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FOREWORD

The preparation of Country Nuclear Power Profiles was initiated within the framework of the
IAEA's programme on assessment and feedback of nuclear power plant performance. It responded to
a need for a database and a technical document containing a description of the economic situation,
the energy and the electricity sector and the primary organizations involved in nuclear power in IAEA
Member States.

In 1998, the first edition of the Country Nuclear Power Profiles was published focusing on the
overall economic, energy and electricity situation in the country and on its nuclear power industrial
structure and organizational framework. The compilation was made based on contributions of 29
Member States with operating nuclear power plants by the end of 1995 and Italy. It also incorporated
the "Fact Sheets" on international, multilateral and bilateral agreements as collected by EXPO.

In May 1999, an Advisory Group Meeting was organized with the purpose of updating the
information in the Country Nuclear Power Profiles of each country, to reflect the new approaches and
conditions of the national nuclear power programmes. The impact of the open electricity market,
privatization and deregulation on the nuclear sector was an important aspect recommended by the
experts to be taken in consideration. It was also recommended to periodically review the status and
trends of nuclear industries in IAEA Member States and exchange information among experts of the
lessons learned from the countries engaged in nuclear programmes, with a view to update the profiles
at two year intervals.

The second edition, issued on CD-ROM only, covered the changes in the new environment of
the electricity and the nuclear sector, i.e. the impact of privatization and deregulation on these
sectors, be it that the situation differs from country to country. For the preparation of the second
edition, the IAEA received contributions from all 30 countries with operating power plants by the end
of 2000, as well as Italy, the Islamic Republic of Iran and Kazakhstan. A database has been
implemented and the profiles are supporting programmatic needs within the IAEA.

The third edition, issued as hard copy and CD-ROM, updates the country information, in
general, to the end of 2000. In addition to the established 33 nuclear countries, a few countries
involved with nuclear power programme planning have submitted country profiles (Turkey and
Vietnam) or provide relevant information presented in Annexes (Bangladesh and Indonesia).

It is noted that there also exist other profiles on specific subjects of nuclear power in the
Agency, e.g. Safety Profiles (NS Safety Co-ordination), Waste Management Profiles (NEFW), Fuel
Cycle Profiles (NEFW).

The IAEA is grateful to M. J. Crijns and R. George for the preparation of this publication. The
IAEA officer responsible for the overall co-ordination and preparation was R. Spiegelberg-Planer of
the Nuclear Power Engineering Section, Division of Nuclear Power.



EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA has made up the pages from the
original manuscripts as submitted by the authors. The views expressed do not necessarily reflect
those of the IAEA, the governments of the nominating Member States or the nominating
organizations.

Throughout the text names of Member States are retained, as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as
registered) does not imply any intention to infringe proprietary rights, nor should it be construed as
an endorsement or recommendation on the part of the IAEA.
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INTRODUCTION

In 2000, nuclear power provided about 17% of the world's electricity, with 438 units operating
in 30 countries. As part of its programmes in the field of nuclear power, the IAEA compiles
information from its Member States about the operational and institutional framework of their
nuclear power programmes, among other aspects. Technical data additionally is maintained and
analyzed through the IAEA's databases covering energy, electricity, and nuclear power status and
trends. These include the Power Reactor Information System (PRIS) and the Energy and Economic
Data Bank (EEDB), which have long assisted Member States by serving as central sources of reliable
information in the field.

This publication compiles background information on the status and development of nuclear
power programmes in countries having operating nuclear plants and/or plants under construction as
of 1 January 2001 and in countries actively engaged in planning such a programme. It presents
historical information on energy supply and demand; reviews the organizational and industrial
aspects of nuclear power programmes in participating countries for the same period; and provides
information about the relevant legislative, regulatory, and international framework in each country.
Topics such as reactor safety, the nuclear fuel cycle, radioactive waste management and research
programmes are for the most part not discussed in detail. Statistical data about nuclear plant
operations, population, energy and electricity use are largely drawn from the PRIS and EEDB sources
as of yearend 2000 and from the national contributions. However, the 2000 EEDB data are
extrapolated based on trends in the second half of the 90ties. Economic data are taken from the World
Bank statistics as of 1999 and from national contributions.

The compilation's main objectives are to consolidate information about the nuclear power
infrastructures in participating countries, and to present factors related to the effective planning,
decision-making, and implementation of nuclear power programmes that together lead to safe and
economic operations. Altogether 30 IAEA Member States having operating nuclear power plants as
of 1 January 2001 as well as Italy, the Islamic Republic of Iran, Kazakhstan, Turkey and Vietnam
contributed information to the document's major sections. Designated experts from these countries
participated in a series of advisory and consultants meetings covering specific subject areas, as well
as the structure, scope, and preparation of the publication. Its descriptive and statistical overview of
the overall economic, energy, and electricity situation in each country, and its nuclear power
framework is intended to serve as an integrated source of key background information about nuclear
power programmes in the world. Each of the 35 profiles in this publication is self-standing and
contains information officially provided by the respective national authorities. It is planned to update
the publication biannually and to expand its scope of coverage.

To facilitate reviewing information/performing analyses by the reader, five annexes have been
added to the profiles: Annex I provides an overview of the global development of advanced nuclear
power plants covering all reactor lines, i.e. water-cooled reactors, gas-cooled reactors, and liquid
metal cooled reactors. Annex II provides 4 summary tables for the year 2000 with PRIS and EEDB
data. It contains the status of nuclear power reactors in Member States, individual reactors connected
to the grid and under construction and the main EEDB data (population, economic, energy, electricity
and energy related ratio data). Annex III is prepared in HTML format to facilitate easy and direct
access to web sites of nuclear related organizations on the CD-ROM edition and is not reproduced for
this hard copy edition. However, each country profile contains an Appendix "Directory of the main
organizations, institutions and companies involved in nuclear power related activities", with
addresses, telephone and facsimile numbers and web sites. Annexes IV and V contain information
from a few countries involved with nuclear power programme planning, i.e. Bangladesh and
Indonesia. These countries have submitted relevant information in the framework of the IAEA
activity on integrated approach of nuclear power programme planning. In addition, the Secretariat has
added the EEDB data and the international agreements.
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An aspect of vital concern related to the future perspectives of nuclear power is the impact of
deregulation of electricity market and privatization of electric utilities. The electricity sector has
changed rapidly and dramatically during the last decade, marked by the introduction of competition
and privatization in the electricity generation sector of many countries, after many years of public
service orientation, monopolies domain and regulated markets. Changing technology, public sector
financial pressures, and increased competition in other economic sectors can be addressed as the
causes of these changes that affect the management of all generators, whether in developed,
developing countries, or economies in transition. The details of particular impacts will vary from
country to country and the degree of change that is required will differ. However, the basic trend of
market changes and the required adjustments by power companies has been remarkably consistent.

In this context nuclear generation must compete for market favour with other fuels and
generating technologies: natural gas, coal, hydro and renewables. These are all variously placed with
regard to cost and risk (risk here is commercial and financial risk), the two most critical commercial
considerations. How these inter-fuel differences can be managed to advantage will affect how various
generating technologies are equipped to compete.

How risk and costs are managed in competitive markets will govern which generating
technologies will be retained or phased out, dispatched or not, and selected for future projects or not.
The crux of the matter for nuclear power is that long term financing for capital-intensive investments
requires rewards to investors that are commensurate with long term commercial risk. The key to a
nuclear future is whether the nuclear industry can afford the required rewards, or can reduce
investors' commercial and financial risks to affordable levels.

In the past 20 years, new safety goals and requirements have generally been established for
nuclear power plants, with little clear consideration of economic costs and benefits, or of alternative
and perhaps more cost effective ways of achieving desired safety goals. This approach was
encouraged by the fact that most nuclear plants operated in monopoly markets where costs were not
necessarily a primary concern. But times and markets have changed, and regulatory approaches must
also change, to permit a clear definition of when a plant is safe enough, and some degree of flexibility
in achieving these goals. Of course, arguing for some consideration of economic consequences, for
financial analysis of proposed safety requirements, and for background analysis of costs and benefits
in the safety field does not in any way constitute a judgment about what is appropriate in terms of
safety.

There is also a need for the application of financial analysis and liability management for
decommissioning and waste disposal, particularly in the face of increasingly stringent regulatory and
political requirements. Economic common sense, efficient cost management, a degree of flexibility in
meeting standards and an appreciation of the costs of uncertainty and of political and regulatory
change must all be cultivated.

Nuclear energy - worldwide - is able and ready to compete with other energy sources in
an open, deregulated electricity market. Existing nuclear power plants are extremely well positioned
to compete in deregulated markets, on the basis of their largely amortized capital costs and relatively
low variable costs. Nuclear power offers considerable environmental advantages compared to
alternative mainstream energy sources, and is the only energy source that has already 'internalized'
the vast majority of its 'external' costs - those costs, such as environmental impact costs, that are not
directly passed on to the consumer. The biggest future challenge for the nuclear industry will be to
convince investors of the case for nuclear new-build in a fully deregulated market. Nuclear plants -
like hydro-electric plants - have relatively high capital costs, and investors therefore need to be
persuaded of the advantages of projects with relatively long pay-back periods. Growing awareness of
nuclear's environmental benefits, combined with the need to ensure long-term security of supply,
could play a key role here in years to come.
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STRUCTURE AND CONTENTS OF THE PROFILES

The following structure was developed by participating national experts in 1995 and has been
used by the national contributors as a guidance to complete their country nuclear power profile.
References, on where to find more detailed information, should be mentioned when necessary.
Examples are web sites in the country, source of information, etc. All tables and charts should contain
the source of information.

1. GENERAL INFORMATION

1.1. General Overview

• Geographic situation, climate, etc. (brief description covering only information which is relevant
in connection with energy/nuclear power)1.

• Population (total, density, growth rate)2.

1.2. Economic Indicators 2

• Gross Domestic Product (GDP) (total, per capita, per sector, growth rate).

1.3. Energy Situation 2

• Primary energy resources and reserves (fossil fuels, renewable sources, uranium). For energy units,
please refer to the Appendix at the end of this outline.

• Primary energy consumption (energy supply/demand balance last year and time series, energy
consumption per capita and per sector, import/export balance).

1.4. Energy Policy *

Brief description of current energy policy in terms of independence of the sector, use of
domestic resources, market driven, influence of climate change, impact of Kyoto in the energy policy,
etc. Discussion on the country energy resources and its impact in the energy policy.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector1

Description of the overall structure of electricity sector (Utilities, Independent Producers,
Transmission and Distribution), indicating whether centralized or decentralized, private or public owned.

2.2. Decision Making Process *

General description of the decision making process in the electricity sector, including planning the
electricity system expansion.

1 Information to be supplied by experts from Member States.
2 Information already available to the IAEA Secretariat. However, additional information may be provided by

national experts and will be taken into account by the Secretariat.
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2.3.Main Indicators 2

• Total electricity production and consumption and per capita consumption.
• Installed generation capacity, production, load factor by source (fossil fuels, nuclear, hydro, other

renewable sources).
• Share of electricity in total energy consumption.

2.4. Impact of Open Electricity Market in the Nuclear Sector *

General description of open market issues and its influence in the nuclear sector reorganization.
Mention de-regulation, competition, privatization mergers and acquisitions affected or may affect the
electricity and nuclear sector.

3. NUCLEAR POWER SITUATION

3.1. Historical Development*

Brief overview on the main decisions and events related to the implementation and development
of the nuclear programme.

3.2. Status and Trends of Nuclear Power1>2

• Nuclear power plants (NPPs) in operation, under construction, closed down.
• Performance of NPPs.
• Nuclear electricity generation, share in total electricity generation.
• Nuclear power development projections and plans.
• Include country's map with location of nuclear power plant site.

3.3. Current Policy Issues *

Main issues related to present nuclear power policy, e.g., moratorium, public acceptance, open
market, privatization, safety and waste management issues, role of the government in the nuclear R&
D, human resources development economic and financing issues, and impact of nuclear power in
avoiding CO2 emissions, etc.

3.4. Organizational Chart(s)1

The chart(s) might cover institutional relationships, e.g., licensing authorization, financial
relationships, i.e., share holding, and technical/operational relationship, i.e., supply of equipment,
materials or services.

4. NUCLEAR POWER INDUSTRY !

Main organizations, institutes and companies involved in nuclear power related activities; the
boundaries of 'nuclear power activities' might be adapted to the national situation according to the
judgment of the drafter; whenever possible, organizational charts should be provided, a short text
describing the various entities is desirable but not essential. Each country should indicate the criteria to
choose the main organizations presented in this section. The activities performed by the organizations
and institutions should also be mentioned here.

4.1. Supply of NPPs

Including architect engineer, NSS and main component suppliers.
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4.2. Operation of NPPs

Indicating owners/operators if relevant, operation and maintenance service suppliers and operator
training.

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

Covering all activities from uranium mining to spent fuel management and waste disposal.

4.4. Research and Development Activities

Institutes research centres, etc., independent from the companies listed above, eg., Atomic
Energy commissions, National Laboratories. Mention also advanced reactor technologies activities in
the country.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

Brief description of research and development activities carried out jointly with other countries
and/or within the framework of international projects, technical and industrial co-operation, transfer of
know-how and technology.

5. REGULATORY FRAMEWORK1

5.1. Safety Authority and the Licensing Process

Brief description of the role and responsibilities of the safety authority and the overall licensing
process for nuclear facilities.

5.2. Main National Laws and Regulations

List of the essential legal texts regulating nuclear power in the country, with reference to the
original publications; including a brief summary of the mechanisms in place for financing
decommissioning and waste disposal.

5.3. International, Multilateral and Bilateral Agreements2

List of international conventions, bilateral agreements, etc. signed/ratified by the country in the
field of nuclear power.

REFERENCES

Bibliography (suggested reading for more detailed information).

Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

As mentioned in Chapter IV (name, address, i.e. telephone, facsimile, e-mail, web site, main activities,
production capabilities).
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Appendix

PREFIXES AND CONVERSION FACTORS

TABLE 1
Symbol

E
P
T
G
M
k
h
da
d
c
m

n
p
f
a

. PREFIXES
Name
exa
peta
tera
giga
mega
kilo
hecto
deca
deci
centi
mili
micro
nano
pico
femto
atto

Factor
1O1S

1 0 1 5

10 1 2

109

106

103

102

101

ío-1

io-2

io-3

IO"6

io-9

io-12

io-15

io-18

TABLE 2.
To:

From:
TJ
Gcal
Mtoe
MBtu
GWh

CONVERSION FACTORS FOR ENERGY
TJ Gcal Mtoe MBtu GWh

Multiply by:
1

4.1868 x K T
4.1868 x l O 4

1.0551 x 10"3

3.6

238.8
1

IO7

0.252
860

2.388 x IO"5

10"7

1
2.52x10"8

8.6x10"5

947.8
3.968

3.968 x IO7

1
3412

0.2778
1.163 xlO"3

11630
2.931 xlO"4

1

TABLE 3. CONVERSION FACTORS FOR MASS
To:

From:
kg (kilogram)
t (tonne)
It (long tonne)
st (short tonne)
lb (pound)

kg t It st lb
Multiply by:

1
1000
1016

907.2
0.454

0.001
1

1.016
0.9072

4.54x10"4

9.84 x 10"4

0.984
1

0.893
4.46 xlO"4

1.102 xlO"3

1.1023
1.12

1
5.0 xlO"4

2.2046
2204.6
2240.0
2000.0

1

TABLE 4. CONVERSION FACTORS FOR VOLUME
To:

From:
US gal (US gallon)
UK gal (UK gallon)
bbl (barrel)
ft3 (cubic foot)
1 (litre)
m3 (cubic metre)

US gal UK gal bbl ft3
1 m3

Multiply by:
1

1.201
42.0
7.48

0.2642
264.2

0.8327
1

34.97
6.229
0.22

220.0

0.02381
0.02859

1
0.1781
0.0063
6.289

0.1337
0.1605
5.615

1
0.0353
35.3147

3.785
4.546
159.0
28.3

1
1000

0.0038
0.0045
0.159

0.0283
0.001

1
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ARGENTINA
1. GENERAL INFORMATION

1.1. General Overview

Located in southern South America, Argentina is bounded by Bolivia and Paraguay on the
north; by Brazil, Uruguay, and the Atlantic Ocean on the east; by the Atlantic Ocean and Chile on the
south; and by Chile on the west. The north to south length of continental Argentina is about 3 330 km;
its extreme width is about 1 384 km. The area of Argentina is 2 766 889 square km; it is the second
largest South American country. The Argentine coastline measures 2 665 km in length.

In 2000, Argentina's population was 37.0 million of which about 89% lived in urban areas, see
Table 1 for the historical population data. More than one-third of the population lives in or around of
Buenos Aires, the capital and the largest city, with a population of 11 662 050 in 1992. The heavily
populated suburban areas had a population of 8 294 642 the same year. Other important cities are
Cordoba (metropolitan area population of 1 179 420), a major manufacturing and university city; the
river port of Rosario (metropolitan area population of 1 157 372); Mendoza (metropolitan area
population of 773 559); Tucuman (population 622 348); Mar del Plata (519 707).

Argentina is comprised of 23 provinces and the self-governing Federal District of Buenos
Aires. According to the constitution (amended in 1994), Argentina is a federal republic headed by a
president, assisted by ministers and secretaries.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2) 2766.9

1960

20.6
7

74

1970

24.0
9
78

1980

28.1
10
83

1990

32.5
12
87

1997

35.7
13
89

1998

36.1
13.1
89

1999

36.6
13.2
89

2000

37.0
13.4
89

Growth
rate (%)

1980
to

1999

1.4
1.4
1.7

Source: IAEA Energy and Economic Database, Data & Statistics/The World Bank.

Argentina has a diverse territory of mountains, upland areas, and plains. The western boundary
of the country is within the Andes mountain system. Eastward from the base of the Andean system,
the terrain of Argentina is almost entirely flat or gently undulating plain. The Pampas, treeless plains
that include the most productive agricultural sections of the country, extend nearly 1,600 km south
from Chaco. In Patagonia, south of the Pampas, the terrain is largely arid, desolate steppes.

Temperate weather conditions prevail throughout most of Argentina, except for a small tropical
area in the north-east and the subtropical Chaco region in the north. Near Buenos Aires the average
annual temperature is a mild 16.1 °C. January and July averages for this area are 23.3 °C and 9.4 °C,
respectively. Considerably higher temperatures prevail near the tropic of Capricorn in the north. The
annual average temperature in this region is 23.3 °C with extremes as high as 45 °C. Weather is
generally cold in Patagonia and Tierra del Fuego. In the western section of Patagonia winter
temperatures average about 0 °C. In most coastal areas, however, the ocean exerts a moderating
influence on temperatures.

Precipitation in Argentina has wide regional variations: south and west are semiarid, but the
extreme north gets more than 152 cm of rainfall annually. Near Buenos Aires annual rainfall is about
102 cm.
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1.2. Economic Indicators

Table 2 shows the Gross Domestic Product (GDP), GDP per capita, their growth rates and the
GDP by sector.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (billion current US$)

GDP growth (annual %)

Agriculture, value added (% of GDP)

Industry, value added (% of GDP)
Services, etc., value added (% of GDP)

1995

258

-2.85

5.7

28

66.3

1996

272

5.53

6

28.42

65.58

1997

293
8.11

5.6

29.15
65.25

1998

298

3.88
5.71

28.69
65.6

1999

283
-3.21

4.64

28.24

67.12

Source: Data & Statistics/The World Bank.

1.3. Energy Situation

Most rivers and waterfalls with potential energy are far from the industrial centres, but despite
these limitations water resources have been widely developed in Argentina (hydraulic resource
potential is 1,926,000 TJ). Major hydroelectric projects undertaken in the 1970's and 1980's are in
the northern Patagonia, on the Parana River (a joint project with Paraguay), and on the Uruguay River
(in co-operation with Uruguay).

Although the country has a variety of mineral deposits (only one fifth of the country has been
surveyed), mining has been relatively unimportant, contributing only 0.2% to Gross Domestic Product
(GDP). Since the gas and petroleum sector privatization, exploration for hydrocarbons has increased
significantly. Proven natural gas reserves amount to 579 million metric tons. Coal reserves in
Argentina are limited: lignite deposits are estimated at 195 million t and peat at 90 million t.
Argentina has moderate uranium resources (proven reserves of 2,190 metric tons), see Table 3. Table
4 shows the energy statistics.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

3.37

Liquid

15.25

Gas

25.86

Uranium(1)

4.80

Hydro <2)

51.57

Exajoule

Total

100.85
(1) This total represents essentially recoverable reserves.
("' For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

1.4. Energy Policy

As a result of governmental policies during the last 30 years the electricity sector has been
characterized by:

• Diversification of energy source technologies: The utilization of hydroelectric resources and the
development of nuclear technology have reduced the share of fossil fuels to 42% of the total in
1994 relative to 93% in 1972. However, during the last decade the increases in the total installed
capacity came mainly from:

Completion of the remaining large hydro-electric capabilities;

fulfilled through the erection of new combined cycle gas turbine> Additional capacity was
plants.
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As a result, and accompanying an average annual growth in the total electricity generation of
around 5% in the last decade, the thermal share increased again during the last few years up to
55%.

• Reduced consumption of oil in thermal power stations: Current oil consumption (1,440,000 toe in
1990) is comparable to that of the early 50's, even though power generated by thermal stations
has increased fivefold - as a result of intensive use of natural gas.

• Nation-wide electric transmission and distribution system: Electrification index is 95% in urban
areas and above 86% at the national level.

• Low participation to self-generation in Argentina's supply of electricity: Currently self-
generation accounts for only 11% of electricity generation relative to 20% in the late 1960's.

• A highly integrated interconnected system.

• Initiation of electric energy exports to Brazil in spite of different frequency systems (50 Hz in
Argentina and 60 Hz in Brazil).

TABLE 4. ENERGY STATISTICS

Energy consumption
- Total(1)

- Solids (2)

- Liquids
- Gases
- Primary electricity<3*

Energy production

- Total
- Solids
- Liquids
- Gases
- Primary electricity(3)

Net import (Import - Export)

- Total
- Solids
- Liquids
- Gases

1960

0.68
0.04
0.58
0.05
0.01

0.44

0.38
0.05
0.01

0.25
0.04
0.21

1970

1.26
0.10
0.94
0.21
0.01

1.15
0.08
0.85
0.21
0.01

0.12
0.02
0.10

1980

1.77
0.11
1.10
0.40
0.17

1.66
0.08
1.08
0.33
0.17

0.14
0.02
0.05
0.07

1990

2.05
0.09
0.84
0.88
0.25

2.18
0.06
1.09
0.79
0.24

-0.11
0.03

-0.22
0.09

1999

2.71
0.05
1.01
1.27
0.38

3.40
0.02
1.74
1.32
0.32

-0.98
0.03

-0.83
-0.18

2000

2.67
0.04
1.00
1.25
0.39

3.46
0.02
1.72
1.40
0.31

-1.51
0.03

-0.90
-0.64

Exajoule
Average annual
growth i

1960
to

1980

4.87
4.56
3.22

11.15
15.83

6.80
15.94
5.31

10.06
15.82

-2.85
-2.82
-7.19

ate (%)

1980
to

2000

2.08
-4.65
-0.50
5.88
4.27

3.74
-7.66
2.37
7.55
3.14

-12.63
1.29

-15.83
-11.67

( > Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2) Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

In the forties Argentina began establishing state-owned energy companies, nationalizing foreign
owned energy utilities and defining energy plans to fully integrate the national planning scheme. The
plans used advanced planning methodologies and considered the integration of electricity within the
global energy system. Plans were mainly promulgated by the Secretary of Energy and agencies in
charge of global economic planning with the participation of national public energy companies.

Despite the political instability and the successive changes in the economic and institutional
policies, the plans designed by the state owned energy companies transformed the electricity system.
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The electricity system expanded significantly from 1970 when it covered 54% of the population to
today's 90% of the population. An interconnected electrical grid system now supplies 90% of the
country's requirements. Domestic energy resources are utilized, particularly renewable sources, thus
diversifying the mix of primary energy sources.

In 1980's the country's economical crisis, together with a burdensome foreign debt, resulted in
critical conditions for the electricity system. At the same time, institutional decentralization led to the
proliferation of many provincial electricity distribution and production companies, and to the
dispersion of tariffs and economic regulations within the electricity system. Later, due to State reform
initiated in 1990, the institutional structure and regulation of all energy-related activities underwent
substantial modifications. The energy policy was based on a free market economy bolstered by private
sector investments in the energy system.

Materialization of this policy began with privatization of Servicios Electricos Gran Buenos
Aires (SEGBA), along with Agua y Energia's hydro and fossil fuel stations, hydropower stations
owned by Hidronor, and the Sistema Interconectado Nacional (high voltage transmission network).

From the organizational point of view, Argentina's electricity sector shows a historical
development similar to that of most European and Latin American countries. Since its origins until
after the World War II, electricity supply was in private hands, subject to the control of local
authorities who granted operation licenses and developed franchises within their respective
jurisdictions.

State companies involved in the supply of electricity have grown since 1945, and in 1990 they
owned 84% of Argentina's generating capacity. In the late 1980's, the government introduced
changes to the organization, regulation, and the ownership of electricity companies including the
privatization of most facilities owned by SEGBA, Hidronor and Agua y Energia. Before the reform,
electricity was supplied by a number of utilities with different legal standings and functional
dependencies, although state agencies controlled 99% of the installed generating capacity.

In the mid 1960's a decentralization process began with the creation of state-owned generating
companies. Decentralization was further intensified in 1980 with the transfer of distribution networks
from one of the state companies, Agua y Energia, to the provincial governments. This decision from
central administration encouraged the creation of new provincial agencies and made regulation more
complex.

The federal government kept the primary responsibility for planning expansions in electricity
generation and high voltage transmission. Six state agencies are responsible for the construction and
operation of the facilities. Decentralized power generation led to a significant wholesale electricity
market regulated by the federal government through the Load Dispatching Centre (Despacho Nacional
de Cargas).

Electricity distribution to end-users was carried out by more than 600 organizations: two state
companies (supplying 55% of electricity consumption nation-wide), 21 provincial companies (34% of
consumption) and some 580 co-operatives (11% of consumption). Provincial companies can only
operate within the boundaries of their respective provinces, while co-operatives can provide services
in municipal areas. The right of provincial and municipal regulators to determine the end-users'
electricity tariffs and their independence to fix taxes on electricity consumption within their
jurisdictions led to a great price discrepancy among users with similar consumption patterns.

Institutional changes and a stiff regulatory framework impaired the performance of the
electricity sector before the sector reform. Efficiency of state-owned utilities was affected by
politically fixed low tariffs and indebtedness in recent years, which lead to supply crisis. The most
noticeable signs in the technical phase were the unavailability of thermal generating equipment which
necessitated streamlined electricity consumption in 1988/89 under conditions of low water inflows;

16 ARGENTINA



increase in distribution losses up to 23% of sales; and construction delays which increased average
fuel consumption through expanded use of gas turbines. Reorganization of Argentina's electricity
sector, both on regulatory and institutional levels, was realized upon the approval of Law 24,065 of
January 1992, which sanctioned the transfer of facilities to private hands through the privatization
process begun in May 1992.

The new legal framework has organizational and regulatory impacts on the activities that are
carried out under national jurisdiction, since the provinces have only partially joined the national
framework. Despite of the diversity of regulatory jurisdictions, the fact that the state companies
dominated electricity generation and transmission systems before the reform has assured national
jurisdiction over these industry segments that are central to the wholesale electricity market. Between
April 1992 and April 1995, 9830 MW(e) of installed capacity held by SEGBA (2,480 MW(e)), Agua
y Energia (2,800 MW(e)) and Hidronor (4,290 MW(e)) were transferred to private operators. Of the
above capacity, 37% is fossil fuel fired steam turbines; 15% gas turbines and the remaining 48%
hydro stations.

Provincial jurisdiction covers primarily electricity distribution, which is carried out largely by
provincial companies who buy electricity at the wholesale market. Provincial companies who own
power stations are subject to national rules for the operation of the system if they use transmission
lines or sell their excess generation in the wholesale market. The new regulatory regime covers the
electricity industry where institutional organization and ownership patterns differ from regulations
that were in effect until the late 1991. Horizontal and vertical partitioning of national companies was
assumed to encourage competition and to promote efficiency. The objectives of these changes,
inspired to a large extent by the reforms in Great Britain, are to protect users' rights; promote market
competitiveness; encourage private investment for long term supply; promote reliable operation and
free access to service; regulate transmission and distribution and assure reasonable tariffs.

Participants in the electricity sector are:

i) producers, whether independent, national, bi-national or provincial, and interconnected foreign
electric utilities;

ii) distributors, large consumers and interconnected foreign electric utilities;
iii) transmission companies;
iv) regulatory agencies: The Electricity Regulator (Ente Nacional Regulador de la Electricidad,

ENRE) and the Wholesale Electricity Market Administrator (Compania Administradora del
Mercado Mayorista Electrico, CAMMESA).

Participants in each class are semi-autonomous, that is, they have limited influence outside their
individual areas. The independence of transmission companies ensures free electrical grid access to
third parties. Distributors have to provide for the excess electricity if they have spare capacity. Any
party authorized by the Secretary of Energy to participate in the wholesale electricity market must
abide by the prescribed market rules. Because of their monopolistic characteristics, power
transmission and distribution systems are regulated and require granted concessions. Grid expansions
are subject to market mechanisms.

Producers are subject to concessions only if they operate hydroelectric power stations.
Installation of thermal power stations requires authorization for grid connection and compliance with
applicable public safety and environmental protection regulations. CAMMESA supervises the whole
production system that works in a Fully Deregulated Market. In so doing, CAMMESA selects and
authorizes at any moment every new additional input to the national grid among the different
producers according to the plant "marginal cost" (additional cost while in operation, i.e. mainly the
fuel cost) : that non-operating but available plant having the lowest marginal cost is selected for
providing any new required additional capacity to the national grid. Accordingly, excess capacity is
removed from the grid selecting that plant having the highest marginal cost. In this way, minimization
of total and average electricity generation cost is assured.
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Distribution is largely in the hands of provincial utilities and co-operatives (65%) due to
privatization of Agua y Energia and the transfer of its services. Of the distribution systems held by
state companies, only the service in the concession area of the former SEGBA is in private hands,
where now three private distribution companies are supplying 35% of the retail electricity market.

Prior to April 1995 only one provincial distribution company Empresa Distribution de Energia
de Salta (EDESAL), had been privatized, although several provinces had announced interest to
privatize their services and were in process of adjusting the provincial regulatory framework to allow
private electricity operators inside their jurisdictions. The role of CAMMESA is that of a wholesale
electricity market administrator in commercial agreements between parties (forward contracts).

General supervision and regulation of the industry under national jurisdiction is in the hands of
ENRE (Ente Nacional Regulador de la Electricidad), chartered as an independent agency within the
Secretary of Energy. ENRE's main duties are:

i) enforcement of concession contracts;
ii) prevention of anti-competitive, monopolistic or discriminatory behaviour;
iii) participation to the selection of concession holders;
iv) organization and implementation of public hearings to clarify conflicts between parties;
v) environmental protection and public safety issues associated to the electricity sector.

ENRE supervises national distribution companies and settles disputes between parties as long
as they operate under the national jurisdiction. The office of the Energy Secretary is the a national
agency, which interacts with provincial governments in matters relating to the electricity supply
industry.

All electricity supplied to the interconnected electrical system is commercialized through the
wholesale electricity market. This market includes a contract market and a spot market.

The end user market is also divided into a regulated and a non-regulated segment. The non-
regulated segment is open to competition among bidders, particularly large consumers. The minimum
consumption threshold to access the wholesale electricity market was initially 5 MW(e), but it has
now been reduced to 1 MW(e). Access thresholds must be authorized by ENRE.

State owned generating companies are under a provisional regime until privatization is realized.
Secretary of Energy establishes the rates for nuclear power, while other state owned power producers
are only allowed to recover operating and maintenance costs.

Differences between outlays that state owned producers should have invoiced according to
prevailing spot prices and the receipts actually received are assigned to Unified Fund for debt
servicing and to fund investments for the completion of any construction in progress at the time of the
reform.

2.2. Policy and Decision Making Process

Privatization of state companies was implemented to encourage market competition. For this
purpose, separation of generation, transmission, and distribution systems was established. Within this
framework, the Energy Secretary is responsible for:

i) defining the policies for the electricity sector;
ii) licensing newcomers to the wholesale electricity market;
iii) establishing the rules with which the electricity supply industry must comply;
iv) authorizing the allocation of funds to state companies;
v) deciding on the respective awards during the privatization process.
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In order to attend to the technical management of the system and to administer the wholesale
electricity market, Load Dispatching Centre became a stock corporation, CAMMESA, with an equity
interest held by the Secretary of Energy and by different utilities in the wholesale market. The
Secretary of Energy may reduce its capital share in CAMMESA to 10%, and still retain the power of
veto to Board decisions. CAMMESA is the electricity system's technical authority.

Presently, Argentina plans to develop an integrated resource planning and decision-making
process aimed at co-ordinating the functions of its diverse institutional system and assuring thorough
participation of all sectors, public and private. Mechanisms related to the electrical system expansion,
economic management and regulation with mitigating impact on the environment have not been
defined.

In accordance with constitutional principles, riverside provinces own the water resources
utilized by the hydroelectric companies. The provinces grant licenses for commercial operation, even
though existing facilities belong to the Federal State, and collect generation royalties. Provincial
governments also authorize the construction of new projects in their respective territories, provided
that the new companies do not join the wholesale electricity market through business transactions or
through transmission or distribution networks under national jurisdiction.

In the regulated segment, a distributor is assured a monopoly and has to meet the required
electrical demand pursuant to the terms of the concession contract. If no private investors are
interested in distributing electricity to certain areas, then the State has the obligation to supply the
service there.

Concession contracts specify technical and commercial quality of service which concession
holders are obligated to provide. The obligations of the company are not subject to electricity
availability in the wholesale market, and the State takes no commitment to solve potential power
shortages.

The tariffs in this market segment cover all distribution costs (network expansion, operation
and maintenance, marketing and the cost of purchasing electricity in the wholesale market) including
a rate of return fixed by ENRE. In the future, wholesale spot price variations will be passed by
distributors directly to customers.

Everyone in the wholesale electricity market participates directly or indirectly in the spot
market. The operation of this market is managed by CAMMESA. The operation of interconnected
generating units is scheduled by CAMMESA for six month seasonal periods to cover demand
forecasts with the reserve agreed between the parties (economic load dispatching). The average
seasonal marginal cost is the base price from which the price to the distributors is calculated.
Distributors pay a differential price depending on their location in the system, which reflects their
contribution to transmission losses.

Distributors also pay a fixed charge for their average estimated demand for power over the next
five years. The risk associated with this estimate is borne by the distributors who must assume the
payments in the event of overestimation of demand and are penalized in the event of underestimation.
In addition, distributors contribute toward CAMMESA's expenses by paying a fixed connection
charge and a transmission capacity charge to transmission companies. Electricity suppliers are
compensated for:

i) the energy supplied by a plant run according to schedule, at the system's marginal cost;
ii) the energy supplied by a plant required to run as a result of technical constraints, and costs are

reimbursed;
iii) start-up costs derived from CAMMESA's requests;
iv) power made available to the system (cold reserve), at a price fixed by bidding among

generators.
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The price for power supplied by bi-national producers is determined in the terms of their
contracts. Foreign interconnected utility companies have to apply for authorization from the Secretary
of Energy to participate in the wholesale electricity market. In this way they are assured of their
reserve and do not resort to sell at dumping prices.

Payment to transmission companies includes a connection charge, a fixed charge for
transmission capacity and a variable charge for the energy actually transmitted. The variable charge is
proportional to the transmission losses. Distributors and large users may enter into supply contracts
with producers at the prices defined in their contracts. State companies are excluded from this market.
ENRE does not intervene in the supervision of these contracts or in any contractual disputes.

Entering into forward contracts does not prevent distributors from power purchases in the spot
market at stabilized prices unless they have contracted more than 60% of their demand, in which case
they are considered to be occasional users and their transactions are subject to availability determined
at the hourly price paid to generators. Large users, on the contrary, must be supplied by the local
distributor unless supply is contracted with a producer for at least 50% of their demand.

The operation in real time is carried out irrespective of any forward contracts signed with
producers with the premise that any departure from contract volumes and the actual operation will be
channelled through the spot market. A similar criterion applies for demand departures pertaining to
the large users under contract. These are subject to penalties similar to those applied to distributors in
the event of forecasting errors in their own demand.

