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ABSTRACT

Considerable masses of radwastes have been produced in China during past

period of four decades. The government has paid great attentions to the management

of those radwastes and much progress has been made. The development of nuclear

power has led the national radwaste management into a new era, meanwhile has

brought about new challenges and issues for the existing management system. The

analysis indicates that the existing management system is comprehensive but needs

to be further improved: (1) regulations system of radwaste management needs to be

perfected; (2) a special operational agency for managing radwastes has to be

founded; (3) a financing system for long-term management is expected to be

created; (4) information and interaction programs should be carried out and involved

in the national management strategy.



INTRODUCTION
Every industry produces waste. Radwaste, the inevitable by-product of the

atomic energy industry, has been posing a great problem to human and his

environment because of the radioactive hazards. Radwastes have therefore attracted

more public concern than any other types of waste and even become one source of

social issues and a worldwide issue in the environmental protection.

Nuclear power has played an important role in the generation of energy. Today

nuclear electricity accounts for about 6% of global energy and 17% of the world

electricity production. Nuclear energy has been making a substantial contribution to

meeting the energy needs without emitting acid gases and heat-trapping greenhouse

gases. However the concern that whether the radwastes can be managed safely is

affecting the public's acceptance of nuclear power.

China is rich in the energy resource but is insufficient in per capital resource.

Moreover, its energy resources are unevenly distributed: coal reserve, the chief

energy resource, is concentrated in northeastern and northwestern China but its

exploitation is limited by the lack of transportation capacity. 70% of the hydropower

potential is scattered in southeastern China but only 7% of the potential has been

exploited. Electricity shortage is a more and more serious problem impeding the

development of national economy. Nuclear energy, a newly developed alternative

energy in China, is then becoming an important supplement in the national energy

industry.

China's generation of nuclear electricity began as late as in the early 1990s and

is being developed in the coastal provinces short of energy resource. The nuclear

power industry is currently in an early stage with 2.1 million-kilowatt nuclear

reactors in operation, which accounts only for 1% of the total power capacity. At

present, eight units with 6.6 million kilowatts are under the various stages of

construction. By the year 2005, the nuclear power in China will reach an installed

capacity of 8.7 million-kilowatt. Table 1 lists the nuclear power programs in China

up to 2004.

The nuclear power industry is expected to get a good development in the next

century. It is estimated that the annual growth rate of power generation has to be

sustained at least at the level of 6% in order to meet the demand of the national

economy development. According to the strategy of nuclear power development,



about 30 nuclear reactors with a share of 6% of the total power capacity are foreseen

for installation up to 2020. One tenth of the power generators to be constructed will

be nuclear reactors over the future 30 years.

Table 1 Nuclear power in China

NPP

Qinshan-1

Guandong-1

Qinshan-2

Guandong-2

Qinshan-3

Lianyungang

Location

Haiyan, Zhejiang

Daya Basin

Haiyan, Zhejiang

Daya Basin

Haiyan, Zhejiang

Jiangsu

Capacity/ MWe

300

2X900

2X600

2X1000

2X700

2 X 1000

Operation year

1991

1993, 1994

2001,2002

2002

2003

2004

China has been developing nuclear programs for decades. It can be said that a

good record has been achieved in the safe management of radwaste. However, the

generation of nuclear power gave rise to a structural change in the component of

radwaste. With the growth in nuclear power programs in China, there will be

growing challenges in managing radwaste. Under this situation, an analysis on the

long-term management of radwaste is considered to be necessary.

The range of the subject matter is too broad to be covered in an article. This

paper concentrates on the administrative, legal and financial aspects of radwaste

management in China.

1 RADWASTE CHARACTERISTICS

1.1 Classification

In China, three categories of radwastes are defined as follow:

A. Low-level waste (LLW): the concentration of radioactivity is so low that it

needs no special shielding and can be handled using simple protective measures.

B. High-level waste (HLW): the waste in which the temperature may rise

significantly as a result of the high concentration of radioactivity. It needs heavy

shielding and remote-handing devices.

C. Intermediate-level waste (ILW): the waste that lies between HLW and LLW
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categories. It needs appropriate shielding to protect people form the radiation.

The classifications of radwastes in China are listed in Table 2.

