORY

NO. OF LICENCES
ISSUED IN 1995

Use of Irradiating Apparatus

91

Use/Storage of Radioisotopes

40

Transportation of Radioactive Materials.

13

Total

144

Almost all the premises where radioisotopes and irradiating apparatus are used are licenced, except
some X-ray machines used for diagnostic purposes in Medical Sector, whose regulatory control
should be further strengthened. It is estimated that altogether 250 facilities are operating in the
country.
The general procedure is to conduct a Radiation Protection inspection prior to issuing a licence.
However, it is still not possible to inspect all the places before issuing licences due to certain
constrains faced by the Authority. AEA manages to inspect all the places where high activity
sources are used and to inspect every X-ray facility once in three years. The radiation protection
inspections which were carried out during the previous year include, facility inspections, quality
control
tests of X-ray machines, inspections of irradiated gems for radioactive contamination and
inspections
for Radioactive Waste Disposal. The inspections carried out during the previous year are as
follows.
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CATEGORY

NO. OF INSPECTIONS

Facility Inspections

42

Quality Control test of X-ray Machines.

45

Gem Inspections

26

Inspections for Radioactive Waste Disposal.

06

* List of Radiation sources used in the country is given in the annex-1
Advisory Services
The advisory services in Radiation Protection is important to help users in selecting equipment,
planning and licencing of installations, transport of radioactive materials and to do periodic
inspections of their own equipment.
The services provided by the Division include:
*

Advise on Safe Disposal of Radioactive Material.

*

Advise on designing and construction of Irradiation Facilities (Commercial & Research
Irradiator Rooms, Radiotherapy rooms, X-ray rooms and Research Laboratories etc.)

*

Advise on preparation of local rules and contingency plans for possible accident scenarios.

Personnel Mnnitnring Service
All radiation workers who are registered with the Authority are being monitored by the AEA.
This is the only monitoring service in the country.
At present 800 radiation workers are monitored by TLD.
A number of over exposures were recorded during the past two years and investigations revealed
that several TLDS issued to an Irradiator has been purposely irradiated to a large radiation dose.
Appropriate actions have been taken for the genuine cases after they were proved by the
investigations. Procedures adopted for investigations, as decided by the AEA Radiation Protection
Sub-Committee are as follows:
*

Any bimonthly over exposures from 5 mSv or 10 mSv to be investigated by the user.

*

Any bimonthly over exposures 10 mSv or more to be investigated by the AEA.

*

Accumulated dose of 20 mSv or more during the respective year to be investigated by the
AEA.

In order to adhere to IAEA New Basic Safety Standard, a five year period has been defined from
1st January 1996 to December 2000 for regulatory dose limits.
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At present, the AEA is in the process of developing a programme to computerize the Radiation
dose records to list 2 monthly doses, yearly doses and life time accumulated doses.
AEA is participating IAEA/RCA Personnel Dosemeter Intercomparision Programme for
1996/1997.

Rdiiration and Training

One of the major activities of the Division is the organization of Radiation Protection Training
Courses. Three regular training courses are carried out in each year on the following areas in
addition to the training courses carried out at the request of the users.
a.

National Workshop on Radiation Protection and Quality Assurance in Diagnostic
Radiology for Medical Doctors.

b.

Training Course on Radiation Protection in Medicine for Technologists.

c.

Training Course on Radiation Safety in using Radioisotopes for Industrial and Research
Applications.

•Sprondary Standards Dnsimetry T.ahnrafory
One of the functions of the Division is the calibration of radiation survey equipment used in the
country. This facility is located at the Cancer Institute, Maharagama. OB-85 irradiator is being
used for calibration of survey meters and personnel monitors to evaluation of doses recorded in
TLDS and films.
AEA intends to increase the no. of calibrations during this year after receiving the requested
instruments under the Technical Coorporation Project SRL/9/007 "Strengthening of Radiation
Protection".
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-1

Radioactive waste Management

Radioactive wastes are generated in Sri Lanka by users of Radioactive materials in Medicine,
Industry, Research and Teaching. The Radioactive wastes produced
by users include a broad spectrum of various materials ranging from spent sealed sources,
contaminated items such as glassware, gloves, papers, etc., to agricultural products, excreta, and
organic solvents. However, the volume of radioactive wastes produced by individual users of
radioactive materials is not like to be large and most of them are short lived wastes (T xh < 1
year)
The characteristics of wastes generated are as follows.
(a) Spent sealed sources :- This includes sources used in Industrial radiography, radiotherapy,
nucleonic control systems, portable levels/density and moisture gauges self shielded irradiators
and lightening arrectors.
(b)
Solid waste :- During the course of work with radioactive isotopes in medicine and
research, a variety of materials become contaminated and have to be disposed of: These
articles range form ordinary paper, rubber gloves, broken glassware, plants etc.
°
Liquid waste :- Limited volume of liquid wastes containing small amount of radio
nuclides are produced in medical and research institutions. These include both organic and
aqueous wastes.