A Stabilization Fund managed by the Secretary of Energy has been created to account for the
differences between the expenditures paid by purchasers and the revenue received by generation and
transmission companies.

2.3. Main Indicators

Argentina's electricity consumption grew at an average annual rate of almost 8% between 1970
and 1980, levelling off to 2.5% average rate during 1980-1991, and increasing again to around 5%
during the last decade. This is partly explained by production increases in the metallurgy, which is an
energy intensive industry. Energy consumption in residential and commercial sectors, however,
suffered the most due to the imposed rationing system during the energy crisis in the 80's, although
the number of customers grew and electricity billed per customer during the 1980-1987 amounted to
4,000 kWh/year. In 1993, per capita electricity consumption was 1,903 kW-h, a figure slightly above
the Latin American average and increased to 2,278 kW-h in 2000. Table 5 shows the historical energy
production and the installed capacity and Table 6 the energy related ratios.

Total electricity generation in 2000 was 78.95 TW-h. Total net installed capacity of electricity
generating plants in 2000 was 25.2 GW, of which thermal accounted for 14.1 GW, hydro 10.1 GW
and nuclear 935 MW. Of the total electricity generated, 33.8% came from hydroelectric power
stations, thermal energy sources account for 58.9% and nuclear 7.3%. Total electricity exports were
4.7 million MW-h.

Electricity consumption is frequently viewed as an indicator of the level of economic activity.
Thus, an increase in electricity consumption is immediately associated to an increase in economic
production. However, a few comparisons conflict with this view: in the 1970-1991 period per capita
electricity consumption grew at an average annual rate of 3.4% whereas per capita GDP grew by
1.2%. Moreover, during the 1980-1991 period, if the same figures are considered, as GDP decreased
to 0.77%, per capita electricity consumption grew to almost 1% per annum. In 1975, 1978 and 1982,
while GDP decreased, electricity consumption did not follow the same trend.

Electricity consumption can also be regarded as an indicator of trends in the informal economy,
where electricity is used for production, but is not recorded as an economic activity in formal
statistical surveys or considered in GDP measurements.
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TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED

Electricity production (TW-h)

- Total(1)

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GWe)

- Total
- Thermal
- Hydro
- Nuclear

1960

10.46
9.53
0.93

3.47
3.13
0.34

1970

21.73
20.17

1.56

6.69
6.08
0.61

1980

39.68
22.19
15.15
2.34

11.99
7.99
3.63
0.37

1990

50.91
26.15
18.13
6.62

17.21
9.65
6.62
0.94

CAPACITY

1999

76.42
43.26
26.57

6.59

24.09
13.44
9.72
0.94

2000

78.95
46.51
26.71

5.73

25.20
14.14
10.13
0.94

Average annual
growth l

1960
to

1980

6.89
4.31

14.99

6.39
4.79

12.56

-ate (%)

1980
to

2000

3.50
3.77
2.88
4.58

3.79
2.89
5.27
4.74

' Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kW-h/capita)

Electricity production/Energy production (%)

Nuclear/Total electricity (%)

Ratio of external dependency (%)(I)

Load factor of electricity plants

- Total (%)
- Thermal
- Hydro
- Nuclear

1960

33

507

23

37

34
35
31

1970

53

852

17

10

37
38
29

1980

63

1,363

22

6

8

38
32
48
72

1990

63

1,550

22

13

-5

34
31
31
81

1999

74

2,202

21

9

-36

36
37
31
80

2000

72

2,278

21

8

-57

36
38
30
70

' ' Net import / Total energy consumption
Source: IAEA Energy and Economic Database.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

A few years after the nuclear explosions of 1945 that brought worldwide awareness of nuclear
energy, the first steps were taken to create the Comision Nacional de Energia Atomica (CNEA),
Argentina's Atomic Energy Commission in charge of all national nuclear activities.

Since the creation of CNEA several distinct periods of activity have occurred. The first period
saw the organization of the first research and development teams; staff nuclear training primarily in.
more advanced countries; training of physicists through the creation of the Balseiro Institute of
Physics; prospects for uranium exploration in Argentina; and, the construction of the first
experimental 10 kW(t) Argonaut type reactor including its fuel elements.

During the second period, Argentina designed and constructed a 5 MW(th) irradiation and
research reactor; promoted metal research and development; and, manufactured the fuel elements
required by that reactor. The first uranium concentrate production plant was built in Malargue
(Province of Mendoza) and a battery leachate plant in Don Otto (Province of Salta). Radioisotope
production and application techniques in the field of medicine, biology, industry and agriculture were
developed.
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In the third period, Argentina began nuclear energy activities. In 1964, CNEA was considering
the construction of a nuclear power station for the Greater Buenos Aires-Litoral electrical system. A
feasibility study was authorized by a national commission for the co-ordination of large electrical
works. Within fourteen months, the Commission completed the study with the recommendation to
build a 300-500 MW(e) nuclear power station within the Greater Buenos Aires-Litoral electric power
system. The study concluded that such a station could commence operation by 1971, and that the
project would be technically feasible, economically convenient, and financially sound. Furthermore,
Argentinean industry would be able to contribute an estimated 40 to 50 percent toward the
construction and operation of the station. Sufficient deposits of indigenous uranium added to the
appeal of nuclear power together with its expected stimulation to scientific and technological
activities.

With the prospects of the nuclear energy generation in Argentina, CNEA had to first decide
whether to purchase a light water or a heavy water reactor. British and the US suppliers offered
enriched uranium reactors. Despite of the strong preference for independence CNEA entertained bids
for these reactors for two reasons. First, light water reactors were less expensive than heavy water
reactors, and were dominating the markets in the United States, Europe, and Japan. The second reason
was tactical, for it was perceived that encouraging more bids would spike up the competition, and
better terms would be offered by firms eager to gain foothold in a new market.

However, the Canadian and German offers were most attractive. The German offer was for a
natural uranium reactor, with 100 percent financing, 35 percent local participation, and the shortest
delivery time. The bid by the electrical giant, Siemens AG, of Germany was chosen for its superior
financing terms, construction time, and local participation rate.

Nearly two years behind the schedule, the Atucha I nuclear power station was commissioned
and began commercial operation in 1974.

Also in 1967 a feasibility study for a second station was undertaken by the provincial utility in
Cordoba. CNEA was authorized to call for bids for a 600 MW(e) station, nearly double the size of the
317 MW(e) Atucha reactor in 1972. Natural uranium was selected as fuel and the contract was
awarded to CANDU, a consortium of Atomic Energy of Canada Ltd (AECL) and the Italian
construction company, Italimpianti.

The second nuclear power station was built in Embalse, on the Rio Tercero Reservoir in the
province of Cordoba. It was commissioned in 1983 and went into commercial operation in January
1984. A prime attraction of the Canadian offer had been the Technology Transfer Agreement, which
CNEA considered valuable for independent nuclear power production.

In late 1979 a third nuclear power station was scheduled to be built at the same site as Atucha I.
Problems with the construction of the Embalse nuclear power plant (NPP) convinced the authorities to
award the contract to ENACE, a joint venture of Kraftwerk Union (KWU) and CNEA, for a 700
MW(e) Siemens heavy water cooled and moderated pressurized reactor power station (same design as
Atucha I). Construction started in 1981.

3.2. Status and Trends of Nuclear Power

Less than 15 percent of electricity consumed in Argentina is produced by nuclear plants, hi
1995 there were two nuclear power plants (Atucha I and Embalse) in operation with a total net
capacity of 935 MW(e), see Table 7. Share of electricity produced by nuclear means is 13 percent of
the total electricity supplied in the country. This is expected to increase with the construction of a
third nuclear power plant, Atucha II of 692 MW(e) net capacity, whose completion, however, has
been delayed due to economic uncertainties in and lack of funding.
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TABLE 7. STATUS OF NUCLEAR POWER PLANTS

Station

ATUCHA-1
EMBALSE
ATUCHA-2

Type

PHWR
PHWR
PHWR

Net
Capacity

335
600
692

Operator

NASA
NASA
NASA

Status

Operational
Operational

Under Construction

Reactor
Supplier

SIEMENS
AECL

SIEMENS

Station

ATUCHA-1
EMBALSE
ATUCHA-2

Construction
Date

Ol-Jun-68
Ol-Apr-74
Ol-Jun-81

Criticality
Date

13-Jan-74
13-Mar-83

Grid
Date

19-Mar-74
25-Apr-83

Commercial
Date

24-Jun-74
20-Jan-84

Shutdown
Date

Source: IAEA Power Reactor Information System as of 31 December 2000.

4. NUCLEAR POWER INDUSTRY

4.1. Reorganization of the Public Nuclear Sector

On August 30, 1994, a Federal Government Decree was issued to restructure the nuclear sector
and CNEA. As a result, the National Nuclear Regulatory Authority (Autoridad Regulatoria Nuclear -
or A.R.N.) was founded. The new Agency took over the regulatory responsibilities for nuclear
activities that were previously carried out by CNEA. It establishes nuclear and radiological safety
standards and formulates regulations related to physical protection and control of the use of nuclear
materials. It is responsible for the licensing and regulations of nuclear installations and compliance
with international safeguards. In addition, a shareholders company, Nucleoelectrica Argentina S.A.
(NASA) was established. NASA operates Atucha I and Embalse nuclear power stations and oversees
the construction of Atucha II nuclear power station. The decree also directed NASA to pay annual
royalties to CNEA and to ARN as licensing fees. Ownership has been handed to the Ministry of
Economy, as a pre-privatization step.

hi parallel, the Federal Government supported works at Atucha-2 NPP Project initiated in 1981,
were fully stopped and discontinued since the beginning of 1994 under a privatisation plan not yet
accomplished. This 3rd NPP remains unfinished at 81% completion stage, with several plant systems
already operational, the main pending items being: completion of electro-mechanical erection, I&C
mounting, heavy water inventory and first core fuel deliveries, and plant commissioning.

The above-mentioned 1994 Decree imposing the partition of former CNEA into 3 separate
entities, CNEA, NASA and ARN, and paving the way for a future privatisation of NASA and its 3
NPPs, was later formally replaced by a "Federal Law for the Nuclear Activity" issued by Argentina's
National Congress in 1996 and put in force in 1998. This federal law ratified CNEA's partition, and
legally allowed privatisation of NASA and completion and start-up of Atucha-2 NPP by private
companies through an international call for bids. Nevertheless, firstly due to lengthy elaboration of
the legal instruments (federal law, reglementary decree, texts for the call for bids, etc.) and later due
to the Federal Administration take over at the end of 1999, NASA privatisation as well as resumption
of works at the long-time paralized Atucha-2 NPP did not happen up to now.

4.2. Research and Development Activities

The National Atomic Energy Commission (CNEA) remains as an institute for research and
development in the nuclear field, as well as for provision of technical services and assistance to
nuclear power plants, other nuclear installations and nuclear application users, both in the domestic
and international markets. Most of production activities previously carried out by CNEA, are now
handled by private interests, with the main exceptions of radioisotope production and specific
instrumentation and electronic equipment.
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As a result, CNEA 's main areas of activity are:

• Basic and applied research in the main branches of physics, material sciences, chemistry,
radiobiology, etc.

• Technology development and applications in nuclear engineering (reactor physics, reactor
design, thermal-hydraulics, operation assistance tools, safety and risk analysis, etc.);
electronic and nuclear instrumentation developments; reactor and neutron / gamma
applications, including different medical applications in particular BNCT; industrial,
agricultural food conservation and medical devices sterilisation, etc.

• Nuclear projects, mainly related to small sized NPP (Carem Project); nuclear fuel design,
manufacturing and utilization (Slightly Enriched Uranium fuel use in the HWR Atucha-1
NPP, CARA Project, etc.); etc.

• Human resources education and training at the technician level for reactor operators; as
well as at university grade, post-grade and doctoral levels at 3 complementary institutes:
"Institute Balseiro" at Bariloche, "Institute for Nuclear Studies" at Ezeiza and "Institute
Sabato" at Buenos Aires.

• Operation of nuclear facilities: nuclear reactors RA-1 and RA-3 in Buenos Aires area, RA-0
in Cordoba city, RA-4 in Rosario city, RA-6 in Bariloche city and RA-8 in Pilcaniyeu
Technological Complex, cyclotron for radioisotope production, high pressure test loop, etc.

• Technical services and assistance to the operating NPPs in Argentina, Atucha-1 and
Embalse, including engineering, works, equipment provisions, replacements, back-fitting
activities, etc., covering a wide range of disciplines from specific neutron propagation
studies, thermal-hydraulics, safety, mechanical, electronic and electrical engineering,
neutron detectors (self-powered and others), specific safety-qualified electronic equipment,
etc.

• Technical services and assistance to various national and foreign customers covering
conventional electric power plants, other industrial plants, metal-mechanical component
suppliers, hospitals and other medical centres, other private companies devoted to nuclear
applications, and Argentine exported nuclear reactors in countries like Peru, Egypt, etc.

• Radioisotope production, including large amounts of Cobalt-60 and Molibdenum-99, is
generated in:

Ezeiza Atomic Center's RA-3 Reactor;
Ezeiza Atomic Center's Ciclotron;
Embalse Nuclear Power Plant.

The main CNEA facilities are concentrated in:

• Constituyentes Atomic Center (CAC) in Buenos Aires area;

• Ezeiza Atomic Center (CAE) in Buenos Aires area;

• Bariloche Atomic Center (CAB) close to the southern town of Bariloche;

• Pilcaniyeu Technological Complex, near Bariloche.

These are complemented by several distributed CNEA delegations in different places of the
Argentine territory, providing support for domestic Uranium explorations.
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4.3. Fuel Cycle and Radioactive Wastes

At present current Uranium supplies come from imports in the international market. These
imports include, low enriched (around 3.4%) and medium enriched (around 20%) Uranium supplies.
These correspond to the main consumer installations: Embalse (Candu-type) plant employees Natural
Uranium; Atucha-1 employes Slightly Enriched (0.85%) Uranium obtained from the mixing between
Natural and 3.4% enriched U; research and production reactors (both domestic and exported)
normally employ 20% enriched U.

Production of UO2 powder is carried out by CNEA's daughter company DIOXITEK S.A.
presently established at Cordoba city and foreseen to be moved to Mendoza province. Technology
development for zirconium sponge production has been carried out at Bariloche, while manufacturing
of zircaloy tubes for fuel element cladding, coolant channels, instrumentation lances and other reactor
internals is currently carried out by another CNEA's daughter company, FAESA, with a production
plant installed at Ezeiza Atomic Centre.

Manufacturing of fuel assemblies is carried out by another daughter company of CNEA,
CONUAR S.A., with its plant located close to FAESA's plant in Ezeiza Atomic Centre. CONUAR
produces the fuel assemblies currently required by Atucha-1 (SEU fuel), Embalse (natural U fuel) and
the research and production reactors either operating in Argentina or exported by CNEA or INVAP
S.E. (see section 4.4).

According to the Federal Law for "Radioactive Waste management", CNEA is responsible for
supervision of the overall treatment of such wastes coming from any nuclear user in the country, and
in particular for assuring the final disposal of low, intermediate and high level radwastes.

CNEA, according to the same law, is responsible for the reception of each Argentine NPP at
the end of its lifetime and for all the stages of its decommissioning and decontamination. According to
this law two separate funds must be provided by each operating NPP in order to afford for radioactive
waste treatment by CNEA and for decommissioning by CNEA.

4.4. Exports

Exports from Argentina's nuclear sector mainly include:

• Nuclear Reactors for Research and Radioisotope Production. This activity was initiated
by CNEA almost 25 years ago with the RP-0 and RP-10 reactors for IPEN, Peru. Later it
was taken over by another CNEA's daughter company, INVAP S.E., with similar or
improved exports to Algeria, Egypt and Australia;

• Radioisotopes, mainly Cobalt-60 produced at Embalse NPP's adjuster rods and later
processed at CNEA's plant in Ezeiza Atomic Center;

• Specific provisions for the exported installations (new or additional instrumentation,
improved mechanical systems, etc.).

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the licensing Process

The licensing process for nuclear power stations involves interaction between the Operating
Organization and the Regulatory Authority starting at the earliest steps of a projected installation. The
role of the Regulatory Authority is to establish "Requirements", "Recommendations" and "Requests
for Information" and to issue construction and operation licenses. "Requirements" must be carried out
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by the Operating Organization. "Recommendations" should be carried out unless it is shown by the
Operating Organization that they are not necessary, or that the same objective can be achieved better
by other means. The "Requests for Information" are issued by the Regulatory Authority in order to
further evaluate or validate studies already presented by the Operating Organization. Standard AR
0.0.1 establishes general framework for the construction, operation and regulation of nuclear power
stations.

Procedures to the Regulatory Authority for applying for a nuclear operating license is described
in standard AR 3.7.1. These include:

• Preliminary Safety Report (PSR) nine months prior to requesting the construction license (does
not include the work for site preparation).

• Systematic presentation of information, changes in design and other requirements as needed two
months after presenting the PSR and up to one month before the reactor is loaded with the
reacting combination of moderator and fuel.

• Monthly Progress reports on the construction of the nuclear power stations after the granting of
the construction license.

• Quality Assurance (QA) programme, QA manuals and QA information starting with the
presentation of the PSR. The QA programme must include organizations, system of
documentation, verification of the design, purchase, materials, processes, inspections, tests, and
corrective actions, as well as registry and its control.

• Organization chart for Operation, and the Staff Training Programme in the beginning of the
construction. It should be modified when changes are proposed.

• Progress reports during "non-nuclear" commissioning 24 months prior the predicted first
criticality.

• Progress reports about the commissioning up to one week prior the first criticality.
• Final Safety Report (FSR) 12 months prior the first criticality.
• Additional information and modifications to the FSR up to one month prior the reactor is charged

with moderator and fuel.
• Operating Manuals including the Radiological Code of Practice four months prior the first

criticality.
• Final report of the QA programme four months prior the first criticality.
• Request for individual operators' licenses four months prior the first criticality.
• Emergency Plan three months prior the first criticality.
• Constitution of an Ad-hoc Committee for "Nuclear" commissioning and operation three months

prior the first criticality.
• Maintenance Manuals one month before requesting the licence of operation.
• Report of the Ad-hoc Committee at the end of the Nuclear commissioning.
• Final version of the Operating Manuals at the end of the commissioning.

Construction and operating license outlines the responsibilities of the director of the nuclear
power station and the Operating Organization. License is given for an undefined period and may be
cancelled, suspended or modified by the Regulatory Authority in case of non-compliance to the
regulations. The license can include temporary requirements. Only licensed staff can operate Nuclear
power stations.

The Operating Organization must have a Technical Review Committee (TRC) and an Internal
Safety Committee (ISC) which should meet at least once a month in order to analyze nuclear
operations; to asses the likelihood of failures and abnormal events; and, to carry out the evaluation of
any modifications to the original design of the installation before these are presented to the
Regulatory Authority. The director of operations must be advised by the Internal Safety Committee
on any issues related to radiological and nuclear safety.
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The "conditions and the limits of operation" are established in the license and require the pre-
approval of the Regulatory Authority for any modifications. The license specifies the limits of
radioactive effluents to the environment and states the requirements for annual exercise of the
Emergency Plan. The license also defines procedures related to the "mandatory documentation", the
operators retraining programme, the communication channels with the Regulatory Authority, and the
relation with the "resident" inspectors.

5.1.1. Regulatory A uthority

The Nuclear Regulatory Authority (in Spanish, ARN) was created as an autarchic entity under
Act 24,804 known as Nuclear Activity National Act, which came into force on April 25th, 1997, to
succeed the National Nuclear Regulatory Board. The Nuclear Regulatory Authority reports directly to
the Argentine Presidency and is empowered to regulate and control the nuclear activity with regard to
radiological and nuclear safety, physical protection and nuclear non proliferation aspects.

The objective of the Nuclear Regulatory Authority is to establish, develop and enforce a
regulatory system applicable to all nuclear activities within Argentina, as well as, to advise the
Executive on issues under its purview. The goals of these regulatory system are:

• To provide members of the public with an appropriate level of protection against harmful effects
of ionizing radiation.

• To ensure a reasonable degree of radiological and nuclear safety for nuclear activities performed
in Argentina.

• To ensure that nuclear activities are not diverted for unauthorized purposes and are performed in
accordance with international agreements to which the Nation is signatory.

• To establish criteria and standards in order to prevent deliberate actions from being committed
which may either have severe radiological consequences or lead to the unauthorized removal of
nuclear materials or other materials or equipment of nuclear interest.

The effective direction and management of the Nuclear Regulatory Authority is carried out by
the Boards of Directors. The Boards of Directors is composed of six members appointed by the
Executive, two of which shall be nominated respectively by the Senate and the House of
Representatives. The term of office of each Director shall be six years, with one third of them being
chosen every second year. Technical and professional qualifications in the specific field are selection
criteria for the Director's office.

The ARN organizational structure has been approved by a Board resolution in accordance with
the provisions of Act 24,804. The relevant organization chart is shown in Chapter 1 of the Main
Report (The Main Report is only available in Spanish).

5.1.1.1. The Argentine Regulatory System

In its capacity as the national authority on radiological and nuclear safety, non-proliferation
assurances and physical protection issues, the ARN grants authorizations, licenses or permissions, as
appropriate, in connection with practices associated with radiation sources. In addition, the ARN
performs control activities to ensure that persons responsible for each practice comply with the
provisions set forth in the standards and other regulatory documents. From the beginning of the
regulatory activities in the country it was recognized that to efficiently play this role an appropriate
scientific and technological expertise was needed to assess, based upon an independent criterion, the
design, construction, operation and decommissioning of the facilities subject to control. Within this
framework, the global strategy contained in the Argentine regulatory system has focused in the
following basic principles:

• Adopting specifics standards on radiological and nuclear safety, safeguards and physical
protection.
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• Conducting regulatory inspections and audits to verify compliance with licenses and
authorizations granted.

• Carrying out studies and assessments on radiological and nuclear safety, safeguards and physical
protection, for the purposes of the licensing process.

• Promoting scientific and technological development regarding radiological and nuclear safety,
safeguards and physical protection.

• Providing personnel training in connection with radiological and nuclear safety, safeguards and
physical protection, directed at both personnel responsible for the safety of the facilities and
performing regulatory activities.

5.1.1.2. Radiological and Nuclear Safety

According to the Argentine regulatory system the organization (owner or operator) dealing with
the design, construction, commissioning, operation and decommissioning stages of a nuclear facility
shall take full responsibility for the radiological and nuclear safety of the facility in question. No
event affecting radiological and nuclear safety shall relieve said organization, referred to as
Responsible Entity, from its responsibility in each stage of the project. The compliance with the
regulatory standards and requirements is to be considered as a minimum requirement which does not
relieve said organization from the obligation to take any action necessary to ensure the radiological
and nuclear safety of the facility.

From the licensing process standpoint, facilities are divided into two groups: major and minor
facilities, according to the associated radiological risk involved. For major facilities the ARN grants
operating licenses while for minor facilities it grants operating authorizations. An application for a
license or authorization will be accepted for examination provided that it is accompanied by an
appropriate preliminary nuclear safety assessment, the depth of which shall be in accordance with the
radiological risk associated with the facilities concerned.

Mayor facilities require three types of licenses: construction, operating and decommissioning
licenses. Licenses shall be granted to the Responsible Entity, that is, the organization liable for the
safety of such facilities. The construction license for a given facility shall be granted upon compliance
with standards and requirements applicable to location, basic design and expected safety level for
future operation.

In order to be issued an operating license, the Responsible Entity shall prove compliance with
applicable specific conditions, standards and requirements.

As for the ARN, it performs an independent evaluation of the technical documents and detailed
studies field, the reports in connection with inspections conducted during construction, the results of
preliminary operation activities, etc.

It should be particularly noted that since the beginning of the construction stage the ARN
evaluates the ability of the Responsible Entity to take its responsibilities. Argentina has adopted
performance-based nuclear safety regulations. This requires both the Responsible Entity, as regards its
proposals, and the ARN, in connection with its independent evaluation, to make a remarkable effort
such that a final satisfactory result is attained. Accordingly, the interaction between the Responsible
Entity and the ARN shall be carried out on a permanent basis throughout the licensing process.

The evaluations prior to issuance of a license for the operation of a major facility include
matters such as quality assurance, methods of construction, provisions for inspections during
operation, methods of operation, etc. In addition, if a facility has a potential for accidents which may
affect members of the public, it is required that emergency plans be implemented in co-ordination
with the relevant federal, provincial and local organizations.
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According to the ARN requirements, the whole staff of the Responsible Entity shall be properly
trained and qualified and demonstrate an aptitude in accordance with their duties in a major facility.
The Responsible Entity must also apply to the ARN for individual licenses for personnel whose
activities could substantially affect safety. Applicants for an individual license are nominated by the
Responsible Entity and separately subjected to the independent evaluation of the ARN. Training and
qualification requirements for staff members generally cover four areas: basic training, specialized
training, in-job training and psycho-physical fitness. Every function within the organization chart
shall be fulfilled by staff members whose background meets the relevant requirements. Such required
qualifications will include, if appropriate, basic university education in accordance with the nature of
the responsibility to be taken. Both the specialized and in-job training shall be duly certified.
Applicants shall be examined by ad-hoc examination boards.

Two types of regulatory documents are issued for the purpose of certifying the skills of the staff
concerned. The first one consists in an individual license certifying that the applicant possesses the
basic and specialized training suitable to take up a certain duty in a given type of facility. This
document is issued at the applicant's request and has no expire date. It is not, however, enough to
certify the ability of an applicant to take up a given duty in a facility. Accordingly, to be accepted for
performing a key safety-related responsibility in a given facility, the applicant needs in addition to the
individual license a specific authorization, which has to be requested to the ARN by the Responsible
Entity. For this purpose, the applicant shall prove a specific knowledge of the facility in question, as
well as a suitable in-job training and an adequate psycho-physical fitness. This specific authorization
is valid for a period that shall not exceed two years.

As indicated above, for the operation of minor facilities the organization liable for any practice
involving radioactive material or ionizing radiation is required to apply for an operating authorization.
For the operation of minor facilities the ARN has the authority to require that the organization liable
for any practice involving material or ionizing radiation applies for an operating authorization. This
document shall be issued by the ARN in favour of that organization upon assessment of the
documents filed and the results of the preliminary operation-related inspections, provided that all
applicable standards and prerequisites are met and qualified staff is brought in. Additionally, for the
operation of a minor facility, individuals involved are required to hold a specific individual
permission applicable to a given practice. In order to be granted such a permission, the applicant shall
meet several requirements, namely to possess a suitable basic training, an appropriate specialized
training and enough in-job training in accordance with the provisions of the relevant specific
standards.

All individuals and legal entities desiring to apply to the ARN for licenses, operating
authorizations, specific authorizations and individual permissions or radioactive material transport
certificates shall pay a licensing or inspection fee. Furthermore, the ARN is empowered to impose
sanctions and/or fines in the event of non-compliance with the radiological safety standards regarding
medical and industrial applications, as well as with ionizing radiation research and teaching
regulations.

5.1.1.3. Safeguards and Physical Protection

Safeguards and nuclear non-proliferation assurances are an essential aspect in the Argentine
regulatory system. They are a group of requirements and procedures applicable to both the nuclear
materials and other materials, equipment and information of nuclear interest, aimed at ensuring, with
a reasonable degree of certainty, that such elements are not intended for an unauthorized use, and that
the international agreements signed in this matter are appropriately respected.

The safeguards may be national or international in nature, with the international safeguards
being divided into regional and global. National safeguards are defined by the provisions set forth in
the regulatory framework adopted by each State. In the case of Argentina, the ARN has established
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the guidelines of the Argentine Accountancy and Control System for nuclear materials and other
materials, equipment and facilities of nuclear interest. As far as the international safeguards and non-
proliferation assurances are concerned, their application proceeds in accordance with the provisions
of the agreements on non-proliferation of nuclear weapons ratified by Argentina. In this case, the
safeguards may be applied by regional or global international organizations and are aimed at detecting
within reasonable time and a reasonable degree of certainty the diversion of "significant amounts" of
nuclear materials for purposes banned by the agreements by virtue of which those safeguards are
applied.

In this regard, it is worth mentioning the "Bilateral Agreement between the Argentine Republic
and the Federative Republic of Brazil for the exclusively peaceful use of nuclear energy" signed in the
city of Guadaiajara in 1991. By virtue of this agreement an agency was created, designated as
"Brazilian-Argentine Agency for Nuclear Material Accountancy and Control" (ABACC) the essential
objective of which is the implementation of the "Common System for Accountancy and Control of
Nuclear Materials" aimed at ensuring that said materials are not diverted for the manufacturing of
nuclear weapons or other nuclear explosive devices.

Immediately after the bilateral agreement came into force, a multilateral agreement was
concluded by Argentina, Brazil, the ABACC and the International Atomic Energy Agency (IAEA) for
the application of safeguards (referred to as Quadripartite Agreement). This agreement commits the
IAEA to applying safeguards in both countries for nuclear materials in connection with all nuclear
activities in Argentina and Brazil, based upon the "Common System for Accountancy and Control of
Nuclear Materials".

The Argentine regulatory system also contemplates, with special attention focused on the
national regulatory function, the physical protection against robbery, removal or unauthorized use of
nuclear materials, and sabotage against nuclear facilities. In this respect, the ARN takes full
responsibility for requiring the Responsible Entity to implement a complete physical protection
system applicable to nuclear facilities and materials in accordance with the regulatory requirements
set forth by the ARN. In particular, the "Convention on Physical Protection of Nuclear Material",
regarding international transport of these materials, was opened to signature on March 3, 1980, in the
IAEA's Vienna headquarters and the United Nation's New York headquarters; Argentina adopted this
Convention under Act 23,620 and then ratified it.

5.1.1.4. Transport of Radioactive Material

The transport of nuclear material within Argentina shall be carried out in accordance with the
provisions of the IAEA's "Regulations for the Safe Transport of Radioactive Material" which 1985
edition (amended in 1990) came into force on 11 December 1993.

All international, regional and national organizations responsible for regulation of land, air,
river and sea transport of hazardous materials have endorsed the safety criteria contained in regulation
AR 10.16.1 related to "Radioactive Material Transport", literally in accordance with the aforesaid
IAEA Regulations. This regulation provides persons, goods and environment with a suitable safety
level during normal transport of radioactive material, as well as in the event of any accident. In order
to protect workers and members of the public under normal transport conditions, this regulation sets
forth prerequisites which essentially limit the dose rate in the environment of the packages to be
transported and the non-fixed contamination in their external surface.

5.1.2. Institutional Relations

Within the context of its regulatory function, the ARN maintains a close and varied interaction
with domestic and foreign, governmental and non-governmental organizations, as well as with
international agencies. Such an interaction has the following objectives:
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• To facilitate the exchange of experiences and information and the participation in developing
international recommendations to address issues related to radiological and nuclear safety,
nuclear non-proliferation assurances and physical protection;

• To establish and develop technical co-operation agreements;
• To promote co-operation in order to improve effectiveness and efficiency of the international

safeguards system through the participation of experts and the development of specific
techniques in the country.

Furthermore, the ARN is actively involved in negotiating international instruments in
connection with the nuclear regulatory function and also in their subsequent implementation. In
addition, the ARN contributes to the definition of Argentine regulatory policies upheld in different
international forums.

The negotiation of national and international agreements has always been one of the most
important tasks within the framework of the institutional relations. The ARN maintains currently valid
agreements with national and foreign universities, public hospitals, the Federal Police and the Coast
Guard, as well as with American, Canadian, Spanish and Swiss regulatory authorities, among other
countries. During 1998, international agreements were concluded with Germany's "Gesellschaft fur
Anlagen und Reaktorsicherkeit (GRS) mbH" and France's "Institut de Protection et de Surete
Nucleaire" (IPSN). In the national sphere, agreements have been signed with the Argentine Border
Guard, the University of Buenos Aires' Faculty of Engineering and "Otto Krause" Technical
Education School N° 1.

The ARN attaches great importance to the link with the International Atomic Energy Agency
(IAEA). This link can be defined as having three key principles:

• Attending the regular meetings of the so-called IAEA's "policy-making" organism;
• Participating in meetings of high-level expert committees advising the IAEA Director-General

on issues in connection with nuclear safety and safeguards, as well as in activities related to
negotiation or implementation of international agreements significant for nuclear safety; and

• Contributing experts for taking part in technical assistance missions in various countries,
preparing safety-related publications and training foreign trainees.

The ARN participates in the National Commission for the Control of Sensitive and War
Material Exports to provide advice in cases related to nuclear exports. During 1 998, it prepared and
issued judgements on the export applications filed, then granting the relevant export authorizations.

The Comprehensive Nuclear Test Ban Treaty (CTBT) adopted by the United Nations General
Assembly in September 1996, is a matter of permanent work for different sectors in the ARN. In fact,
with the purpose of verifying compliance with the essential obligation set forth in the Treaty, an
International Surveillance System was established envisaging the intensive use of detection
techniques. In the case of radionuclide and infrasound technique, the ARN is the responsible
organization.

5.1.3. Regulatory Inspections

In Argentina, there are two nuclear power plants in operation, one under construction, six
research and radioisotope production reactors, 24 major radioactive facilities and more than 1 500
facilities (for medical, industrial, research and teaching purposes) which utilize radioactive materials
or sources and radiation-generating systems. Those facilities are devoted to various purposes such as
electric power generation, basic and applied research, or the use of ionizing radiation in the field of
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medicine and industry. Such various facilities are located all around the country and their complexity
varies in a very wide range.

The ARN's regulatory functions aimed at controlling those facilities include analyzing design
and operation-related documents, permanently assessing safety during operation, and verifying by
means of regulatory inspections and audits the compliance with the provisions of the license
concerned. The analysis and assessment functions are discharged by staff members skilled in the field
of radiological and nuclear safety who use modern information technology for data management and
are acquainted with the use of calculation codes, in order to validate documents supplied by the
licensee based upon their own independent criteria.

The ARN's regulatory control action aimed at controlling the facilities also includes a
programme of routine and non-scheduled inspections for the follow-up of activities related to safety
and verification of compliance with the provisions of the relevant license. Facilities subject to
regulatory control are listed in Table 8.

TABLE 8. FACILITIES SUBJECT TO REGULATORY CONTROL

Facilities

Nuclear power plants (one under construction)
Research reactors and critical assemblies
Particle accelerators
Radioisotope or radioactive sources production plants
High-dose irradiation plants
Fuel cycle facilities
CNEA's waste management area
CNEA's minor facilities
Teletherapy centres
Brachytherapy centres
Nuclear medicine and radioimmunoassay centres
Gammagraphy
Nuclear gauges
Research and teaching centres and other applications

Number

3
6
4
5
2
13
1

26
108
81

605
48
266
433

Source: Autoridad Regulatoria Nuclear.

Routine inspections are aimed at a) supervising the facility's regular activities, b) process
monitoring and c) verification of compliance with the provisions of mandatory documents. As far as
nuclear power plants are concerned, inspections are basically conducted by ARN's resident inspectors
relying on the technical support provided by the ARN analysis and assessment groups or by groups
working for the ARN under agreements or contracts.

Non-scheduled inspections are carried out either in the event of specific circumstances or when
the need arises to increase the inspection effort. In these cases inspections are conducted by experts in
a variety of disciplines, either from the ARN or other ARN-related institutions.

5.1.4. Occupational Surveillance

Basic criteria supporting radiological safety establish that: all practices involving the use of
ionizing radiation shall be adequately justified, radiological protection shall be optimized, dose limits
and constraints shall be complied with, and the likelihood of accidents (potential exposure) shall be
kept at a minimum level.

The ARN performs assessment of information related to occupational exposure in the most
important major and minor facilities. This work allows the ARN to define behaviour indicators for
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radiological protection systems, to identify tendencies, to verify compliance with dose limits, and to
compare different practices to each other.

5.7.5. Environmental Surveillance

The ARN performs environmental monitoring in the surroundings of the different nuclear
facilities in a manner fully independent from monitoring carried out by the facilities themselves. In
1998, such a monitoring was carried out in Atucha I and Embalse nuclear power plants, Ezeiza
Atomic Centre, San Rafael uranium ore mining plant, Cordoba uranium ore milling plant and the
following decommissioned plants for mining and milling uranium ores: Malargtie, Pichinan, Los
Gigantes, La Estela, Los Colorados and Tonco.

5.1.6. Scientific and Technological Activities

The ARN carries out various kinds of scientific and technological functions to support its
regulatory activity. For this purpose, the ARN relies on appropriate laboratories equipment and skilled
personnel whose tasks consist in implementing and validating the corresponding methodologies
within different working sectors.