Table 2 The classifications of radwastes in China

Solid

3.7X10'"Bq/kg

Liquid

3.7X10'"Bq/L

Category

Low-level

Intermediate-level

High-level

Low-level

Intermediate-level

High-level

Half-life

<60d

>60d

<60d

60 d~5 a

5~3O a

>30a

<5a

5-30 a

>30a

Activity

2X10-M0"4

io-3~io

io-4~io

io-4~io-'

10

1

10-M0-5

io3~io~'

> 1 0 '

1.2 Source

The major source of radwaste is nuclear fuel cycle, which had centered on

military programs in the past but now includes civil nuclear program. A small

amount of low and intermediate level waste (LL/ILW) is produced from the

application of nuclear technology and from the production of isotopes.

The waste source is dominantly shared by China National Nuclear Corporation

(CNNC), Ministry of Metallurgy Industry and Heath Ministry.

For the sake of the convenience of management, radwastes are divided into

three types according to their different sources:

A. Installation waste: Also named as nuclear energy development wastes

produced from the nuclear installations. It includes HLW (from reprocessing), spent

fuel, LL/ILW and remains (from the operation or decommissioning of reactors).

The waste source concentrates in CNNC (CNNC owns nuclear power plants,

research reactors, uranium mines and the plants for milling, enriching, element



producing and reprocessing). Apart from CNNC, some other owners of nuclear

installations also share a minor source.

B. Accompanying mineral waste: coming from Ministry of Metallurgy or other

mining and milling departments concerned. The wastes are generated in the mining

or milling of the non-uranium mines accompanying with uranium and thorium.

C. Application waste: only a small quantity, arising from certain organizations

using nuclear materials in medicine, agriculture, research and industry. The source

centers mainly in the Health Ministry.

1.3 Amount

A considerable quantity of radwaste has been accumulated during the past

decades.

Those wastes are being stored in the nuclear facilities, waiting for further

treatment and final disposal. In addition, some amount of tailings and waste rock

have been accumulated in uranium mining and milling.

So far there are three nuclear power generators in operation in China. Table 3

lists the estimated volume of wastes from nuclear power plants as of 1997. Those

wastes are being stored in the temporary facilities within the nuclear power plants.

Table

LL/ILW / m3

HLW / mJ

3 The estimative

1992

40

3

1993

100

7

volume of radwaste

1994

420

27

from

1995

760

48

nuclear power

1996

1080

69

plants

1997

1420

90

2 MANAGEMENT SYSTEM

Since the early 1980s, China has steadily developed the technology and policy

concerning radwaste management. The treatment technology of radwastes, which

generally satisfies the demand of national nuclear industry, has been developed. The

waste (LL/ILW) disposal is at the beginning stage but in a good progress. The

management system is being improved.

The current national management strategy involves:

A. safe storage of the accumulative wastes;

B. development of disposal facilities;



C. continuing programs of research and assessment for managing each type of

waste in an appropriate way;

D. continuation of perfecting the existing managing system.

2.1 Principle

The basic principles of radwaste management are established as follows:

A. The radwastes are produced as low as possible;

B. Restricting release of radionuclides into the environment and protecting the

environment;

C. Implementing efficient volume-reduction and optimum solidification;

D. Keeping exposure to public and professional workers as low as reasonably

achievable;

E. Restricting burdens on later generations, limiting the influence on health of

later generations to current acceptable level;

F. Setting up feasibility study report, safety analysis report and environment

impact assessment report system;

G. Establishing licensing system;

H. Establishing quality assurance and control system as well as emergency

response system;

I. Establishing regulations and operational organization;

J. Separating administrative organization and operational organization to

ensure the independent supervision and evaluation of the radwaste management.

2.2 Strategy

The national strategy for long-term management can be broadly stated as

follows:

A. Any discharge of radwastes to the environment should be as low as

reasonably achievable.

B. Regional disposal policy for LL/ILW is carried out. Solid wastes and

solidified wastes resulting from conditioning or liquid wastes generated during

operation of reactors and research laboratories are to be employed in shallow land.

Low and intermediate level wastes (LL/ILW) from operation of fuel reprocessing

plants are also permitted in shallow land repositories.

C. High level liquid wastes from fuel reprocessing facilities are initially stored

in near surface engineered storage facilities, with appropriate cooling and



surveillance provisions for a period of decades.

D. High level vitrified and cooled wastes will be disposed of in deep geological

formations.

2. 3 Institutional control

2. 3. 1 Responsibilities

China National Nuclear Corporation (CNNC) is authorized to take the charge

of safe management of radwastes, as well as research and development (R&D) of

radwaste management.