Current

status nf managpmpnt nf wastp<;

At present, proper facilities are not available for disposal of radioactive wastes. The waste
generated from large commercial type Cobalt - 60 irradiators and Cobalt - 60 therapy machines
will be taken by the suppliers. As there is no central waste storage facility, the wastes generated
are accumulated at the premises of the users.
AEA maintains an inventory of spent radioactive sources and their locations. The inventory is
given in annexure - 2
Atomic Energy Authority has made arrangement to store several sealed sources at Radioisotope
centre, university of Colombo, which were removed from industry that were decommissioned
recently. Solid wastes are disposed of by using delay and decay and incineration . Liquid waste
are disposed of by delay and decay and dilute and dispersion.

Future plan !Sri Lanka plans to establish central waste storage facility within the proposed laboratory
complex of the Atomic Energy Authority. All the waste accumulated in the country will be
collected and stored until proper facility for disposal will be available.
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TAF,A Assisted Programmes.
It is with great pleasure I mention that IAEA has been extending its fullest coorporation to
strengthen the Radiation Protection Infrastructure in Sri Lanka. Expert services provided under
the project SRL/9/006 - "Strengthening of Radiation Protection Phase 1". has contributed in a
large way to Strengthened the existing Radiation Protection Services provided by the AEA to the
community in Sri Lanka. Training of Radiation Protection Staff by IAEA expert has helped to
increase the number of inspection of radiation facilities and upgrade the quality of the services
provided. We hope with the assistance provided by the IAEA under the second phase of the above
project and "Interregional Model Project on Radiation Protection" - the Authority will be able to
strengthen the legal and technical aspects on Radiation Protection for ensuring the well being of
Sri Lankans.

C:ANIL2/dj-w.
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LIST OF RADIATION SOUKCKS USI'.U JN SKI LANKA.
1 . Irradiatore.

Type

P o o l type

Model

Radionucl:ide

01

JS89OO
A .E.C. L

Self —
Shielded

2.

No. of Units

6
2 x 10 .Ci

Co-60

04

Gamma
Cell

Total Activ ity
on 01 .04. 96

Co-60

16500 ,Ci

Radiotherapy Units.
Numbers of Radiotherapy centres o perating i n the country:3

Type of
Application
Teletherapy

Model

No. of Units.

Total
Activit y
on 01.04. 96.

Theratorn
780 c

03

Co-GO

52000Ci

"

Theratorn
780

02

Co-60

17000C1

"

Eldarado

01

Co-60

6380Ci

"

Picker

01

Co-60

. 9500C1

Remote After
Loading

01

Co-60

Manual After
Loading

01

Cs-13 7

Brachy
therapy
11

of N.D.T. facilities :

Radionuclide

300 mCi

No.

06

of Radiography
Cameras

Ir-192

06

Cs-137

02

N o . of I n d u s t r i a l

4 Ci

-

HDT Facilities.
No.

Radionuc lide

x-ray

units used

Total Aclj vit;
on O l V O 4 . 9 6 .
250 Ci
8 mCi

in N . U . v . :

0 8.
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Level ond Density Gauges.
Radionuclide

No. of Units

Total Activity

03
05 .
24

CO-GO

Cs-137
Sr-90

30 mCi
180 mCi
500 mCi

Moisture Gauges:
Radioisotope

No. of Uni ts

Total Activity
04.04.96

Am/Be

06

180 mCi

Cs-137

02

20 mCi

No.
No.

of Diagnostic X-ray machines registered
at 01/04/90

as
:

202

of Nuclear Imaging Unit operating in the country:02
Radioisotope Used:Tc-199 m.

