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Abstract
The paper presents an overview on the management of radioactive wastes in China. Addressed
are: radioactive waste classification, sources of radioactive waste, principles, legal framework,
institutional control and financing. Suggestions are made for further progress in this field.

1. INTRODUCTION

1.1. China's Nuclear Industry
The development of the nuclear industry in China was initiated in the mid 1950s while

relatively full-scale system formed in 1960s on a step-by-step expansion basis. Over the period
of decades a good record has been achieved in the safe management of radioactive waste.
Since the early 1990s China's generation of nuclear electricity began and is being developed in
the coastal provinces short of energy resources. Table 1 lists the nuclear power programmes in
China. The generation of nuclear power gave rise to a structural change in the component of
radioactive waste. Under this situation, an analysis on the long-term management of
radioactive waste is considered to be necessary.

1.2. Radioactive Waste Classification
Exempt Waste (EW) contains such a low concentration of radionuclides that it can be

excluded from nuclear regulatory control because radiological hazards are considered
negligible. Low and Intermediate Level Waste (LILW) contains enough radioactive material
that it requires actions to ensure the protection ofworkers and die public for short or extended
periods of time. This class includes a range of materials from just above exempt levels to those
with sufficiently high levels of radioactivity to require use of shielding containers and in some
cases periods for cooling off. LILW may be subdivided into categories according to the half-
lives of the radionuclides it contains, with ,,short lived" being less than 30 years and ,,long
lived" greater than 30 years. High Level Waste (HLW) contains sufficiently high levels of
radioactive materials that a high degree of isolation from the biosphere, normally in a geologic
repository, is required for long periods of time. Such wastes normally require both special
shielding and cooling off periods.

1.3. Source
The major source of radioactive waste is the nuclear fuel cycle, which had centered on military
programmes in the past but now includes the civil nuclear programme. A small amount of low
and intermediate level waste (LILW) is produced from the application of nuclear technology
and from the production of isotopes. The waste source is dominantly shared by China National
Nuclear Corp. (CNNC), Ministry of Metallurgy Industry and Health Ministry. For the sake of
the convenience of management, radioactive waste is divided into three types according to their
different sources. Installation Waste, also known as nuclear energy development wastes
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produced from the nuclear installations. It includes HLW from reprocessing, spent fuel, LILW
and remains from the operation or decommissioning of reactors. The waste source concentrates
in CNNC which owns nuclear power plants, research reactors, uranium mines and plants for
milling, enriching, element producing and reprocessing. Accompanying Mineral Waste,
comming from Ministry of Metallurgy and other mining and milling departments concerned.
The wastes are generated in the mining or milling of the non-uranium mines (accompanying
uranium and thorium). Application Waste, only a small quantity, arising from certain
organizations using nuclear materials in medicine, agriculture, research and industry.

2. THE MANAGEMENT SYSTEM OF RADIOACTIVE WASTE

Since the early 1980s, China has steadily developed the technology and policy concerning
radioactive waste management. The treatment technology of radioactive wastes, which
generally satisfies the demand of the national nuclear industryr, has been developed. The
LILW disposal is at the beginning stage but in good progress. The management system is
being improved.

2.1. The Principles
The basic principles of radioactive waste management are established as follows: establishing

national laws, regulations, and standards on radioactive waste management; minimization of
the generation of radioactive wastes; restricting release of radionuclides into the environment
and protecting the environment; keeping exposure to public and professional workers as low as
reasonably achievable; restricting burdens on future generations, limiting undue burdens on
future generations; setting up feasibility study report, safety analysis report and environmental
impact assessment report system; establishing licensing system; establishing quality assurance
and control system as well as emergency response system; establishing regulatory and
operational organizations.

2.2. Legal Framework
The legal system includes law, regulation and standard. The State Environmental Protection
Agency began to draft the law on Radioactive Pollution Prevention since 1987, which has not
been finalized until now. This is a basic law on radioactive waste management. This document
will be subject to approval by the Standing Commission of the National People's Congress.
The Policy and Principles on Disposal of Low-and Intermediate-level Radioactive Solid Waste
was approved and promulgated by die State Council in 1992.

2.3. Institutional Control
2.3.1. Responsibility:
State Environmental Protection Administration(SEPA): changed from former State
Environmental Protection Agency, which incorporated with the National Nuclear Safety
Administration (NNSA) last year. SEPA is in charge of not only the regulation and supervision
of radioactive waste management from the environmental protection point of view but also
nuclear safety surveillance of radioactive waste management, especially in the aspect of HLW
disposal. SEPA's task in the nuclear field is: establishing a state policy of radioactive waste
management; issuing the state regulations, rules and standards concerning radioactive waste;
taking supervision responsibility of radioactive waste treatment and disposal; taking part in the
emergency response of nuclear accident; reviewing and approving the environmental impact
assessment and safety analysis reports; issueing the license for nuclear installations; inspecting
the simultaneous construction of nuclear installations with auxiliary projects of radioactive
waste treatment and conditioning as well as issuing effluent discharge license; exercising
nuclear safety surveillance, and inspecting the activities of nuclear installations and the
environmental status.