China National Environment Protection Agency (NEPA) has the responsibility

of the supervision on the management of radwastes. NEPA's tasks in nuclear field

are:

A. Taking supervision responsibility of radwaste treatment and disposal;

B. Taking part in the emergency response of nuclear accident;

C. Establishing regulations and standards of nuclear environmental protection

as well as principles of radwaste management;

D. Reviewing and approving the environmental impact assessment report of

nuclear power plants;

E. Inspecting the simultaneous construction of nuclear power plants with

auxiliary projects of radwastes treatment and disposal as well as issuing effluent

discharge license.

Responsibility for the control of nuclear safety, including management of HLW,

belongs to China National Nuclear Safety Administration (CNNCA).

Fig.l shows the structure of radwaste management system.

2. 3. 2 Implementation

Under the Environmental Protection Law, the departments producing wastes

should take the responsibility of the management of their waste, meanwhile the

environmental protection developments are responsible for the centralized

supervision. According to this principle, both the environmental protection

departments and the producers of radwastes cooperate to fulfill the safe management

during implementing the policy of radwaste management and performing

management activities.

In order to achieve an effective management, a crisscross structure has been

created:



Authorities

China National Nuclear
Corporation (CNNC)

Regulation

National Nuclear Safety
Administration (NNSA)

Implementation

China National Nuclear
Corporation (CNNC)

National Environmental
Protection Agency
(NEPA)

Fig. 1 Structure of radwaste management system

(1) Radwastes are managed from two directions to reach the objective of

protecting environment i.e. preventing the radwastes from releasing into the

environment:

A. From vertical direction, safely controlling all the stages of radwaste

management: waste generation, treatment, storage, transport and final disposal.

B. From horizontal direction, adopting such necessary procedures in each stage

of management above-mentioned as: (a) setting up of standards; (b) examination and

approval of the analysis reports on environmental effects; (c) in-situ investigation;

and (d) environment monitoring.

Fig.2 shows the environmental management of radwastes. 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 the Fig.2. The departments of

environmental protection and CNNC co-operate to take the charge of the

implementation of management.



(1) Drawing up regulations and
standards

(2) Examination and approval of
the environmental impact
assessment report

(3) Supervision and inspection

Personal limited

Controlled dose

Classifying

Recharging

Site selection

Design

Construction

Operation

Closure

Environmental
protection facilities

Monitoring means

Waste inventory

Contingent plan

•

(4) Surveillance and monitoring •

Landforms

Earth surface

Ground water

Radon releasing rate

Fig.2 Environmental management of radwaste

(2) Considering the nuclear safety and security, environmental protection

departments should cooperate with the National Nuclear Safety Administration

(NNSA) and the Ministry of Public Security (MPS) in the management of HLW,

spent fuel and application wastes.

(3) The approaches of the management vary from the categories of radwastes.
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LL/ILW

The policy of regional shallow-land repository sites for LL/ILW was

established in 1992. The Ever Clean Environment Engineering Corporation (ECEEC)

is authorized to take charge of the operation business.

The points of this policy are stated as follows:

A. Establishing the regional repository and disposing of the wastes as near the

origin as possible. The repository should be selected in the favorable location, taking

into account the factors including safety, economy, technology and society, and

adjoined to the existing or planned large-scale nuclear enterprises. It serves not only

the nuclear industry and nuclear power plant, but also the institution of nuclear

application.

B. Construction of LL/ILW repository shall be regarded as a prerequisite for

development of nuclear power and as an important content for the examination of

safety analysis and environmental impact assessment of nuclear facilities by the

environmental protection and safety supervision authorities.

C. When new nuclear power plants and nuclear facilities are put into operation,

the waste disposal shall be taken into consideration. The temporary storage of

LL/ILW in situ is limited to be five years.

D. It is forbidden for any institution to manage and own LL/ILW repository, or

to use its interim storage as a permanent one, and it is stipulated that all the LL/ILW

must be collected and disposed of at a regional disposal repository with the state

license.