The ARN possesses various laboratories within the Ezeiza Atomic Center, located in Ezeiza,
province of Buenos Aires. These laboratories cover an area of 2000 m2 and are devoted to physical
dosimetry, radiopathology and biological dosimetry, radiochemical analyses, uranium particle
detection, iodine 129 detection, radon measurement, environmental sample processing, and internal
contamination assessment. Those facilities also include measurement laboratories (whole body
counter, gamma and alpha spectrometry laboratory, gross alpha and beta activity measurement
laboratory, and low background activity counter), and electronical support laboratories.

In 1998, supporting activities related to regulatory and development control functions were
performed within the following specific areas:

• Physical dosimetry;
• Internal contamination;
• Biological dosimetry;
• Programme of medical assistance on radiological protection;
• Diagnostic and prognostic indicators applicable to accidental overexposure;
• Prenatal irradiation effects on developing central nervous system;
• Nuclear tests detection;
• Use of thermohydraulic codes for assessment of nuclear power plant safety;
• Electronic developments applied to regulatory activities;
• Computer model development for assessment of nuclear power plant safety;
• Study on core material behaviour in nuclear power plants during severe accidents;
• Development of techniques aimed at detecting undeclared nuclear activities.

Within the framework of the Comprehensive Nuclear Test Ban Treaty, a gamma spectrometry
laboratory was in operation and served as a primary laboratory within the international network set
forth in this Treaty.

5.1.7. Radiological Emergencies

The ARN evaluates the radiological and nuclear emergency procedures in case of accidents
developed by facilities under control. Which actions are to be taken, who will take them and how they
will be taken are the highlights of the emergency plan on which intervention is based. This plan
contains all procedures to be followed in the event of an accident condition. For major facilities, the
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licensee shall take full responsibility for implementing an emergency plan; for minor practices,
emergency procedures are required to contain accidents and minimize their consequences.

In accordance with its duties, the ARN will take steps in a subsequent stage to minimize injury
and damage, which may result from any incident, accident or radiological emergency, through its own
Radiological Emergency Intervention System (SIER). The SIER is intended to:

• Advise both users and public authorities involved in radiological emergency control.
• To play a part as an intervening organization in the event of emergencies which may arise in

minor facilities and practices where accidents can not be provided with adequate containment or
affect members of the public, as well as in the event of radiological emergencies in public areas.

The SIER consists of two groups: the Primary Intervention Group and the Support Group. The
Primary Intervention Group is on duty in weekly shifts all year round. The Support Group is made up
of the rest of the ARN technical staff members who do not work in shifts but may be summoned when
necessary. The SIER has the specific equipment and necessary logistic infrastructure to ensure a
prompt and efficient intervention in the event of a nuclear accident or a radiological emergency. It
works in close relationship and has reached co-operation agreements with other organizations such as
federal and provincial Civil Defence Services, the Federal Police, the Coast Guard, the Armed Forces
and the Internal Security Department.

5.1.8. Training and Technical Information

The ARN undertakes as a permanent activity the training of specialists in radiological and
nuclear safety, safeguards and physical protection, by means of training courses and the participation
in national and international congresses and expert meetings.

The training activity is carried out through the Training Department in charge of defining,
organizing and co-ordinating courses, workshops and updating seminars.

The Postgraduate Course on Radiological Safety and Nuclear Safety organized in accordance
with the provisions of an agreement with the University of Buenos Aires and the Ministry of Health
and Social Welfare under the auspices of the IAEA, has been uninterruptedly given on a yearly basis
since its inauguration in 1 980. Since then, a total number of 539 professionals have taken a degree,
roughly a half of them being foreigners.

5.1.9. Human and Economic Resources

The organizational structure of the ARN is made up of 215 established posts and 6 posts
pertaining to the Board of Directors.

Out of the total regular stall, 67% are university-degree holders. Out of the total regular stall,
85% is devoted to specialized scientific and technical functions within the ARN's sphere of activities,
while the remaining 15% is devoted to support and clerical jobs.

The total budget allocation approved for the year 1998 for the ARN was $ 18,622,065, funded
by the Treasury Department contributions, Specific Resources and Specific-Allocation Resources.

Personnel expenditures accounted for 64.6% of the total current expenditure, including
contributions from the employer, and social security allowances. Consumption expenditure and non-
personnel services accounted for 16.9% of the total current expenditure.
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5.2. Main National Laws and Regulations

Several Executive orders have identified CNEA as the Regulatory Authority on radiological
and nuclear safety, including the protection of the workers, public and the environment against the
effects of ionizing radiation, and the safety of the installations. During the first years of nuclear
activities in Argentina, there was no clear separation of the Regulatory Authority from the main
operational safety group, since almost all NPPs operated in CNEA installations. In 1958, the
regulations covered the whole country. At the same time research supporting regulatory framework
was initiated to establish criteria to limit discharges of radioactive material to the environment and
food pathways. The regulatory setting in that time included the licensing activities, the evaluation of
design and the operation of nuclear power stations, the analysis of accidents and regulatory
inspections.

At present, the regulatory system covers all CNEA nuclear activities and any or the third parties
in the country, as well as all uses of radionuclides and radiation, except the use of X-rays, which are
controlled by the Ministry of Health. The standards for nuclear power stations established by the
Regulatory Authority are the following:

AR.3.1.1. Occupational exposure (design).
AR.3.1.2. Limits to radioactive effluents (design).
AR.3.1.3. Radiological criteria related to accidents and risk assessment analyses.
AR.3.2.1. General safety criteria applied to design.
AR.3.3.1. Reactor core.
AR.3.3.2. Heat removal System.
AR.3.3.3. Primary pressure system.
AR.3.3.4. Behaviour of fuel in the reactor.
AR.3.4.1. Protection of the core and safety instrumentation.
AR.3.4.2. Shutdown systems.
AR.3.4.3. Containment system.
AR.3.5.1. Essential electric supply.
AR.3.6.I. Quality assurance.
AR.3.7.1. Documentation for the Regulatory Authority prior to the commercial operation.
AR.3.8.1. "Non-nuclear" commissioning
AR.3.8.2. "Nuclear" Commissioning.
AR.3.9.2. Communication of relevant events.
AR.3.10.1. Protection from earthquakes.

In Argentina, the Operating Organization is the Nuclear Power Directorate of CNEA, which is
responsible for the radiological and nuclear safety in design, construction, commissioning, operation
and decommissioning of nuclear power plants. It is responsible for making reasonable efforts toward
the safety of the nuclear power stations with enforcing the minimum compliance of the standards,
stipulations outlined in the Licence, and all the requirements established by the Authority.

The Operating Organization designates a "Person with Primary Responsibility" to each nuclear
power station in operation who is directly responsible for the radiological and nuclear safety of the
installation. The directors of Atucha I and Embalse nuclear power stations have the primary
responsibility for these installations. The Operating Organization must give all the necessary support
to the "Person with Primary Responsibility" and must carry out an adequate supervision in order to
insure the correct and safe operation of the plant. The "Person with Primary Responsibility" must
make a reasonable effort toward the safety of the plant in order to meet the minimum conditions and
the specifications of the License.
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5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• NPT and/or Tlatelolco related
agreement: Sui generis full-scope
safeguards agreement (Brazil,
Argentina, ABACC, IAEA)
Argentine Senate
Brazilian Parliament
The Quadripartite Safeguards
Agreement; INFCIRC/435.

• Additional protocol

• Improved procedures for
designation of safeguards
inspectors

Signed:

Approved:
Approved:
Entry into force:

Not Signed

Prefers to apply the present
procedures but is prepared
to accept all inspectors
approved by the Board

13 December 1991

5 August 1992
19 February 1994
4 March 1994

• Project related safeguards agreement
INFCIRCNo: 143

62

• Bilateral safeguards agreement
Argentina/USA
INFCIRCNo: 130

• Unilateral safeguards submission
INFCIRCNo: 168

202
224
250
25
294
296
297
303

• Supplementary agreement on provision
of technical assistance by the IAEA

• ARCAL
new ARCAL agreement

• Agreement on privileges and
immunities

with exceptions. Letter:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:
Signature:

Entry into force:

19 June 1990

13 March 1970
2 December 1964

25 July 1969

3 October 1972
23 October 1973
6 December 1974
22 July 1977
22 July 1977
15 July 1981
14 October 1981
14 October 1981
8 July 1982

27 February 1991

September 1984
4 December 1998

15 October 1963

OTHER RELEVANT INTERNATIONAL TREATIES etc.

• NPT Entry into force:

• Tlatelolco Entry into force:

10 February 1995

18 January 1994
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Convention on physical protection
of nuclear material

Convention on early notification
of a nuclear accident

Convention on assistance in the
case of a nuclear accident or
radiological emergency

Vienna convention on civil liability
for nuclear damage

Joint protocol

Protocol to amend the
Vienna convention on civil
liability for nuclear damage

Entry into force:

Entry into force:

Entry into force:

Entry into force of:

Signature:

Ratification:

6 May 1989

17 February 1990

17 February 1990

12 November 1977

21 September 1988

14 November 2000

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of spent
fuel management and on the safety
of radioactive waste management

• ZANGGER Committee

• Nuclear Export Guidelines
(INFCIRC/254)

14 November 2000

Entry into force:

Entry into force:

Member

Adopted

14 November 2000

16 July 1997

18 June 2001

Acceptance of NUSS Codes

Nuclear Suppliers Group

Summary: National authorities can use codes as
suggested, to complement their rules and regulations.
Letter of: 18 November 1988

Member
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITY

Autoridad Regulatoria Nuclear (ARN)
(Nuclear Regulatory Authority, responsible
for controlling utilization of nuclear energy
and granting construction and operating licenses)
Avenida del Libertador 8250
Buenos Aires, Argentina

Comision Nacional de Energia Atomica
(CNEA)

Avenida del Libertador 8250
(1429) Buenos Aires, Argentina

Secretariat for Science and Technology
(within the Ministry of Culture and Education):

Brazilian-Argentine Agency for Accounting and
Control of Nuclear Materials (ABACC):

MAIN POWER UTILITIES

Nucleoelectrica Argentina S.A.(NASA)
(Plantas Atucha I, Atucha II y Embalse)
Arribenos 3619-1429
Buenos Aires, Argentina

Central Nuclear Atucha

NUCLEAR RESEARCH INSTITUTE

Centro Atomico Bariloche and Institute Balseiro

OTHER ORGANISATIONS

Tel: (5411)47041248/7041218
Fax: (5411)47031151 (1429)
http://www.arn.gov.ar/

Tel: (5411)47041201
Fax: (5411)47041170
http://www.cnea.gov.ar/

Telex: 23458 CNEA or 25392 PREAT AR
Cable: PRESIATOM BAIRES

http://www.secyt.gov.ar/

http://www.abacc.org/

Tel: (5411)47014651
Fax: (5411)47010407

http://www.cab.cnea.gov.ar/

High Energy Research Institutes
Pierre Auger Project: http://www.tandar.cnea.gov.ar/~auger/auger argentina.html

Universities
Universidad Nacional de Cuyo: httjK/Zwww^uncu^^
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ARMENIA

1. GENERAL INFORMATION.

1.1. General Overview

The Republic of Armenia, the smallest of the three Transcaucasian republics, is a landlocked
mountainous country bounded on the north by the Republic of Georgia, on the east and southwest by
Azerbaijan, on the south by Iran and on the west by Turkey. The northern border is 196 km long, the
border with Azerbaijan is 913 km, the southern border has a length of 42 km and the western 280 km.
The land area of the republic is 28 400 km2. The terrain is defined by the high Armenian Plateau with
mountains, little forest and fast flowing rivers. The average height above sea level is about 1 800
meters.

The climate is highland continental with hot and dry summers and cold winters. Annual average
temperature varies from -2.7°C to 13.8°C. The coldest month is January (from 1.2°C to -12.8°C) and
the hottest months are July and August (from 25.8°C to 8.7°C). Summer temperatures may rise up to
42°C, winter cold has maximum of 46°C below zero. Summer relative wetness is 32-45% (July-
August), winter relative wetness is 80-90%. Annual rainfall varies from 220 mm (in winter) to 900
mm (May- June). The annual maximum sunshine is 2 780 hours (Lake Sevan area), and minimum
1 930 hours (Idgevan). The average intensity of solar radiation on the aclinic plane on a cloudless day
is 700 kkal/m2. The annual average wind velocity varies from 7.7 m/sec to 1.0 m/sec.

The population of Armenia is about 3.8 million, of which 70% lives in urban areas. Armenia is
a densely populated country with a density of 135 person/km2. The historical population information
is shown in Table 1.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1970a

2.49
88
59
28.4

1979a

3.03
107
65

1989

3.52
124
67

1990

3.58
125
67

1998b

3.80
135
69

1999b

3.81
135
70

2000

3.8
133
70

Growth
rate (%)

1979
to

1998

1.2
1.2

N/A

a Formal data of the census of population. b Data & Statistics/The World Bank
Source: IAEA Energy and Economic Database; Data & Statistics/The World Bank; Country Information.

The population growth from 1990 to 1998 is about 6%. The concentration of population is not
equal in different areas of the republic. The Ararat Valley is the most populated territory of the
country with the density of 245 person/km2. Its area makes about 26.7% of the total territory and its
population reach to 58.8% of the total population. Yerevan, the capital of the Republic of Armenia,
lays in the Ararat Valley and is home to 1.2 million people, which is about one third of the total
population. The highland areas have much less population with the density of 35 person/km2.

1.2. Economic Indicators

After the disintegration of the Soviet Union, an economic crisis broke out and Armenia suffered
from sharp decline in production during the period 1990-1994. The country undertook great efforts to
overcome it. Since then, the situation has been gradually stabilized and the republic is coming out of
the crisis following the transition to a market economy. During the period 1995-1999, the Gross
Domestic Product (GDP) has increased on 144% and the average growth rate was 5.3% per year. The
historical GDP information is shown in Table 2.

ARMENIA 41



TABLE2. GROSS]

GDP""
GDP(bl per capita
GDP by sector (%) :

-Agriculture
-Industry
-Services

DOMESTIC PRODUCT (GDP)

1990

4098.0
1144.7

17
52
31

1991

3077.0
N/A

25
49
26

1992

323.7
87.8

31
39
30

1993

492.2
131.9

51
27
22

1994

643.3
171.7

45
37
18

1995

1286.5
342.2

43
36
21

1996C

1600
424

37
33
31

1997C

1640
433

32
33
35

1998C

1890
498

34
31
35

1999°

1850
485

29
33
39

Growth
rate (%)

1990
to

1998
-9.2
-9.9

11.6
-4.5
-3.7

(a> Millions of current USS at market prices (c) Data & Statistics/The World Bank
(b) Current USS per capita at market prices
Source: IAEA Energy and Economic Data Base; Data & Statistics/The World Bank; Country Information.

Armenia is not rich in mineral raw materials. There are only a few items of considerable
industrial value: copper, bauxite, molybdenum, precious metals, perlite, diatomite and coal. This
factor mainly determines the economic structure of the republic. There has traditionally been very
little heavy industry. The manufacturing sector has a prevailing share in GDP.
1.3. Energy Situation

The main sources of energy, traditionally used in Armenia, are: oil products, natural gas,
nuclear energy, hydropower and coal. Hydro and a small amount of brown coal are the only domestic
sources of energy, which are exploited. The republic has no oil and some gas reserves (not exploited).
There are no uranium resources either. The energy reserves are shown in Table 3. Primary energy
sources, in thousand tonnes of oil equivalent, are summarized in Table 4. To meet its energy
requirements Armenia has to import gas, oil products and nuclear fuel.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

N/A

Liquid

N/A

Gas

6.48

Uranium |al

N/A

Hydro <b)

2.12

Exajoule
Total

8.60
la) This total represents essentially recoverable reserves.
lb) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

TABLE 4. PRIMARY ENERGY SOURCES
ktoe

Year

1996
1997

1998
1999

Coal and
Wood

22

16
17
8

Petroleum
Products

411
437
477

380

Gas (Natural
+ LPG)

900
1.137
1.220
1053

Nuclear

606
418
415
542

Hydro

135
119
132

103

Electricity
(Imp-Exp.)

N/A
-5

-32
-21

Total

2.074
2.122

2.229
2.065

Source: Country Information.

Hydropower is based on the water resources of the republic, including Lake Sevan, one of the
largest highland fresh-water lakes in the world (1 900 m above sea level) and the rivers: Arax, Arpa,
Hrazdan, Debet and Vorotan. There are six hydropower plants of the Sevan-Hrazdan cascade (556
MW), three plants of the Vorotan cascade (400 MW) and 17 small hydropower plants (60 MW).
Hydropower plants of the Sevan-Hrazdan cascade are operating at a low level capacity, because, after
the intense use of the lake water during the last crisis, the Government of Armenia decided to reduce
releases from Lake Sevan to restore its potential. At the same time, Armenia has still an unused
hydraulic potential of about 170 MW (or 520 millions kW-h of electric energy) that can be developed
economically.
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Natural gas is the most important source of energy covering about 50% of the total energy
supply. It is imported from Russia and used to operate two thermal power plants; a third thermal
power plant is not operating, because it was build to supply thermal energy to an industrial factory,
which is no longer in operation. The designed capacity of the high-pressure gas transportation
network of Armenia is 17 billions mVyear. In 1980, the maximum demand for natural gas in Armenia
was above 5-6 billions mVyear. There have been five main gas pipelines built, which ensured the gas
delivery from three sides: Georgia, North and West Azerbaijan. Today, only the first one is operating.
Nowadays, the natural gas demand is 1.5 billions m3/year, but the expected demand by the year 2015
will be 5 billions m3/year. There are underground storage facilities for natural gas with a maximal gas
storage volume of 180 million m3. Gas distribution in Armenia is performed through high, medium
and low-pressure distribution networks.

Oil products are imported from the neighbouring countries, mostly utilized for transport,
industry, residential sector (heating) and as secondary fuel (mazut) in thermal power plants. As to the
renewable sources of energy (geothermal, wind, solar and waste burning), they are under study and
not yet available.

Armenia has a considerable potential of geothermal energy, but a programme has to be
developed to explore the geothermal resources and to carry out drilling activities. Wind power
projects (the construction of power stations) are still under discussion. The most worth-while regions
suitable for the construction are: Vanadzor, Aragats, Lake Sevan basin and Sisian, where the wind
velocity reaches 7 m/s. Armenia is a sunny republic with a high level of solar radiation. Nevertheless,
it is too expensive to utilize the solar energy, and the republic, which appears to have very good solar
radiation potential, cannot afford using it. A waste burning facility project (the construction of a
station with a capacity of 10 MW in Yerevan) is under discussion as well.

Nuclear energy played a crucial role during the period of recovery from the economical crisis.
There is one Armenian nuclear power plant (ANPP), which has two reactor units. Unit 1 is not
operating and unit 2 has been recommissioned after 6.5 years of outage. The fuel is supplied by the
Russian Federation.

In Armenia, the primary energy per capita is around 0.55 toe/capita compared with 0.55 in
Georgia, 2.4 in Belarus and 3.2 Toe/capita in Ukraine. The energy statistics are shown in Table 5. The
country total energy consumption shows a steady increase at a rate, which is significantly greater than
the increase of GDP. Table 6 shows the historical energy consumption data.

The energy consumption data by sector (Table 7) do not show major changes during the years
shown. The variations are in the range of uncertainty, mainly for the year 1996. The energy
consumption by region is shown in Table 8. The energy consumption by region shows a prevalence of
the Yerevan city, which is responsible for about 50% of the total consumption.

1.4. Energy Policy.

In 1997-1998 the Government of RA and the Ministry of Energy started the implementation of
a stabilization policy: institutional development and objectives to overcome the energy crisis. The
main objectives of that stage were as follows:

• restructuring the sector to overcome financial crisis and creating premises for further
development;

• developing plans for improvement of the sector taking into consideration the economy as a
whole;
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TABLE 5. ENERGY STATISTICS
Exajoule

Energy consumption
- T o t a l ' "
- Sol ids ( 2 )

- Liquids
- Gases
- Primary electricity (3)

Energy production
- Total
- Solids
- Liquids
- Gases
- Primary electricity w

Net import (import - export)
-To ta l
- Solids
- Liquids
- Gases

1993

0.10
N/A
0.02
0.03
0.04

0.04
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A

1994

0.09
N/A
0.02
0.04
0.03

0.03
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A

1995

0.08
N/A
0.02
0.04
0.02

0.02
N/A
N/A
N/A
N/A

0.06
N/A
0.02
0.04

1996

0.09
0.001

0.02
0.04
0.03

0.03
0.001

N/A
N/A
0.03

0.06
N/A
0.02
0.04

1997

0.09
0.001

0.02
0.05
0.02

0.02
0.001

N/A
N/A
0.02

0.07
N/A
0.02
0.05

1998

0.09
0.001

0.02
0.05
0.02

0.02
0.001

N/A
N/A
0.02

0.07
N/A
0.02
0.05

1999

0.11
N/A
0.01
0.07
0.03

0.03
N/A
N/A
N/A
0.03

0.07
0.00
0.01
0.07

2000

0.11
N/A
N/A
0.07
0.03

0.03
N/A
N/A
N/A
0.03

0.08
0.00
0.00
0.07

11' Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
(2) Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database and Country Information.

TABLE 6. TOTAL FINAL ENERGY CONSUMPTION

Total final consumption
Consumption increase
GDP increase

ktoe
%
%

1996
984

5.8%

1997
1 087
10.6%
3.1%

1998
1 186
9.0%
7.2%

1999
1 009
-14.9
3.3%

Source: Country Information.

TABLE 7. ENERGY CONSUMPTION BY ECONOMY SECTOR
ktoe

Economy Sector

Industry
Transport
Agriculture

Commerce and public service
Residential
Non-specified
Non-energy use
Total energy consumption

1996

240
310
59
84

261
-

30
984

1997

295
350
62
84

250
-

45
1087

1998

291
379
65
118
295
10
29

1 186

Source: Country Information.

TABLE 8. ENERGY CONSUMPTION BY REGION

Year

1996

1997

1998

Macro Regions

North

155.9

163.5

164.2

Centre

205.7

222.2

279.2

South

168.4

177.9

208.2

Yerevan

454.3

523.1

534.1

Total Final
Consumption

984.3

1 086.7

1 185.7

Source: Country Information.
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• improvement of the management structure of the Ministry of Energy with the purpose of
elimination of the sector operational management and increasing the enterprise independence;

• minimization of bartering in energy sales and elimination of cross subsidizing of separate
enterprises and sectors;

• carrying out a suspended and targeted privatization policy;
• participation and encouraging major investments in the energy sector.

The following results were achieved during that period:

• the "Energy Law" and the "Law on Responsibility for the Violations in the Area of Utilization
of Nuclear Energy" have been adopted;

• number of laws affecting investment in energy were adopted:
- the Law on Foreign Investment;
- the Law on Enterprises and Entrepreneurial Activities;
- the Law on Privatization and Demonopolization;
- the Law on Real Estate;
- the Law on Taxes (enables more favourable treatment for foreign investors);

• the Energy Regulatory Commission has been established in 1997;
• high voltage transmission line Iran-Armenia has been commissioned and the intersystem HVL

220 kV with Georgia was rehabilitated;
• 11 regional distribution enterprises have been consolidated to 4 companies;
• measures on modernizing the accounting, billing and collection systems have been

implemented;
• HV Transmission Company has been established;
• dispatch and wholesale functions were assigned to "Armenergo" State Closed Joint Stock

Company;
• 15 small HPPs have been privatized during 1997, two of which are the property of French

citizens;
• normative schedules of major overhaul are renewed;
• Joint-Venture Stock Company - "ArmRosgasprom" has been founded;
• central heating and gas-supply to the consumers has been restored;
• Armenia became a member of European Energy Charter, Black Sea Economic Co-operation

and others.

During the period of 1999 - 2000, changes were made in the Armenian legislation with respect
to the country's energy policy. The Ministry of Energy has been preparing the new Law "On Energy
of the Republic of Armenia" which is to replace the previous one that was in use in 1997. The
National Assembly adopted the Law "On Amendments and Additions to the Law On safe Use of
Nuclear Energy for Peaceful Purposes". In particular, one of the amendments reads: "Those objects
which are of safety importance shall be constructed and decommissioned by the law, being submitted
to the Government".

The level of electricity average tariff was increased from 12 drams in 1995 to 21.6 drams, and
the residential tariff to 25 drams (US $1= 540 Dram). The energy sector cost analysis has shown that
in short-term perspective it is possible to stabilize the level of costs and restrain the increase of tariffs
through promotion of the efficiency of power generation, transmission and distribution, extension of
the electricity market, loss reduction and other measures.

A programme for improvement of metering, billing and collection of payments for electricity,
heat and natural gas is being implemented, together with the transfer of accounting to international
norms and standards and annual auditing of the company's financial reports by independent auditors.
A programme has been implemented to organize collections through banks.
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Special attention is paid to increase the level of collections. In 1998, the collection rate in the
residential sector increased up to 90% and the total collection rate was 65% (versus 45% in 1995).
Though there are difficulties in the whole economy of the country, the Government gives priority to
budget payments for the electricity provided to budget organizations as well as compensation for the
electricity consumed by irrigation, drinking water, industry and electrical transport companies.

In the district heating sector there are number of problems concerning physical wear of heating
networks equipment, lack of industrial heat consumption and low level of payment collection in the
residential sector. The collection rate during 1997-1998 in the district heatmg sector provided by
TPPs still stays at a level of 35%. The Government of the Republic of Armenia and the WB are
developing a project for district heating rehabilitation.

The following measures should be taken by the year 2001:

• financial rehabilitation of the branch;
• fully commercialized and transparent relationships between the enterprises;
• creation of the wholesale market of energy and power;
• rehabilitation and modernization of transmission and distribution networks;
• modernization of the metering system, which will exclude the non-measured losses and

decrease the technical losses;
• privatization of the distribution;
• development of legislation for regulation and operation of the branch.

The results of asset revaluation showed that the sector's main assets resources have already
expired. The equipment is worn out and requires major overhaul, 38% of installed capacities are
already over 30 years old. It is necessary to take all due measures to renew the energy sector of
Armenia. The strategy for the National Energy Sector development is based on:

• three-level energy diversification policy:
- Generation side: - HPP, TPP, NPP;
- Fuel supply side: - natural gas, oil, nuclear fuel;
- Fuel transportation side: - gas pipelines, oil product delivery;

• domestic fuel resource exploration;
• regional co-operation.

The Development Programme specifies:

• In Hydro power:
- rehabilitation of the existing Hydro Power Plants (HPP);
- development of economically feasible new hydro potential on the base of small and

micro HPPs with private investments;
- establishment of Pump Storage Plants with comparatively small investments.

• In Thermal power:
- operation of existing aggregates and units to complete exhaustion of their technical

resource;
- commissioning of new Unit N5 on Hrazdan TPP;
- refurbishment of Yerevan TPP on the basis of modern Combined Cycle units.

• Development of the nuclear power sector using modern technologies;
• Development of renewable energy with participation of private investments;
• Implementation of planned energy efficiency campaign.
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Along with the refurbishment and development of generating capacities, the main attention is
paid to rehabilitation of transportation and distribution networks, interconnections, implementation of
dispatch control and communication devices in the Power Sector.

2. ELECTRICITY SECTOR.

The total installed capacity of the Armenian Power System is about 3600 MW, which includes:

• the installed capacity of the Thermal Power Plants (TPPs) -1800 MW;

• Nuclear Power Plant (NPP) with designed capacity of 815 MW, which was decommissioned after
the earthquake in 1988 and recommissioned 407.5 MW in 1995;

• two HPPs cascades 1000 MW.

The high-voltage transmission network of Armenia consists of 220-110 kV lines. There are 14
substations of 220 kV and 119 substations of 110 kV. The capacity of the existing high voltage
network is considered sufficient for the current and forecasted loads. The high-voltage transmission
network has the interconnections with the all neighbouring countries: Azerbaijan: 330 and 220 kV,
Georgia: 220 kV, Turkey: 220 kV, Iran: 220 kV.

2.1. Structure of the Electricity Sector.

At present, aiming to increase operation efficiency and profitability of energy enterprises, the
following structure of the Energy Sector has been elaborated :

• 11 regional distribution enterprises have been consolidated to 4 companies;
• transmission function was separated from "Armenergo" and HV Transmission Company has

been created;
• dispatch and wholesale functions were assigned to "Armenergo" State Closed Joint Stoke

Company.

Thus, a basis for the creation of a real energy wholesale market was established. The Energy
Commission is responsible for the antimonopoly regulation.The key functions of the antimonopoly
regulation are tariff regulation and licensing of entities in the energy sector. "Armenergo" is a
wholesale buyer-reseller of generated electricity and takes responsibility to realize dispatching with
the purpose of efficient delivery of the electricity. The structure of the energy sector is shown in
Figure 1.

2.2. Decision Making Process

Privatization of state companies was implemented to encourage market competition. For this
purpose, separation of generation, transmission, and distribution systems was established. Within this
framework, the Ministry of Energy is responsible for:

• defining the policies for the electricity sector;
• establishing the rules with which the electricity supply industry must comply;
• authorizing the allocation of funds to state companies;
• deciding on the respective awards during the privatization process.

Presently Armenia plans to develop an integrated resource planning and decision-making
process aimed at co-ordinating the functions of its diverse institutional system and assuring thorough
participation of all sectors, public and private. Mechanisms related to the electrical system expansion,
economic management and regulation with mitigating impact on the environment have not been
defined. The Government authorizes the construction of new projects.
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FIG. 1. Structure of the Energy Sector

The process of privatization of the distribution network is under way. The four electricity
distribution companies are to be privatized in conformity with the Laws on "Privatization of State
Property" during 1998 - 2000 (in force since 17 December 1997) and "Privatization of Yerevan,
Northern, Southern and Central Electric Network CLSC" (in force since 12.8.2000). The Selling
Memorandum and pilot contract, as well as the privatization concept, are prepared. Two foreign
companies participate in tendering. EBRD is also ready to purchase 20% of shares. The following
negotiations are currently under way:

with ABB - for building a new 160 MW Combined - Cycle unit on Yerevan TPP;
with EBRD - for private investors attracting to the structure accomplishment and
commissioning Unit 5 of the Hrazdan TPP.

Foreign interconnected utility companies have to apply for authorization from the Ministry of
Energy to participate in the wholesale electricity market. In this way they are assured of their reserve
and do not resort to sell at dumping prices. Payment to transmission companies includes a charge for
the energy actually transmitted. Distributors and large users may enter into supply contracts at the
prices defined in their contracts.

2.3. Main Indicators

In 2000, the total installed capacity of the generating stations in Armenia was 3 060 MW. The
annual electricity production was 6.56 billion kW-h. Table 9 shows the historical statistics of the
electricity production balance and Table 10 the energy related ratios. In addition, Figures 2 to 5 show
the total electricity production, the electrical energy balance, the annual electrical energy consumption
per capita and the share of the electricity in the total energy consumption.

2.4. Impact on Open Electricity Market in the Nuclear Sector

Before the disintegration of the USSR, Armenia, as a part of the Soviet Union, was under the unified
All-Union energy policy. The electricity generated by Armenian Power Plants joined the
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Transcaucasien Energy System before being distributed to the consumers in accordance with the
existing plans.

After becoming an independent state, Armenia had to meet the open market requirements in all
the branches of the industry. The energy sector and the nuclear sector in particular were deeply
affected by the economic difficulties during the market transition and were in need of reorganization
and de-regulation.

TABLE 9. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)
- Total(1)

- Thermal
-Hydro
- Nuclear

Capacity of electrical plants (GW(e))
- Total
- Thermal
-Hydro
- Nuclear

1988

15.28
8.94
1.52
4.82

2.76
1.75
1.01
0.76

1992

9.00
5.96
3.04
0.00

2.76
1.75
1.01
0.0

1993

6.29
2.00
4.29
0.00

2.76
1.75
1.01
0.0

1994

5.66
2.14
3.51
0.00

2.76
1.75
1.01
0.0

1995

5.57
3.34
1.93
0.30

2.76
1.75
1.01
0.0

1996

6.22
2.33
1.57
2.32

3.05
1.66
1.01
0.38

1997

6.03
3.03
1.40
1.60

3.05
1.66
1.01
0.38

1998

6.19
3.06
1.34
1.59

3.13
1.75
1.01
0.38

1999

5.72
1.20
2.44
2.08

3.14
1.75
1.01
0.38

2000

5.96
2.01
1.26
2.01

3.06
1.67
1.01
0.38

(1) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database; Country Information.

TABLE 10. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (MW-h/capita)
Electricity production/Energy production (%)
Nuclear/total electricity (%)
Ratio of external dependency (%)(1)

Load factor of electricity plants
- Total (%)
- Thermal
- Hydro
- Nuclear

1993

26.7
1.70
N/A
0.0

N/A

N/A
N/A
N/A
N/A

1994

25.8
1.53
N/A
0.0

N/A

N/A
N/A
N/A
N/A

1995

22.17
1.46
272
0.0

76.9

17.7
18.9
21.6
N/A

1996

27.6
1.62
157

36.4
63.9

23.6
17.9
17.7
63.6

1997

23.6

1.62
201
26.5
74.5

22.6
20.8
15.9
48.5

1998

24.9
1.64
198

25.7
75.6

23.2
21.0
15.3
48.2

1999

28
1.53
171
36
69

23
19
15
63

2000

28
1.58
195
31
73

24
24
13
56

( ' Net import / Total energy consumption.
Source: IAEA Energy and Economic Database; Country Information.
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A new energy policy was developed by the Government of Armenia, with the evaluation of the
National Energy Balance as a main factor and a starting point for a National Energy Strategic Plan.
Special attention was paid to restructuring the energy sector. A number of laws in energy were
adopted. Several small HPPs have been privatized. The implementation of a stabilization policy with
the crucial role of restarting the ANPP allowed the country to overcome the energy crisis of the post-
Soviet period. Now Armenia is covering its electricity demand completely and can ensure the export
of power to neighbouring countries. In the nearest future, however, additional energy sources may be
required as the economy of the republic is recovering and the living standard is increasing steadily.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

The Armenian Nuclear Power Plant was commissioned in 1976, with initial criticality for Unit
1 on 22 December 1976 and for Unit 2 on 5 January 1980. The units were put into commercial
operation on 6 October 1977 and on 3 May 1980, respectively. The units are of the WWER type and
the design of the ANPP was developed between 1968 and 1969. It was based on the project of Units 3
and 4 of the Novovoronezh NPP. The plant was constructed under the industry documentation of
Mechanical Engineering Ministry of the former USSR, the permissions for site selection and
construction were formalized in accordance with the acting at that time normative documents.

After the 1988 earthquake, though the Power Plant was not damaged, the Council of the USSR
Ministers decreed to shut down the ANPP as a precautionary measure. Unit 1 was shut down on 25
February 1989 and Unit 2 on 18 March 1989. The units were not decommissioned but kept in
prolonged shut down condition. As mentioned earlier, the Government of Armenia decided in April
1993 to restart Unit 2 of the ANPP, in order to overcome the severe economic crisis and taking into
account the lack in national energy resources. After 6.5 years of outage, with the technical and
financial help of the Russian Federation, Unit 2 of the ANPP was restarted in November 5, 1995. Unit
1 remains in a stand still regime for the time being.

3.2. Status and Trends of Nuclear Power

Only Unit 2 of the ANPP is currently in operation. The installed gross capacity is 407.5 MW.
The total production of electricity in Armenia during 2000 amounted to 5 960 billion kW-h. The
nuclear share in overall production along with comparative figures for the other power plants are
shown in Table 9. Table 11 shows the status of the nuclear power plants.