The following Radioisotopes are used
institutions in tnillicurie levels.

in

Research

and

Teaching

P-32,
C-I4, Co-60, Cs-137, 1-125, S-3;, H-3, Ani-241, Ba-133,
Co-57, Na-22, Po-210, Zn-65, Cd-109, Mn-54, Sr-90, 11-204,
Kr-85.

LIST:AN/dj8.
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ANNEX - 2
SPENT SEALED SOURCES IN SRI UNKA
Total activity on 02.07.97
(No.of Sour:*Act:)

Location

Ra-226

1*4 Ci

Cs-137

2*20mCi + l*25mC]=65mCi

Cancer Institute,
Maharagama.
Cancer Unit General
Hospital. Kandy.

Chemical nature of the
material

Medical :

Industrial :
Cs-137
Cs-137
Co-60
lr-192
lr-192

3*5mCi
l*5mCi
l*16mCi
3*.5Ci
2*.5Ci

=
=
=
=
=

Sr-90

15+25mCi=

15mCi
5mCi
16mCi
1.5Ci
ICi
375mCi

Steel Corporation.
Petroleum Corp:
n
M

State Engineering
Corporation.
Ceylon Tobacco Co:

Research & Teaching :
Cs-137
Co-60

1* 5 Ci
P2500Ci= 2500G

Radioiso:Centre.

Co-60
Am-Be
Am-Be
Cs-137
Co-60
Co-60
lr-192

l*2000Ci= 2000Ci
l*100mCi= 100mC]
l*100mCi= lOOmCi
1+ 20 mCi
2*20mCi - 40mCi
l*5mCi - 5mCi
1*0.5 = 0.5mCi

CAR!
CR1
Atomic Energy Aut:
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REVIEW ON
WASTE INVENTORY, WASTE CHARACTERISTICS
AND CANDIDATE SITE FOR LLW. DISPOSAL IN THAILAND
P. YAMKATE, P. SRIYOTHA
M. PUNNACHAIYA and K. DANLADKAEW
Office of Atomic Energy for Peace
Bangkok 10900, Thailand (662)5603013

1. INTRODUCTION
It is a worldwide practice that radioactive waste has to be kept under control to
be ensured of low potential impact on man and his environment. In Thailand, the
OAEP is responsible for all radioactive waste management activities, both operation
and the competent authority.
The radioactive waste in Thailand is compose of low level wastes from the
application of radioisotopes in medical treatment and industry, the operation of the 2
MW TRIGA Mark III Research Reactor and the production of radioisotopes at OAEP.
The Wastes from these activities are collected and treated by OAEP using
chemical precipitation methods for liquid waste and volume reduction process viz.
compaction and incineration for solid waste. In addition, the high activity of sealed
radiation sources i.e. Cs-137, Co-60 and Ra-226 are also accumulated. Since
The volume of treated waste has been gradually increased, the general needs for a
repository become apparent. Therefore, a plan for central disposal site has been
set up. The near surface disposal method is chosen for this aspect because of its
simple, inexpensive and adequate safe and very well know process.

2. WASTE CHARACTERISTICS AND MANAGEMENT
Currently, there are about 100 licensed radioactive users. These licensees are
a heterogeneous mixture of individual and governmental institutions which possess the
radionuclides of activity ranging from a few kilo becquerel up to some giga- becquerel.
Table 1 reveals the type of nuclear and radionuclides utilizing facilities in Thailand.
Apart from net benefits of nuclear utilization, such development is inevitably
accompanied by the increasing production of radioactive wastes in quantities and
forms. Table 2 and 3 follow, disclose the inventory of waste stream arising from their
usage.
To facilitate subsequent treatment, conditioning, storage, transport and
disposal, the waste categories are as follow :A. Solid waste containing short-lived radionuclides which can be stored for
decay and subsequently be disposed of
as exempted waste within 2 years after
collection.
B. Aqueous liquid waste containing short-lived
radionuclides which can
be stored for decay and subsequently be disposed of as exempted waste within 2
years after collection.
C. Organic liquid waste containing short-lived radionuclides which can be
stored for decay and subsequently be disposed of as exempted waste within 2 years
after collection.