Fig.3 shows the management structure of LL/ILW. Where, CNNC acts the duty

of providing the waste disposal company (ECEEC), which is in charge of all tasks

concerning disposal of LL/ILW, with instruction as well as supervision. Meanwhile

CNEPA gives its provincial divisions instruction and takes the charge of final

examination and approval for safety analysis report on disposal activities. The

provincial divisions of CNEPA are responsible for environment supervision on all

stages from operation to post-closure of the disposal sites.
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National Nuclear Industry Corporation
(CNNC)

Even Clean Environment
Engineering Corporation

(ECEEC)

National Environmental
Protection Agency (CNEPA)

Site selection

Design

Construction

Operation

Closure

Provincial

Long-term maintenance

Fig.3 The management for LL/ILW

The site selection for disposal sites of LL/ILW is conducted in such steps:

A. Investigation of information, finding survey area;

B. Field survey and recommendation of candidates;

C. Primary reviewing of candidates;

D. Further investigation, fetching all the dada and materials needed;

E. Submitting the feasibility study report, safety analysis report and

environment impact assessment report;

F. Settlement of disposal site.
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Fig.4 illustrates the conceptual phases of managing system of regional disposal

for LL/ILW in China.

Regional

— •

— •

w

w

Temporal storage
in situ

Production

Volume

Classified

Safe package

Solidification and
stabilization

w
Safe transport,

load and unload

Fig.4 Phases of managing system of regional LL/ILW disposal in China

Table 4 Regional repository sites for LL/ILW

Repository

Northwest China Disposal Repository

[200 000-300 000 m'(total volume),

60 000 m5 (first stage))

South China Disposal Repository

(240 000 m5, 80 000 m3)

East China Disposal Repository'

(300 000 m\ 80 000 m3)

Southwest China Disposal Repository

Status

Located at Gobi in Gansu province, the repository has a

good condition tor disposal with low population density

and rare rainfall. The first stage of project was completed

in Oct. 1998.

The site was chosen in 1993 and is under construction.

The major waste source will be Daya Bay nuclear power

station.

The site selection has been performed. Seventeen suitable

areas were found and five candidates were recommended.

The repository is planned to be ready in 2003.

Thirty-eight preliminary disposal sites have been selected

on the geological map. Ten of them were surveyed on the

site field. At least three candidates were chosen for further

investigation. The repository is expected to be available in

10-20 years.
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Five regional repository sites is to be constructed in the future. Repository site

in the northwest China was operational in 1998. The site in the south China is under

construction and is expected for operation in 1999. The further three regional sites

are also planned for construction. Table 4 lists the four regional disposal sites for

LL/ILW in China.

Liquid LL/ILW from reprocessing are stored in carbon steel tanks, and will be

solidified with cement and bitumen.

Weak-level liquid and any other material with less activity than the lower

threshold for low-level waste are not considered to require the kind of storage and

disposal techniques needed for radwastes.

HLW

For HLW, the present policy is:

A. storing wastes temporarily and safely;

B. solidifying liquid wastes as soon as possible;

C. conducting research activities relating to geologic disposal so as to make

necessary technical provisions for the deep geologic disposal decades years later.

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. CNNSA and its local inspection stations are responsible for the

supervision of safety, examination and approval of safety analysis reports. CNEPA

and its provincial divisions holds the responsibility of environmental supervision,

examination and approval of assessment reports of environmental impacts.

Spent fuel from reactors is reprocessed. Liquid HLW from reprocessing is

stored in stainless steel tanks, and will be solidified with borosilicate glass.

Plans for disposal of HLW and transuranics are being centered on a nationwide

investigation of granite-bearing sites for repository consideration. The research

related to disposal is in progress.

CNNC developed a program in 1985 for deep geological disposal of HLW. The

program is divided into four different phases as shown in Table 5.

The site selection process includes four screening stages:

A. nationwide screening;

B. regional screening;

C. site screening;
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D. district screening.

National Nuclear Safety
Administration (CNNSA)

Safety inspection
stations

National Environmental
Protection Agency (CNEPA)

Site selection

Design

Construction

Operation

Closure

Provincial

Long-term maintenance

Fig.5 The management of high-level radwaste

Table 5 CNNC's schedule of HLW disposal

Phase Time

Site selection and site characterization

Repository design

Repository construction

Repository operation

1985-2025

2025-2029

2025-2050

2051-
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The fourth stage i.e. district screening had already been done in 1989. Present

work focuses on the Beishan area in northwest China. Granite is considered as the

primary candidate for a host rock. Different kinds geological characteristics have

been studied, and according to the crustal stability the most promising districts have

been identified in Qinhongquan and Jiujin, the southern part of the Beishan folded

belt. Investigations are continuing in these areas.

Application waste

The management policy of application waste was issued in 1987. Its main

points are as follows:

A. All the organizations (industrial, agricultural, medicine, R&D etc.)

producing radwastes and radioisotopes sources should abide by the regulations

considered.