TABLE 11. STATUS OF NUCLEAR POWER PLANTS

Station

ARMENIA-2
ARMENIA-1

Type

WWER
WWER

Net

Capacity

376
376

Operator

JSC
JSC

Status

Operational
Shut Down

Reactor

Supplier

MNE
MNE

Station

ARMENIA-2
ARMENIA-1

Reactor

Supplier

MNE
MNE

Construction

Date

Ol-Jul-75
Ol-Jan-73

Criticality

Date

05-Jan-1980
22-Dec-1976

Grid

Date

05-Jan-1980
28-Dec-1976

Commercial

Date

31-May-1980
06-Oct-1979

Shutdown

Date

25-Feb-1989
Note: Armenia 2 was shutdown in 1989 and re-started operation in November 1995
Source: IAEA Power Reactor Information System as of 31 December 2000

In 1999, Unit 2 of the ANPP had one emergency shutdown and one event of level 0 on the
International Nuclear Event Scale (TNES). In 2000, Unit 2 operated without any emergency shutdown,
but there were 3 events reported, one event was rated level 1, and two events were rated level 0.
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The following safety upgrading measures were implemented within the period of 1999 - 2000:

• Completion of the nuclear service water system project. This is a highly reliable system
for cooling safety related loads, which were previously cooled by the cooling towers. It
eliminates seismic concerns for cooling. These loads allow cooling in an autonomous
regime, separately from the cooling towers. This system is intended to endure
earthquakes of high magnitude. Also seismic pumps and other equipment have been
installed;

• 7 Fast closing main steam isolation valves (MSFV) were installed. They will provide
better control in the event of a steam line accident and will reduce the risk of a more
serious accident involving overcooling of the primary coolant system and reactor vessel;

• 12 Steam generator safety valves (SGSV) were replaced by new ones;
• 2 Safety valves of the pressurizer were replaced by new ones;
• A new fire detection and alarm system was put into operation. 700 Smoke/fire type

detectors were installed, of which 70 are blow resistant;
• An analysis of the material structure of the reactor vessel and primary circuit piping has

been carried out by using various modern methods;
• The installation of a leak detecting system from the primary to the secondary circuit was

implemented;
• The bearing metallic structures (columns) in the turbine. hall building and in the

emergency diesel-generator room have been coated with fire-resistant material;
• A seismic safety related re-evaluation programme for Unit 2 has been developed;
• A multifunctional simulator, for training the operators, was put into operation.

All these measures were carried out in the framework of US DOE and EU TASIC Technical
Assistance programmes, which began early 1997 and were completed in 2000. These measures assure
that the safety of the ANPP increased one level and that the plant can withstand emergency situations
without failures.

3.3. Current Policy Issues

Apart from the short period of regaining independence, there have been no strong antinuclear
movements in Armenia. The current sentiment of the public can be explained not by lack of
awareness of the risks involved by the utilization of nuclear energy, but, in the face of the difficult
economic conditions, by the considerably lower price of "nuclear electricity" which outweighs its
possible risks. Before independence, the ANPP had a status of State Enterprise. Now there are strong
opinions against its partial privatization, so the status of the plant has remained the same.

The safety level of the ANPP during the times of very limited financial resources is one of the
main concerns of the Armenian Government. After numerous consultations with Western, Russian
and Armenian experts, a safety-upgrading programme has been developed. Currently, a new list called
"List of measures for Unit 2 of the Armenian NPP safety and reliability upgrading for the period of
2001 - 2004", replaced the previous list. Special attention is focused on financing for spent fuel and
radioactive waste storage and funding for decommissioning of the nuclear power plant.

3.4. Organizational Chart

The Republic of Armenia owns the Armenian NPP. It is under subordination of the Ministry of
Energy, and the Government of Armenia has designated the ANPP with the rights of operator
organization.
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4. NUCLEAR POWER INDUSTRY

4.1. Supply of NPPs.

Both units of the ANPP with the WWER- 440 (V-270) type reactors, were designed and
constructed by organizations of the former Soviet Union, under the supervision of the Ministry of
Energy and Electrification of the USSR. The first phase design was developed in 1969-1970. The
main operator of the project was All-Union Scientific Research and Design Institute for Power
Technologies (VNIAEP). The chief scientific supervisor was Kurchatov Institute of Atomic Energy
(Moscow). Now it is called RNC "Kurchatov Institute". The chief design organization was
Thermoelectroproject (TEP), Gorki. Now it is called NIAEP, Nizhny Novgorod. The main reactor
construction organization was OKB "Gidropress", Podolsk. The building-construction work was
realized by the " Gidroenergostroy", Yerevan.

4.2. Operation of NPPs

The Republic of Armenia through the Ministry of Energy owns the Armenian NPP. At the
present time, the ANPP entitles the rights as operator of a nuclear installation. For other purposes,
such as liability to foreign countries, the State is assumed to be the operator. The electricity produced
by the ANPP is sold to the "Armenergo" Joint Stock Company.

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

Armenia has no fuel cycle industry. Up to now, all the nuclear fuel has been supplied by
Russia. Originally, spent nuclear fuel from ANPP was to be managed by central Soviet agencies for
reprocessing and final disposal of the radioactive wastes. The recovered uranium and plutonium were
to be retained by the central agencies in the Soviet Union. However, with the disintegration of the
Soviet Union, Armenia has to find other solutions.

In 1998, the construction of the first stage of spent fuel dry storage was completed. The spent
fuel dry storage facility has eventually been put into operation and during the ANPP outage in 2000,
the first portion - six fuel canisters containing 336 fuel assemblies, has been successfully transferred
to and stored in the facility. This transportation was fulfilled according to the requirements of the
license given by ANRA (Armenian Nuclear Regulatory Authority).

4.4. Research and Development Activities

There are no major R&D activities in the country.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

Armenia has multilateral and bilateral projects, mostly concerning safety of the ANPP, with the
highly developed counties, including Italy, Germany, France, Russian Federation and USA. Armenia
also participates in several international projects developed in framework of co-operation under the
aegis of TACIS (EC), IAEA and US AID.

Very close co-operation is established with the IAEA. Armenia has become a member of this
organization since 1993. IAEA experts have been participating in many various assistance projects
since then. When in April of 1993 the Government of Armenia made the decision to restart Unit 2 of
the ANPP, the IAEA experts actively participated in pre-commissioning investigations and evaluation
of the condition of plant equipment. Moreover, they elaborated the whole concept of Unit 2
recommissioning. Armenia has also collaborated with the IAEA in the field of ensuring nuclear
safety. At present, eight national programmes of the ANPP Unit 2 safety upgrading are in different
phases of implementation.
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The Russian Federation is also an active partner of Armenia. There are many joint projects
within the framework of the Nuclear Safety Assistance Programme, realized in close co-operation
with the Russian experts. They also took active part in pre-commissioning and restart of Unit2 of the
ANPP. In 1996, an agreement was signed between the ANPP and ROSENERGOATOM on industrial
and technical-scientific co-operation.

Since 1996, the EC started within the framework of TACIS Assistance Projects, the
implementation of a programme for the modernization of the technological equipment, construction of
a multifunctional simulator, technical assistance for upgrading the standards of operation of the
ANPP, etc.

There are a number of projects financed by the US Department of Energy (US DOE). Since
1996/97 and in the framework of a Nuclear Safety Assistance Programme for Armenia, the USA
specialists have implemented many technical assistance projects at the ANPP aiming to improve, in
particular, the fire protection systems, purchase of equipment for the new cooling system,
computerization of the safety system and procurement of the equipment for its safety operation. The
experts from US DOE are also participating in the development of a programme for future
decommissioning of ANPP.

French experts from FRAMATOM were involved in a joint project of constructing the first
stage of the spent fuel dry storage system, which started in 1996 and has been completed.

The Armenian Nuclear Regulatory Authority (ANRA) has agreements for co-operation with
Nuclear Regulatory Authorities of the following countries: Russia, USA, Argentina, and Ukraine.
ANRA is member of the organization FORUM, which members are the nuclear regulatory authorities
in countries operating WWERs. ANRA participates also in the work of the CONCERT Group and the
ANPP is a member of WANO.

In 2000, the implementation of joint projects with the Department of Trade and Industry (DTI)
in the United Kingdom started. They covered an assistance programme relevant to the ANPP safety
upgrading. This includes, in particular, the elaboration of plant operational procedures and
development of a quality assurance programme.

5. REGULATORY FRAMEWORK.

5.1. Safety Authority and Licensing Process

The state authority for regulation of issues of nuclear and radiation safety - Armenian Nuclear
Regulatory Authority (ANRA) - was established by a resolution of the Government of the Republic of
Armenia in November 1993. The statutes approved by Government decree N573 of 16 November
1997 define the rights of ANRA. The main responsibilities of the ANRA are:

• development of principles and criteria of safe utilization of atomic energy, nuclear and
radioactive materials, their transportation and storage;

• development and introduction of safety rules and regulations;
• implementation of licensing activities and licensing of physical persons, implementing

activities and holding posts important for safety provision aspect in the area of atomic
energy utilization;

• conduction of safety assessment of activities, objects and equipment in the area of atomic
energy utilization;

• supervision on compliance with the requirements of the legislation in the area of atomic
energy utilization and of the issued licenses by the legal and physical persons and
applying sanctions where the requirements are not complied with;
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• supervision on preparedness of enterprises and operating organizations included on the
national emergency response system to extreme situations at the objects of atomic energy
utilization and mitigation of the consequences;

• controlling the fulfilment of the commitments by Armenia on ratified international
agreements jointly with a state authority entitled by the government with issues of
international relations;

• controlling the safeguarding of nuclear and special material, special equipment and
technologies;

• fulfilling freely inspection of objects of atomic energy, implemented activities and so on.

The ANRA is directly subordinate to the Armenian government and independent of
organizations responsible for development and utilization of atomic energy. According to its Statute
ANRA organizes and performs state supervision and inspections over utilization of nuclear energy as
well as its regulation.

On the basis of the governmental decree issued in 1994, all regulations, norms, etc. applicable
to nuclear power in Russia have been accepted in Armenia. ANRA is aware of the fact that many of
these regulations need revision. This process is to a limited extent underway. Armenia has a single
stage licensing process for NPPs and the licensing authority is ANRA. ANRA is reporting to Vice
Premier once a month on the safety of the licensed facilities. The Licensee is responsible for the safety of
the NPP. The licensee is obliged by the license to:

• Guarantee the keeping of principles, criteria and requirements on the nuclear and radiation
safety as well as the conditions or acts of the temporary exploitation permission;

• Inform ANRA about the deviations of the conditions of the temporary exploitation
permission as well as the incidents and emergencies during NPP Unit exploitation.

5.2. Main National Laws and Regulations

The following laws and governmental decrees concerning the activities in the field of atomic
energy use are in force in Armenia:

• Law on "Implementation of modifications and additions both in the Code of RA on
administrative and criminal legal violations", entered into force on 30 November 1996.

• Law on "Energy of the Republic of Armenia", entered into force on 1 July 1997.
• Law on the "Safe Use of Nuclear Energy for Peaceful Purposes" entered into force on 1

March 1999.
• The draft law on "Energy saving" is under discussion in the National Assembly.
• The Government Decree N-385 on the new statute of the Armenian Nuclear Regulatory

Authority (dated 22 June 2000).
• The Government Decree N-389 on the "Implementation in Armenia of regulations and

standards on nuclear and radiation safety, which are in force in the Russian Federation"
(22 August 1994).

• The Government Decree N-401, dated 04.07.1995 on "Introduction of additions in the
the Government Decree N-161 of RA, dated 05 March 1991" (about the types of
activities that are subject to licensing).

• The Government Degree N 769 approved the list of operations and work positions, which
are of safety importance in the field of nuclear energy use (dated 22 December 1999).

• The amendment to the law on the "Safe Use of Nuclear Energy for Peaceful Purposes"
entered into force on 21 March 2000.
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5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE AGENCY

• NPT related agreement
INFCIRC No:455

• Additional protocol
GOV/2948

• Improved procedures for
designation of safeguards
inspectors

• Supplementary agreement
on provision of technical
assistance by the IAEA

Entry into force:

Signature:

Signed:

• Agreement on privileges and immunities

RELEVANT INTERNATIONAL TREATIES OR AGREEMENTS

• NPT

• Convention on the physical
protection of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

• Vienna convention on civil
liability for nuclear damage

• Joint protocol

• Protocol to amend the Vienna convention
on civil liability for nuclear damage

• Convention on supplementary compensation
for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of spent
fuel management and on the safety of
radioactive waste management

• ZANGGER committee

Acceded:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

5 May 1994

29 September 1997

No reply

30 September 1999

Non-Party

15 July 1993

23 September 1993

24 September 1993

24 September 1993

24 November 1993

Non-Party

Not signed

Not signed

20 December 1998

Not signed

Non-Member
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• Nuclear export guidelines

• Acceptance of NUSS codes

• Comprehensive nuclear-test-ban treaty

BILA TERAL AGREEMENTS

• Agreement with the Russian Federation
on restarting operation of ANPP

• Agreement with Republic of Argentine
on co-operation for the peaceful uses
of nuclear energy

• Agreement with the Government of the
Russian Federation on co-operation
in the field of peaceful use of nuclear
energy

Entry into force

Entry into force:

Signed:

Not adopted

No reply

1 October 1996

17 March 1994

22 April 1999

26 September 2000
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITY

Ministry of Energy Tel: 374 1 52 19 64
Government House Fax: 374 1 15 16 87
2, Republic Square E-mail: minenr@arminco.com
375010 Yerevan, Republic of Armenia

Atomic Energy Department Tel: 374 1 56 27 76
Fax: 374 1 505 439
E-mail: atomen@freenet.am

Armenian Nuclear Regulatory Authority Tel: 374 1 58 19 62; 56 31 24
Tigran Mets av. 4 Fax: 374 1 90 68 74
375010 Yerevan, Republic of Armenia E-mail: head@asas.asrmenia.su

MAIN POWER UTILITY
Armenian Nuclear Power Plant Tel: 3741 28 85 80
Metsamor, 377766 Fax: 3741 15 18 60
Armavir region 6 E-mail: Lmusoyan@arm.r.am
Republic of Armenia

MANUFA CTURES AND SER VICES

Armatom Tel: 374 1 74 21 30
Admiral Isakov, 50 Fax: 374 1 15 16 87
375114 Yerevan, Republic of Armenia E-mail: armatom@freenet.am

Atomservice Tel/Fax: 3741 28 55 32
Metsamor, 377766
Armavir region 6
Republic of Armenia

HIGH ENERGY RESEARCH INSTITUTES, UNIVERSITIES AND OTHER ORGANIZATIONS
Institute of Energy Tel: 374 1 65 54 49
Amaranotsayin, 127,
375147 Yerevan, Republic of Armenia

Atomenergoseysmoproject Tel: 374 1 58 06 49
Hrazdan Defile, YerGes-2 Fax: 374 1 151 805
375015 Yerevan, Republic of Armenia

Yerevan Physics Institute http://www.veiphi.am/

Yerevan State University http://www.ysu.am/

National Academy of Sciences of Armenia http://www.sci.am/
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BELGIUM

1. GENERAL INFORMATION

1.1. General Overview

Belgium is a country of 30,514 square kilometres with 10.2 million inhabitants (1999). It has a
high population density of 335 persons per square kilometre (over 95 per cent of the population is
classified as urban) and high electricity consumption per capita. Belgium's natural population increase
during the 1980s was only about 0.1%. By the end of the decade the birth rate increased so that the
population grew from 9.98 million in 1991 to the present 10.2 million (Table 1). Belgium is situated in
the heart of Western Europe, bounded on the north by the Netherlands and the North Sea, on the east
by Germany and Luxembourg and on the south and southwest by France. The climate is temperate.
The country has no gas, no uranium, or no oil and very limited hydraulic resources. The mining of coal
ended in 1978 in the south of the country and in the early 1990s in the north. Coal mining was no longer
economically viable.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total

1960

9.2
299.8

92

Area (1000 km2) 30.5

1970

9.7
316.3

94

1980

9.9
322.7

95

1990

10.0
326.0

97

1997

10.2
334.3

97

1998

10.2
335.0

97

1999

10.2
335.3

97

2000

10.2
335.9

N/A

Growth
rate (%)

1980
to

2000
0.2
0.2

Source: IAEA Energy and Economic Database; Data & Statistics/The World Bank; Country Information.

1.2. Economic Indicators

The historical Gross Domestic Product (GDP) statistics are shown in Table 2.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP (billions of current US$)
GDP per capita (current US$/capita)
GDP by sector (%)

Agriculture
Industry
Services

1970

3
42
55

1980

120
12,174

2
34
64

1990

196
19,697

2
30
68

1997

244
23,911

2
26
72

1998

250
24,427

1
26
73

1999

248
24,300

1
25
73

Source: IAEA Energy and Economic Database; Data & Statistics/The World Bank; Country Information.

1.3. Energy Situation

Belgium has terminated all mining activities. The main domestic source used to be coal, but the
last pits closed in 1991, after the decision was made to withdraw subsidies from this industry (proved
reserves of bituminous coal in 1993 were 715 million Mt, see Table 3). Hydraulic resources are
estimated to be 2,873 TJ. In the early 1980s, nuclear power replaced coal as the main indigenous
energy source. Presently (1999), nuclear power provides 19.1% of total primary energy consumed in
Belgium, compared with only 7% in 1980. Over the same period (1980-1999), the share of oil declined
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from 50% to 41.1%, while coal fell from 25% to 13%. Gas increased during the same period from 20%
to 25.8%. Missing 1% relates to import/export differences, alternatives, etc. (Table 4).

In 1999, per capita gross primary energy consumption in Belgium was 5.61 tons of oil equivalent
(toe), or 234.8 GJ. The total gross primary energy consumption rose slightly with 0.1% compared to
1998.

TABLE 3. ESTIMETED ENERGY RESERVES

Total amount in place

Solid Liquid Gas Uranium ( ' ' Hydro (2)

0.19

Exajoule
Total

0.19
( ' ) This total represents essentially recoverable reserves.
121 For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross
theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Database and Country Information.

TABLE 4. ENERGY STATISTICS

Energy consumption
- Total(1)

- Solids (2)

- Liquids
- Gases
- Primary electricity13'

Energy production
- Total
- Solids
- Liquids
- Gases
- Primary electricity(3)

Net import (import - export)
- Total
- Solids
- Liquids
- Gases

1960

1.05
0.75
0.30
1.3e-3
2.0e-3

0.66
0.66

-
2.5e-3
1.7e-3

0.35
0.02
0.33

1970

1.69
0.55
0.98
0.16

6.6e-3

0.31
0.31

-
1.9e-3
2.9e-3

1.51
0.23
1.12
0.16

1980

1.93
0.46
0.96
0.42
0.10

0.30
0.17

-
1.5e-3
0.12

1.79
0.29
1.09
0.41

1990

1.90
0.43
0.73
0.38
0.36

0.43
0.03

-
4.5e-4
0.40

1.71
0.40
0.92
0.38

1997

2.35
0.36
0.99
0.53
0.46

0.46
0.01

-
0.00
0.45

2.09
0.34
1.20
0.52

1998

2.40
0.36
1.00
0.58
0.46

0.45
0.01

-
0.00
0.45

2.21
0.36
1.25
0.58

1999

2.39
0.31
0.99
0.62
0.48

0.48
0.01

-
0.00
0.47

2.07
0.31
1.13
0.63

2000

2.31
0.35
0.85
0.66
0.45

0.46
0.01

0
0.45

2.23
0.35
1.22
0.65

Exajoule

Average annual
growth

1960
to

1980

3.09
-2.38
6.00

33.40
21.41

-3.91
-6.47

-
-2.40
24.07

8.53
13.16
6.22

-33.96

rate (%)

1980
to

2000

0.77
-1.81
-0.62
2.33
7.88

1.52
-14.24

-21.73
6.71

1.09
0.97
0.58
2.32

(1) Energy consumption = Primary energy consumption + Net import (Import- Export) of secondary energy.
<2) Solid fuels include coal, lignite and commercial wood.
131 Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database and Country Information.

1.4. Energy Policy

Belgium is highly dependent on foreign countries for its energy supply and, therefore, it has to
integrate its energy policy into a larger frame on the international level. Working towards this goal
implies finding a dependable energy supply on viable economic conditions that also sustains
environmental quality (balancing of the three E's - energy, economy and environment).

Coal, the main energy source in the 1950's, was replaced by oil, which today (1999) represents
about 41% of the total primary energy consumption. Gas, nuclear energy and coal each represent
approximately 26%, 19% and 13% of the total primary energy. Keeping this in mind, special attention is
now given to the rational use of energy both on the demand and supply side.
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2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

The legal and administrative context of the distribution of electrical power in Belgium is
determined by the law of March 10, 1925, which stipulates:

i) that the distribution of electricity is the exclusive right of the local municipalities for all
supplies that do not exceed 1000 kWe (increased to 10,000 kWe in one region); and,

ii) that for larger customers, there is no monopoly right for the municipality and the power
can be supplied by the local municipality or by any private or public electric utility.

There is no law governing production and transmission of electricity and as a consequence these
activities can be considered to be free, although in the course of time these activities have been subject
to subsequent conventions.

This context has lead to a situation where a large number of power generation companies
developed across the country. In 1955, 47 generating companies existed in Belgium, most of them
private. After World War II, a long chain of mergers reduced private suppliers to three companies
(Ebes, Intercom and Unerg) by 1980. In 1979, public utilities regrouped into one public utility (SPE).
Finally, in 1990, the three private utilities merged to create Electrabel.

In 1999, Electrabel accounts for 86.6% of the total electricity production capacity in Belgium and
the publicly owned generating facilities (SPE) for 8%. The autoproducers (mainly active in the
chemical and metallurgy sector) and autonomous producers (mainly active in the service sector)
account for respectively 4.1% and 1.3%. Both Electrabel and SPE have a total market share of 96.7%.
The autoproducers take 3% of the production and the autonomous generators represent 0.3% of the
market.

Pursuant to the Convention reached in 1994 between Electrabel and SPE, both companies have
pooled in 1995 their electricity generating and transmission resources by transferring them to the co-
operative company CPTE (Company for Co-ordination of Generation and Transmission of Electrical
Energy). This company is the result of the merger of the limited liability company of the same name,
which owned the national dispatching centre, and the co-operative company Gecoli that owned the
national 380, 220 and 150 kV electricity grids.

At the latest in 2005, it was foreseen that CPTE will become the owner, or will have the
exclusive right of operation, of all power production at its own power stations and those brought in by
Electrabel and SPE, together with imported power. Pursuant to the Convention, SPE has the right to
increase, before the end of the year 2005, its participation in CPTE up to 15%, or about 14% of the
current total electricity production capacity in Belgium (the part of SPE in the total electricity
production capacity in CPTE was 8.5% in 1999).

CPTE sells the power produced by the pooled plants to Electrabel and SPE, which in turn supply
it to their own customers, trading under their own names. Both Electrabel and SPE take over
responsibility for operating CPTE's power stations, and Electrabel for electricity transmission, under
management contracts.

On the distribution side, only a few municipalities have exercised their right to create "regies"
(public, autonomous bodies). In the beginning of the 20th century many regies granted concessions or
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franchises to private companies, and later on regrouped to form "intercommunales" or groups of
municipalities. Intercommunales are either "pure", i.e., without collaboration of private partners; or
"mixed", i.e., associated with the private company, Electrabel. Today, most Belgian distribution
companies are mixed.

The electricity sector is fully integrated in the Belgian economy.

2.2. Decision Making Process

2.2.1. Legal Framework

Under the Act of 8 August 1988, Belgium became a federal state with significant attribution of
powers to the three regional governments. However, the nuclear sector policy remains principally in the
hands of the federal (national) government.

Even though Belgian electricity generation is mainly in the hands of the private sector, both
federal and regional governments have an influence on it. This influence is marked by partnership
arrangements with shares held jointly by the government and the private sector; by the activities of
semi-official bodies and by arrangements, which enable the government to influence the main strategies
of the energy industries. Management of the gas and electricity sectors is based on a continuing
dialogue between the government and the Belgian federation of gas and electricity companies.

The agreements between government and the energy industries have enabled the government to
set general strategies for the energy sector while standing back from detailed management. Supplies of
oil and gas have been secured from diversified sources. A large nuclear programme has been
implemented, and high cost coal production has been successfully eliminated.

Since 1955, the electricity sector's activities have been under the concerted control of labour
organizations, the confederation of Belgian industry (VBO/FEB), and various Government bodies.
Two agreements signed in 1955 led to the establishment of two Committees.

The Management Committee, which is composed of the representatives of the electricity
companies, co-ordinates at management level the sector, particularly regarding investment choices in
the development of the generating resources and in electricity pricing matters. The government
supervised Controlling Committee, which is composed of the employers' organization (VBO/FEB) and
labour representatives, makes recommendations regarding electricity costs, prices, depreciation and
investment policies and the operation of the "inter-municipal' distribution companies.

hi 1964, when the above two agreements expired, a new agreement was signed for another ten
years, and again renewed in 1974. The new agreement extended the Controlling Committee to include
the gas sector. A "Common Chamber" was added to the Management Committee to study the
sector's development plans regarding generation, interconnection and transmission facilities. The
municipal directors of the mixed (i.e., private/public) intercommunales, and the municipalities in charge
of electricity distribution within their territory, were represented in the Controlling Committee.

In 1980, by the law of 8 August, the Controlling Committee became a public establishment,
overseen by the federal Minister for Economic Affairs, and the same law imposed that the national
energy investment plan ("National Equipment Plan") has to be approved by the Minister, based on
recommendations by the Controlling Committee and the National Committee for Energy.

In 1981, the private electricity companies, the public electricity companies and the Belgian State
signed a new agreement. All parties to the agreement, the State included, committed themselves to
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guarantee utility companies' uninhibited access to the domestic and international capital markets,
without public subsidies, for the financing of their investments.

Under the above described legal framework, investment decisions of the electricity sector,
particularly those regarding the construction of nuclear units, are proposed by the Management
Committee with the collaboration of the public electricity sector and under the supervision of the
Belgian confederation of industry, labour organizations, municipal authorities and the Government (see
Figure 1).

CONTROLLING
ORGANIZATIONS: TRADE UNIONS

FEDERATION OF BELGIAN
ENTERPRISES

ELECTRICITY AND GAS
CONTROLLING COMMITTEE

CONTROLLED
ORGANIZATIONS:

MANAGEMENT COMMITTEE
OF THE BELGIAN

UTILITIES
(C.G.E.E.)

INTERMIXT
(Mixed, i.e. public/private,
intermunicipal distribution

companies)

GOVERNMENT
NATIONAL* AND REGIONAL

INTER-REGIES
(Purely public Intermunicipal

distribution companies)

Ministry of economic affaires and of energy
Services of the prime minister
Ministry of Middle classes

FIG. 1. Controlling Committee

2.2.2. The Role of the Controlling Committee and the Management Committee

The Controlling Committee oversees the gas and electricity sector operation and makes sure that
it is in agreement with the general interest of the nation and the national energy policy; it sets tariffs
and ensures electricity supply to customers; it encourages rationalization; establishes uniform
bookkeeping scheme and examines annual accounts; examines technical and economic aspects of fuel
supply to power plants; examines investment plans (ten-year plan for generating facilities, and five-year
plan for high voltage transmission lines); acts as an advisory body to the Government.

The Controlling Committee also formulates "Recommendations" to the controlled sectors;
collects information, reports, and studies concerning the controlled sectors; audits their accounts, and
appeals to external experts. When the new regulatory body for generation and transmission will be
operational, the role of the Controlling Committee will get more and more limited.

The Management Committee specializes in problems arising from the generation,
interconnection, transmission, and distribution of electricity and proposes electricity rate structures and
levels; establishes and updates accounting procedures; is in charge of the integrated operating account
of the sector; and, standardizes distribution voltages and distribution equipment.

2.3. Main Indicators

Since the 1980's nuclear overtake of coal, nuclear power in 2000 provides 57% of Belgium's
gross electricity production, third only to France and Lithuania in relative importance. Of the total gross
electricity produced, thermal energy sources account for 40.2%, hydro for 1.8%.
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Total net installed capacity of electricity generating plants in 2000 was 15,569 MW(e), of which
thermal accounted for 8,442.7 MW(e), nuclear for 5,713 MW(e), hydro for 1,404 MW(e), and wind for
9.3 MW(e).

In 2000, total gross electricity consumption in Belgium rose with an average 2.9% compared to
1980 to 93.9 TW-h with a per capita gross consumption of 8,747 kW-h. Table 5 lists the historical gross
electricity production and net installed capacity up to 2000 and Table 6 gives the main indicators.

TABLE 5. GROSS ELECTRICITY PRODUCTION AND NET INSTALLED CAPACITY

Gross Electricity production (TW-h)
-Total 0 1

- Thermal (include solid)
- Hydro
- Nuclear
-Wind

Capacity of electrical plants (GW(e))
- Total (net)
- Thermal (include solid)
- Hydro
- Nuclear
-Wind

1960

15.15
14.9S
0.1 "7

o.oc
o.oc

4.52
4.47
0.05
0.00
O.OC

1970

30.52
30.22

0.25
0.06
0.00

6.26
6.18
0.06
0.01
0.00

1980

53.13
40.26

0.32
12.55
O.OC

11.01
8.21
1.13
1.67
O.OC

1990

70.85
29.54

0.90
40.40
8.0e-3

14.14
7.02
1.40
5.50

4.0e-3

1998

83.24
35.57

1.50
46.17

11.0e-3

15.39
8.27
1.40
5.71

6.0e-3

1999

84.52
34.0C

1.45
49.02

13.0e-3

15.5"
8.44

1.4
5.71

9.3e-3

2000

93.87
46.75

1.70
45.4C

15.01
7.8'
1.41
5.71

Average arm.
growth rate (%)

1960
to

1980

6.47
5.07
3.09

-

4.55
3.09
16.41

-
-

1980
to

2000

2.89
0.75
8.79
6.64

1.56
-0.21
1.11
6.35

-
' ' ' Electricity losses are not deducted.
Source: IAEA Energy and Economic Database; Country Information.

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity consumption per capita (kW-h/capita)

J ^ f^ r V ^^L /

Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)'"
Load factor of electricity plants

- Total (%)
- Thermal
- Hydro
- Nuclear

1960

115.0
1,659.7

22.0
0.00
33.1

38.3
38.3
36.4
0.00

1970

175.4
3,038.3

89.6
0.2
89.0

55.7
55.8
45.3
59.2

1980

196.3
4,858.6

163.2
24.8
92.8

55.1
56.0
3.2
86.0

1990

190.2
6,375.3

150.1
60.2
90.4

57.2
48.0
7.3
80.7

1997

230.9
7,569.6

169.2
60.1
89.0

58.3
43.3
10.3
90.1

1998

235.1
7.784.1

171.7
55.5
92.0

59.0
47.1
12.1
87.8

1999

224
8 448
174
54
94

68
60
13

93.3

2000

225
8,747
187
50
97

71
68
14
91

1 ' ' Net import / Total energy consumption
Source: IAEA Energy and Economic Database and Country Information.

2.4. The implementation of the European Electricity Directive

As other European member states, Belgium has transposed the European Union Electricity
Directive 96/92 of 19 December 1996 into national law. Although an extra year was initially granted to
Belgium to achieve compliance (19 February 2000 instead of 19 February 1999), the government,
backed by major private utility Electrabel and under pressure from large industrial companies, decided
to push ahead with compliance as soon as possible.
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The new Belgian electricity law was passed on 29 April 1999 and published on 11 May 1999. In
order to implement the law fully, a substantial number of Royal Decrees are required The Royal
Decrees concerning the following topics have in the meantime been published: entry into force of the
federal law, designation and organisation of the regulator "Electricity and Gas Regulatory Commission"
(CREG), corporate governance rules applicable to the transmission system operator, further opening of
the market, authorisation procedure for generation and direct lines.

Given the federal structure of the Belgian state, the regions are competent to regulate the
distribution of electricity. Currently only the Flemish region has published a Decree (22 September
2000) organising the Flemish electricity market. This decree has not yet entered into force. The key
points of the law are:

• TRANSMISSION - The law requires the appointment of an independent transmission system
operator (TSO), which will be responsible for the operation and maintenance of the transmission
network, technical management, dispatch, complying with the development plan (established by
himself and the regulator) and providing security of supply. The transmission system operator,
who must be a commercial company based in a member state of the European Union, is not
allowed to engage in production or sale of electricity, and must ensure non-discriminatory
treatment of all network users. The law specifies independence requirements for the
transmission system operator, who will be designated for a renewable period of 20-years.
Transmission tariffs will have to be approved by the regulator (CREG). The appointment of the
independent transmission system operator by the Belgian Federal Government is still pending.

• NETWORK ACCESS - . Belgium has opted for the regulated third party access system.
Eligible clients will have a right of access by paying the applicable published transmission tariffs.
A provisional list has been published in February 2000.

• CUSTOMER ELIGIBILITY - All clients connected to the transmission network (direct
customers) consuming more than 100 GW-h per year on a per site basis are eligible to choose
their supplier (about 33% of the Belgian electricity market)1. Direct customers consuming more
than 20 GW-h per year per site will be eligible from 1 January 2001 onwards and direct
customers consuming more than 10 GW-h from 1 January 2003 onwards. The remaining direct
customers (excluding distribution) will become eligible in a manner to be determined, but no later
than 12 December 2006. Distribution companies are eligible, up to the extent of any eligible
clients they may have, in order to supply those clients, and will become fully eligible from 1
January 2007 onwards.

• OTHER ISSUES - A large number of other issues are addressed by the law. The most
important of these are:

- Belgium adopted a licensing procedure for new generation capacity and for direct lines,
although the minister responsible for energy can award renewable 30-year concessions for
offshore wind projects;

- The Minister of Economic Affairs can fix maximum prices for the sale of electricity to
eligible clients;

- Any productivity gain resulting from the market opening must be shared on a equitable basis
with domestic and small business consumers (i.e. non-eligible clients);

1 From 1 May 2000 onwards, the utility Electrabel has given access to its networks to all Belgian customers who
consume at least 40 GW-h per annum and per site and who are connected to the grid. This decision resulted in an increase of
the degree of liberalisation in the Belgian power market from 33% to 38% during the year 2000.
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- The concept of stranded costs is recognized. These will be calculated according to a
methodology established by the regulator and will be financed by a surcharge on tariffs, on
the condition of approval of the European Commission.

• A NEW REGULATORY BODY FOR GENERATION AND TRANSMISSION - The law
states that a new body will be set up to regulate the activities of production and HV-
transmission. The "Electricity and Gas Regulatory Commission" (CREG) will be an autonomous
organization based in Brussels. It will be responsible for overseeing the organization and
functioning of the market, and for surveying and controlling the application of the relevant laws
and rules. Its principal responsibilities include :

- Providing proposals and opinions in respect of maters relating to the electricity law, or any
decrees to implement it;

- Providing a mechanism for arbitration in the event of a dispute in respect of network access;

- Establishing and adapting the 10-year programme for the development of generation capacity
('Indicative Programme'). The Indicative Programme shall be reviewed every three years
for the following ten years;

- Controlling the application of the technical rules (grid codes) relating to transmission and the
execution of the network development plan;

- Managing the mechanisms to promote the use of renewable energy sources and to recover
any stranded costs that are allowed;

- Approving the tariffs for the use of the transmission network; and

- Examining industry accounts to ensure the separate accounting of the activities and the
absence of cross-subsidies.

The two organs of the CREG are the Management Committee, which conducts the operational
management, and entered into effect on 10 January 2000, and the General Council.

The current regulatory organization, the Controlling Committee for Electricity and Gas will
continue to operate in the electricity sector, although its responsibility will be limited to the distribution of
electricity to tariff customers.

The main points of the Flemish Decree can be summarised as follows:

• DISTRIBUTION - The Decree imposes the appointment of separate distribution network
operators, who cannot supply eligible dients. These operators will be appointed for a
renewable period of 12 years.

• ACCESS TO THE DISTRIBUTION NETWORK - Access will be organised according
to the regulated third party access principle. Tariffs will be established according to the
procedure established by the federal government.

• CUSTOMER ELIGIBILITY - The clients connected to the distribution grid consuming
more than 20 GW-h per year on a site basis will be eligible from the moment that the
Decree enters into force (not yet decided). The Decree also provides for an immediate
partial eligibility for customers purchasing green electricity or heat and for customers that
produce green electricity (on the basis of renewable energy).

• SUPPLY LICENCE - Suppliers in the Flemish electricity market will have to apply for a
licence.
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• PROMOTION OF RENEWABLE ENERGY - The Flemish Decree introduces a green
certificate system limited to the Flemish market in order to support the development of
renewable energies. Certificates will be issued for the production of electricity in
installations that fulfil specific requirements and the green producer will be able to sell the
certificates to suppliers and distributors of electricity who have an obligation to comply
with a quota. In 2004, the quota will amount to 3 % and non-compliance will be sanctioned
by a fine of 12 eurocents/missing kW-h.

• VREG - The decree also foresees the establishment of a Flemish regulator, who will have
similar powers as the national regulator.

In the meanwhile the Walloon and Brussels government are equally preparing draft Decrees in
order to liberalise their regional markets. Similar provisions as in the Flemish Decree can be expected.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

First nuclear power development began during World War II, when Belgium started uranium
production in its mines in Africa and signed a nuclear technical co-operation agreement with the US.
Nuclear power development was accelerated after the 1970's oil crisis. The main milestones are:

1949 Government of Belgium grants purchasing priority of the uranium resources in Congo to
the governments of the UK and the US.