76

D. Solid waste which after proper treatment and conditioning can be disposed
of in near surface repositories in accordance with the conditions laid down in this
regulation. This waste category shall, in addition, be separated in burnable and nonburnable waste. The non-burnable waste can be separated in compactable and noncompactable waste.
E. Aqueous liquid waste which after proper treatment and conditioning can be
disposed of in near surface repositories in accordance with the conditions laid down in
this regulation.
F. Organic liquid waste which after proper treatment and conditioning can be
disposed of in near surface repositories in accordance with the conditions laid down in
this regulation.
G. Sealed radiation sources which after proper treatment and conditioning can
be disposed of in near surface repositories in accordance with the conditions laid down
in this regulation.
H. Sealed radiation sources with activities exceeding those acceptable for
disposal in near surface repositories in accordance with the conditions laid down in this
regulation.
I. Gaseous waste which require encapsulation and dispose as radioactive
waste.
J. Biological waste, such as animal carcasses, which can undergo
decomposition if not properly treated and stored.
K. Special waste not meeting any of the above criteria.
Since the main radioisotope users are those in the medical sector, thus, most
of the wastes originated from the hospitals in Bangkok. The waste from this quarter
can be estimated at 60 percent of the total volume of waste production annually, while
the wastes from agriculture and industrial sectors are less than 5 percent. The
remainder figure ascribes to the R&D work and OAEP waste. All the waste emanated
is accumulated at the place of the waste producer, and later on, transported by means
of truck to OAEP.
The liquid wastes are predominantly aqueous solutions with low content of salts,
and small amount of organic liquids. The quantities of untreated waste is about 200
cubic meter per year. The raw solid wastes constituted refuse or debris contaminated
with radionuclides as well as biological waste are about 45 cubic meter per year. There
are also a small volume of the spent radiation sources of Co-60, Kr-85, Sr-90, Cs-137
and Ra-226 sent to OAEP for further handling every year.
The waste produced in Thailand is categorized as low level wastes and spent
radiation sources. The activities of the low level wastes are in the range of 3.7 - 37 Bq/I
for liquid, and about background level to 0.2 mSv/hr for solid waste. While, the
activities of the spent radiation sources can be considered as a high activity waste
ranging from 20 kBq up to 50 TBq and some 10 MBq to 148 Gbq for Ra-226 sealed
sources.
For liquid waste, the chemical co-precipitation process has been employed. For
the solid waste, after segregation, the burnable waste was incinerated in a small
incinerator, and non-burnable waste was packed in a compactor. The treated wastes
such as the sludge residues, ash, compaction product and the used ion exchange
resin, were then transferred to conditioning process, using cement as an
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immobilization means. The end product, which is in the 200 litter steel-drum, is kept in
temporary storage in site at OAEP.

The spent sealed radiation sources are not yet treated but allowed to
decay in the shielding after collection. They can be divided into 2 levels of activity :high activity is kept in high density concrete and low activity is in shielding, both are
stored at the temporary storage facility. Some spent sealed source are reused in other
industrial and educational applications.
3. INVENTORY OF RADIOACTIVE WASTES
The amount of solid and liquid wastes arising, lists of spent seal sources and
its accumulation in each year, has been given in Table 4 and 5, respectively . In Table
6, the estimated waste volumes of treated and conditional waste for 10 years period is
shown. It is apparent that the amount of waste will become immense and a
repository for the treated waste will be required in the near future.
The inventory of radioactive waste and spent sealed sources are kept
by OAEP and the records reflected both current and previous uses of radiation source.
But, users intend to keep the spent sealed source at their own sites as a normal
radiation material. However, these required inspection for safety control by the
radiation safety officers.
After collection, at OAEP, the wastes are labeled for collection code, date,
activity, dose rate at surface and 1 meter, type of waste, radionuclide, collector and
producer on the container. In the log-book is referred to those in size, volume or weight,
storage room, further treatment process, special requirement, etc. After treatment,
the waste products are coded and recorded of surface dose rate, treatment process,
type of waste, year-month and number of treatment.
At present, the record keeping has been done by computerized system
( DOS with Windows, Microsoft Office (6.0a), Microsoft Project and Animator Pro plus
Story Board). For the inventory of radioactive waste at OAEP, the Microsoft Excel and
SRS-Registry(IAEA) are applied.