B. Setting up special organs and providing professional techniques in the

provincial departments of environment protection for taking charge of the

management, supervision and environmental control.

C. The organizations producing radwastes should reduce the amount and

volume of the radwastes as much as possible. The radwastes and waste radioisotope

sources must be collected to the signified place (facilities) for a centralized

management and disposal. It is forbidden that any organization conducts any

disposal activity open to the environment.

D. Maintaining regular survey and monitoring activities for the storing

facilities as well as the environment.

Fig.6 shows the management structure of application waste. The application

wastes are collected to be stored in the temporal facilities before being delivered to

the final disposal repositories. CNEPA and its provincial divisions are responsible

for supervision activities in the stages of the storing facilities from site selection to

operation. The Ministry of Public Security and its local divisions provides the

storing facilities for guarantee of security.

16



National Nuclear Safety
Administration (CNNSA)

Ministry of Public Security

Provincial Provincial

Site selection

Design

Construction

Operation

Fig.6 Management for application waste

Accompanying mineral wastes

The main points of the policy for managing the accompanying mineral wastes

are:

A. The radwastes arising from mining can be stored in the tailing dumps;

B. The small volume of radwastes produced in the processing of rare-element

mineral should be connected to the storing place for a temporal storage. They are

planned to be transported to the nearby tailing dumps of installation waste 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. CNEPA and its provincial divisions

are in charge of the environmental supervision.
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National Environmental
Protection Agency (CNEPA) Waste producers

Provincial

Site selection

Design

Construction

Operation

Maintenance

Fig.7 Management for accompanying mineral wastes

Now, the management of application wastes is well being implemented by the

procedures as shown in Fig 6. The management of installation wastes, LLW and

accompanying mineral waste is partially performed as shown in those figures. The

environmental policy of radwaste management has proved to be practicable and

efficient.

2.4 Financing

It is a disadvantage that no financing system of radwaste management exists up

till now in China. But certain policy concerned have been issued:

(1) The management costs for historical defence wastes are born from the

State budget.
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(2) For the management costs of LL/ILW from nuclear power plants:

A. The initial funds for the construction of repository site should be arranged.

Both the state bank (as a long-term loan) and the plant owners (collected from the

construction funds of the reactors) would share the funds.

B. The repository sites should be operated with a charge-service.

At present, the capital investment of repository site for LL/LIW is collected

from CNNC, the local government and the bank loans. The income collected from

the foundation and radwastes disposal charge will be used for repaying the loans,

maintaining the operation and for expenses of post-enclosure supervision.

3 ASSESSMENTS

Waste management is an important factor to be taken into account at the early

stage in the development of national nuclear system. Most developed countries

having nuclear programs have established their systems of radwaste management,

which can be characterized as the following common points:

A. Safe management is assured administratively and legally. The legal

frameworks have been defined by the governments and special bodies were set up to

manage radwaste.

B. financing system is involved in the national management system. Funding

mechanisms that enable costs to be met decades in the future have been established

when the principle of "polluter pays" is carried out.

C. Social issues have been taken into consideration. Public acceptance of the

basic principles and the specific proposal must be obtained before any management

process is implemented.

Looking back, China's nuclear industry started early in the mid of 1950s but

had been developed from a military background with all its attendant requirements

for secrecy for a long time. Moreover, the policy-makers' mistakes had deferred the

development of nuclear power industry. Although a basic managing system has been

set up and a good record of radwaste management has been achieved in the past

period of decades, the philosophy of the management had been the safe storage of

the waste. Waste management was not critical issues until the middle of 1980s,

when the nuclear power programs started.

The existing system of radwaste is comprehensive but is considered to be
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imperfect for existing the following defects:

A. The waste management is not accomplished in legislation: Chinese Atomic

Energy Law has not yet been promulgated and some necessary regulations for

radwaste management have not been established.

B. There is no independent operational body in charge of waste management in

the existing system. CNNC acts as both the competent authority and the operational

body in the management of the radwaste. This situation is neither in line with

international practice nor good for the safe management of radwaste.

C. There is no financing system for the long-term management of radwaste.

The existing funding method, which is used for financing construction of disposal

repository sites of LL/ILW from power generation, does not provide expenditure

guarantee over the long period waste management after power plants are

decommissioned and repositories are sealed.