1957 Belgian engineers took part in the commissioning of the first commercial nuclear plant in
the United States.

1960 Franco-Belgian convention and creation of SENA (Societe Nucleaire franco-beige des
Ardennes): the principle was that everything from funding to studies and energy
production should be shared equally.

1962 Commissioning of the BR3 PWR prototype plant (11 MW) in Mol. This reactor was the
first imported from the United States.

1965 Creation of Synatom (Syndicate for the design of large capacity nuclear power plants).
1966 Commissioning of the Franco-Belgian (Chooz A) power plant (305 MW).
1966 Decision to build Doel 1 and 2 (ordered in 1968) and Tihange 1 (ordered in 1969)
1973 Oil crisis and decision to build Doel 3 and 4, Tihange 2 and 3 (ordered in 1974).
1974 - 1975 Commissioning of Doel 1 and 2 and Tihange 1.
1977 Synatom becomes a nuclear fuel management company (Belgian company for nuclear

fuel).
1980 Creation of the National Organization for Radioactive Waste and Fissile Materials

(Ondraf/Niras).
1982 - 1983 Commissioning of Doel 3 and Tihange 2.
1985 Commissioning of Doel 4 and Tihange 3.
1985 Exhaustive backfitting process for Doel 1, 2 and Tihange 1.
1986 Architect-engineering companies Electrobel and Tractionel merge to create Tractebel.
1988 The construction of an 8th unit (N8) of 1400 MW (50 per cent Electrabel - 50 per cent

EDF) is indefinitely postponed by the Government.
1990 Private electricity producers Intercom, Ebes and Unerg merge to create Electrabel.
1991 Decommissioning of CHOOZ A.
1993 First steam generator replacement in Belgium at Doel 3 NPP.
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1993 The first Belgian Parliament's debate on reprocessing and use of MOX fuel led to the
suspension of the reprocessing contract signed between Synatom and Cogema in 1991.
The active reprocessing contract signed in 1978 could be further carried out, but no new
reprocessing contracts could be signed. From 1993, both options for the back-end of the
fuel cycle are to be considered on an equal basis and must be assessed in detail during the
next five years. The authorization to use MOX in Belgian NPPs is granted in order to
consume plutonium obtained from past and active reprocessing contracts for Belgian spent
fuel.

1994 Royal Decree authorizing the loading of MOX fuel in Doel 3 and Tihange 2 NPPs.
1994 Promulgation of the law with respect to the Federal Agency for Nuclear Control.
1995 First loading of MOX fuel in Tihange 2 (March) and Doel 3 (June) NPPs.
1995 Commissioning of the dry interim spent fuel storage facility on the Doel NPP's site.
1995 Creation of the co-operative company CPTE (Company for co-ordination and

Transmission of Electrical Energy) by Electrabel (91.5%) and SPE (8.5%).
1997 Commissioning of the wet interim spent fuel storage facility on the Tihange NPP's site.
1997 In April, Niras/Ondraf presents the various options for the final disposal of low level and

short-lived waste to the authorities.
1997 A new law of December 12 defines a new mission for Niras/Ondraf to establish the

inventory of all nuclear facilities and sites containing radioactive waste and its financing.
1998 The Belgian Government decides on a new approach for the search of disposal sites for

low level and short-lived radioactive waste; it limits the research to existing nuclear zones
or areas where the municipalities have shown interest.

1998 In December, the Belgian government ordered the cancellation of the reprocessing
contract signed in 1991 between Synatom and Cogema and which was suspended in 1993.
It postponed the debate about spent fuel management for a year pending the results of
ongoing technical and economic studies. The government's decision doesn't ban further
reprocessing of Belgian spent fuel, but forbids Synatom to conclude a new contract
without its formal approval. In addition, an expert commission will be set up to assess the
country's future electricity supply options.

1999 Installation in February of the government-appointed commission AMPERE (Commission
d'Analyse des Modes de Production d'Electricite et de Redeploiement des Energies). The
commission has been given eighteen months to assess the electricity demand and the
options for the future of power generation in Belgium in the 21st century.

1999 In July, the new government announces the closure of all Belgian nuclear power plants
when they reach their 40-years lifetime and introduces a moratorium on reprocessing.

2000 In April, the first 28 containers with vitrified high-level radwaste, resulting from the
reprocessing of Belgian spent fuel in La Hague (France), returned to Belgium. The
second and third repatriations took place on 17 November 2000 and 20 February 2001.

2000 In December, the Commission AMPERE published its report2, containing more than 1000
pages. Among its key messages, we mention its recommendations to keep the nuclear
option open and to take other measures therefore. The report will be evaluated by a group
of five international experts selected by the Government.

2001 In May, the group of five international experts published the conclusions of their evaluation
of the report of the Commission AMPERE3. The experts corroborate the standpoints of
the Commission AMPERE on a large number of points, in particular the preservation of
the national know-how regarding nuclear energy.

Available at http://mineco.fgov.be/energv/ampere commission/home fr.htm
' http://mineco.fgov.be/energv/ampere commission/Revision ampere commission report en.pdf
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3.2. Status and Trends of Nuclear Power

Belgium has seven operating nuclear power plants; see Table 7 for details about their status.
During the year 2000, the seven Belgian nuclear power stations supplied the high voltage network with
45.8 TW-h or 55.3% of total electricity generated (82.8 TW-h). In the record year 1999, these figures
were respectively 46.7 TW-h and 58.3%. The average load factor of the Belgian nuclear power plants
reached 91.3% in 2000 against 93.3% for the record year 1999. These results confirm the reliability of
the Belgian nuclear power stations, which belong to the best performers in the world.

The steam generators of the Tihange 2 plant will be replaced in 2001 during the next
maintenance and refuelling outage. These operations are part of a replacement programme of the
steam generators that started in 1993 in Doel 3 and continued during the years in the different Belgian
nuclear power stations. The Japanese company Mitsubishi manufactured the new steam generators for
Tihange 2. They left Kobe's harbour in Japan on the 25th of February 2001 and arrived in Tihange in
the course of April.

Although the government decision of December 1988 brought a moratorium on the construction
of new NPPs, Electrabel is allowed to upgrade the capacity of its NPPs. The upgrades have increased
the total Belgian nuclear generation capacity with 263 MW(e) (+4.8%) from 1994 until 1997.
Moreover, Belgian utilities have a 25% share in the output of the two 1,400 MW(e) PWR French units
at Chooz. The new governmental policy of a limited 40-years lifetime will lead to a decrease in nuclear
electricity generation while the share of fossil fuelled power plants, especially through the
commissioning of new combined-cycle gas turbine units, is estimated to increase.

TABLE 7. STATUS OF
Station

BR-3
DOEL-1
DOEL-2
DOEL-3
DOEL-4
TIHANGE-1
TIHANGE-2
TIHANGE-3

NUCLEAR POWER PLANTS
Type

PWR

PWR
PWR
PWR
PWR
PWR
PWR
PWR

Capacity

11
392.5
392.5
1,006
985
960
960

1,015

Operator

CEN/SCK
ELECTRABEL
ELECTRABEL
ELECTRABEL
ELECTRABEL
ELECTRABEL
ELECTRABEL
ELECTRABEL

Status

Decommissioned
Operational
Operational
Operational
Operational
Operational
Operational
Operational

Reactor Supplier

WESTINGHOUSE
ACECOWENa

ACECOWEN
FRAMACECOb

ACECOWEN
ACECOWEN

FRAMACECO
ACECOWEN

1 ACECOWEN: ACEC-COCKERILL-WESTINGHOUSE; b FRAMACEC: FRAMATOME-ACEC-COCKERILL

Station

BR-3
DOEL-1
DOEL-2
DOEL-3
DOEL-4
TIHANGE-1
TIHANGE-2
TIHANGE-3

Construction
Date

Ol-Nov-57
Ol-Jul-69
Ol-Sep-71
01-Jan-75
Ol-Dec-78
Ol-Jun-70
Ol-Apr-76
Ol-Nov-78

Criticality
Date

29-Aug-62
18-M-74

04-Aug-75
14-Jun-82
31-Mar-85
21-Feb-75
05-Oct-82
05-Jun-85

Grid
Date

10-Oct-62
28-Aug-74
21-Aug-75
23-Jun-82
08-Apr-85
07-Mar-75
13-Oct-82
15-Jun-85

Commercial
Date

10-Oct-62
15-Feb-75
Ol-Dec-75
1 l-Oct-82
Ol-Jul-85
Ol-Oct-75
06-Jun-83
Ol-Sep-85

Shutdown
Date

30-Jun 87

Source: IAEA Power Reactor Information System, as of 31 December 2000.

3.3. Current Policy Issues

3.3.1. Current Government Policy
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The Government:

i) does not include the construction of a new nuclear power plant in the National Equipment
Programme for Electricity Generation and Transmission Facilities after the Chernobyl
accident. Since then, no new plants are planned for construction;

ii) authorises power upgrading following steam generators replacement and turbine
refurbishment;

iii) authorises the use of MOX fuel in Belgian nuclear power plants;
iv) prolongs the time schedule for the study comparing the different options related to the

back end fuel cycle (open or closed cycle) with one year;
v) creates a Federal Nuclear Control Agency responsible for the licensing of nuclear

installations and activities (this unifies the former specialised sections of the Ministries of
Labour and of Health);

vi) authorises the return of the vitrified high-level waste of reprocessed Belgian spent fuel
from the reprocessing plant of Cogema in La Hague, France to Belgium.

3.3.2. Radioactive Waste Management

The current major developments in radioactive waste management in Belgium are mainly related
to the return of vitrified high-level waste, the selection of final radwaste disposal sites and R&D on
disposal of various waste categories.

A. Return of Vitrified High-Level Radwaste

In view of the return of the vitrified high-level waste resulting from the reprocessing in France of
Belgian spent fuel, the preliminary test and transfer programme with an empty transport container was
successfully completed on 24 February 2000.

Following the authorization for three return shipments granted by the Minister of the Interior, the
first 28 canisters with vitrified high-level waste returned to Belgium on 5 April 2000. Transport by
railway, transfer on and transport by lorry to Belgoprocess and the ultimate reception, after adequate
control, in the interim storage building on the site of Belgoprocess in Dessel all went smoothly. A
second return transport took place on 17 November 2000. Control at the reception in the interim
storage building confirmed that the containers complied with the norms and characteristics that are
imposed by the authorities. The communication actions with regard to these transports were jointly
taken care of by Ondraf/Niras, Synatom and the Minister of the Interior, the latter acting as competent
authority in this matter. Webcameras in the storage building on the site of Belgoprocess allowed
following through internet all the operations dealing with the reception and manipulation of the
containers. A third return transport took place on 20 February 2001.

At the request of the federal government, who wants the vitrified waste canisters' quality to be
guaranteed and to comply with the safety requirements of long-term radioactive waste management, an
additional scientific programme requiring both destructive analyses of a glass sample and non
destructive analyses of a vitrified waste canister will have to be carried out in close cooperation
between Ondraf/Niras, SCK-CEN and Cogema. The execution of the remaining return shipments will
probably depend on the results of this additional scientific programme.

B. Selection of Radioactive Waste Disposal Sites

As far as low-level and short-lived waste is concerned, Ondraf/Niras continued to concentrate
its activities on the existing nuclear zones in Belgium, following the decision of the Belgian federal
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government of 16 January 1998. Among these zones, those of Dessel (where Belgoprocess is located)
and Mol (SCK-CEN) witnessed considerable progress with the establishment of local partnerships. The
aim of these local partnerships is to involve the various local actors (political, social, cultural, etc.) in the
development of activities that may result in a disposal project proposal that can be integrated in a more
global project with a positive impact for the zone concerned and that can be accepted by the local
population and authorities.

After the creation of a partnership in Dessel in September 1999 (called STOLA), a second
partnership was established in Mol in February 2000 (called MONA). In 2000, both partnerships
reached their cruising speed and created several working groups to study various aspects an integrated
disposal project might involve (location, social-economical impact on the region, local development
compensations, environment, safety, etc.). They also developed their own websites to inform the local
public.

In Fleurus, a local information committee was created to follow and assess the results of a
preliminary geological survey on the nuclear site of the IRE that was carried out at the request of the
local authorities. The decision to create a local partnership in this zone will among others depend on the
results of this campaign. The authorities of the nuclear zones of Tihange and Doel have not changed
the opinion they already formulated in 1999 (no participation in a local partnership).

C. Research and Development on Radioactive Waste Disposal

Research on deep geological disposal in clay layers of high-level waste was performed
according to the 1998-2003 research and development programme that was signed in 1998 by the
various parties involved. Significant progress was made with regard to the PRACLAY demonstration
experiment, particularly with the "Ophelie" mock-up and the preparation of the excavation of the
connecting gallery to the existing HADES underground laboratory. According to the time schedule, the
connecting gallery should be completely excavated before the end of 2001.

Since January 2001, the Economic Interest Grouping "EIG PRACLAY" is in charge of the
management of both the HADES underground research laboratory and the PRACLAY project implying a
joint operation of all the underground and aboveground research facilities. Consequently, the articles of
association and the name of the EIG were changed on 21 November 2000 into "European Underground
Research Infrastructure for Disposal of Nuclear Waste in Clay Environment", in short EURIDICE.

The results of the research conducted on the feasibility of geological disposal of vitrified high-
level waste in the Boom clay layer during the period 1990-1999 will be described in the report SAFER. 2
(SAFER = Safety Assessment and Feasibility Interim Report) that will be submitted to the government.
In order to assess the final editing of the report the Board of Directors of Ondraf/Niras decided to
create an advisory scientific reading committee composed of various experts from Belgian universities
and research institutions. The committee has to advise the Board of Directors on the content,
conclusions and recommendations of the SAFIR 2 report that will be submitted to the Board for
approval by the end of 2001. The committee held its first meeting on 2 May 2000 and will probably
conclude its activities in June 2001.

Besides, the Belgian government has also requested the NEA to submit the SAFER 2 report to a
peer review, once the report will have been approved by the Board of Directors of Ondraf/Niras.

3.4. Organizational Charts

Figure 2 shows the nuclear energy sector organization and its shareholdings among the main
companies, research centres and the Belgian state. Electricity supply is carried out by Electrabel with
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Tractebel as reference shareholder (41.4 % of the shares at the end of 2000). The main organizations
in the nuclear sector are listed in Table 8 (status 31 December 2000).

The Belgian energy sector +
the nuclear industry in Belgium

— TRACTEBES. BELGIAN STATE

CENfSCK ONDRARNIRAS

I /16.62V, (via / /

SYKATOM* CH00ZB1/82 TR1CASTIN BELGOPROCESS

* The state has a golden share with
rights

FIG. 2. Belgian Nuclear Sector Organization

Tractebel, the energy arm of Suez, is a Belgian industrial group with international scope provides
public utility services; community services; engineering and industrial construction and services. It is
organized into five operating units including the 'Electricity and Gas Europe" (EGE) unit (Electrabel
and Distrigas), the "Electricity and Gas International" (EGI) unit and the "Engineering" unit (Tractebel
Engineering).

TABLE 8. MAIN NUCLEAR ORGANIZATIONS

ELECTRABEL
SPE
TRACTEBEL ENGINEERING*
BELGONUCLEAIRE

SYNATOM

FBFC
ONDRAF/NIRAS
BELGOPROCESS

CEN/SCK
LABORELEC
ASSOCIATION VINCOTTE
NUCLEAR

Turnover
(million BEF)

339,240
19,260
16,300
2,760

10,560

976
3,400
1,100

2,700
1,500
2,500

Number
of people

14,760
250

2,700
362

23

251
49
236

586
250
60

Status

private
public utility

private
50 % public/50 %

private
private (with
public golden

share)
private
public
public

public
co-operative
non profit

Activity

owner/operator
owner/operator

architect -engineer/contractor
fuel manufacturer/
architect -engineer

nuclear fuel supplier

fuel manufacturer
radioactive waste management

radioactive waste
facilities
R & D
R & D

licensing/
inspection

* Division of TRACTEBEL Group,
people worldwide.

which has a total consolidated turnover of 760,700 million BEF and employs 75,830

74 BELGIUM



In 1999, Electrabel generated 88.8% of Belgian electricity, the balance being produced by the
public utility company SPE (Societe cooperative de Production d'Electricite) and small self-producers.
Electrabel provided, either directly or through the local inter-municipal organizations, about 89% of the
electricity supply to the end-users. Electrabel operates the Tihange and Doel nuclear power plants.

The Belgian NPPs require yearly over 350,000 man-hours of nuclear engineering services.
Nuclear engineering services are provided by the engineering division of Tractebel (Tractebel Energy
Engineering) for the Belgian NPPs and by the engineering division of Belgonucleaire for the fabrication
of MOX fuel. The nuclear technical know-how of both Tractebel and Belgonucleaire is commercialized
for other customers by Belgatom, a joint subsidiary.

Fuel fabrication plants are at Mol-Dessel; the uranium-plutonium mixed-oxide fuel (MOX)
factory is owned and operated by Belgonucleaire (35 tHM/yr), the uranium fuel factory by FBFC
International (400 tU/yr). Belgonucleaire is currently the only MOX-producer that manufactures MOX-
fuel for BWRs. In the period 1996-98, FBFC commissioned new workshops for assembling MOX-fuel
elements and gadolinium containing fuel elements; In 1996 it has been to manufacture BWR MOX-
fuel assemblies for the Japanese market.

Synatom, a joint subsidiary of Electrabel and Tractebel, is responsible for the enriched uranium
procurement and spent fuel management for all Belgian nuclear power plants.

Ondraf/Niras (National Agency for Radioactive Wastes and Fissile Materials Management) is
entrusted by law with the safe transportation, treatment, conditioning, storage and disposal of all
radioactive waste produced in the country and with some aspects of decommissioning. Belgoprocess, a
subsidiary of Ondraf/Niras, operates the radwaste treatment, conditioning and storage facilities of the
Mol-Dessel site; and it manages the former Eurochemic site.

Belgian companies supplied about 80% of the systems and equipment for the country's nuclear
facilities. The nuclear steam supply systems (NSSS) were provided by Westinghouse and Framatome
(now Framatome ANP), associated with Alstom Acec Energie and Cockerill Mechanical Industry
(CMI).

The reactor vessels, reactor internals, primary pumps, steam generators, pressurizers, piping, and
instrumentation and control (I&C) systems were made in Belgium. The manufacturers and contractors
participate in servicing the operating Be^ian nuclear power.

Association Vincotte Nuclear (AVN), a non-profit organization, is licensed by the Belgian
Government to carry out safety assessments and inspections of the nuclear facilities in Belgium.
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4. NUCLEAR POWER INDUSTRY

4.1. Location of Nuclear Sites in Belgium

Figure 3 shows the location of the nuclear sites in Belgium.
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FIG. 3. Locations of nuclear sites in Belgium

4.2. Supply of Nuclear Power Plants

There are no Belgian companies supplying Nuclear Steam Supply Systems (NSSS). Architect
engineering is performed by three companies:

• Tractebel Engineering (among the leading design firms in the world) provides contractor and
architect-engineer services (pre-project studies, site selection and qualification, feasibility and
optimization studies, basic and detailed engineering, construction, supervision and start-up), and
full Engineering, Procurement and Construction (EPC) solutions. Power systems engineering,
under the responsibility of Tractebel Energy Engineering, represents about 50% of the activities,
half of which accounts for nuclear engineering services for NPPs, including turnkey projects.

• Belgonucleaire, a subsidiary of Tractebel (16%), Electrabel (34%) and CEN/SCK (50%) has
engineering expertise in uranium-plutonium mixed-oxide fuel (MOX) utilization, manufacturing
and manufacturing plant design, and radwaste treatment, storage and disposal facilities.

• Belgatom, jointly owned by Tractebel (80%) and Belgonucleaire (20%), provides worldwide
nuclear engineering services to the international market. The contracts signed by Belgatom are
performed by the Energy Engineering division of Tractebel (Tractebel Energy Engineering) and
by the engineering division of Belgonucleaire. Belgatom has a close and continuous relationship
with the key players in the Belgian nuclear energy sector, including Electrabel, CEN/SCK,
Laborelec, Synatom, Ondraf/Niras and Belgoprocess.
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Most of the companies involved in nuclear component manufacturing or supply are grouped in
Agoria, a professional federation covering 100 industrial companies in metal working, mechanical
engineering, electrical engineering and electronics, transport equipment and plastic conversion. The
main nuclear component suppliers, contractors and civil engineering companies are listed below:

ABB*
ABAY-TS*
ALSTOM ACEC ENERGIE*
ALSTOM BELGIUM
ALSTOM
SYSTEMS&SERVICES*

ALSTOM CONTRACTING*
ASCOM
ATELIERS DE LA MEUSE*
CMI

ENI*
FABRICOM*
G.C.C.N.1

IMOP
KABELWERK EUPEN*
LEPAGE EURONUCLEAIRE
LEMMENS SERVICES*
M.P.E.2

PAUWELS
SIEMENS*
SOBELCO
STORK MEC
TCM3

WESTINGHOUSE
*: Member of Agoria
1 Groupe Genie Civil des Centrales Nucleaires
2 Mecanique de Precision pour Equipements
3 Tuyauteries & Constructions Mosanes

4.3. Operation of Nuclear Power Plants

Electricity supply (nuclear and non-nuclear) is mainly carried out by Electrabel. Electrabel
provided in 1999 about 89% of the electricity supply to end users, 89% of natural gas distribution, 53%
of cable television in Belgium and 10% of the water distribution. Electrabel operates the Tihange and
Doel nuclear power plants with a total capacity of 5,713 MW(e) (4.6% of the European Union's
nuclear installed capacity as of end 1999). As a nuclear operator, Electrabel ranks 12th worldwide in
installed nuclear capacity. It owns Doel 1 and Doel 2, 50% of Tihange 1 (the other 50% is owned by
EDF, France) and 96% of Doel 3, Doel 4, Tihange 2 and Tihange 3. The other 4% of Doel 3, Doel 4,
Tihange 2 and Tihange 3 is owned by the public utility SPE.

Engineering support to operation is provided by Tractebel Energy Engineering, a division of
Tractebel, which takes part in important plant modifications, upgrading and backfitting, fuel fabrication
procurement, core management and fuel handling and inspection services, Quality Assurance, in-
service inspection, A/E services, project management, and technical assistance.

Mechanical and electrical systems
Electrical and instrumentation systems
Generators, primary pumps
Pumps, valves, turbines
Specific instrumentation and control systems (reactor protection,
rod position indication and control, thermodynamics
instrumentation, neutron flux instrumentation)
Instrumentation for site security systems
Mechanical engineering
Mechanical construction, fuel containers
Main mechanical NSSS components (such as steam and diesel
generators)
Electrical components
Piping, electrical equipment, ventilation
Structural systems
Piping, electrical, insulation
Electrical cables
Mechanical equipment
Decontamination, radioprotection, mechanical works
Precision machined and mechanically welded assemblies
Transformers
Mechanical and electrical supply systems
Thermal engineering and construction
Piping
Piping
Mechanical and electrical supply systems
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Maintenance service suppliers: Most of the component suppliers and contractors listed under
paragraph 4.1 provide also maintenance services. The list below is not exhaustive, as Belgium is an
open market and most contracts are concluded after competitive tender procedures.

ALSTOM ACEC
ENERGIE

ALSTOM BELGIUM
ALSTOM SYSTEMS
&

SERVICES
FRAMATOME ANP

MITSUBISHI HEAVY
INDUSTRIES

TECNUBEL
WESTINGHOUSE

ELECTRIC EUROPE

Maintenance of generators, quality control and training in the field of
primary components (reactor vessels, internals, primary pumps) and fuel
handling equipment and systems
Maintenance of valves, pumps, fans
Instrumentation and control systems

Design, training, quality control, maintenance, inspection and repair work
of primary components (reactor vessel and internals, steam generators),
steam generator replacement, fuel supply, control rod, fuel handling
equipment and systems
Replacement steam generators

Maintenance and cleaning, decontamination, radio monitoring
Design, training, quality control, maintenance, inspection and repair work
of primary components (reactor vessel and internals, steam generators),
steam generator replacement, fuel supply (EFG, Westinghouse Atom),
control rod, fuel handling equipment and systems

4.4. Fuel Cycle and Waste Management Service Supply

Interfaces regarding the nuclear fuel cycle are shown in Figure 4.

Wastes storage | ( Final storage

ONDRAF

FIG. 4. Organizations covering the nuclear fuel cycle: Interfaces

Fuel cycle and waste management engineering services are provided by Tractebel and
Belgonucleaire for the Belgian market, and worldwide by Belgatom.

Two fuel fabrication plants are located at Mol-Dessel; the MOX fuel facility is owned and
operated by Belgonucleaire. The uranium fuel facility is owned and operated by FBFC, a subsidiary of
Framatome ANP. FBFC manufactures uranium fuel assemblies and pressurized water reactor control
rods and provides the final assembly of MOX fuel (all BWR and PWR types).
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Synatom, a joint subsidiary of Electrabel and Tractebel, is responsible for the enriched uranium
procurement and the spent fuel management for all Belgian nuclear power plants. It maintains
ownership of the nuclear materials, at all times, prior, during and after use in nuclear reactors until final
disposal. The Belgian State holds a "golden share" in Synatom, which entitles it with special rights.

Transportation services are provided by:

TRANSNUBEL Fresh and spent fuel (uranium and MOX) transportation; design of handling
systems for fuel containers.

TRANSRAD Radioactive waste transportation ; uranium transportation

Ondraf/Niras, National Agency for Radioactive Waste and Fissile Materials Management is
entrusted by the law with the safe management of all radioactive wastes produced in the country,
including their transport, treatment, conditioning, storage and disposal.

Belgoprocess, a subsidiary of Ondraf/Niras, operates the radwaste treatment plant, conditioning
and storage facilities of the Mol-Dessel site, as well as managing the Eurochemic site.

Engineering services to Ondraf/Niras and Belgoprocess are supplied by Tractebel Energy
Engineering and Belgonucleaire via their joint subsidairy Belgatom.

4.5. Research & Development Activities

Nuclear research and development in Belgium is co-ordinated by the Ministry of Economic
Affairs of the Federal Government and carried out mostly by the SCK/CEN (Belgian Nuclear
Research Centre) at Mol. Nuclear research done by SCK/CEN is mainly confined to reactor safety
experiments, reactor fuel and reactor materials examinations, radioactive waste disposal,
decommissioning, radiation protection and health physics.

In April 1997, the BR-2 nuclear research reactor has been restarted after two years of
refurbishing.

Research and development for the support of both nuclear and non-nuclear power plant
operations is carried out by Laborelec, a central research laboratory of the utilities, Electrabel and SPE,
and by Tractebel Energy Engineering.

4.6. International Co-operation in the Field of Nuclear Power Development and
Implementation

Belgium is active in a number of international nuclear organizations including the International
Atomic Energy Agency (IAEA), Nuclear Energy Agency (NEA) of the Organization for Economic
Co-operation and Development (OECD) as well as other bilateral and multilateral organizations such as
WANO.

Belgium is also involved in a number of European organizations set up to improve safety of
nuclear power plants in countries of the former Soviet Union and Eastern Europe:

• RAMG (Regulatory Assistance Management Group) is formed of Western Safety Authorities to
assist for setting up of Eastern Safety Authorities. [AVN]

• TSOG (Technical Safety Organisation Group) is an association of technical support organisations
in EU member countries to advise the Eastern European Safety Authorities. [AVN]

• CASSIOPEE (Consortium d'Assistance Operationnelle aux Pays d'Europe de l'Est) is an EEIG
of the EU agencies responsible for radioactive waste management and storage. [Ondraf/Niras]

• EFCC (European Fuel Cycle Consortium) is a consortium grouping European reprocessing
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companies and fuel fabricators for improving the operation of nuclear fuel cycle facilities in
Eastern Europe. [Belgonucleaire]

Belgium participates in programmes and projects for developing and promoting new advanced
NPP technology:

• EUR (European Utility Requirements) common requirements for building future LWRs in
Europe, written by European electricity producers [Tractebel]

• EPRI programme for ALWR Certification in the US [Tractebel]
• EPP (European Passive Plant) programme for developing Westinghouse type passive nuclear

plants in Europe. [Tractebel]
• EFET (European Fusion Engineering and Technology) - industrial consortium for fusion reactor

research [Belgatom]

Belgium participates in several international R&D programmes:

• Pressure vessel steel projects (materials behaviour in the frame of plant lifetime extension) with
IAEA, "Kurchatov Institute" of Russia, and VTT of Finland [Tractebel]

• Halden reactor project (Norway) project runs under the auspices of OECD/NEA. [SCK/CEN,
Belgonucleaire, Tractebel, AVN]

• Benchmarking of the RELAP (thermohydraulic) code in the frame of the international user's
group (member of the Code Assessment and Maintenance Programme - CAMP).

• VIP (Venus International Programme) - with Tractebel participation - to assess neutronics
codes for MOX fuel by performing experimental tests in the VENUS reactor with UK and
Japan as scientific partners. VENUS is operated by the Belgian nuclear research center
SCK/CEN. [SCK/CEN, Belgonucleaire]

• RASPLAV project to study melt core cooling inside the reactor vessel, a joint research
programme with the Federation of Russia and 14 other countries. RASPLAV is sponsored by
the Nuclear Energy Agency (NEA) of the OECD. [Tractebel]

• FIGARO: Irradiation and examination of two high burnup MOX fuel rods for fission gas release
analysis. [Belgonucleaire, Tractebel]

• ARIANE: Evolution of isotopic composition of MOX fuel during irradiation. [Belgonucleaire,
Tractebel]

5. REGULATORY FRAMEWORK

5.1. Safety Authorities and Licensing Process

Licensing takes place under the authority of the Minister of Labour and the Minister of Interior
(Royal decree of August 7, 1995), which have the guardianship over the Federal Agency for Nuclear
Control. This Minister and the Agency are responsible for promulgating and enforcing regulations
designed to protect the employees of the nuclear plants and the population against the hazards of
ionising radiations. The Agency is assisted in technical matters by a Scientific Council of experts and
representatives from various authorities responsible for nuclear safety; they have only an advisory role.
The Commission gives recommendations by absolute majority. State approved agencies, such as the
Association Vincotte Nuclear (AVN), carry out official acceptance procedures for installations prior to
commissioning and exercise supervision over installations during operation. Final authorization for
nuclear plant commissioning rests with the King.
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The main steps in the Belgian licensing procedure are in following:

• Filing of an application: the request for the licence is first sent to the Director General of the
Federal Agency for Nuclear Control, together with the relevant information (characteristics of
the installation, planned safety measures, an Environmental Impact Assessment, and a study of
the premises and the demographic, geological, meteorological, etc. characteristics of the area of
the installation). The request has to contain a preliminary safety report and a report describing
the incidences of the environment;

• The Scientific Council is consulted a first time. After the Council has given its preliminary
advice, it is sent to the applicant. Then the European Commission is also consulted (if necessary)
according to article 37 of the Euratom Treaty, as well as all the municipalities in a radius of 5 km
around the installation (who inform their population) and the Province involved. After the advice
of the municipalities, of the Province and of the European Commission have been received, the
file is submitted to the Scientific Council once more, which then gives its definitive advice;

• The Minister of Labour and the Minister of Interior then decide by submitting a Royal Decree to
the King. This Royal Decree gives the erection and operation licence. It contains the conditions
to be respected. These stipulate, among other things, the content of the safety report;

• After the erection of the installation, and before the start of the operation, the Agency or the
state approved agency designated by her, proceeds with the acceptance of the installation. This
acceptance must establish the conformity of the installation with the general regulation, the
stipulations of the erection and operation licence and the safety report. If the acceptance is
favourable, the Minister of Interior proposes to the King to confirm the erection and operation
licence, which are granted for an unlimited period.

5.2. Main National Laws and Regulations

Act of March 10,1925:

Electricity generation is not regulated. Each individual or corporation is free to generate
electricity.

Act of March 29,1958 (Royal Decree of February 28, 1963):

General Regulations for the protection of the population and workers against the hazards of
ionizing radiation. Nuclear installations are divided into four classes, in descending order of
hazards involved. Class I includes nuclear reactors and large nuclear installations (criticality
hazard). Installations in Classes II, III and IV are divided according to the quantity of radioactive
materials. Installations in Classes I, II and III require prior licensing, whereas those in Class IV
do not.

Royal Decree of October 15, 1979:

Founding of the Inter-ministerial Commission for Nuclear Safety and State Security in the
nuclear field against hazards arising from the use of radioactive substances.

Act of August 8, 1980:

Founding of Ondraf/Niras for treating, conditioning, storing and disposal of radioactive waste and
for handling some aspects of fissile materials and decommissioning. The Act of
January 11,1991 has replaced the Act of August 8,1980.
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Act of February 9, 1981 (Royal Decrees of May 12, 1989 and July 16, 1993):

Regulations for the exportation of nuclear materials, nuclear equipment and nuclear technological
data.

Act of July 22, 1985:

Defining third party liability pertaining to nuclear energy generation as outlined in the Paris
Convention of 29 July 1960, and the additional Convention of Brussels of 30 January 1963:

• Liability of the power plant operator in the event of a nuclear accident: victims are not
required to supply proof of the nuclear power plant operator's fault in order to be
compensated for damages arising from a nuclear accident.

• Three-tiered compensation system:

— by the power plant operator up to a maximum amount of BEF 4 billion. Under
Belgian law, the nuclear plant operator must supply proof of an insurance policy or
have adequate security deposits to cover potential civil liability suits before the
operating license is granted;

— by the Belgian State for the amount between BEF 4 billion and BEF 9 billion;
— by the signatories of the Paris and Brussels Conventions for the amount between BEF

9 billion and BEF 15 billion.

Royal Decree of May 16, 1986:

Determines the financial security certificate for the transport of nuclear substances.

Act of April 15, 1994 (replaces the Act of March 29, 1958):

Founding of a Federal Agency for Nuclear Regulation.

Royal Decree of April 25, 1997

Regulations for the protection of workers against the hazards of ionizing radiation
(implementation of the European Directive 90/641 of December 4, 1990).

Act of December 12, 1997

Defines the missions for the organization concerning the inventory of all nuclear facilities and
sites containing radioactive waste and its financing.

Act of April 29, 1999 (Royal Decrees of May 3, 1999)

Organization of he electricity market in Belgium (implementation of the European Electricity
Directive 96/92 of December 19, 1996).
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Agreements concluded between the Belgian State and the electric utilities:

• The decommissioning agreement with the State in 1985 regulates the constitution of
provisions to cover the dismantling costs of nuclear installations and the decontamination
costs of the nuclear sites to be implemented within 30-years. In the agreement it is
foreseen to re-evaluate the situation every five years at he request of the Control
Committee.

• The agreement in 1990 with the Belgian State defines the contribution of each party of the
agreement in the financing of the decommissioning and the cleanup cost of the state
owned nuclear facilities at the Mol-Dessel site up to 2000. Parties to the agreement are
the State of Belgium, Ondraf/Niras, Synatom and Electrabel and SPE.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

Improved procedures for
designation of safeguards
inspectors
NPT related safeguards agreement
INFCIRCNo. 193

Additional protocol to the NPT
safeguards agreement

Agreement on privileges and
immunities

Rejected by EURATOM.
Offered alternative solutions.
Letter of:
Entry into force:

Signature:

Entry into force:

OTHER RELEVANT INTERNATIONAL TREATIES

• NPT

• EURATOM

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

• Vienna convention on civil liability
for nuclear damage

• Paris convention on civil liability
for nuclear damage

• Joint protocol

Entry into force:

Member

Entry into force:

Entry into force:
Ratification:

Entry into force:
Ratification:

Entry into force:

Signature:

16 February 1989
21 February 1977

22 September 1998

26 October 1965

2 May 1975

6 October 1991

4 February 1999
4 January 1999

4 February 1999
4 January 1999

Non-party

3 August 1966

21 September 1988
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• Protocol to amend the Vienna
convention on civil liability
for nuclear damage

• Convention on nuclear safety Entry into force:

• Convention on supplementary
compensation for nuclear damage

• Joint convention on the safety of spent Signature:
fuel management and on the safety
of radioactive waste management

Not signed

13 April 1997

Not signed

8 December 1997

• ZANGGER Committee

• Nuclear export guidelines

• Acceptance of NUSS Codes

• Nuclear Suppliers Group

BILA TERAL A GREEMENTS

Member

Adopted

Summary: codes can be used as

guidelines when formulating
national regulations. Belgium often
goes beyond code requirements.
Letter of: 8 November 1988

Member

Belgium has nuclear bilateral agreements with Luxembourg (1970), Romania (1974), USA-USNRC
(1978), Korea (1981), France (1981 and 1984), Egypt (1984), The Netherlands (1984 and 1990) and
China (1985).