China Atomic Energy Anthority(CAEA): is a new competent organization overseeing the
national nuclear industry sector and also take the charge of professional management of
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radioactive waste as follows: establishing a state planning of radioactive waste treatment,
disposal, and decommissioning of nuclear installations; issuing the professional regulations and
standards concerning radioactive waste management; organizing the research and development
of radioactive waste management; reviewing and approving the feasibility study and design of
radioactive waste management facilities; being responsible for emergency response to a nuclear
accident; establishing the financing system for radioactive waste disposal.

China National Nuclear Corp. (CNNC): has the responsibility for the radioactive waste
management of its own nuclear facilities and is also authorized by the State Council to be
responsible for the siting, construction and operation of radioactive waste disposal facilities. In
1994 CNNC decided to set a special company, Everclean Environmental Engineering Corp.
(EEEC), to be responsible for the site selection, design, construction, and operation of
repositories.

2.3.2. Implementation
Under die Environmental Protection Law, the units producing waste should take the

responsibility of the management of their own waste, meanwhile the environmental protection
departments are responsible for the centralized supervision. So the environmental protection
departments and the producers of radioactive waste need to co-operate to fulfill the safe
management during implementing the policy of radioactive waste management and performing
management activities. In order to achieve an effective management, a crisscross structure has
been created. Radioactive waste are managed from two directions to reach die objective of
protecting the environment and the public, i.e. preventing the radioactive nuclides from release
into the environment from (i) the vertical direction, safely controlling all the stages of
radioactive waste management: waste generation, treatment, conditioning, storage, transport
and final disposal; and (ii) from the horizontal direction, adopting such necessary procedures in
each stage of management mentioned above as (a) setting up of standards; (b)examining and
approving of the environmental impact assessment and safety analysis reports; (c) in-situ
investigation; and (d) environmental monitoring. Fig.3 shows the environmental management
of radioactive waste. Where all the subsystems of management (including waste generation,
collection and transport, treatment, conditioning and packaging, and final disposal) should
cover the procedures (1), (2), (3) and (4) shown in Fig. 2. SEPA and CAEA co-operate to take
the charge of the implementation of radioactive waste management. The approaches of the
management vary from the categories of radioactive waste.

LILW: In 1992, upon the approval by State Council, the SEPA issued "The Policy and
Principles on Disposal of Low- and Intermediate- Level Radioactive Wastes". CNNC is
authorized to take charge of the radioactive waste disposal business. The points of this policy
are stated as follows: the radioactive wastes for temporary storage shall be solidified as early as
possible. In principle, long-term storage facilities for liquid waste containers in nuclear power
plant will be exempted from approval; the duration for temporary storage of low- and
intermediate- level radioactive liquid and solid wastes arising from nuclear power plant is
currently limited to 5 years; regional repository for disposal of low- and intermediate- level
wastes shall be built. Repositories should be selected in the favourable location, taking into
account the factors including safety, economy, technology and society, and adjoined to the
existing or planned large-scale nuclear facilities; construction of LL/ILW repositories shall be
regarded as prerequisite for the development of nuclear power and as an important content for
the examination of safety analysis and environmental impact assessment of nuclear facilities by
SEPA; CNNC is responsible for site selection, construction and operation of the regional
repository, and SEPA for supervision of disposal activities of low- and intermediatelevel
radioactive wastes. Fig 4 shows the management structure of LILW, where CNNC acts the
duty of providing the radioactive waste disposal company (EEEC), which is in charge of all
tasks concerning disposal of LILW. Meanwhile SEPA gives its provincial divisions
instructions and takes the charge of final examination and approval for environmental impact
assessment report (no safety analysis report is needed) on disposal activities. The provincial
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divisions of SEPA are responsible for environmental supervision on all stages from operation to
post-closure of the disposal sites. CAEA is responsible for the reviewing and approval of the
feasibility study and the design of disposal sites and establishing the financing system for
radioactive waste disposal.