D. The social issues concerning radwaste management are not attached with

much importance. With the increase in civil nuclear programs, more and more

Chinese know nuclear and nuclear waste and intend to express their concerns. The

public concerns on radwaste management have to be highly thought of and to be

released by carrying out information and public interaction programs.

4 FUTURE ISSUES

There are many factors to be faced with in managing radwaste in China. Four

of them are discussed in this paper: (1) accumulative wastes; (2) decommissioning

wastes; (3) nuclear power wastes; and (4) social issues.

4.1 Accumulative waste

The historic radwastes have been stored in the temporary facilities within the

nuclear installations since they were produced and are waiting for further treatment

and final disposal. It is so long a storing time that those temporary facilities are

believed to be the de facto permanent storing sites. Therefore, those wastes hold a

great hidden peril upon the people and the environment. Meanwhile they pose a

serious problem to the national waste management. The challenge being faced with

in this respect can be expressed as:

A. continuing to safely store the wastes accumulated;

B. developing relevant technology for waste treatment and disposal; and
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C. developing disposal facilities.

The project of Northwest Disposal Site was finished in Oct. 1998. The South

China Disposal Site is under construction and is expected for completion in the very

near future. This means that the radwaste management in China has already come

into a new era. Now, how to economically maintain the normal operation on the

prerequisite of safe management leaves the operator of the repository as a new

subject.

4. 2 Decommissioning wastes

A further factor will be the wastes produced from the decommissioning of the

reactors (for defense production). Some reactors were mandatoryly shut down years

ago and are waiting for decommissioning in China. Subject to the regulations of

safety concerned, the surplus reactors should be dismantled and the resulting wastes

should be disposed of as soon as appropriate disposal routes are available. The

current situation is that the temporary facilities within the reactor sites are filled with

wastes generated during the operation of reactors. So there comes the problem: the

operators have to manage both the wastes from the decommissioning and the

historical wastes. What is more, located in the remote areas, the roads are not only

inconvenient for shipment of wastes but also fraught with risks and radiological

hazards.

However, decommissioning wastes will not be qualitatively different from the

radwastes arising during the operation of reactors, the appropriate waste

management procedures are therefore likely to be similar. It is essential that forward

plan includes the need to make provision for those wastes. The department

concerned is recommended to:

A. select a suitable alternative plan for the decommissioning;

B. take steps at the design stage to optimize the volume and mass of waste

materials;

C. prepare plans, within the period in which disposal facilities are being

developed, for the decommissioning and equipment needed for the management of

resulting wastes;

D. consult the international experience of decommissioning.

4. 3 Nuclear power wastes

4. 3. 1 Reactor type
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Several types of reactor are selected for the generation of nuclear power in

China.

Table 6 lists the reactors to be installed up to 2005.

Table 6 Nuclear power reactors in China

NPP

Qinshan-1

Guandong-1

Qinshan-2

Guandong-2

Qinshan-3

Lianyungang

Original

China

France

China

France

Canada

Russia

Type

PWR

PWR

PWR

PWR

HWR

WWER

Capacity/ MWe

300

2X900

2X600

2X1000

2X700

2X1000

Operation year

1991

1993, 1994

2001,2002

2002

2003

2004

The multiple types of reactor may bring about difficulties not only for the

management of power production but also for the management of radwaste. Waste

management strategies required may be different from the various types of reactors.

Taking the Canadian HWR for example, it belongs to the type of heavy water

moderated and natural uranium fuelled reactor, much more radwastes will be

produced during the operation, compared with the other types of reactor.

It is now uncertain that what types of reactor will be adopted beyond the year

2005. This may not be a significant problem for the waste management. However

speaking from efficient management point of view, such potential problems should

be given an earlier attention.

4. 3. 2 Economics

As mentioned previously, there will be a big increase in the quantity of

radwaste while the nuclear power industry is expanding. It is unavoidable that the

economic challenge will exist in the management of radwaste. Table 7 gives the

estimates of power radwaste up to 2050.

Some uncertain issues in the management of radwaste in China remain to be

determined:

A. the basic principle for funding management;

B. method for funding management;

C. financing system of long-term management.
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These are discussed in the following.

Table 7 Volume of radwastes expected to accumulate up to 2050 in China

Low projection " High projection

LL/ILW 314 000 440 000

HLW 16 000 22 500

Principle for funding

"Polluter pays", being broadly applied in the developed countries carrying out

nuclear power programs, is considered a feasible and reasonable basis for funding

management. This principle is also adopted in China but is expected to be involved

in the government regulations concerning radwaste management.