4. SELECTION OF A DISPOSAL SYSTEM
They are three disposal options exercised in worldwide practice, i.e. deep
geological disposal which predestine predominantly for high level waste containing
long live radionuclides, disposal into rock cavities which is suitable for low and
intermediate level waste and near surface disposal or shallow ground disposal which
appears to be the most amiable for low level waste disposal in Thailand. The main
reason is that, this method is much less expensive than the other options. It is
satisfactory safe and offers a prospect for an easy remedial actions in case of an
extraordinary situation, if occurred.
Waste suitable for the shallow ground disposal is that classified as low and
intermediate level waste containing predominantly short-lived nuclides ( with halflives approximately up to 30 years ) and negligible amounts of long-lived and alphabearing nuclides. This requirements accomplish practically all radioactive waste
resulting from applications of radionuclides in research, medicine and industry etc. ,
and also reactor waste originating from nuclear power plant operations.
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Nevertheless, prior to disposal, waste which originates in liquid should be converted
into stable solid from and should be packed in such a way as to comply with
conditions for safe storage, transportation and disposal.

5. FEASIBILITY STUDY FOR

SUITABLE DISPOSAL SITE IN THAILAND

Thailand occupies a territory of about 518,000 sq.Km. in the Southeast Asia
Peninsula, extending from 5' to 21' North latitude and 97' to 106' East longitude. The
area of the country can be topographical characterized into 4 groups :
1) folded mountains in the Northern part
2) flat alluvial plain in the Central part
3) the Khorat Plateau in the North Eastern part
4) the long coast line in the Southern part
To find out the candidate site for underground disposal, the rejection criteria
has been established as follows:
(I) Geology-exclude all areas with the potential of soil liquefaction,
subsidence, undermined areas, highly porous rocks, carbonaceous rocks, karstic
formations and areas with occurrence of thermal and mineral water.
(II) Hydrogeology-exclude all sites with groundwater table levels higher
than
8 - 10 m. from the surface.
(ill) Hydrology -exclude all sites at a distance less than 1 km. from water
streams or with the springs and other discharged points within the repository area
including all sites with potential for flooding.
(IV) Meteorology -exclude all areas with potential for large local rains that can
cause inundation.
(V) Seismology -exclude all areas with seismic activity higher than 8 degree
of the MCS.
(VI) Radiation safety-exclude all sites where the exposure to the general
public under unnatural conditions can be exceed prescribed limits of IDE values.
(VII) Other interests of higher priorities ( i.e. valuable minerals and raw
materials, protected zones, national parks and reservations, etc.) and exclude the
site where is very far from Bangkok area.
In addition, the technical performance criteria and the economical criteria are
also considered as follow :
(I) Topography-avoid hilly areas and areas with slopes higher than 5 degrees,
avoid regions with terrain's difficult to construct access roads.
(II) Geology-avoid sites where earth materials are hardly excavation, avoid
sites with hard rock basements higher than 8 - 1 0 meters below the surface, select
preferably sites with occurrence of suitable backfilling and sealing materials.
(III) Justification of the cost of land, distance from the main stream of waste
production, access of power and water utilities and the cost and plentiful of manpower for excavation work.
The feasibility study on the underground disposal site has been done since
1982. About 50 locations in the Central part and the Khorat Plateau have been
picked up for consideration and 5 candidate sites have been selected and
subsequently investigated. The potential sites under investigation are Ratchaburi site
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A, and Ratchaburi site B located in the west Central Plain, at about 180 Kms. from
Bangkok, and Kornburi, Lamplai Mat and Satuk in Khorat Plateau , at about 280, 370
and 430 Kms. from Bangkok, respectively.
All candidate sites are found to possess promising geology and hydrogeology.
The site areas are not affected by inundation due to heavy rains since they are at
elevated levels with respect to surroundings. But the land use, in general, is
intensive and the site are at reasonable distance from the OAEP central waste
management plant where the whole waste production is likely to be collected prior to
disposal. The major problems for the selection of suitable disposal site in Thailand
are those related to the meteorology and the hydrological aspects. Because, the
average precipitation in all areas in Thailand is rather high, ( >100 cms annually )
and the surface water outlet is abundant. Therefore, the fully engineered facilities
provided with a multi-barrier system will be designed to minimize any potential
releases of radioactive nuclides into the biosphere.
After thoroughly investigation regarding the technical performance criteria
and the economic criteria, a definite location in Ratchburi Province, about 180 Kms,
southwest of Bangkok is considered as the most suitable place for the near surface
disposal of radioactive waste in Thailand.