HLW: for HLW, the present policy is: centralized disposal of HLW in geological repository;
storing wastes temporarily and safely; solidifying liquid wastes as soon as possible; conducting
the research and development relating to geological disposal so as to make necessary technical
provisions for the final geological disposal; planning to build the underground research
laboratory. Fig. 5 shows the management structure of HLW, where CNNC is in charge of
implementation of disposal activities covering all steps from site selection to closure of the
repository. SEPA and its provincial divisions hold the responsibility of environmental and
safety supervision, examination and inspection, and reviewing and approval of environmental
impact assessment and safety analysis reports. CAEA is responsible for organizing the research
and development relating to HLW disposal, reviewing and approving the feasibility study and
design, and establishing the financing System for HLW repository.

Application Waste: the management policy of application waste was issued in 1987. Its main
points are as follows: all the organizations (industrial, agricultural, medicine, research, etc.)
producing radioactive wastes and radioisotope sources should abide by the regulations
considered; setting up special organs and providing professional techniques in the provincial
departments of environmental protection; the organizations producing radioactive wastes
should reduce the amount and volume of the radioactive wastes as much as possible. The
radioactive wastes and waste radioisotope sources must be collected to the signified place
(facilities) for a relatively centralized management in each province. All the organizations
(industrial, agricultuml, medicine, research, etc.) producing radioactive wastes and radioisotope
sources should abide by the regulations considered; setting up special organs and providing
professional techniques in the provincial departments of environmental protection; the
organizations producing radioactive wastes should reduce the amount and volume of the
radioactive wastes as much as possible. The radioactive wastes and waste radioisotope sources
must be collected to the signified place (facilities) for a relatively centralized management in
each province. Maintaining regular survey and monitoring activities for the storage facilities as
weil as the environment. According to the policy, at present there are 21 storage facilities for
application waste all over the country. Fig. 6 shows the management structure of application
waste. The application wastes are collected to be stored in the temporary facilities before being
delivered to the final disposal sites. SEPA and its provincial divisions are responsible for the
management of the storage facilities from site selection to operation.

Accompanying Mineral Wastes: the main points of die policy for managing the
accompanying mineral wastes are: the radioactive wastes arising from mining can be stored in
the tailing dumps; the small volume radioactive waste produced in the processing of rare-
element mineral can be connected to the storage place for a temporary storage. They are
planned to be transported to the nearby tailing dumps of installation or tailing dumps of
mineral-accompanying waste for an eventual storage. Fig.7 shows the managing structure of
accompanying mineral wastes, where the accompanying mineral wastes are disposed of in the
tailing ponds. The waste producers should be responsible for conducting all disposal activities
in the stages from site selection to the closure of the ponds. SEPA and its provincial divisions
are in charge of the environmental supervision.

2.4. Financing
Until now the financing system of radioactive waste management has not been created in

China. CAEA is considering to co-operate with relating ministries or authorities to establish
such a financing system mainly concerning LILW and HLW disposal. Certain related policy
has been issued: ,,polluter pays" principle is adopted in China; the costs for the treatment,
conditioning, packaging, storage, and transportation of radioactive waste are born by each
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waste producer; the costs for radioactive waste management of defense industry are born from
die State budget; the management costs of radioactive waste disposal are shared by waste
producers.

LILW Disposal: The initial funds for the site selection and construction of the repository
mainly come from main radioactive waste producers, i.e. nuclear power plants and CNNC. So
far there are two repositories in China, Guangdong Beilong Repository in construction and
Northwest Repository in operation. The capital investment of Guangdong Beilong Repository
for LILW has been arranged through the funds mainly from Guangdong Nuclear Power Joint
Venture Company and Lingao Nuclear Power Company. The capital investment of Northwest
Repository, which mainly disposes of LILW from defense industry, was born by CNNC, i.e.
state budget. The Operation costs of repositories will come from the charge-service provided
by owner of repositories, Everclean Environmental Engineering Corp.,CNNC. The costs of
operation and post-closure of Northwest Repository are born from the stated budget step by
step in terms of actual need. Guangdong Beilong Repository from radioactive waste producers.
(The income collected through the charge-Service will be used to repay die Guangdong Nuclear
Power Joint Venture Company and Lingao Nuclear Power Company, maintain the operation
and for expenses of post-closure supervision.).

HLWDisposal: the costs for the HLW from defense industry are born by CNNC, i.e. from the
state budget. At present, CNNC is carrying out the research and development relating to HLW
geological disposal, financing by CAEA through the state budget. CAEA is going to establish
the financing system for HLW disposal and collect the necessary funds from HLW producers,
such as nuclear power plants, for their HLW disposal.