Funding management

There are many methods for financing management of radwaste. Four typical

ways are:

A. direct contributions to cover current investment and running costs;

B. payment to specialized body;

C. establishment of a fund to cover long-term management;

D. born from the public fund.

The following two expenditures can be financed directly from operating income

of reactors and covered by the waste producers immediately either directly from

their investment or by paying to waste management company:

A. expenditure on short-term operations, such as disposal in an existing

repository;

B. expenditure of certain long-term operations such as the construction and

operation of temporary stores or disposal sites.

This is similar to the existing method for funding construction and operation of

regional LL/ILW repository in China.

However, the other expenditures require special funding provisions:

A. disposal of HLW, which requires a period of decades for cooling and

contains a long interval between the time when the waste is produced and the time

when the expenditure is incurred;

B. expenditure of long-term management, for example the monitoring and
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surveillance of a sealed disposal site.

Many countries carrying out nuclear power programs have established financing

system for long-term management of radwaste as shown in Table 8.

Table 8 Funding long-term management

Country

France

Britain and Germany

Belgium, Netherlands

Finland, Sweden and

USA

Canada

Switzerland

Spain

Method

Financing such costs is regarding as the internal responsibility of power

producers, that is Electricite de France (EdF).

The nuclear utilities are making allocations in their accounts to paying.

Nuclear utilities are required to set aside the money for future

decommissioning costs. A government agency receives payment from the

utilities when waste is delivered and part of the payment is directed to a fund

for covering future costs of disposal.

By legislation, special funds have been created for financing disposal. In

Sweden the fee covers disposal costs of HLW and decommissioning waste.

But in USA the fund covers only disposal of HLW.

Utilities collect money from their customers for disposal, but invent in their

own capital projects, keeping account of what they have collected and the

interest earned.

A central fund for financing decommissioning costs and waste handing in

future has been created by government. The utilities have to pay a fee to the

fund.

By legislation, a funding system has been created, which is handled by a

waste company owned by the utilities. The fund covers the costs both for

waste management and decommissioning.

It is easy to conclude that a fund has become a popular way for long-term

radwaste management. Unfortunately there are no such special provisions in the

existing system of radwaste management in China.

As for countries without nuclear power program, it is natural that the

governments provide the funds (from the public fund included in the state budget)

for managing the waste arising from application or research of nuclear technology. It
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is obvious that this method is not suitable for China.

Financing system expected to be set up in China

China's nuclear power programs are growing and expected for a significant

increase in next century. It is important to create a system for financing the long-

term radwaste management at the beginning stage of nuclear power production.

An assumptive funding system is described in Table 9, which is also illustrated

by Fig. 8, where the dotted lines with arrows mean cash flows.

Table 9 Funding system for long-term management

Structure

A government agency

(e.g. China Nuclear Waste Administration)

An independent body

(e.g. China Nuclear Waste Fund)

Fee

Fund

Utilities

Description

Taking the responsibility of supervising financing.

Managing the funds. Utilities should pay a fee to the

Fund.

(1) Paid by the utilities and collected to the fund

(2) Covering the management costs of :

A. Spent fuel

B. HLW, LL/1LW

C. Decommissioning of reactor

(3) Determined by government annually on the basis of

the factors concerned and can be expressed as Fen/ kWh

(100Fen= 1 Yuan RMB)

(4) Adjusted on the basis of actual situation

(1) Connected by Waste Fund

(2) Deposited into a State Bank at an interest-bearing

account

(1) Paying a fee to the Fund

(2) Can borrow their deposits for the project investment
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Fig.8 Configuration of funding system

4. 4 Social issues

Today, the growth of nuclear power program is impeded in some countries by

public concerns over the safe management of radwaste. Public concerns have even

in some cases postponed or prevented the start of waste disposal. This means that

the public concern is an important factor affecting the acceptance of nuclear power

and the achievement of safe management of radwaste.

In 1986 when Chinese government decided to install a nuclear power generator

at Daya bay in Guandong province near Hong Kong, the decision met a strong local

opposition. In order to implement the project, the government made a great effort to

obtain the understanding and acceptance from the local public. The similar protest

had occurred when a project of LL/ILW repository (South China Disposal Site) was

planed for construction. This indicated that many Chinese are reluctant to accept

nuclear power and have not confidence in the safety of radwaste management.