Belgium (or the Belgian-Luxembourgisch economic union) has scientific, industrial and technological
agreements with France (1950), USA (1950, 1951), Kuwait (1974), Democratic Republic of
Germany (1974), Poland (1974), Bulgaria (1975), Czechoslovakia (1975), Hungary (1975 and 1986),
Romania (1976), Cuba (1976), Egypt (1979), China (1979), Algeria (1982 and 1983), Tunisia (1983),
Germany (1980), United Arab Republics (1984); USSR (1984), Mexico (1984), Brazil (1985),
Kenya (1985), Venezuela (1986), and India (1990).
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Appendix

DIRECTORY OF THE MAIN ORGANISATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NA TIONAL A TOMIC ENERGY A UTHORITIES

Ministere des Affaires Economiques
Administration de l'Energie
Division Applications Nucleaires
North Gate III
Boulevard du Roi Albert II, 16
B-1000 Bruxelles, Belgique

Services Federaux des Affaires Scientifiques,
Techniques et Culturelles (SSTC)

Rue de la Science, 8
B-1000 Bruxelles, Belgique

Ministere des Affaires Sociales, de la Sante
Publique et de FEnvironnement

Services federaux pour les Affaires-
Environnementales

Service de Protection Contre les
Radiations Ionisantes

Rue Ravenstein, 36
B-1000 Bruxelles, Belgique

Secretariat d'Etat de l'Energie et du
Developpement Durable

Rue des Colonies, 56
B-1000 Bruxelles, Belgique

Ministere des Affaires Etrangeres,
du Commerce Exterieure et de la
Cooperation au Developpement

Service Scientifique
Rue des Petits Cannes, 15
B-1000 Bruxelles, Belgique

Ministere de l'Emploi et du Travail
Administration de la Securite du Travail
Service de la Securite Technique
des Installations Nucleaires
RueBelliard, 51
B-1040 Bruxelles, Belgique

Ministere de la Justice
Service de la Securite Nucleaire
North Gate I
Boulevard du Roi Albert II, 6
B-1000 Bruxelles, Belgique

Tel: +32-2-206 41 11
Fax: +32-2-206 57 11
http://mineco.fgov.be/

Tel: +32-2-238 34 11
Fax: +32-2-230 59 12

Tel.:(322-2) 289-21-11/81
Fax: (322-2) 289-21-12/82
Tel: +32-2-289 21 01

http://minsoc.fgov.be

Tel: +32-2-227 07 00
Fax: +32-2-219 79 30

Tel: +32-2-238 25 11
Fax: +32-2-230 02 80
http://diplobel.fgov.be

Tel: +32-2-233 41 11
Fax: +32-2-233 42 31
http ://meta. fgov.be

Tel: +32-2-205 62 38
Fax: +32-2-205 62 37
http://just.fgov.be
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BELGIAN NUCLEAR INDUSTRY SECTOR

AIB-Vincotte Group (Safety Services)
A. Drouart avenue 27
1160 Brussels, Belgium

AV Nuclear (Authorised Inspection Agency)
Avenue du Roi, 157
1190 Brussels

Belgatom (Architect-Engineer)
Avenue Ariane, 7
1200 Brussels

Belgonucleaire, S.A. (MOX Manufacturer and
Architect-Engineer)

Avenue Ariane, 4
1200 Brussels

Belgoprocess (Waste Treatment)
Gravenstraat, 73
2480 Dessel

CEN/SCK (Research Centre)
Boeretang, 200
2400 Mol

Electrabel (Utility)
Boulevard du Regent, 8
1000 Brussels

FBFC International, S.A. (Fuel Manufacturer)
Europalaan, 12
2480 Dessel

Tel: 0032.2.674.57.11
Fax.: 0032.2.674.59.59
www.aib -vincotte.com

Tel: +32-2-536 82 11
Fax: +32-2-536 85 85
http://www.avn.be/

Tel: +32-2-773 84 96
Fax: +32-2-773 98 20
www.belgatom.com

Tel: +32-2-774 05 11
Fax: +32-2-774 05 47
www.belgonucleaire.be

Tel: +32-14-33 41 11
Fax: +32-14-31 30 tl
www.belgoprocess.be

Tel: +32-14-33 21 11
Fax: +32-14-3150 21
http://sckcen.be/

Tel: +32-2-518 61 11
Fax: +32-2-511 65 64
http://www.electrabel.be/

Tel: +32-14-33 12 11
Fax: +32-14-31 58 45

IRE (Production of Radio-Isotopes)
Avenue de l'Esperance 1
6220 Fleurus

Laborelec (Utility's Laboratory)
Rue de Rhode, 125
1630 Linkebeek

ONDRAF/NIRAS (Waste Management)
Avenue des Arts, 14
1210 Brussels

Tel: +32-71-82 92 92
Fax: +32-71-81 38 12

Tel.: +32-2-382 04 97
Fax: +32-2-382 06 46
www, laborelec.be

Tel: +32-2-212 10 11
Fax: +32 2 218 5165
www.nirond.be

SPE-Societe Cooperative de Production
d'Electricite (Utility)

Rue Royale, 55 (BTE 14)
1000 Brussels

Tel: +32-2-217 10 30
Fax: +32-2-218 61 34
http ://www. spe.be
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Synatom, S.A. (Nuclear Fuel Procurement)
Bastion Tower
Place du Champ de Mars, 5
1050 Brussels

Tel: +32-2-505 07 11
Fax: +32-2-505 07 90

Tractebel s.a. (Energy and Services)
Place du Trone 1
B-1000 Brussels

Tractebel Energy Engineering (Architect-Engineer
and Contractor)
Avenue Ariane, 7
1200 Brussels

Tractebel Engineering

Tecnubel S.A. (Decontamination)
Avenue Ariane, 4
1200 Brussels

Transnubel, S.A. (Fuel Transportation)
Gravenstraat, 73
2480 Dessel

Transrad, S.A. (Waste Transportation)
Zoning Industriel - site IRE
6220 Fleurus

Tel. : 32 (0)2 510 71 11
Fax: 32 (0)2 510 73 88
www.tractebel.com

Tel: +32 2 773 8111
Fax: +32 2 773 9900
www.tee.tractebel.com

www, engineering.tractebel.com

Tel: +32-14-34 69 11
Fax: +32-14-32 00 90
www.tecnubel.be

Tel: +32-14-33 11 11
Fax: +32-14-31 89 48

Tel: +32-71-82 97 59
Fax: +32-71-82 97 68

OTHER NUCLEAR ORGANISATIONS
Abay-TS (Contractor)
Rue de Geneve 4, BTE 30
1140 Brussels

Agoria (Group 19)
Diamant Building
Bd. A. Reyers, 80
1030 Brussels

Tel: +32-2-729 61 11
Fax: +32-2-729 6161
www.abavts.be

Tel: +32-2-706 80 10
Fax: +32-2-706 80 18

Asea Brown Boveri (ABB)
Hoge Wei, 27
1930 Zaventem

Tel: +32-2-718 63 56
Fax: +32-2-718 66 56

Alstom Belgium SA
Rue Cambier Dupret, 50-52
6001 Charleroi
Corr.:BP4211
6000 Charleroi

Alstom Belgium SA Energy-MTM
(Mechanical Equipment Supplier)
Leuvensesteenweg, 474
2812 Muizen

Tel: +32-71-44 54 11
Fax: +32-71-44 57 78

Tel: +32-15-4129 81
Fax: +32-15-42 33 37
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Alstom Acec Energie (Generator Supplier)
Rue Chapelle Beaussart, 80
6030 Charleroi

Alstom Contracting SA (Instrumentation)
Boulevard de la Woluwe, 60
1200 Brussels

Tel: +32-71-44 31 11
Fax: +32-71-3646 00

Tel: +32-2-775 90 20
Fax: +32-2-775 25 96

Alstom Systems & Services SA (I & C Systems)
Rue Vital Francoisse, 205
6001 Charleroi
Corr.: BP 4208
6000 Charleroi

Tel: +32 7144 65 11
Fax: +32 71 44 65 15

Asco Industries SA (Mechanical Engineering)
Avenue de la Faisanderie 7
1150 Brussels
Corr.: Weiveldlaan 2
1930Zaventem

Ateliers de la Meuse (Mechanical Equipment)
Rue Ernest Solvay, 107
4000 Sclessin (Liege)

Canberra Packard Benelux (Instrumentation)
Research Park
Pontbeeklaan, 57
1731 Zellik

Belgian Association for Radioprotection

Belgian Nuclear Society
Ravenstein Street, 3
1000 Brussels

CMI (NSSS Components Manufacturer)
Avenue a. Greiner, 1
4100 Seraing

CPTE

ENI (Electrical Contractor)
Kontichsesteenweg, 25
2630 Aartselaar

Fabricom (Electrical and Mechanical Contractor)
Rue Gatti de Gamond, 254
1180 Brussels

FEX - Nuclear Fuel Experts (consulting)
Avenue de l'Observatoire, 96
1180 Brussels

Tel.: +32-4-252 00 30
Fax: +32-4-252 00 35
www.alm.be/english

Tel.: +32-2-466 82 10
Fax: +32-2-466 93 53

http ://www.bvsabr.be

Tel: +32-2-774 05 38
Fax: +32-2-774 05 47
http://sckcen.be/bns/

Tel: +32-4-330 21 11
Fax: +32-4-330 22 00

www.cpte.be

Tel: +32-3-870 12 11
Fax: +32-3-887 12 98
www.eni.be

Tel: +32-2-370 31 11
Fax: +32-2-332 24 55
www.fabricom.be

Tel.: +32-14 31 25 33
Fax: +32- 14 32 09 52
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Forum Nucleaire Beige
Avenue Ariane, 7
1200 Brussels

Tel: +32-2-773 84 96
Fax: +32-2-773 98 20

G.C.C.N. c/o S.B.B.M. - Six Construct
(Civil Works Contractors)
Boulevard Louis Mettewie, 74-76
1080 Brussels

Institut Interuniversitaire des Sciences Nucleaires
Rue d'Egmont, 5
1000 Brussels

Tel: +32-2-504 92 11
Fax: +32-2-504 92 92

Imop (Mechanical Contractor)
Noorderlaan 119
2030 Antwerpen

Ion Beam Applications (IBA) Groupe
Chemin du Cyclotron, 3
1348 Louvain-La-Neuve

Kabelwerk Eupen AG (Cable Supplier)
Malmedyerstrasse, 9
4700 Eupen

Lemmens Services NV (Decontamination)
Brant Industrial Services Group
Nieuwe Weg 1/3
2070 Zwijndrecht

Lepage Euronucleaire (Mechanical Contractor)
Rue Chausteur, 66
6042 Lodelinsart (Charleroi)

Tel.: +32-3-541 21 70
Fax: +32-3-541 72 52

www.iba.be
http://www.iba -sni.cbm/'

Tel.: +32-87-59 70 00
Fax: +32-87-59 7100
www.eupen.com

Tel: +32-3-210 97 05
Fax: +32-3-210 97 76
www.bisg.be

Tel: +32-71-28 57 00
Fax: +32-71-28 57 01

M.P.E. - Mecanique de Precision pour Equipements
(Mechanical Equipment Supplier) Tel: +32 2 262 1010
Avenue de Tyras, 51 Fax: +32-2-262 0241
1120 Brussels www.mpe.be

Pauwels Trafo Belgium (Transformers Supplier)
Antwerpsesteenweg 167
2800 Mechelen

Siemens S.A. (Electrical Contractor)
Chaussee de Charleroi, 116
1060 Brussels

Sobelco (Thermal Construction)
Batiment 13 - Rue Chapelle Beaussart 80
6030 Marchienne-au-Pont (Charleroi)

Tel: +32-15-28 33 33
Fax: +32-15-28 35 20

Tel: +32-2-536 21 11
Fax: +32-2-536 24 92

Tel: +32-7144 31 87
Fax: +32-7144 31 96
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Tel: +32-3-540 15 11
Fax: +32-3-540 15 00

www, suez-lyonnaise.com

Tel: +32-85-23 31 52
Fax: +32-85-23 51 78

Tel.: +32 2 556 87 09
Fax: +32-2-556 89 35
www.westinghouse.com

Tel: +32-67-28 78 11
Fax: +32-67-28 78 21

Stork MEC (Mechanical Contractor)
Haven 269
Oosterweelsteenweg 57 - PB 54
2030 Antwerpen

Suez

TCM (Mechanical Contractor)
Quai d'Arona, 31
4500 Huy

Westinghouse Electric Europe, sprl
(NSSS Supplier)

Boulevard Paepsem, 20
1070 Brussels

Westinghouse European Services
Rue de l'lndustrie 43
1400 Nivelles

MISCELLANEOUS

International Organizations

Euratom Supply Agency at the
European Commission (ESA)

European Atomic Forum (FORATOM)

European Commission
(Brussels, Belgium):

European Energy Foundation (EEF)4

European Union law (including nuclear energy):

International Nuclear Law Association

Joint Research Centre of the

European Commission (JRC)
Institute for Reference Materials

and Measurements (IRMM) http://www.irc.cec.eu.int/

Union of the Electricity Industry (EURELECTRIC)5 http://unipede.eurelectric.org/

Prognostic and Statistical Energy Data

http://europa.eu.int/comm/euratom/index__en.htrnl

http://foratom.org/

http://europa.eu.int/comm/index en.htm

http://www.f-e-e.org/

http://europa.eu.int/eur-lex/en/index.html

http://www.aidn-inla.be

4 EEF is an informal and neutral forum where topical energy related subjects linked to the European
Union political dialogue are presented.
5 EURELECTRIC was formed as a result of a merger in December 1999 of the twin Electricity
Industry Associations, UNIPEDE and EURELECTRIC.
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Belgian Federation of Electricity

Producers and Distributors http://www.bfe-fpe.be

Controlling Committee for Electricity and Gas http://cceg.be

Ministry of Economic Affairs

Energy Administration http://mineco.fgov.be/energy

National Institute for Statistics http://www.statbel.fgov.be/home en.htm

National Regulatory Organisations
Federal Agency for Nuclear Control http://www.fanc.fgov.be
Commission for Electricity and Gas Regulation http://creg.be
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BRAZIL

1. GENERAL INFORMATION

1.1. General Overview

Brazil is a federal republic in South America, bounded on the north, west and south by every
country of the continent except Chile and Ecuador, and on the east by the Atlantic Ocean, along 7,400
km (4,600 miles) of coastline. The country covers an area of 8,514,215,3 square kilometres, about
half of all South America, and is the world's fifth largest country in area. Stretching for approximately
2,700 miles from north to south and from east to west, it contains no desert, high mountains, or Arctic
environments that would limit the extent of human occupancy.

The population of Brazil, as of 2000, was about 170 million. Table 1 shows historical statistical
data concerning population. Most Brazilians live in high-density areas of eastern Brazil or along the
coast or the major rivers. Although urbanization does not show an actual decline in rural population,
internal migration has caused cities to grow much faster than rural areas. Today, about 80% of the
people live in urban areas. Many migrants to the cities take up residence in "favelas", or shantytowns,
on the edge of urban areas. The urban poverty and unemployment that accompany swift urbanization
are aggravated by a fast population growth rate.

The capital, Brasilia, whose construction started in 1957, was built in the highlands, in order to
encourage development of the interior. According to the 2000 estimates, the largest cities of Brazil
are: Sao Paulo, Rio de Janeiro, Belo Horizonte, Salvador, Recife, Brasilia and Porto Alegre.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2) 8,512

1960

72.8
8.5
45

1970

93.0
10.9
56

1980

119.0
13.9
66

1990

145.0
17.4
75

1997

159.0
18.7
80

1998

161.5
19.0
80

1999

168.2
19.8
81

2000

170.4
19.92
N/A

Ann. av.
growth
rate (%)

1990
to

2000

1.7
1.7

Source: www.ibge.gov.br - Brazilian institute for geography and statistics; IAEA Energy and Economic Data Base.

The single most important influence on Brazil's climate is its location on the equator.
Temperatures seldom exceed 35°C in the tropics owing to the moderating effects of high atmospheric
humidity. Most of Brazil receives a moderate rainfall of 1,000-1,500 mm (40-60 in.), although the
Amazon lowlands and several other areas receive more than 2,030 mm (80 in.) of rainfall annually.
The semi-arid northeastern interior, or 'Sertao', frequently suffers from very long droughts. Tropical
rain forest, or 'Selva', is found in the wettest part of the Amazon Basin. Much of the south and
southwest of Brazil is covered by savanna, or tropical grassland, and in the interior of the northeast, *
caatinga, a low and bushy scrub and thorn forest is characteristic.

Brazil's three major river systems are: the Parana-Paraguay-Plata in the south, the Sao
Francisco in the east, and the Amazon in the north. The Amazon, the major river of South America, is
the world's second longest river (6,440 km/4,000 miles), and most of its basin lies within Brazil. The
Amazon river's major tributaries are the Tocantins-Araguaia, the Madeira, the Negro, the Xingu and
the Tapajos. Brazil's mineral resources are superlative with many still unexplored. Sizeable deposits
of iron and manganese ores have been discovered, but Brazil lacks the high-grade cooking coal
needed to transform them into steel. Brazil is a leading exporter of iron. Discoveries of metals and
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minerals, including phosphates, uranium, manganese, titanium, copper, coal, and gemstones, are
regularly made, particularly in the state of Minas Gerais and the Amazon area.

1.2. Economic Indicators

Table 2 provides the Brazilian Gross Domestic Product (GDP) statistics during the last two
decades. Economy's average annual growth rate was only 2.0 % during the period 1980 to 1998.

TABLE 2. GROSS DOMESTIC PRODUCT

GDP (millions of current US$)
GDP (millions of constant 1990 US$)
GDP per capita (current US$/capita)
GDP by sector (%):

-Agriculture
-Industry
-Services

1970

236,995
180,849
2,548

12
38
49

1980

540,000
409,657

4,538

11
44
45

1990

631,000
476,084

4,352

8
39
53

1997

772,928
575,721
4,861

8
35
57

1998

773,000
566,300

4,786

8
36
56

1999

752,000
N/A

8
31
61

Growth
rate (%)

1980
to

1998
2.0
1.8
0.3

-1.8
-1.1
1.2

Source: IAEA Energy and Economic Data Base; Country Information (Brazilian Energy Balance 1999); Data &
Statistics/The World Bank).

1.3. Energy Situation

Brazil has modest fossil energy resource and one of the largest hydroelectric potential in the
world (Table 3). However, most of this potential has not yet been tapped. The hydro resources
located in the north-east, south-east and south of the country have already been thoroughly surveyed.
The hydroelectric potential of north and central west regions, which cover practically Brazil's
Amazon area, is beginning to be tapped to partially meet both regional and national electric needs.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

197.18

Liquid

46.66

Gas

8.74

Uranium(1)

88.45

Hydro (2)

291.13

Exajoule

Total

632.15
( ' This total represents essentially recoverable reserves.
<2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

Historically, the expansion of the energy sector represented a dynamic aspect on the process of
industrialization and modernization of economic and social structures in Brazil. This expansion has
provided the energy needed for this process and has stimulated the development of productive sectors.
During the last decades, Brazilian development was mainly induced by the State's direct action. The
two large centralized energy systems, electricity and petroleum (state-owned) were consolidated. The
consolidation bolstered the development of the country's main industries and engineering service
infrastructure. Table 4 shows the historical energy statistics.

Since the 1940's, anhydrous alcohol extracted from the sugar cane has been added to gasoline,
at first only in small quantities. During the first oil crisis in 1973, the percentage of anhydrous alcohol
was increased, reaching approximately 14% in 1992. In order to carry out a National Alcohol
Programme (1975), Brazil developed a technology for direct use of hydrous alcohol (containing about
4% water) in automobile engines. Since 1977, alcohol production and consumption have been rising
rapidly. In 1991, about 43 per cent of the Brazilian cars were alcohol fuelled.

96 BRAZIL



During the 1960's and 1970's the total energy production experienced a high average annual
growth rate of 12%; however, during the 1980's and early 1990's energy production growth rate
decreased considerably (3.3% per year). Primary electricity production had also a similar pattern; the
annual growth rate decreased from 10% from 1960 to 1980 to about 3% during 1980 to 2000.

Final energy consumption in Brazil reached 9.6 exajoules in 2000, a nearly eleven-fold increase
from the 1960 figure of 0.78 Exajoule. The share of liquid fuels in primary energy consumption
decreased from 69% in the 1960's to 42% in 1998. Solid fuels, primary electricity (hydro and nuclear)
and gas provided 17%, 37% and 3%, respectively, of primary energy consumption in 2000.

TABLE 4. BASIC ENERGY SITUATION

Energy consumption
- Total(1)

- Solids(2)

- Liquids
- Gases
- Primary electricity*3'

Energy production
- Total
- Solids
- Liquids
- Gases
- Primary electricity^'

Net import (import - export)
- Total™
- Solids
- Liquids
- Gases

1960

0.78
0.05
0.54

0.18

0.37
0.03
0.16

0.18

0.41
0.03
0.39

1970

2.88
1.40
1.09

0.38

2.09
1.35
0.36

0.38

0.84
0.05
0.78

1980

5.51
1.89
2.34
0.04
1.24

3.56
1.78
0.51
0.04
1.24

1.95
0.13
1.82

1990

6.89
1.69
2.80
0.15
2.25

5.27
1.38
1.72
0.15
2.01

1.50
0.31
1.19

1999

9.29
1.61
4.02
0.27
3.38

7.13
1.10
2.78
0.27
2.98

2.01
0.44
1.57

2000

9.61
1.67
4.08
0.30
3.56

7.57
1.08
3.06
0.30
3.14

2.03
0.46
1.58

Exajoule

Average annual
growth rate (%)

1960
to

1980

10.28
19.36
7.56

15.03
10.22

12.02
23.35

5.86
15.03
10.23

8.06
7.86
8.07

1980
to

2000

2.82
-0.61
2.83

10.82
5.41

3.84
-2.47
9.41

10.82
4.74

0.22
6.58

-0.71

(1> Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
(2) Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
(4) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

1.4. Energy Policy

In the last few years, a price and tariff policy not consistent with production costs and an
inadequate return on investments led to higher energy costs and decreased reliability of supply. The
effects were exacerbated by construction delays and rising construction costs in the 1980's. The
Brazilian power sector is facing deep changes during the last four years evolving two different fronts:
(i) the privatization of state owned electric companies (nuclear power generation is excluded); and (ii)
the restructuring of electric sector as a whole (deregulation).

These changes have been designed to stabilize the currency, open markets to competition and
reduce national indebtedness. The government has also decided to focus the role of the state on
policy-making and regulation than as owner of economic agents, through the national privatization
program (PND).

The main objectives of the national energy policy are orientated to: (i) conservation and
efficient use of energy, (ii) expansion of oil production and electric power supply, (iii) realistic
pricing policy, (iv) efficiency of energy production systems, (v) private enterprise participation, (vi)
use of renewable energy resources; and (vii) technical innovation.
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2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

Up until early 1960's, the Brazilian electric utilities had no central co-ordination. Operation and
planning activities were limited to independent utility requirements, resulting in isolated or poorly
integrated systems. Rapid growth in industrialization created expansion of inter-regional integration
opportunities for the electric companies outside their geographical areas. This integration gave rise to
increased supply reliability and provided economies of scale.

In 1962, the federal government established a holding company, ELETROBRAS, with the
objective of organizing, co-ordinating and planning all activities of the sector at the national level.
ELETROBRAS is attached to the Ministry of Mines and Energy. ELETROBRAS is an open
corporation with shares negotiated in the capital market. It co-ordinates the whole electricity sector
concerning the technical, financial and administrative aspects. ELETROBRAS is the major
shareholder of the federal companies and is a minor shareholder in the state-owned companies.
ELETROBRAS is also the main shareholder of ELETRONUCLEAR, the nuclear utility of Brazil.

A large utility company, Itaipu Binacional, was founded in 1973 by Brazil and Paraguay to manage
the Itaipu hydropower plant of 12,600 MW capacity located at the border of both countries. Due to
the difference in the frequencies used in both countries, the energy share sent to Brazil has to be
transformed in direct current, transmitted to a conversion centre and then reconverted to alternate
current in 60 Hz. According to the treaty that gave rise to Itaipu Binational, Brazil has to buy the
excess energy produced and not consumed by Paraguay (27,560 GW-h in 1993).

Electricity generation and transmission are run by ELETROBRAS subsidiaries, which are being
privatized and some of the state-owned utilities within the geographical limits of the states. The states
have a mix of state and privately owned companies for the distribution of electricity. The exception is
the state of Tocantins, recently founded, where electricity is supplied by a private utility. The national
electrical transmission grid has 61,539 km of 230 kV lines and 91,000 km of lines lower than 230 and
higher than 34 kV.

As of December 1996, the Brazilian electricity sector comprises 62 organizations: four
companies of the ELETROBRAS System (ELETRONORTE, CHESF, FURNAS and ELETROSUL),
27 state utilities associated to ELETROBRAS and 31 public and private utilities (see Table 5). The
federal government is responsible for electricity generation in the north and northeast regions through
two federal monopolies: ELETRONORTE and CHESF. In the remaining regions, the ELETROBRAS
System competes in the generation activities with state-owned utilities.

The current government programme for privatisation of the power sector is leading
ELETROBRAS to divest itself of its utilities with the exemption of ELETRONUCLEAR as, by the
Brazilian Constitution, nuclear power activities should belong to the state. During the privatization
process, there were 35 state & municipal distribution companies/utilities responsible for distribution
under public service concessions, covering all 26 states and the Federal District of the country.
Almost all used to be state-owned companies but now according to the new process 80% of them have
been privatized and others are in preparation to be sold. Four vertically integrated state-owned utilities
are responsible for 30% of the available energy. Four regional generation/transmission subsidiaries of
ELETROBRAS account for 38% of the available energy. The most important of these state-owned
companies are Companhia Energetica de Minas Gerais (CEMIG) in the Minas Gerais State;
Companhia Energetica de Sao Paulo (CESP) in Sao Paulo; Companhia Paranaense de Eletricidade
(COPEL) in Parana and Companhia Estadual de Energia Eletrica (CEEE) in Rio Grande do Sul.
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Following an auction in 1999, the control of the generating company Centrais Eletricas
Geradoras do Sul S.A.(Gerasul) was sold for an amount of US$ 800 million in cash, hi February
1999, shares of Eletricidade e Servicos S.A. (Elektro) were offered to the public. This company
resulted from the separation of the distribution part of CESP. Enron International, the controlling
stockholder in Elektro, purchased the shares for about US$ 216 million, a premium of 98.9% over the
minimum set auction price. Controlling stakes in the generation companies, resulting from the
separation of Companhia Energetica de Sao Paulo (CESP), Paranapanema and Tiete, were also sold.

hi 1999, the U.S. Duke Energy Corporation acquired the company Cia. de Geracao de Energia
Eletrica Paranapanema for the sum of R$ 1.23 9, a premium of 90.2% over the minimum auction price,
hi the same year, the U.S. company AES (Applied Energy Services, Inc.) acquired the company Cia.
de Geracao de Energia Eletrica Tiete for R$ 938.6 million, a premium of 30% over the minimum set
auction price.

The Power National Operator (ONS) is a private company of utilities, transmission and
distribution companies, importers and exporters of power, and power consumers, responsible for the
co-ordination and operation control of generating and transmission facilities using the interconnected
grid. The Ministry of Mines and Energy participates in NOS and has veto power in matters conflicting
with national policy.

TABLE 5. PARTICIPATION OF PRIVATE AND STATE-OWNED
COMPANIES IN THE ELECTRICITY GENERATION

COMPANY TYPE

ELETROBRAS system
State-owned Utilities
ITAEPU - Brazil's share
ITAIPU - Brazil's import
Auto-Producers
Private/Municipal

PARTICIPATION (%)
1996

40.0
36.0
9.5
9.5
4.7
0.3

PARTICIPATION (%)
1998

38.0
34.0
9.5

9.5
5.7
3.3

Source: ELETROBRAS - 1998

2.2. Decision Making Process

The institutional organization of the Brazilian electricity sector includes the Ministry of Mining
and Energy (MME) as the highest political instance, the National Electric Power Agency (ANEEL ),
created in 1996 replacing the Department of Water and Electrical Energy (DNAEE) as a normative
body, and ELETROBRAS as a planning and system expansion co-ordinator. Policy and decision
making tasks are accomplished by ELETROBRAS mainly through three committees: GCOI - Network
Operation Co-ordination Group, GCPS - Electrical Systems' Planning Co-ordination Group, and
SINTREL - National Electric Energy Transmission System.

GCOI, created in 1969, is a co-ordinating group formed by ELETROBRAS and the utilities,
that optimizes the operation of the hydrothermal system by using to a maximum extent water
resources and providing for fossil and nuclear fuel economy.

GCPS, created in 1992, is a committee in which the utilities are integrated, under the co-
ordination of ELETROBRAS. GCPS develops and updates the system's ten-year expansion plan. This
Decennial Plan is the main instrument used by the Ministry of Mining and Energy for planning the
expansion of the electric sector.

SINTREL was created in 1993, as a result of deregulation, for improving competitiveness and
increasing the participation of private capital in the sector. The utilities are in charge of the expansion,
operation and maintenance of the SINTREL's network.
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In order to adapt the Government structure to the new market trends of deregulation,
competitiveness and privatization, the National Electric System Operator (ONS), was created in
December 1997. It has the responsibility to operate, control and co-ordinate the electric energy
generation and transmission in the interconnected systems, assuring to the agents of the area a free
access to the transmission network and an equanimous treatment, through the use of impartial,
predictable and transparency operational rules.

2.3. Main Indicators

Brazil's electricity output in 2000 amounted to 357 TW-h, of which 89.4% originated from
hydroelectric sources, 8.9% from fossil fuelled plants, and 1.7% from nuclear plants (Table 6). In
2000, the electricity/energy production rate was about 45%. Per capita electricity consumption
increased from 1,653 kW-h in 1990 to 2,268 kW-h in 1999 (Table 7).

TABLE 6. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW'h)
- Total'0

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GW(e))

- Total
- Thermal
- Hydro
- Nuclear
- Byproducers

1960

22.87
4.48

18.38

4.80
1.16
3.64

-

1970

45.46
5.60

39.86

11.23
2.41
8.83

0.59

1980

139.49
10.58

128.91

33.37
5.87

27.50

2.33

1990

222.82
14.06

206.71
2.06

53.05
6.87

45.56
0.63
2.66

1999

339.13
30.16

304.99
3.98

67.26
8.02

58.61
0.63
2.99

2000

357.19
31.85

319.30
6.05

70.72
8.27

60.59
1.86

Average arm.
growth rate (%)

1960
to

1980

9.46
4.39

10.23

10.18
8.45

10.64

-

1980
to

2000

4.81
5.67
4.64

3.83
1.73
4.03

1.4
<l; Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

TABLE 7. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(1)

Load factor of electricity plants
- Total (%)
- Thermal
- Hydro
- Nuclear

1960

11
314
60

53

54
44
58

1970

30
458

20

29

46
27
52

1980

45
1,125

37

35

48
21
54

1990

47
1,653

40
1

22

48
23
52
37

1999

55
2,254

46
1

22

58
43
59
73

2000

56
2,344

45
2

21

58
44
60
37

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Database.

2.4 Impact of Open Electricity Market in the Nuclear Sector

The Brazilian electric sector is facing a restructuring that comprises the following institutional
aspects (i) the creation of the Wholesale Energy Market (WEM), with the definition of new agents,
their relationships, commercialization rules at the supply level and measures to ensure competition to
be followed by companies operating in more than one of these segments: generation, transmission,
commercialization and distribution. All generators with installed capacity above 50 MW and all
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distribution/ retailers with annual sales in excess of 100 GW-h would be required to join the WEM.
Free consumers would be entitled to join. Large consumers over 10 MW are free to choose then-
suppliers; (ii) implementation of the open access to the transmission and distribution networks
including of non captive consumers to their suppliers and the remaining systems agents; (iii) the
implementation of a new regulatory agency - National Electric Energy Agency (ANEEL); (iv) the
creation of the National Electric System Operator (ONS), and the definition of responsibilities in
regard to generation supply and basic transmission networks; and (v) the restructuring of
ELETROBRAS Post-privatization, ELETROBRAS will retain a minority interest in the privatized
companies, its 50% in Itaipu and ownership of the nuclear power plants.

The central feature of the new trading market model was the creation of the independent system
operator (ISO), an independent company responsible for the operational planning, scheduling,
dispatch and market price calculation. The trading market model was implemented in 2000, when the
functions of GCOI and CCON were transferred to ISO and the WEM was established.

At the beginning the relationship between generators and consumers/distributors will be mostly
controlled by bilateral contracts, 90% of the whole market, and just 10% will be sold on free
conditions, due to institutional restrictions. Nuclear is included at this form of contract at the same
way of Itaipu. From 2003 on, energy will be free to be trade in a competitive market, without tariffs
regulation. ELETROBRAS will commercialize the energy from Itaipu and Eletronuclear.

Now the challenge of nuclear energy in Brazil is to compete in the new market, in which tariffs
of the four federal suppliers companies in 2000 stay in the range of about 18.7 US$/MW-h for the
generation services. The actual generation costs of hydro plants are currently about 15.3 US$/MW-h
and nuclear 26.38 US$/MW-h. It is a question of competitiveness, hi the long term, nuclear energy
will be necessary in the Brazilian energy mix. It is not known, how long this period will be and
whether Brazil will be able to implement the nuclear power programme in the future to survive.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

In 1970, a decision was made to build Brazil's first nuclear power station through an
international bid. The contract of a turn-key project for a 626 MW(e) PWR reactor (ANGRA 1) was
awarded to Westinghouse Electric Corporation of the United States of America. ANGRA 1
construction started in 1971, and the first criticality was achieved ten years later.

hi 1975, in an effort to become self-sufficient in nuclear power generation, Brazil signed an
agreement with the Federal Republic of Germany to build eight 1,300 MW(e) reactors (PWR Biblis B
type) over the period of 15 years. Under this agreement, two of these units (ANGRA 2 and ANGRA
3) were scheduled for construction on the following year with most of their components imported
from Kraftwerk Union's (KWU) shops in Germany. According to this agreement, the rest of the
plants were to contain 90% Brazilian-made components. The Brazil-Germany agreement created the
Empresas Nucleares Brasileiras (NUCLEBRAS) and a Brazilian stated-owned nuclear holding
company. Additionally, several subsidiaries (joint companies) were established to achieve nuclear
technology transfer from Germany (see Table 8).

The Brazilian nuclear regulatory body is the National Nuclear Energy Commission (CNEN),
responsible for conducting the national research programme; licensing nuclear power plants and
nuclear facilities; performing regulatory activities; and training and organizing personnel, according
to the Law 4,118 of 1962. In the early 1980's, the Brazilian Navy started a nuclear propulsion
programme. Backed by CNEN, the Navy's main activity was the development of uranium enrichment
by using ultracentrifuge process. Relatively good success was achieved by the end of the decade,
which has continued through the 1990's.
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TABLE 8. NUCLEBRAS SUBSIDIARIES

COMPANY

NUCLEP*
NUCLEI*
NUCLEN*
NUCLAM*
FEC
CDTN
NUCON
NUCLEMON
CIPC

AC1WITY

Heavy Components Manufacture

Enrichment by Jet-Nozzle Process
Nuclear Power Plant Architect and Engineering
Uranium Prospection
Fuel Elements Manufacture
Nuclear Technology R&D Centre
Nuclear Power Plant Construction
Rare Earth's Production
Mining and Yellow Cake Production

*Joint Brazilian-German Companies

Due to several factors (especially financial problems) the Brazilian-German technology transfer
programme was forestalled. ANGRA 2 and ANGRA 3 construction was interrupted several times,
resulting in further delay in Brazilian nuclear programme. Due to Brazil's foreign debt and high
inflation with added pressures from privatization programme and budget cuts, the Brazilian nuclear
programme was reorganized at the end of the 1980's.

In 1988, a new company, Industrias Nucleares Brasileiras SA (MB) replaced NUCLEBRAS
and its subsidiaries, with limited authority. INB became responsible for rare earth's, mining of nuclear
minerals and yellow cake and nuclear fuel production assuming FEC, NUCLEMON and CIPC
activities. FEC, renamed as Nuclear Complex of Rezende, was transformed in an INB Directorate.
Both INB and NUCLEP, responsible for heavy equipment fabrication, became CNEN's subsidiaries.
Responsibility for the construction of nuclear power stations was transferred to the state-owned
utility, FURNAS/ELETROBRAS, incorporating NUCON activities. NUCLEN was maintained
responsible for nuclear power plant architect and engineering.