6. CONCLUSION
Even the candidate site is selected, many more phases of work need to be
conducted. They are work on site confirmation including the safety assessment of
the selected site, the primary mechanism for the potential movement of radionuclides
from waste repositories, the physico - chemical properties of the soil and the
environmental behaviors, etc. These information must be taken into account for the
design and construction of the waste repository. In addition, tedious work on the
procurement of pieces of land and on the acceptance of the local community must
be tackled, too.
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Table 1. Types of Nuclear and Radionuclides Utilizing Facilities in
Thailand
Facilities

Number

Research Reactor

1

Isotopes Production

1

Neutron Generator

1

Research Gamma Irradiator

3

Industrial Gamma Irradiator

2

Medical Radiation Therapy

10

Industrial Radiography

20

Manufacturing of products by nucleonic
techniques

40

R & D Laboratories Using Radionuclides

30

Radioactive Waste Handling and Storage

1

Mineral extraction plant (monazite etc.)

2

Table 2 Distribution of Type of the Institution by Waste stream
Waste stream

Percentage

Major
Radionuclide

Chemical
Composition

60

Ga-67, Cr-51,
Tc-99m, 1-131,
TI-201, H-3, C-14

HCI, PCv3, NO3\
NaCI, NaOH, Serum
blood, Scintillants, Urine

Education
&
Research

35

P-32, S-35,
Cr-51, Ca-45,
Tc-99m, 1-131,
Co-60, Cs-137,
Am-241, Be-7

POv3, Ca+2, CI",
NO3-2, HNO3, H2SO4,
HCIO4

Industrial

5

Fe-55, Kr-85,
Sr-90, Cd-109,
Cs-137, Co-60,
lr-192, Am-241, H-3

Most of them are sealed
sources.

Medical
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Table 3 The Principal Type of Radioactive Waste Generated in Thailand
Waste Forms

Waste Compositions

Liquid:
Aqueous

Laboratories, hot cells (isotope production),
Fuel storage pool (research reactor),
decontamination campaign, sump/rinsing water,

Organic

Oil from pump, etc.
Scintillation liquids.
Extraction solvent (TBP/kerosene, amine, etc.)

Solids:
compactable/
combustible

Tissues, swabs, paper, cardboard, rubber, plastic
(Polyvinylchloride, PVC; Polyethylene, PE ),
gloves, filters, protective cloths, glassware,
carcasses.

non-compactable/
non-combustible

Ion exchange resins(research reactor),
metallic, scrap, brickwork, sealed sources,
contaminated chemical

Table 4 Radioactive Wastes Production during 1982 -1996
year

Liquid Waste
(cu.m.)

Solid Waste
(1000 Kg.)

Spent Radiation
Source (piece)

1982

845

1.06

1

1983

600

1.12

0

1984

500

1.12

0

1985

780

1.62

0

1986

934

3.47

1

1987

400

2.62

118

1988

840

7.72

0

1989

480

1.88

41

1990

720

2.80

31

1991

485

2.78

15

1992

249

3.11

0

1993

277

3.18

0

1994

134

3.11

12

1995

140

1.73

20

1996

130

3.20

0

413 pieces
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Table 5 . Type and Quantity of Spent Radiation Source Accumulated in
OAEP
Radionuclide

number
(pcs)

Co-60

44

Total activity
(mCi)
3,250

Kr-85

5

500

Sr-90

6

230

Cd-109

3

8

Cs-137

27

3,100

lr-192

2

100

Po-210

2

12

Ra-226

239

4,200

U238(depleted)
Am-241

59

800 Kg

25

25

Am/Be-source

1

unknown

Total

413

11,500 mCi
(+ 800 Kg.of U)

Table 6 Estimated Waste Volume for 10 years Period (1995-2005)
Waste Type

Liquid:
-aqueous liquid
-organic liquid
Solid :
-compactable
-cumbustible
-noncompactable
-sealed source
Wet Solid :
-ion exchange
resin

Volume
(m3/y)

Activity
(Bq/m3 or
Dose Rate)

200-300
6
2

4x104-4x109

10
90
12
<1

4x104

<10mSv/hr
<10mSv/hr
<10 mSv/hr
<10 Sv/hr

4x109

Treatment
and
Conditioning

VRF after
Conditionin
g

Conditioned
Waste Volume
(m3/y)

precipitation
cementation
incineration
cementation

-10

+2

4

compaction
incineration
cementation
cementation
or special
treatment

-5
-20
+2
+5

2
4
24
5

cementation

+5

20-30

10

2
Total

69-79