Information programs should be involved in the national waste management

system. Many communication ways can be adopted to help get acceptance and

support from the public. In China, the public are generally introduced with

knowledge regarding nuclear, nuclear power and radwaste by using the popular tools

of media including publications, newspaper, television, broadcast etc.. However

some other means can also be used according to the different interests of the public:

A. Advertisements

B. Exhibitions
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C. Information meetings

D. Visits to facilities

E. Visits to facilities abroad

F. Face to face contacts

G. Newsletters

H. Public speakers

Besides the information programs, public interaction programs should also be

included in the national strategy of radwaste management. In many developed

countries, public interaction programs are being carrying. Such public interaction

programs encompass activities that rang from simply giving the public information

to involving members of the public or special interest groups in the decision-making

process. At present in China the public seldom participates in decision-making of

nuclear programs and radwaste management projects. But this does not mean that

the public opinion can be neglected. In fact the public opinion appears beginning to

affect the implementation of nuclear programs.

So far in China, the issues on nuclear and radwaste are not so sensitive as in

other developed countries. This is of course a favorable condition for developing

nuclear power industry. Nevertheless, for promoting the national nuclear industry, it

is necessary to pay enough attention to the social issues concerning radwaste

management.

5 CONCLUSIONS AND SUGGESTIONS

China has paid great attention to radwastes management. Much progress and a

good record of safe management have been achieved. A comprehensive

management system, which can basically satisfied the requirements of radwaste

management, has already existed. The management system is not perfect yet and

improvements remain to be made so as to meet the future requirements.

1) The administrative structure of management is considered to be

unreasonable. It is necessary to separate the competent authority and the operational

agency of radwaste management. A special agency (for example Nuclear Waste

Management Agency) is recommended to be set up.

2) Laws and regulations concerning radwaste management are not available.

The management needs to be enforced in legislation. Radwastes Management
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Regulations covering all stages of radwaste management is imperatively expected to

be established on the basis of an extensive investigation.

3) Source of management funds is not guaranteed. A financing system is

expected to be created. An independent fund (for example Nuclear Waste

Management Fund) for funding long-term management is recommended to be

founded.

4) Social issues are not attached with much importance. Information and

interaction programs should be considered to carry out for releasing the public

concerns and advancing the management programs.

REFERENCES

1 IAEA Year Book. Vienna , 1997

2 BAO Yunqiao, WEN Hongjun. Forecast on Energy Demand and Analysis on Nuclear Power

Development in China. China Nuclear Science and Technology Report, China Institute of

Nuclear Industry Economics , 1994 (in Chinese)

3 LI Xuequn. Discuss on Policy of Management for Low and Intermediate Level Radwaste.

Sino-France Seminar 'Management and Final Disposal for LL/ILW', Beijing, China , 1993

(in Chinese)

4 ZHAO Yarning. Environmental Policy of Radwaste Management and Disposal. Sino-

France Seminar 'Management and Final Disposal for LL/ILW', Beijing, China, 1993 (in

Chinese)

5 Luo S. LI Xuequn. Present Status and Future Outlook of LL/ILW Disposal in China. Fifth

International Conference on Radwaste Management and Environmental Emendation

TCEM'95, the American Society of Mechanical Engineers, 1995

6 Radioactive Waste Management in Perspective. OECD, Paris, 1996

7 Radioactive Waste Management. An IAEA Source Book, Vienna, 1992

28



cap)

tt, 1999.5

ISBN 7-5022-2012-7

1... n. $...
TL-2

CNINE-0009:

—it*-, J

iv.

(1999) ^18838-^

tttlh:

tt, 1999

sis fa m
^ : 100037

787 X 1092 1/16 • Ep?fc2 . -f^ 28 T''f-

: 5.00 7C



CHINA NUCLEAR SCIENCE & TECHNOLOGY REPORT

This report is subject to copyright. All rights are reserved. Submission

of a report for publication implies the transfer of the exclusive publication

right from the author(s) to the publisher. No part of this publication,except

abstract, may be reproduced, stored in data banks or transmitted in any

form or by any means, electronic,mechanical,photocopying,recording or

otherwise, without the prior written permission of the publisher, China

Nuclear Information Centre, and/or Atomic Energy Press. Violations fall

under the prosecution act of the Copyright Law of China. The China Nuclear

Information Centre and Atomic Energy Press do not accept any

responsibility for loss or damage arising from the use of information

contained in any of its reports or in any communication about its test or

investigations.

ISBN 7-5022-2012-7

9ll787502ll220129