In 1997, the architect engineering company Nuclen, merged with the nuclear directorate of
Furnas, an utility responsible for the bulk supply of electricity of the most developed region of Brazil,
(included in the privatization programme) The new company named Eletronuclear - ELETROBRAS
Termonuclear S/A. is responsible for design, procurement & follow up of Brazilian and foreign
equipment's, management of construction, erection and commissioning of nuclear power plants and is
the sole owner and operator of nuclear power plants in the country. Siemens sold its 25% holding in
Nuclen to ELETROBRAS when Eletronuclear was formed. NUCLEI and NUCLAM were disbanded.

3.2. Current Policy Issues

Hydroelectric power plays a paramount role in the Brazilian electricity system while thermal
power plants (conventional and nuclear) are meagre contributors to electricity supply. Considering the
country's huge hydroelectric potential along with social and economical uncertainties, it is very
difficult to forecast further nuclear power development in Brazil. However, according to the "Plan
2015" (i.e. ELETROBRAS' National Plan for Electrical Sector Expansion to 2015), an additional
nuclear capacity of 1,300 MW(e) was planned for 2001 (commissioning of Angra 2). The
construction of the ANGRA 3 power station is being studied.

3.3. Status and Trends of Nuclear Power

The status of the Brazilian NPP is shown in Table 9. The ANGRA 1 nuclear power plant
located between Sao Paulo and Rio de Janeiro, has a net capacity of 626 MW(e). It started
commercial operation in December 1984. During the period of 1985-1989, the plant experienced two
long unscheduled outages due to problems on the main condenser and emergency diesel electric
generator. From 1990 on, the plant operated with a limited capacity factor of 55% due to preference
given to hydroelectric generation. Nevertheless, ANGRA 1 has operated at full capacity, in several
occasions, when it was necessary. In March 1993, the plant experienced problems with some fuel
rods. It resumed energy production in December 1994. ANGRA 1 plays an important role in the
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reliability of the southeast electric system (predominantly of hydro origin) assuring continuous
electric power supply to the states of Rio de Janeiro and Espirito Santo where local water resources
are virtually exhausted and power supply depends on long transmission lines. The operating
experience is given in Table 10.

TABLE 9. STATUS OF NUCLEAR POWER PLANTS

Station

ANGRA-1
ANGRA-2
ANGRA-3

Type

PWR
PWR
PWR

Capacity Operator

626 ELETRONU
1300 ELETRONU
1245 ELETRONU

Status

Operational
Operational
Suspended

Reactor
Supplier

WEST
KWU
KWU

Station

ANGRA-1
ANGRA-2
ANGRA-3

Construction
Date

Ol-May-71
Ol-Jan-76

Criticality
Date

13-Mar-82
05-Nov-99

Grid
Date

02-Apr-82
21-M-2000

Commercial
Date

Ol-Dec-84
24-Nov-2000

Shutdown
Date

Source: IAEA Power Reactor Information System as of

TABLE 10. OPERATING EXPERIENCE OF ANGRA 1

Year

1982
1983
1984
1985
1986
1987
1988
1989
1990

Energy
GW-h

51.
162.f

1545.5
3169.4

132.4
910.C
566.(

1695.1
2055.3

Average Load
Factor (%)

0.9
3.0
28.1
57.8
2.4
16.6
10.3
30.9
37.5

Year

1991
1992
1993
1994

1995
1996
1997
1998
1999
2000

Energy
GW-h

1306.4
1506.4

402.7
41.:

2333.6
2288.8
2990.0
3093.8
3631.7

3164.9

Average Load
Factor (%)

23.8
27.4

7.3
0.8

42.6
41.6
54.5
56.4
66.2
57.6

Source: IAEA Power Reactor Information System

Construction of ANGRA 2 began in January 1976, but due to financial problems the
construction of the unit has slowed down and was several times halted. The economic recovery of the
second half of the 90'sledto the acceleration of the unit's construction. On21 July2000, at 10:16pm,
ANGRA 2 was synchronized for the first time to the Brazilian interconnected electrical grid.

The reactor became critical on 14 July at 11:50 pm, after being licensed for this procedure on
the previous day by the Brazilian nuclear regulatory authority, CNEN (Comissao Nacional de Energia
Nuclear). Angra 2 trial operation (a test phase of continuous operation at a 100% power level) was
successfully completed on 21 December 2000 and, since then, the plant has been operating above
90% of its nominal capacity of 1309 MW.

The third nuclear station (ANGRA 3), a 1,245 MW(e) PWR reactor and similar to ANGRA 2,
was initiated in 1983. ANGRA 3 has about 59 per cent of the design and engineering work completed.
The civil works and electro-mechanical assemblies' activities were postponed. ELETRONUCLEAR
is developing technical and economical feasibility studies for ANGRA 3 in order to submit them to
the electric sector authorities.
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3.4. Organisational Chart
The organizational structure of Brazil's nuclear sector and the relationships among different

organizations are shown in Figure 1. The National Nuclear Energy Commission (CNEN), is the
regulatory body, which reports to the Ministry of Science and Technology ( MCT ). The Brazilian
Electricity Company (ELETROBRAS), responsible for planning and co-ordinating all activities of the
electrical sector at national level, is under the Ministry of Mining and Energy. The remaining
organizations are discussed in the following sections.

PRESIDENT OF REPUBLIC

NUCLEAR ENERGY POLICIES

MINISTRY OF SCIENCE AND
TECHNOLOGY (MCT)

PLANNING AND ADVISORY ON NUCLEAR ENERGY
POLICIES

NATIONAL NUCLEAR ENERGY COMMISSION
(CNEN)

LICENSING, STANDARD AND GUIDELINES,
INSPECTION RESEARCH AND DEVELOPMENT,

TRAINING AND HUMAN RESOURCES DEVELOPMENT

CNENJDPD
RESEARCH AND
DEVELOPMENT

CNEN/DRS
RADIATION

PROTECTION, SAFETY
AND LICENSING

BRAZILIAN NUCLEAR INDUSTRIES (INB)

DEVELOPMENT, CONSTRUCTION AND
OPERATION OF THE FUEL CYCLE PLANTS,

INCLUDING FUEL ELEMENT MANUFACTURING

MINISTRY OF MINING AND ENERGY
(MME)

ELECTRICITY PRODUCTION POLICIES

BRAZILIAN ELECTRICITY COMPANY
(ELECTROBRAS)

POWER PLANTS: PLANNING,
CONSTRUCTION AND OPERATION

ELETROBRAS
TERMONUCLEAR S/A
(ELETRONUCLEAR)

NUCLEAR POWER PLANT
ARCHITECT ENGINEERING

NUCLEAR HEAVY EQUIPMENT
(NUCLEP)

HEAVY EQUIPMENT MANUFACTURING
INCLUDING NSSS EQUIPMENT

FIG. 1. Organization Structure for Nuclear Energy Development in Brazil

4. NUCLEAR POWER INDUSTRY

4.1. Supply of Nuclear Power Plants

Two companies related to nuclear power plant engineering and component supply are active at
the nuclear sector: NUCLEP (Nuclear Heavy Equipment) as a subsidiary of CNEN and
ELETRONUCLEAR - ELETROBRAS Termonuclear S/A.

NUCLEP was established to design and fabricate heavy nuclear power plant components,
especially those used in the reactor primary circuit. NUCLEP specialises in fabrication of large
components made from alloy steels, nickel alloys and titanium alloys. It maintains modern quality
control laboratories, outfitted with precision instruments, qualified and certified according to
international standards, for mechanical, chemical and metallurgical testing.

ELETRONUCLEAR is responsible for design, procurement & follow up of Brazilian and
foreign equipment, management of construction, erection and commissioning of nuclear power plants
and is the sole owner and operator of nuclear power plants in the country.

4.2. Operation of Nuclear Power Plants

ELETRONUCLEAR is the only utility responsible for construction and operation of Brazilian
nuclear power plants ANGRA 1 and 2. The ANGRA site has a PWR/ANGRA 2 type simulator in
operation since 1985. The simulator has provided operator-training services for utilities from
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countries such as Spain, Switzerland, Germany and Argentina, which operate nuclear power plants
supplied by KWU.

4.3. Fuel Cycle and Waste Management Service Supply

Industrias Nucleares do Brasil - INB, CNEN's subsidiary, is responsible for the industrial
nuclear fuel cycle activities in Brazil, from mining and uranium concentrate production to fuel
elements fabrication. Since 1992, a uranium mine located in Pocos (Figure 2) de Caldas has been
operated with a nominal production capacity of 400tons U3O8, but in 1997 the mine was shutdown
because the high-grade ore became exhausted, and now the mine is under decommissioning.
Additional uranium deposits in Caetite, State of Bahia, and Itataia, State of Ceara have been
prospected. The Caetite deposit has reserves of 83000 tons U3O8 and a planned capacity production of
400tons U3O8 per year in 2002. The mine started operation in May 1999 with a production of lOtons/y
and is planned 150 tons/y in the second semester. The Itataia deposit has 142,000t of uranium reserves
(inferred) associated with phosphates and a schedule production of 700t/year.

FIG. 2. Brazilian Nuclear Installations

The Fuel Fabrication Plant (FEC) is located at Resende, State of Rio de Janeiro, with two units,
and has a production capacity of 280 tons of uranium per year. At present, FEC was refurbished and
produces at the unit I the fuel rods and fuel elements for Brazilian nuclear reactors. The Unit II,
responsible for pellets fabrication, is operating since June 1999 with a capacity of 120 tons of UO2
pellets /year. The UO2 powder production line, using the AUC process, and pellets fabrication are in
operation since September 1999, with an overall capacity production of 140 tons uranium per year, at
Unit II. The Fuel Fabrication Plant also produces other fuel element components, such as top and
bottom nozzles, spacer grids, and end plugs. INB also has a demonstration plant operating to produce
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rare earth oxides of very high purity (99.9%). It is capable of producing the complete spectrum of rare
earth components, from chlorides, obtained from the monazite sands, to high purity oxides. These
projects will be also developed jointly with private companies.

As part of its nuclear propulsion programme, the Brazilian Navy installed in Ipero (60 km from
Sao Paulo), a demonstration enrichment centrifuge pilot plant.

The major sources of radioactive waste producers in Brazil are the two nuclear power plants
and the Monazite processing industry. The waste generated by the uranium mining and milling
industrial complex, although significant in volume, is kept at the site, in a dam specially built for this
purpose. The waste management policy takes into account both the accumulated and projected waste
generated by the above mentioned facilities and the existing 3,500 cubic meters of Caesium-137 waste
produced as a result of the decontamination work performed in Goiania, following the 1987 accident
that involved a 1,375 Curie teletherapy source.

The National Nuclear Energy Commission, CNEN, is responsible for regulation and final
disposition of radioactive waste. Political and psychosocial aspects related to the subject of
radioactive waste disposal, specially the "not-in-my-back-yard syndrome", contribute to the
difficulties faced by the Brazilian Government when decisions concerning radioactive waste
management are to be taken.

CNEN has the responsibility for the regulation and final disposal of radioactive waste. There
are no plans for the management of high level wastes. The spent fuel from Angra 1 is currently stored
in ponds on site. Wastes from CNEN, industrial and medical installations and wastes from the
accident at Goiania are stored in a special repository at Abadia, Goias.

The waste generated by the uranium mining and milling industrial complex, located at the
Pocos de Caldas plateau in the Brazilian state of Minas Gerais, is kept in a 29.2 hectares dam system,
specially built for this purpose with an actual volume of one million cubic metres. It is estimated that
4.8 Tbq (130 Ci) of U23S and 15 Tbq (405 Ci) of Ra226 have been deposited at this site. The chemical
processing of monazite sands to extract rare earth elements, is a significant source of thorium, a
nuclear material with no planned short-term application, and a complex compound of Ra228 with
barium sulphate, called "mesothorium", with no foreseeable use. There is, presently, about 300 metric
tons of "mesothorium" with an estimated Ra228 activity of 1.85 Tbq (50 Ci) in a provisional storage
facility waiting for final disposal. The material containing thorium hydroxide, separated from the rare
earth elements during monazite processing, although not formally classified as waste, is also stored. It
amounts, approximately, to 17,000 metric tons. Since the Brazilian authorities have not ruled out the
reprocessing option, spent fuel is not classified as high-level radioactive waste.

Because the Brazilian reprocessing programme has not been clearly defined, the ANGRA 1
spent fuel is temporally stored on-site, in the reactor basin. As of December 1994, 67.5 metric tons of
spent fuel (164 fuel elements) was stored in racks at the on-site reactor basin of ANGRA 1 nuclear
power plant and 0.06 metric tons of spent fuel from one of the research reactors under storage
conditions. The utility, FURNAS, is conducting studies related to the design of super compact racks
with a planned capacity of 1,252 fuel assemblies to increase the storage capacity of the on-site reactor
basin. Presently, there are no firm plans concerning the management of high-level nuclear waste.

4.4. Research and Development Activities

The National Nuclear Energy Commission (CNEN), created in 1956, has a twofold mission: to
regulate, license and inspect the peaceful use of nuclear energy and to promote, orient and co-ordinate
research and development in all areas related to nuclear energy. CNEN comprises three directorates
whose responsibilities are:
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i) Directorate of Administration and Infrastructure (DAL): human resources, administration and
information management, financial reporting and control;

ii) Directorate of Research and Development (DPD): fuel cycle and materials, reactor technology,
radiation utilization, radioisotopes application and production, instrumentation and control,
safety, nuclear physics and chemistry, etc.;

iii) Directorate of Radiation Protection and Safety (DRS): Radiation protection, safety, control and
licensing of nuclear power plants and other nuclear installations.

During the last decades, four large research nuclear centres were established for carrying out
R&D in nuclear sciences and engineering. Research reactors, accelerators and various R&D
laboratories, including pilot plant facilities, were progressively set up in these centres. These four
research centres are:

IPEN (Sao Paulo) - Institute for Energy and Nuclear Research

— Research Reactors: 2 (one 5 MW/pool type and one zero power reactor/tank type)
— Cyclotron

Radioisotopes Production (99mTc; 131I; 121I; etc.)
— Research on fuel cycle and materials; reactor technology; safety; fundamentals; radiation

and radioisotope applications; etc.

IEN (Rio de Janeiro) - Institute for Nuclear Engineering

Research Reactor: 1 (100 kW, ARGONAUTA)
— Cyclotron
— Research on fast reactor; instrumentation and control; fundamentals.

CDTN (Belo Horizonte) - Centre for Nuclear Technology Development

Research Reactor: 1 (250 kW, TRIGA)
— Research on mining; reactor technology; materials, safety; chemistry; environment

technology.

IRD (Rio de Janeiro) - Institute for Radiation Protection and Dosimetry

— Research on radiation protection and safety; environmental technology.

Within CNEN organizational chart IPEN, IEN and CDTN institutes report to the Directorate of
Research and Development white IRD institute reports to the Directorate of Radiation Protection and
Safety.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

The agreement signed with the Federal Republic of Germany in 1975 included clauses for
technology and know-how transfer in all areas of the nuclear technology, including enrichment
process, called "jet-nozzle", then in a development stage. The agreement included training of
Brazilian personnel in German industries, laboratories and universities.

Under the sponsorship of International Atomic Energy Agency, Brazil has been participating in
many technical assistance programs, advisory groups and symposium meetings. Brazil has technical
co-operation agreements with other countries, like the United States of America, France, Argentina
and China in exchange of information on nuclear safety and radiological protection, computer codes
development and assessment, training, radioactive waste management and radioactive materials
transportation.
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5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

The governmental organization responsible for the licensing of nuclear power plants (NPPs)
and other nuclear installations in Brazil is the National Nuclear Energy Commission (CNEN). In
August 1962, with the enactment of law No. 4,118, a National Policy on Nuclear Energy was
established with the Government monopoly of nuclear materials and minerals.

The process involves the issuance of five licenses or authorizations as listed below:

In the early 1970's, due to the needs of the Brazilian Nuclear Power Programme, three
experimental standards were issued by CNEN on Site Selection, Licensing Process and Radiological
Protection, the Resolucao CNEN 09/72, CNEN 06/72 and CNEN 06/73. An extensive set of rules and
standards, as listed under section 5.2, regulate the nuclear activities in Brazil. CNEN licenses nuclear
installations. The process involves the issuance of five licenses or authorizations as listed below:

• Site Approval;
• Construction Permit;
• Nuclear Material Utilization Authorization;
• Initial Operation Authorization; and,
• Permanent Operation Authorization.

Standard CNEN-NE-1.04 establishes the requirements for the licensing process. The Initial
Operation Authorization is issued with some temporary conditions and the Permanent Operation
Authorization (POA) is limited to 40 years. A Periodic Safety Reassessment is conducted every ten
years of operation, when the conditions of authorization can be modified or extended. In January 1999
a law establishing fees and taxes for license and operating authorization was approved by the National
Congress and signed by the President of Brazil (Law 9,765/99). It establishes a fee of US$
2,700,000.00 for an operating license and an annual fee of US$ 450,000.00 per operating unit. These
fees will be directed to a special account to be used by CNEN in its activities, but not for salaries of
the staff, which is provided by governmental funds.

In 1981, the Environmental Policy Law was promulgated and, from 1983 to 1989, CNEN was
also responsible for conducting the environmental licensing of nuclear installations. In 1989, the
Brazilian Institute of Environment (IBAMA) was created and designated to conduct the
environmental licensing of all installations, including nuclear facilities.

During the operational phase of nuclear facilities periodic safety reports are required.
Regulatory safety assessment is conducted by CNEN through the review of the licensee's reports as
well as through periodic inspections. On-site resident inspectors are assigned for permanent
supervision of operational safety.

5.2. Main National Laws and Regulations

The National Congress approves the main legislation. CNEN's regulations and standards are
based on IAEA standards, commonly used by many nations. The main laws and standards used in
Brazil are:

• Law No. 4,118: National Policy on Nuclear Energy, 1962.
• Law No. 6,189: CNEN's Set-up as Regulatory and Licensing Federal Authority, 1974.
• Law N° 9, 765; Licensing, control and fiscalization tax for nuclear and radioactive materials

and the utilities, 1999.
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CNEN's main standards are:

• CNEN-NE.1.04:

• CNEN-NE.1.16:

• CNEN-NE.1.01:

• CNEN-NN.1.12:

• CNEN-NE.1.14:

• CNEN-NN.1.15:

• CNEN.NE.2.01:

• CNEN-NE.2.02:

• CNEN-NE.2.03:
• CNEN-NE.3.01:
• CNEN-NE.5.02:

Licensing of Nuclear Installations, 1984.

Quality Assurance for Nuclear Power Plants, 1984.

Licensing of Nuclear Reactors Operators, 1979.

Qualification of Independent Technical Supervisory Organisation, 1981.

Operating Reports of Nuclear Power Plants, 1983.

Independent Technical Supervisory in Quality Assurance Activities for

Nuclear Power Plant, 1983.

Physical Protection of Operational Units of Nuclear Installations, 1981.

Nuclear Material Control and Safeguards, 1982.

Fire Protection in Nuclear Power Plants, 1988.
Basic Limits, for Radiological Protection, 1988.
Transport Storage and Handling of Nuclear Fuels, 1989.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

IAEA Statute Signature:

Amendments to the Article VI and XIV Not signed
of the IAEA Statute

• Agreement on privileges and
immunities

• Quadripartite safeguards agreement
INFCIRC/435

• Additional protocol

• Safeguards agreement Brazil/Germany
INFCIRC/237

• Safeguards agreement Brazil/USA
INFCIRC/110

• Amendment to the safeguards
agreement Brazil/USA

• Supplementary agreement on provision
of technical assistance by the IAEA

• ARCAL

• New ARCAL Agreement

MAIN INTERNATIONAL TREATIES

• NPT

Entry into force:

Entry into force:

Not signed

Suspension signed:

Entry into force:

Signature:

Entry into force:

Entry into force:

Signed:

Entry into force:

26 October 1956

13 June 1966

4 March 1994

16 October 1998

31 October 1968

27 July 1972

27 February 1991

September 1984

4 August 1999

18 September 1998
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Tlatelolco Treaty
Amendment of the Treaty

Convention on the physical
protection of nuclear material

Convention on early notification of
a nuclear accident

Convention on assistance in the
case of a nuclear accident or
radiological emergency

Vienna convention on civil liability
for nuclear damage

Paris convention on civil liability
for nuclear damage

Joint Protocol

Protocol to amend the Vienna
convention on civil liability
for nuclear damage

Ratified
Ratified:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Not applicable

Non-Party

Not signed

29 January 1968
30 May 1994

8 February 1987

4 January 1991

4 January 1991

26 June 1993

• Convention on supplementary
compensation for nuclear damage

• Convention nuclear safety

• Joint convention on the safety
of spent fuel management and on
the safety of radioactive waste
management.

OTHER RELEVANT INTERNATIONAL TREATIES

Not signed

Entry into force:

Signature:

• ZANGGER Committee

• Improved procedures for designation
of safeguards inspectors

• Nuclear suppliers group

• Nuclear export guidelines

• Acceptance of NUSS Codes

• Treaty for prohibition of experiences
with nuclear weapons in the atmosphere,
cosmic space and under water

• Partial test ban treaty

Non-member

Not accepted

Member

Not adopted

No replay

Signature:

Entry into force:

2 June 1997

31 October 1997

5 August 1963

15 December 1964
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• ILO Convention

• Technical assistance agreement
between UN, its specialised
agencies and the IAEA

• Treaty on the prohibition of the
installation of nuclear weapons and
other lethal weapons in the seabed, deep
ocean floor and sub-seabed.

• Convention on civil liability in
the field of maritime carriage of
nuclear material

• Convention on prevention of marine
pollution by dumping of wastes
and other materials

• Convention on the control of
movement of dangerous wastes and
their deposits

MULTILATERAL AGREEMENTS

• Antarctica Treaty

• Treaty for prohibition of nuclear
weapons in Latin America

BILATERAL AGREEMENTS:

• Co-operation agreement concerning
peaceful uses of nuclear energy

• Co-operation agreement concerning
peaceful uses of nuclear energy

• Co-operation agreement in the field
of peaceful uses of nuclear energy

• Agreement concerning nuclear ships
in Brazilian waters

• Co-operation agreement concerning
peaceful uses of nuclear energy

• Co-operation agreement concerning
peaceful uses of nuclear energy
between CNEN and the Nuclear
Research Centre in Karlsruhe

• Special agreement between CNEN
and the Research Centre in Julich

Signature:

Signature:

Signature:

Signature:

Signature:

Signature:

Signature:

Signature:

Paraguay

Bolivia

Ecuador

Germany

Germany

Germany

7 April 1964

29 December 1964

3 September 1971

17 December 1971

29 December 1972

16 June 1992

1 December 1959

9 May 1967

18 August 1961

11 January 1966

11 June 1970

7 June 1972

27 June 1975

8 March 1978

Germany 8 March 1978
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Assistance in establishing the
conditions of the application of
uranium hexafluoride

Agreement for the co-operation on
the peaceful uses of nuclear energy

Co-operation agreement concerning
peaceful uses of nuclear energy

Co-operation agreement in the field
of peaceful uses of nuclear energy

Memorandum of understanding

Co-operation agreement in the field
of peaceful uses of nuclear energy

Co-operation agreement concerning
peaceful uses of nuclear energy

Technical co-operation agreement

Memorandum of understanding on
co-operation in the field of peaceful
uses of nuclear energy

Co-operation agreement concerning
peaceful uses of nuclear energy

Agreement concerning early
notification and mutual assistance in
case of nuclear accident or
radiological emergency

Agreement concerning peaceful
uses of nuclear energy

Application of safeguards

Agreement on the privileges and
immunities

Co-operation agreement in the field
of peaceful uses of nuclear energy

France

Colombia

Peru

Italy

Great Britain

Spain

Venezuela

USA

China

China

Argentina

6 January 1981

12 March 1981

26 June 1981

29 July 1981

2 December 1981

12 May 1983

30 November 1983

6 February 1984

29 May 1984

11 October 1984

18 July 1986

Argentina

Argentina

ABACC

Russian Federation

18 July 1991

13 December 1991

27 March 1992

15 September 1994
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY A UTHORITY

National Nuclear Energy Commission
Rua General Severiano 90, BOTAFOGO
222290-900 - Rio de Janeiro-RJ, Brazil

NUCLEAR ENERGY COMMISSION INSTITUTES

Centro de Desenvolvimento de Tecnologia Nuclear (CDTN)
Prof. Mario Werneck, S/N°, Cidade Universitaria
30161-970 - Belo Horizonte-MB, Brazil

Institute) de Engenharia Nuclear, IEN
Cidade Universitaria Ilha do Fundao
21945-970 - Rio de Janeiro-RJ, Brazil

Institute) de Pesquisas Energeticas e Nucleares (IPEN)
Travessa "R", 400
Cidade Univesitaria
05508-900 - Sao Paulo - SP, Brazil

Institute de Radioprotecao e Dosimetria, IRD
Av. Salvador Allende, S/N0' Barra da Tijuca
22780-160 - Rio de Janeiro - RJ, Brazil

OTHER NUCLEAR ORGANIZATIONS

Industrias Nucleares Brasileiras (INB)
R. Mena Barreto, 161
22271-100 - Rio de Janeiro-RJ, Brazil

Eletrobras Termonuclear S/A (ELETRONUCLEAR)
Rua da Candelaria 65
20091-020 - Rio de Janeiro - RJ, Brazil

Nuclebras Equipamentos Pesados S/A (NUCLEP)
Av. Gal, Euclides de Oliveira Figueiredo, 200, Itaguai
23825-410 - Rio de Janeiro-RJ, Brazil

Brazilian-Argentine Agency for Accounting and
Control of Nuclear Materials (ABACC)

Nuclear Energy Association of Brazil (ABEN)

Agriculture Nuclear Energy Center (CENA)

Nuclear Fuel Generation
National Synchrotron Light Laboratory (LNLS)

Tel: (5521)2756597
Fax: (5521)5462316
http://www.cnen.gov.br/

Tel: (5531)499 3261
Fax: (5531)499 3444
http ://www.uran co .cdtn .far/

Tel.: (5521) 280 6830
Fax: (5521)590 2692
http://www.ien.gov.br/

Tel.: (5511)816 9000
Fax: (5511)212 3546
http://www.ipen.gov.br/

Tel.: (5521)442 1927
Fax: (5521) 442 1950
http://www.ird.gov.br/

Tel.: (5521)552 1845
Fax: (5521)286 8261

3 ://www.inb.gov.br/

Tel.: (5521) 588 7000
Fax: (5521) 588 7200
http ://www. eletronuclear. gov .br/

Tel: (5521) 688 2056
Fax: (5521)688 3011
http://www.nuclep.gov.br/

http://www.abacc.org/

http://www.alternex.com.br/~aben/

http://www.cena.usp.br/

http://www.lnls.br/
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BULGARIA
1. GENERAL INFORMATION

1.1. General Overview

Bulgaria is a country situated in the south-eastern Europe and it occupies the biggest part of the
Balkan peninsula. The northern border of Bulgaria continues for 470 km on the Danube River and
later in south-eastern direction to the Black Sea for about 139 km on land. In eastern direction,
Bulgaria borders the Black Sea while to the south there is a 752 km long border with Turkey and
Greece. To the west, the country has a border with the Former Yugoslav Republic of Macedonia and
Yugoslavia. Within these borders, Bulgaria has 110,975 km2 surface, including an altitude correction.

The demographic situation in the country is characterized with a clear tendency of decrease in
the population (Table 1). For the period between 1985 and 1998, the population has decreased by
719,509 people (8.0%). At the end of 1994, the population of the country numbered 8.43 million
people and population density of 76 persons per square kilometre. There exists a negative trend in the
change of the population, which was for 1990 -0.4%; for 1991 -1.7%; for 1992 -2.2%; and for 1993 -
2.9%; see Figure 1, which shows the birth and death rates from 1992 to 2000. According to the
National Institute of Statistics, the total number of the population is expected to decrease by another
320,000 (319,392) people around the year 2000, compared to 1993 (Table 2 and Figure 2).

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

7.9
71
38

111.0

1965

8.2
71
38

1970

8.5
77
53

1975

8.7
77
53

1980

8.9
80
63

1985

8.9
80
63

1990

8.7
78
67

1999

8.0
73
69

2000

7.9
72
68

Growth
rate (%)

2001

-0.5
-0.5

Source: IAEA Energy and Economic Database; Country Information.
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FIG. 1. Birth and Death Rate of the Bulgarian Population
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Year
1993
1994
1995
1996
1997
1998
1999
2000
2001

TABLE 2. POPULATION

Total
8,459,763
8,427,418
8,384,715
8,340,936
8,283,200
8,230,371
8,190,900
8,149,500
7.974.000

OF BULGARIA (1993
Inhabitants

Men
4,151,638
4,129,966
4,103,368
4,077,501
4,044,965
4,014,071
3.964.042
3.944.006
3.889.000

- 2000)

Women
4,308,125
4,297,452
4,281,347
4,263,435
4,238,235
4,216,300
4.226.857
4.205.493
4.085.000

Source: Country Information.
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FIG. 2. Population of Bulgaria (1993 - 2001)

Bulgaria has four distinct seasons, which create changes in the demand for energy and in
particular for electricity. The annual fluctuation of Bulgarian's electric power demand has one peak
period in winter, which has been identified to be the result from using electricity for space heating.
The average temperature of 12°C, below which space heating is necessary, lasts about 200 days. The
average temperature in November is 5.1°C, in December - 0.0°C, in January -1.8°C, in February —
0.3°C, in March 4.6°C.

1.2. Economic Indicators

Table 3 shows the historical Gross Domestic Product (GDP) data from the IAEA Energy and
Economic Database (EEDB) in USD. GDP in 1998 was 21 577 billion levs at current prices, which
amounts to 112 325 million levs at 1991 prices. The economic crisis of 1996 and 1997 led to a decline
in real GDP, which dropped by -10.1% and -7.0% respectively. The economy picked up again in
1998, with real growth estimated at 3.5% and remained on that level. Figure 3 shows the real GDP
index for 1990 through 2006, where 1990 was taken as the base year.

1.3. Energy Situation

1.3.1 Current status
Bulgaria has very few domestic energy resources (Table 4). Proven oil and gas reserves for the

country have declined for a number or years and are only about 5 million tons of oil equivalent, hi
fact, it is less than six months normal hydrocarbon consumption for Bulgaria. Hydropower potential is
also limited since most of Bulgaria's rivers are small and the only large river, the Danube, has a small
drop in altitude where it forms Bulgaria's northern border with Romania. Largely because of this
constraint, hydro capacity accounts for about 12% of the country's total installed generating capacity
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and an even smaller percentage of generation. The actually utilized hydropower capacity of the
country is about 33% of the technically possible capacity.

TABLE 3. GROSS DOMESTIC PRODUCT (GDP)

GDP(1)

GDP (2) per capita
GDP by sector (%) :

-Agriculture
-Industry
-Services

1970

6,619
780

N/A
N/A
N/A

1980

19,993
2,256

14
54
32

1990

20,726
2,377

18
51
31

1991

7,625
887

15
47
38

1992

8,603
1,014

12
45
43

1993

10,833
1,279

10
39
51

1994

9,708
1,150

12
38
51

1995

13,106
1,558

13
31
56

1996

9,831
1,189

15
28
57

1997

10,141
1,224

24
26
50

1998

12,257
1,489

21
29
50

1999

12,405
1.514

17
27
56

2000

11,990
1.471

14
28
58

Growth
rate (%)

1980
to

1998
-2.7
-2.3

2.8
-4.0
2.5

(1) Millions of current US$. (2) Current US$.
Source: IAEA Energy and Economic Data Base; Data & Statistics/The World Bank; Country Information.
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FIG. 3. Index of the real Gross Domestic Product of Bulgaria

TABLE 4. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

19.26

Liquid

0.08

Gas

0.14

Uranium(1)

4.26

Hydro (2)

2.51

Exajoule
Total

26.24
(1>This total represents essentially recover reserves.
(2) For comparison purposes, a rough attempt is made to convert hydro capacity to energy by multiplying the gross theoretical
annual capability (World Energy Council - 1998) by a factor of 10
Source: IAEA Energy and Economic Database

The country has significant but very low-grade coal reserves (Table 5). The mineable reserve
amount to around 2.6 billion tons including lignite, of which 2.2 billion tons are situated in the
Maritsa East deposit. The production in 2000 amounted to about 26 million ton per year (Table 6 and
Figure 4). About 90% of these reserves have a heating value of only 1 200-1 500 kcal/kg, which is 20-
25% of the heating value of internationally traded, steam coal. In addition, these lignite reserves have
a very high sulphur content. Consumption of coal in Bulgaria reached its historically highest level in
1987. In that year, 40.5 million tons of coal were consumed.

Bulgaria imports almost all of its petroleum since domestic production is negligible, for
example in 1997 domestic production was 27.800 tons of oil and 35 million cubic meters of gas.
Imported petroleum is in the form of crude oil and is being refined in Bulgaria or directly imported as
products. Typically, about 90% of petroleum are imported as crude and most of the rest is imported as
heavy fuel oil. Bulgaria has three refineries located respectively at Burgas, on the Black Sea Coast,
and at Pleven and Ruse on the Danube plain in the northern part of the country. The Burgas refinery
accounts for about 85% of the country refining capacity with the other two refineries being very small
with insertion economics.
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TABLE 5. BULGARIA COAL RESERVES

Lignite
Sub-bituminous coal
Bituminous
Anthracite

Mineable
Reserves (million tons)

2350
210
10
1

Present Production
(million tons/year)

28
5

<1
<1

Lifetime
(years)

85
40
40
20

Source: Country Information.

TABLE 6. STRUCTURE OF THE COAL PRODUCTION IN BULGARIA
million tons

Bituminous
Sub-bituminous
Lignite
Total

1993
0.263
3.419

25.350
29.032

1995
0.195
3.187
27.449
30.831

1996
0.138
3.060

28.104
31.302

1997
0.102
2.677

26.929
29.708

1998
0.079
2.902

27.117
30.098

1999
0.099
2.589
22.586
25.274

2000
0.101
2.603
23.715
26.419

Source: Country Information.

Present production (mill.t/year)

D lignite
• Antracite
• Sub-bitum.

FIG. 4. Structure of the coal production in Bulgaria

Bulgaria on average consumes about 5.5 billion cubic meters of gas per year. This represents
17-20% of its energy requirements. In recent years decrease of gas consumption is observed. Almost
all of the gas is used by industry. The largest user was the energy sector, which uses the gas to
generate heat and to produce electricity, i.e. 41% of total gas consumption in 2000. Most of the gas
used in Bulgaria is imported from the Russia. Domestic production of natural gas in 1999 was 27,267
thousand m3 and currently has been less than 1% of Bulgaria's supply. Alternatives to Russian
supplies are very limited.

In order to fulfil Decree No 162, August 20, 1992, and Decree No 56, March 29, 1994 of the
Council of Ministers, the technical liquidation of the uranium mining sites have been completed. The
liquidation of the processing plants have been finalized. By 2002, the projects of technical and
biological re-cultivation of the uranium mining regions shall be completed, and by 2005 - sanitary
treatment and safeguarding of the tailings ponds of the processing plants. Special attention shall be
paid to the regions of Buhovo, Eleshnitsa and Sliven, where the damages to the environment are most
markedly pronounced, and where their effect on the population is the most direct. In parallel to
performance of the re-cultivation and sanitary treatment projects, the required treatment facilities for
purification of radionuclide polluted waters and monitoring networks will be built in the uranium
mining regions. For performance of the projects in these regions, we will depend on the co-operation
and assistance of the European Union and the PHARE Programme, especially to avert the danger of
cross-border water pollution.
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The energy intensity of Bulgarian Gross Domestic Product (GDP) does not appear to have
decreased, with energy consumption and output roughly at the same rate. However, this pattern should
start to change as the economic restructuring occurs and as relative energy prices continue to increase.
Reduction of energy consumption and, therefore, of net energy imports is likely to be an important
component of any improvement of Bulgaria's balance of trade. Table 7 shows the national primary
energy data (production, primary energy balance and consumption) in their typical units and Table 8
the IAEA Energy and Economic Database (EEDB) energy statistics in exajoules.