3. Assessment
As China's nuclear industry started early in the mid 1950ties, a basic management system has

been set up and a good record of radioactive waste management has been achieved in the past
decades; the philosophy of "disposal being the center of radioactive waste management" has
been set in the field of radioactive waste management in China; the initial legislative system of
radioactive waste management including law, regulations and standards has been created;
some policies concerning radioactive waste management have been issued. The competent
authorities and the operational body have been authorized to be responsible for the regulation
and supervision of radioactive waste management and the operation of relative radioactive
waste management facilities. The existing system of radioactive waste management is
comprehensive, but is considered to be imperfect: the waste management is not accomplished
in the legislation. The Chinese Atomic Energy Law and the Law on Radioactive Pollution
Prevention have not yet been promulgated, and some necessary regulations for radioactive
waste management have not been established; there is no financing system for the long-term
management of radioactive waste management. The existing funding method, which is used
for financing construction of LILW repository from nuclear power plants, does not provide
expenditure guarantee over the long period waste management after power plants are
decommissioned and repositories are sealed. As the lack of financing system there is not
enough funds to carry out necessary research, development and projects in the field of
radioactive waste management.

4. SUGGESTIONS

China has paid great attention to radioactive waste management. Much progress and a good
record of safe management have been achieved. A comprehensive management system, which
can basically satisfied the requirements of radioactive waste management, has already existed.
The management system is not perfect yet and improvements remain to be made so as to meet
the future requirements. The radioactive management needs to be enforced in legislation. The
legal framework and basic policy principles are required to be established and upgraded
without delay, and the regulations and standards shall be expanded to cover all stages of
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radioactive management and meet the requirement. Source of management funds, especially
disposal costs, is not guaranteed. A financing system is expected to be created. An
independent fund (e.g. Nudear Waste Management Fund) for funding long-term management is
recommended to be founded. The research and development for radioactive waste
management, especially for HLW disposal, has to be carried out as soon as possible. Some
projects, such as waste package inspection and tracking system should be promoted. The
infrastructure for radioactive waste management shall be enhanced, and the national radioactive
waste management database established, which is considered as the basis for radioactive waste
management.
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Fig. 1 Waste classification system
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Table 1 Nuclear power in China

NPP

Qinshan-1

Guandong-1

Qinshan-2

Guandong-2

Qinshan-3

Lianyungang

Location

Haiyan, Zhejiang

Daya Bay

Haiyan, Zhejiang

Daya Bay

Haiyan, Zhejiang

Lianyungang, Jiangsu

Capacity/Mw

300

2X900

2X600

2X1000

2X700

2X1000

Operation year

1991

1993,1994

2001,2002

2002

2003

2004

Table 2 The classifications of radioactive wastes in China

Solid
4X10'°Bq/kg

Liquid

4X1010Bq/L

Category

Low-level

Intermediate-level

Heat release

rate<2KW/m3

High-level

Heat release

rate>2KW/m3

Low-level

Intermediate-level

High-level

Half-life

<5a

5~30a

>30a

5~30a

>30a

Activity

<10'4

1 0" 4~ 1

<10"4

1CT*

>1
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Table 3 Standards on Radioactive Waste Management

Types
General Criteria
Waste Sources and Release Control
Collection and Treatment
Volume Reduction
Solidification
Package
Storage
Transport
Disposal
Milling of Uranium and Thorium

In use
4
3
4
1
4
1
4
3
3
5

Under preparation

2

2

1
6

In planning

2
2

2

1

Authorities

1
China Atomic Energy

Agency (CAEA)

Regulation

1
State Environmental Protection

Administration (SEPA)

Implementation

i
China National Nuclear
Corporation (CNNC)

Fig.2 Structure of radioactive waste management system

(1) Drawing up regulations and

standards

Personal limited

Controlled dose

Classifying

Recharging

(2) Examination and approval of the

environmental impact assessment

report and safety analysis report

Site selection

Design

Construction

Operation

Closure

(3) Supervision and inspection

Environmental
protection facilities

Monitoring means

Waste inventory

Contingent plan

(4) Surveillance and monitoring »

Landforms

Earth surface

Ground water

Radon releasing rate

Fig.3 Environmental management of radwaste
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CNNC SEPA

China National
Nuclear Corporation

(CNNC)

Evenclean Environmental
Engineering Corporation

(EEEC)

China Atomic

Energy Agency

(CAEA)

State Environmental
Protection Administration

(SEPA)

Site selection

Design

Construction

Operation

Closure

Long-term maintenance

Fig.4 The management for LL/ILW

Provincial Site selection

Design

Construction

Operation

Closure

Long-term maintenance

Provincial EPA
and safety

inspection stations

Fig.5 The management of high-level radwaste
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Provincial

Site selection

Design

Construction

Operation

•SEPA

Provincial

Site selection

Design

Construction

Operation
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Waste producers

Fig6 Management for application waste Fig.7 Environmental management of radwaste
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