TABLE 7. NATIONAL PRIMARY ENERGY DATA

Energy Source

Primary energy
Hard Coal
Lignite
Brown Coal
Oil
Natural Gas
Hydro
Wood

Primary energy
Production
Import
Export
Bunkers
Stock Changes (+. -)
Total

Energy consumption
Hard Coal
Lignite
Brown Coal
Oil
Natural Gas
Hydro
Nuclear Fuel
Net Electricity
Wood

Unit

Mt
Mtt
Mt
Mt

Gm3

TW'h
Mm3

Mtoe
Mtoe
Mtoe
Mtoe
Mtoe
Mtoe

Mt
Mt
Mt
Mt

Gm3

TW-h
Mtoe
TW-h
Mm3

1993

0.26
25.35
3.42
0.03
0.04
1.94
1.72

9.23
12.93
0.68
0.52
0.17

22.23

4.94
25.62
3.66
5.70
4.79
1.94
3.73
0.11
1.72

1994

0.17
25.43
3.16
0.04
0.06
1.51
1.82

9.47
13.15
2.02
0.52
0.37

21.49

3.86
25.78
3.34
6.11
4.81
1.51
4.08
-0.41
1.82

1995

0.19
27.45
3.19
0.04
0.05
2.51
1.79

10.70
14.82
2.27
0.51
-0.26
23.49

3.43
27.68
3.19
6.49
5.78
2.51
4.53
-0.83
1.79

1996

0.14
28.10
3.06
0.03
0.04
2.98
2.39

10.68
14.06
1.80
0.15
-0.55
22.54

3.53
27.87
2.54
5.59
5.89
2.98
4.75
-0.94
2.39

1997

0.10
26.93
2.68
0.03
0.04
2.93
2.39

10.29
12.08
1.92
0.48
-0.13
21.06

4.13
27.17
3.11
4.95
4.66
2.93
4.66
-3.88
2.39

1998

0.08
27.12
2.90
0.04
0.02
3.10
4.45

10.54
11.71
1.64
0.07
-0.04
23.91

3.48
26.68
3.05
4.75
3.65
3.09
4.72
-3.64
4.34

1999

0.10
22.59
2.58
0.04
0.03
2.75
4.43

9.41
10.93
2.00
0.01
0.32
22.67

3.09
22.99
2.66
4.41
3.37
2.75
4.35
-1.95
4.28

Source: Country Information.

The pattern of energy use in Bulgaria is significantly different from the West. The main area of
difference is in the direct use of gas. In most western industrial countries households and the service
sector use gas. In Bulgaria, gas is almost entirely used in the industrial sector and in power generation,
including district heating plants (many plants being combined heat and power or CHP plants), with a
negligible amount being used in services and households. Furthermore, this pattern of usage will not
change rapidly since Bulgaria lacks a distribution network for gas so that it cannot currently be
supplied to most households and commercial establishments. Indirectly, of course, the household and
service sectors use some gas since a small part of the electricity they consume and most of the heat
supplied by district heating plants, comes from gas. Even considering this indirect use, however, the
use of natural gas in Bulgaria is still heavily skewed towards the industrial sector.

1.3.2. Bulgarian National Energy Development Strategy until 2010

The main objectives guiding the energy development are:

• maintaining the nuclear safety at the acceptable level;

• continuous and safe coverage of the national energy needs with minimum public cost;
• providing energy independence for the country;
• improvement of energy effectiveness;
• ecologically oriented development;
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establishment of competitive internal energy market;
integration of the Bulgarian energy system and energy market with that of the EC.

TABLE 8. ENERGY STATISTICS
Exajoule

Energy consumption
- T o t a l ' "
- Solids (2)

- Liquids
- Gases
- Primary electricity ( 3 '

Energy production
- Total
- Solids
- Liquids
- Gases
- Primary electricity<3)

Net import (Import - Export)
- Total
- Solids
- Liquids
- Gases

1960

0.26
0.20
0.04

0.02

0.22
0.19
0.01

0.02

0.04
0.01
0.03

1970

0.75
0.37
0.35
0.02
0.02

0.28
0.23
0.01
0.02
0.02

0.47
0.14
0.33

1980

1.10
0.40
0.42
0.15
0.13

0.35
0.23
0.01
0.01
0.10

0.74
0.18
0.42
0.14

1990

1.21
0.41
0.39
0.23
0.18

0.41
0.26

0.15

0.73
0.15
0.35
0.23

1999

0.78
0.31
0.19
0.15
0.14

0.40
0.22

0.18

0.43
0.10
0.19
0.15

2000

0.79
0.31
0.18
0.14
0.17

0.45
0.22

0.22

0.41
0.10
0.17
0.14

Average annual
growth
1960
to

1980

7.52
3.61

12.19

10.37

2.34
0.99
1.61

8.63

15.47
16.98
13.40

rate (%)
1980

to
2000

-1.63
-1.25
-4.27
-0.36
1.18

1.29
-0.22

-10.30
-9.54
4.31

-2.91
-2.87
-4.35
-0.16

(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
(2) Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind +Net import.
Source: IAEA Energy and Economic Database.

The basic economical factors that influence the energy consumption in the country are:
• reducing the share of the industry;
• closing down of the non-effective productions;
• increasing the share of the productions having relatively low energy consumption;
• liberalization of the price of energy resources.

All that will be carried out in parallel with the implementation of the national policy for energy
effectiveness in both the industry and the consumption sectors. According the national strategy, the
expected energy consumption will grow as cited in Tables 9 and 10. However, the energy strategy is
currently under review.

TABLE 9. EXPECTED ENERGY CONSUMPTION
PJ (million toe)

1996
577(19,7)
577(19,7)

Development
Basic scenario
Minimum scenario

2000
623 (21.2)
611(20.9)

2001
640(21.8)
622(21.2)

2005
720 (24.6)
670 (22.9)

2010
785 (26.8)
713 (24.3)

Source: Country Information.

TABLE 10. RATIO OF EXPECTED ENERGY CONSUMPTION AND GDP

Year
1996
2000
2001
2005
2010

Dimension
tonnes of reference fuel / million $
tonnes of reference fuel / million $
tonnes of reference fuel / million $
tonnes of reference fuel / million $
tonnes of reference fuel / million $

Basic Scenario
1978
1825
1788
1607
1256

Minimum Scenario
1978
1927
1857
1665
1332

Source: Country Information.
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1.4. Energy policy

The energy strategy of the Republic of Bulgaria is based on the national priorities and
corresponds to the new lasting positive political and economic trends in the country as well as to the
requirements of the European guidelines, the principles of market mechanisms and the Government's
Programme. It is determined by the requirements for ensuring sustainable economic growth, and
raising the living standard. The strategy has been developed in conformity with the natural and
geographic factors determining the inherent role of the country in this region, and the optimal mix of
energy resources used in accordance with the specific conditions.

The main goals of the Bulgarian energy industry are focused in energy efficiency improvement,
integration of the national energy system and energy market into the European ones, guaranteed
nuclear safety and establishment of a competitive domestic energy market. Special attention is paid on
observing International Regulation in the nuclear power sector and on nuclear safety of the Kozloduy
NPP. The EU essentially requires to find a solution for long-term storage of radioactive waste.

The energy sector is a determinative section of the Bulgarian industry, especially taking into
account that its structure and development are based predominantly on imported energy sources and
Bulgarian Lignite Coal. Moreover, the development of the sector is highly dependent on our
geopolitical location on the Balkan Peninsula and in Europe. In this complicated stage of its
development, Bulgaria unambiguously proves the willing to conform to the priorities of European
Union and make the needed steps for technical and political integration with these structures.

The main goal of the Energy Industry is to provide fuel and energy for the country with least
cost generation, transmission and distribution, observing the requirements for environmental
generation and mining according to the nuclear safety level and to following continually the reform
direction of the sector in order the market principles to be established. During the transition period
and according to the stated intention of the country to be a Member of the European Union, Bulgarian
Energy Industry fulfils its main goal satisfying the fuel and energy needs of the population and
industry at affordable social price. At the same time, a structural reform will start in all energy
subsections following the goals of the European Union to stimulate the competition, provide reliable
power supply and protect environment. The main direction during the whole process of preparation
for integration with the European Union is to harmonize the Bulgarian Energy Policy with the policy
of the European Union and with the legislation and structural reforms as a way for closer relations and
integration with the European structures.

As a country with limited energy resources, the basis of the energy sources of Bulgarian Energy
Sector is too large - solid fuel, nuclear power, natural gas, hydro resources and utilization of the new
energy sources. This multiformity will be kept for the future and the specific priorities of the country
will be determined as follows:

i) to increase the energy independence of the country;
ii) rational utilization of the local energy resources;
iii) reliability of the power supply;
iv) interconnection to the European Electric Power and Gas Networks.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

The structure of the energy sector is shown in Figure 5.
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FIG. 5. Organization of the Energy Sector

2.2. Decision Making Process

The energy policy of the Bulgaria was developed and implemented by the State Agency of
Energy and Energy Resources (SAEER). The SAEER has obligations to propose a strategy of energy
development and efficient utilization of energy and energy resources to be carried by the Council of
Ministers and passed with a resolution of the National Assembly. For nuclear, SAEER manages the
Radioactive Waste Safety and Storage Fund and the Nuclear Facility Decommissioning Fund.

State regulation in the field of energy was by the State Energy Regulatory Commission (SERC).
The Commission has obligations for developing instruments and take the required steps to issue the
permits and licenses provided by the Energy and Energy Efficiency Act. The SERC issued licenses
for construction of generation capacities, heat transmission systems, gas transmission systems, natural
gas storage facilities, direct power lines and gas pipelines, and for decommissioning of energy
facilities. In the process of performing its regulatory functions under the Act, the Commission was
guided by the several basic principles, as achievement of energy efficiency, environmental protection
and nuclear safety, radioactive waste storage and decommissioning of nuclear facilities.

The State Energy Efficiency Agency implemented the state energy efficiency policy. The
Agency participates in the development of a National Strategy of Energy and Energy Efficiency
Development, for the improvement of energy efficiency, for promotion of the utilization of renewable
sources of energy.

2.3. Main Indicators

The domestic electricity production amounted to 40.4 TW-h in 2000. The main producers of
electricity are the utility NEK, which owns the fossil and hydro power plants, and Kozloduy NPP pic,
which owns the nuclear power plant. The thermal power plants produced 48.6% of total electricity,
hydropower 6.5% and the nuclear power plants 45.0%, respectively. The remaining producers have
generated 4.5 TW-h (Table 11 and Figure 6).

. The total electrical installed capacity of NEK in 1998 amounts to 11,092 MW of which 4,929-
are thermal. 3,760 MW nuclear, 1,975 hydro and 432 pumped storage (Table 12). Later, the Kozloduy
NPP separated from the NEK forming a stock company owned by the Government. Additionally in
the country, there is 1,606 MW thermal power capacity: 644 MW for combined generation of heat
and electricity owned by district heating companies and 995 MW from large industrial enterprises.
Table 13 shows the historical electricity balance from the IAEA Energy and Economic Database and
Table 14 the energy related ratios.

The electricity purchased from industrial and district heating plants till 2001 is determined on
the basis of forced co-generation of electricity depending on heat demand at the level of 1,500 million
kW-h/year. No electricity imports are envisaged during the period considered to cover the electricity
balance.
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TABLE 11. ELECTRICITY AND HEAT PRODUCTION FROM 1993 TO 2000
GW-h

Electricity Production
-Thermal Power Plants
-Hydro Power Plants
-Nuclear Power Plants
-Total electricity production
Heat Production
-HGC-Kozloduy
-Thermal Power Plants
-Total heat production

Unit

GW-h
GW-h
GW-h
GW-h

thGcal
thGcal
thGcal

1993

17.30
1.94
13.9.
33.14

77
2081
2158

1994

16.76
1.51
15.33
33.60

72
1551
1623

1995

17.67
2.51
17.26
37.44

85
1409
1494

1996

17.06
2.98
18.08
38.12

99
1595
1694

1997

17.46
2.93
17.75
38.14

107
1439
1546

1998

16.96
3.32
16.90
37.19

110
1500
1610

1999

16.31
3.16
15.8

35.29

N/A
N/A
N/A

2000

19.63
2.62
18.2

40.40

N/A
N/A
N/A

Source: Country Information.

J

;:f
TPP HPP NPP Gross Product

FIG. 6. Electricity Production Structure

TABLE 12. NATIONAL ELECTRICITY DATA FOR 1997/1998

Source

Thermal Power Plant
Nuclear Power Plant
Hydro Power Plant
Chaira Pumped Storage
TOTAL (NEK)
District Heating
Industrial Power Producers
Imports
Exports

Overall Total

Abbr.

TTP
NPP
HPP
CPS

DH
IPP

1997
Load
Factor

%
41
55
16
4

32
33

1997 Generated
Electricity

GW-h
17.457
17.751
2.746
0.182
38.136
1.825
2.868
0.785

(4.334)

39.280

%
44
45
7

5
7
2

(11)

100

1998 Generated
Electricity

GW-h
16.965
16.899
2.460
0.855

37.179
1.936
2.571
0.564

(4.211)

38.039

%
45
44
6
2

5
7
1

(11)

100

1998 Installed
Capacity

MW
4.925
3.760
1.975
432

11.092
644
995

12.731

%
39
30
16
3

88
4
8

100

Source: Country Information.

The 87 hydropower plants, built between 1912 and 1984 have an installed capacity of around
2,000 MW but the available capacity in all hydropower plants is estimated at 1 600 MW. Since 1991
several small hydropower plants have been returned to their previous private owners. Most or the
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power plants (58) are of the run-of-river type with total capacity 177 MW. There are 12 power plants
with total capacity 237 MW connected to seasonal, storage reservoirs and 17 power plants with total
capacity 1,560 MW connected to multi-annual storage reservoirs. The majority of hydropower plants
(89%) have been in operation for more than 30 years now. hi 1994 was finishing the first stage of
pump-storage power plant Chaira. In operation were 2 turbines with 432 MW generation capacity and
395 MW pump capacity.

TABLE 13. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)
- Total(1)

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GWe)
- Total
- Thermal
- Hydro
- Nuclear

1960

4.66
2.77
1.89

0.93
0.47
0.46

1970

19.51
17.36
2.15

4.12
3.30
0.82

1980

34.84
24.96

3.71
6.17

8.81
5.62
1.87
1.32

1990

42.14
26.77

1.88
13.50

11.13
6.57
1.97
2.59

1999

42.70
24.02

4.14
14.53

12.09
7.15
1.40
3.54

2000

42.93
19.94
4.81

18.18

12.09
7.15
1.40
3.54

Average annual
growth l
1960
to

1980

10.58
11.62
3.44

11.93
13.27
7.26

-ate (%)
1980
to

2000

1.05
-1.11
1.30
5.56

1.59
1.21

-1.42
5.05

(1) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database

T A B L E 14. E N E R G Y R E L A T E D RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)<L)

Load factor of electricity plants
- Total (%)
- Thermal
-Hydro
- Nuclear

1960

33
596
21

16

57
68
47

1970

89
2,045

60

63

54
60
30

1980

125
3,962

87
20
67

45
51
23
53

1990

139
4,897

91
35
60

43
47
11
60

1999

98
4,193

91
38
55

40
38
34
47

2000

100
4,141

83
47
51

41
32
39
59

(1) Net import / Total energy consumption.
Source: IAEA Energy and Economic Database.

Since 1975 on, nuclear power has been constantly increasing its share in the overall production
of electricity in the country. This has been especially visible after the commercial start up of the two
1000 MW units at Kozloduy in 1987 and 1992 respectively. It can be seen that in 1998 the Kozloduy
nuclear power plant represented 30% of total installed capacity, or 34% of NEK capacity.

Prognoses

Since 1991, the energy consumption in the Republic of Bulgaria is characterized by large
fluctuations determined by the unstable and dynamic social and economic conditions. The prognosis
for development of the energy consumption is based on the policy for economical stabilization and
development. According to the recently approved National Energy Strategy Plan, a new nuclear unit
with 600 MW(e) capacity should be in operation in the period 2006-2010. The site and the type of the
power plant are not yet determined. The forecast was elaborated according to two scenarios: basic and
minimum, which correspond to the basic and minimum scenarios of GNP development and energy
demand development. They define the area of most probable power demand development (see
Figure 7).
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FIG. 7. Energy Consumption Prognoses

The Government regulates the energy price in the country. The average selling price of the
energy is $US 0.035 per kW-h and is calculated to cover the production expenses from different
energy sources as shown in Figure 8.

Cost comparison between different sources of electricity %

FIG. 8. Comparison of the Average Production Costs

2.4. Influence of open electricity market in the nuclear sector

The policy of joining the European Union conducted by the Government, as well as the need to
attract foreign capital into the energy industry require radical organizational restructuring of the
country's energy in conformity with the EU energy policy. That policy conforms to the EU policy of
economic and social closing up based on market integration, limited Government intervention reduced
to what is absolutely necessary in order to safeguard the public interest, consumer protection and
welfare.
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The main prerequisite and condition for the implementation of the structural reform and
privatization in the energy sector is the creation of new, modern energy law harmonized with the law
of the European Union, as well as appropriate institutional base, hi order to achieve the aims stated, it
is necessary to institutionalize legally the governmental bodies responsible for the development and
implementation of the government policy and regulation in energy. The distribution of power of the
governmental bodies by the regulation provided in the Energy and Energy Efficiency Act.

On the General Rules of the Domestic Natural Gas Market, plays an essential role in the
success of the reform. Establishment of such a regulatory body is necessary in order to guarantee fair
and equal conditions of competition on the respective markets and to provide efficient supervision,
because of the existence of natural monopolies in the energy sector (the transfer and distribution
networks in the electric power generation, heat supply and gas supply).

3. NUCLEAR POWER SITUATION

3.1. Historical development

The nuclear development of Bulgaria started after the Geneva conference "Atoms for peace" in
1956 and was the favoured strategy of the political leadership ever since. The first step was the
construction and the start of operation of IRT-2000 research reactor and a large programme of isotope
applications and scientific research. Later, in 1966, an agreement was signed with the Soviet Union to
deliver commercial reactors for electricity production. This agreement laid down the foundations of
the Bulgarian nuclear power programme. The main articles of this agreement described the role of the
reactor manufacturer and designer as well as the participation of the Bulgarian organizations and
industry.

The Soviet nuclear industry was designing and supplying the nuclear island as well as the
conventional part of the plants, while the architect engineer of the conventional plant and the auxiliary
systems was the Bulgarian Company "Energoprojekt". The Soviet safety rules and norms were
supposed to be used as long as there was no special Bulgarian legislation available. Unfortunately,
there was no nuclear law adopted and no provisions for a regulatory authority. During the
construction and start up period, the Russian representatives at the site adopted the role of
supervisors, but later they have only taken the position of manufacturer and supplier representatives.
A number of Russian organizations also carried out all of the important assembly operations.

The first two units, which are a typical WWER 440 /230 model, were built and put into
operation for a period of less than 5 years and, even if a parity of the rouble to the dollar is assumed
the investment cost was less than 500 $ per kW installed. The second pair of reactors was completed
and connected to the grid in 1980 and 1982 accordingly. By that time, the model 230 developed
towards model 213, which is the reason why Units 3 and 4 incorporate some of the safety
characteristics of the 213's. The further increase in the demand for electricity resulted in the
construction of additional two units of 1000 MW each from the model known as WWER-1000 /320.
A second site was chosen in the early eighties near the city of Belene. The site was prepared with the
entire necessary infrastructure to host six 1000 MW units. Completion of the first unit reached about
40% on view point construction, and 80% on delivery of equipment, in 1990, when due to lack of
financial resources and some opposition from the near by communities the construction was frozen.

3.2. Status and Trends of Nuclear Power

Bulgaria has six nuclear power units in operation at Kozloduy of which operation started
between 1974 and 1991 comprising four 408 MW(e) WWER-440 units and two 953 MW(e) WWER-
1000 units, all imported from the former USSR (Table 15).
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TABLE 15. STATUS
Station

KOZLODUY-1
KOZLODUY-2
KOZLODUY-3
KOZLODUY-4
KOZLODUY-5
KOZLODUY-6

OF NUCLEAR POWER PLANTS
Type

WWER
WWER
WWER
WWER
WWER
WWER

Net
Capacity

408
408
408
408
953
953

Operator

"Kozloduy NPP"-
"KozloduyNPP"-
"Kozloduy NPP"-
"KozloduyNPP"-
"KozloduyNPP"-
"Kozloduy NPP"-

Status

Operational
Operational
Operational
Operational
Operational
Operational

Reactor
Supplier

AEE
AEE
AEE
AEE
AEE
AEE

Station

KOZLODUY-1
KOZLODUY-2
KOZLODUY-3
KOZLODUY-4
KOZLODUY-5
KOZLODUY-6

Construction
Date

Ol-Apr-70
Ol-Apr-70
Ol-Oct-73
Ol-Oct-73
Ol-Jul-80
Ol-Jul-84

Commissioning
Date

30-Jun-74
22-Aug-75
04-Dec-80
25-Apr-82
05-Nov-87
Ol-Feb-91

Criticality
Date

24-Jul-74
Ol-Oct-75
04-Dec-80
Ol-May-82
29-Nov-87
02-Aug-91

Commercial
Date

24-M-74
Ol-Nov-75
Ol-Jan-81
Ol-Jun-82
Ol-Sep-88
Ol-Dec-93

Source: IAEA Power Reactor Information System as of 31 December 2000

The output of the Kozloduy Nuclear Power Plant was 18,339 million kW-h in 1998. A lower
growth rate of nuclear generation has been forecasted in view of the envisaged programmes for
improvement of the nuclear and radiation safety of the 440 MW units as well as the rehabilitation
programme for the 1000 MW units.

During the 70's, a site for the construction of a second nuclear power plant was selected near
the town of Belene. In 1980, the Ministry of Energy started its construction. Initially the construction
of 4 units with WWER- 1000/V3 20 reactors was envisaged with a possibility for exceeding this
capacity with additional new facilities. The engineering works on the site and the construction of the
infrastructure started at the end of the year 1980. The construction of unit 1 started in 1987. In the
year 1991, the Belene NPP construction was halted mainly due to lack of funds. At that time the first
unit was 40% complete. In recent years, certain investigations were carried out and are being carried
out now concerning the possibilities for the construction to be continued. There is no decision taken
regarding this question and there are no plans for continuing the construction for the present moment.

3.2.1. Status Kozloduy Plant

3.2.1.1. Units 1-4

The Kozloduy NPP units 1, 2 and 3,4 (advanced V230 and V213 type respectively) have power
reactors of the WWER-440. They are constructed in modules with 2 units each: 2 reactors are situated
in one reactor building and they use jointly some systems for normal operation. The safety systems of
each unit are separate and independent from the other one. Each unit has two 220 MW main
generators. The main mechanical equipment can be considered as standard design and it is produced
by standard procedures. The design of the units has been done by regular industrial standards, only the
design and the manufacturing of the reactor equipment and the pipelines of the primary circuit comply
with special requirements.

However, their design was developed in the late 60's. They carry a number of positive features
of units, which are safe by their design. At the same time, some discrepancies with the current
requirements for ensuring safe operation were identified. For this reason during the 80's, a number
upgrading activities were carried out, based on the operational experience as well as on the
recommendations of the Chief Designer.

Since 1990, a systematic and step-by-step enhancement of their safety was started with the
participation of international expert organizations. In the period between 1990-1994 several missions
of the IAEA for safety analysis of units 1-4 were carried out: Assessment of Safety Significant Event
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Team. (ASSET) - carried out in 1990. 1992. 1993; Safety Review Missions, (SRM) - carried out in
1991, 1993. 1994. In the period 1996-1997, a probabilistic safety analysis (PSA)-level I was carried
out for units 1-2 and 3-4. The results of the study were discussed with experts from the IAEA during
the (IPERS) mission in November 1997 and during follow-up mission in April 1999. A number of
recommendations were made and their implementation is under way. In January 1999, an OSART
mission took place in Kozloduy units 1-4.

The Short-term three-stage programme for ensuring the functional operation of the systems and
equipment of the units was implemented in the period 1990-1997. It was elaborated in co-operation
with the World Association of Nuclear Operators (WANO) and approved by the CUAEPP. Detailed
studies of different aspects concerning safety were carried out. Some examples are: an assessment of
the reactor pressure vessels' characteristics (including an analysis of metal samples), analyses of the
applicability of the principle "leak before break" for the main pipelines of the primary circuit,
qualification of the systems' equipment related to the safety, etc. The measures carried out lead to a
considerable safety improvement.

In 1998 the implementation of the measures from the Complex Programme for the further
enhancement of the safety was started. This Programme contains certain technical measures,
elaborated based on deterministic and probabilistic analyses (Moscow IAEA meeting on September
1999, established the main goals, criteria, as follows: Dy 200 DBA, Dy 500 best estimate,
confinement upgrading and public exposure). Their implementation will bring the safety to an
acceptable level in compliance to the current international practice for reactors of this generation. The
implementation of all misfires is scheduled until end of 2001.

The major measures which are characteristic of the next modernisation stage have already
started, namely: installation of a jet vortex condenser, development of a rest life time management
programme, revision of the reactor mode tables, analysis of the accident scenarios with Dn-200 and
Dn-500 breaks, development of SAR calculation of the spent fuel pond racks, replacement of the
automatic step-up loading system at Units 1-4, implementation of new digital systems for the SG level
monitoring at Units 3 and 4 etc.

The safety upgrading measures for Units 3 and 4 were separated in an independent package
based on PRG-97/A. Its purpose is to implement the necessary measures, to make an analysis and
modification of the engineering documentation in order to change the design basis of the units into a
new reactor model - VVER-440/V-209M and demonstrate the compliance of the new design with the
up-to-date safety requirements. The design was approved by the Safety Council of Units 1-4 and the
company Safety and Quality Council.

Forty measures out of total 62 measures were at different stages of their implementation by the
moment this project was set up. The total cost of the project implementation is estimated at
66,165,000 USD and the funds are provided entirely within the framework of the Investment
programme of Kozloduy NPP Pic. The company will use all possible sources of external financing.
The activities on all units were highly estimated by an IAEA mission held to evaluate the programme.

The OSART (Operational Safety Assessment Review Team) mission, which ended on January
28th 1999. The Follow-up OSART mission took place in January 2001. The mission identified that,
the plant had performed some activities in a number of areas, which were well above the
recommendation objectives.

In October 1999, a WENRA (Western European Nuclear Regulators Association) Mission was
carried out. Prior to the Mission, the reviewing team sent a set of 120 questions, for which the plant
should provide detailed written answers. The answers, together with a summarized review of the
current plant status, concerning the technical and the operational safety aspects were submitted to the
team during the mission. In general, the units safety level was assessed as an adequate one, as some
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deviations from the current requirements were mentioned considering units 1-4 design. This statement
is included in WENRA Mission Report, published in 2000.

In October 2000, an IAEA Mission was performed for the Assessment of Units 1-4
Modernization Programme. At the same time the Mission did a review of the degree of
implementation of previous missions recommendations, considering their technical aspects included
in the programme document of IAEA -TECDOC-640. The Modernization Programme itself was
assessed as sufficiently comprehensive, realistic and that as a result of its implementation units 3 and
4 will reach the acceptable safety level according to the current standards. The Report of the Mission
is available at IAEA.

Bulgaria maintains and will continue to maintain its open policy of inspection and phased
safety improvement in conformity with the international practices. The findings of the missions
registered the progress and closer approach to the up-to-date methods of safety assurance for nuclear
power plants.
3.2.1.2. Units 5 and 6

The Kozloduy NPP units 5 and 6 are equipped power reactors of the WWER-1000/V320 type.
The design of these reactors meets entirely the international requirements for nuclear safety. The main
principle for NPP safety is applied: defence in depth with several physical barriers, including the
redundancy, variety, independence, protection against failures, and passive elements. The active
safety systems have 3x100% capacity, functional independence and they are physically separated.
Their confinement is designed for full pressure (0.5 MPa).

Two OS ART missions of the IAEA in 1990 and in 1991 were carried out for assessment of the
operational safety. They established a good functional order concerning the analysis of the operational
events, the management of operation, the programmes for control over the state of the equipment, and
the control over radiation protection. The organization of the operation needs improvement as well as
the maintenance activities and the technical support. Additional recommendations were made
concerning the interaction between the CUAEPP and the NEC-PLC. The recommendations were
implemented in accordance with an elaborated programme. The IAEA ASSET mission carried out
during 14-25 November 1994 reviewed over 400 events.

Based on the analysis of the operational experience, the comparison with similar reactors of the
PWR type and the enhanced international requirements for safety, a programme for modernization
was elaborated and its implementation has already started. Generally, the aims of the programme are
to enhance both the safety and the availability of the units. The last IAEA mission (SRM) carried out
from 26 June to 1 July 1995 reviewed the programme for modernization of units 5 and 6 and defined
7 additional measures. The last version of the programme for modernization was accepted with a
positive evaluation by Riskaudit in 1997 and was approved by the CUAEPP. It was established that
the programme is elaborated in compliance with the existing assessments and analyses of the IAEA on
the safety of the WWER-1000/V320 type reactors. In 1996, a tender was announced by the NEC-PLC
for implementation of the programme. The implementation of the main part of the measures was
consigned to the European Consortium "Kozloduy", including Atomenergoexport-Russia, Siemens-
Germany and Framatom-France. Westinghouse (USA), undertook the implementation of a number of
measures. In 1998-1999, the contracts were signed and the implementation started.

The phase preparing the development of the modernisation projects ended in 2000. The purpose
of the basic engineering phase was to develop technical projects for the hardware measures and
studies, which will be used as a basis for the decision to be made in the next phase beginning in 2001,
when the implementation of the Modernization programme itself is to start. The conditions of the
contract with ECK and Westinghouse were updated. The technical scope of measures was optimized
and on this basis started the implementation of the priority measures of both contractors. In order to
provide the necessary financial support Loan agreements were signed with City Bank USA, Euratom
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and Rosseximbank. The overall financing of the project is complemented with the plant own funds.

The remaining part of the programme is carried out by using company own resources. The
replacement of boronmeters and superheaters has been completed. The reliable power supply
equipment of the safety systems is being replaced on schedule. This measure will be completed in
2001. The implementation was reviewed by two missions of the International Atomic Energy Agency.
The IAEA experts expressed their high opinion of the current state and plans for future activities.

Probabilistic Safety Analysis - level 1 was performed for units 5 & 6. In 1996, an IAEA
mission was held for methodology and analysis results assessment - International Peer Review Service
(IPERS). Terms of Reference were developed and Probabilistic Safety Analysis - level 1 for units 5 &
6 updating is pending, considering the implemented changes in the 5 & 6 units design by the end of
2000.

Unit 5 experienced no reactor scrams during the last six years and unit 6 not during the last four
years. The implementation of units 5 & 6 Modernization Programme second phase is planned to be
executed for the period 2001-^2006.

3.2.2. Data on the Nuclear Installations

3.2.2.1 Basic Data and Main Characteristics of Nuclear Facilities at the Kozloduy NPP site

Table 16 shows information about Kozloduy units.

3.2.2.2. Kozloduy Site Description

Location and Hydrogeological Characteristics

The Kozloduy NPP site is located 3.5 km south-east from the town of Kozloduy and 12 km
north-west from Miziya town, region Montana. At about 3 km away from the NPP is the border with
the Romania - the Danube River.

The Danube River lowland (20m absolute altitude) surrounds the site from north and by the
water shed plateau slope (90m absolute altitude) from south. The NPP Kozloduy site can not be
submerged, it has +35 m absolute altitude. The relief of the region represents a hilly plain with 100-
200 m absolute altitude, segmented by the Tsibritsa, Ogosta and Skat rivers. Wide elongated and flat
new soil elevations, the biggest of which is the Zlatia plateau, have been formed between them. The
Danube river bank is higher (up to 100-110 m) in the Oryahovo region and westward from Kozloduy,
while the lowest point (25-30 m) is in the Kozloduy low land.

Concerning the geology, the site consists of Pliocene and Quaternary sediments. The overlayer
has 14-15 m thickness and consists of loess and loess type clay. The surface layer has about 7 m
thickness of sediment loess and Pliocene deposits (dense marl clays and sands) are observed at 18-20
m depth. There is a sand layer at about 35 m in depth, about 10 m thick. The overall thickness of the
Pliocene deposits is about 100 m.

The underground water is connected with the water bearing alluvial gravel-sandy deposits and
the Pliocene sands. The hyposometric level of the existing underground water is 29 m with a flow
direction from south-west to north-east. The underground water is not "aggressive" towards concrete.
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TABLE 16. WWER-440 AND WWER-1000 GENERAL]
AND PARAMETERS

Reactor type

Parameter

Reactor power
- Thermal
- Electrical

Primary circuit pressure

Reactor inlet coolant temperature

Reactor outlet coolant temperature

Average coolant temperature difference of the reactor core

Fuel assemblies
Reactor control rod assemblies
Fuel rods in a fuel assembly
Average density of the thermal flow
Average linear thermal flow

Loops in primary circuit

Coolant flow rate
Maximum fuel enrichment in U-235

Steam Generators
Type
Quantity per unit
Steam capacity
Thermal power

Steam pressure
Feed water temperature

Turbines
Type
Quantity per unit

Power
Main steam parameters

- Pressure
- Temperature

Main Coolant Pumps
Type
Quantity per unit

Generators
Type

Rated Power
Generator voltage
Grid voltage

Dimension

MW
MW
MPa

°C

°c
°c

number
number
number
W/cm2

W/cm

number

rrrVh
%

number
t/h

106kJ/h

MPa
°C

number

MW

MPa
°C

number

MW
kV
kV

DESIGN FEATURES

WWER-440
type V-230

Unit 1-4

1375
440
12.3

268.7

301.3

28

349
37
126
44
125

6

45000
3.6

PGV-4E
6

425
827

4.6
225

K-220-44
2

220

4.3
256

GCN-310
6

TVV-220-2

220
15.75

400/220

WWER-1000
type V-320

Unit 5-6

3000
1000
15.7

289

320

3 0.3

163
61

312
57.9
165.7

4

84800
4.4

PGV- 1000
4

1480
2690

6.3
220

K-1000-60
1

1000

5.9
274

GCN-195M
4

T W - 1000-4

1000
24

400

Source: Country Information.

Seismic Characteristics

NPP site is located in a seismic region, but there are no active tectonic structures. The maximum
design basis earthquake is evaluated to be 8 on the MSK-64 scale and the design basis earthquake
according to the same scale is evaluated to be 7. In case of an earthquake, no residual deformations
and other resulting phenomena are expected. The plant site is located on the so-called Miziya
platform, which is classified as 7th degree on the MSK-64 seismic scale.
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Meteorological Data

The climate is "moderate continental" with cold winter and hot summer, which is representative
of the north climatic region of the Danube lowland. The NPP Kozloduy surrounding landscape is such,
that cold and strong winds especially from the west and north-west are possible during winters. The
absolute maximum temperature measured for Kozloduy is +43.2 °C (August). The absolute minimum
temperature measured is -26.6°C (January). The average annual air temperature is +11.5 °C.

Data about the air temperature and relative humidity for the period 1977-1986 provided by the
Kozloduy meteorological station is presented in Table 17. The analyses have been performed for the
hottest months June-September. The strongest winds with speed up to 25 m/s are observed during
spring. Data for the period 1977-1986, provided by the Kozloduy meteorological station is presented
in Table 18. Measurements of the Danube River water temperature have been performed at the
Oryahovo post for the period 1937-1967. The specific temperatures are presented in Table 19.

TABLE 17. AIR TEMPERATURE AND RELATIVE HUMIDITY AT KOZLODUY

Air temperature °C
>30
29-30
28-29
27-28
26-27
25-26
24-25

Average relative humidity %
71.0
71.0
54.4
59.8
60.2
63.5
63.0

Source: Country Information.

TABLE 18. AVERAGE WIND SPEED WITH CORRESPONDING FREQUENCY
AND DIRECTION (m/s)

Direction
Frequency (%)
Average speed

N
12.4
2.0

NE
14.7
2.0

E
12.8
1.9

SE
2.3
2.1

S
2.2
2.3

SW
4.1
2,1

W
26.3
2.4

NW
25.2
2.5

Source: Country Information.

TABLE 19. SPECIFIC DANUBE WATER TEMPERATURES (°C)

Month
January
February
March
April
May
June
July
August
September
October
November
December
Year Average

Maximum
5.8
8.1
11.2
17.9
23.9
25.8
27.3
27.5
25.3
21.3
14.0
8.2

27.5

Average
1.4
1.7
5.0

1 1.2
16.7
20.7
22.9
22.9
21.3
13.9
8.3
3.5
12.2

Minimum
0
0
0

4.1
10.9
15.2
17.6
17.0
14.2
7.5
1.7
0

2.0
Source: Country Information.

Demographic Data

The population density in the region is non-uniform. The towns with highest density are
Oryahovo (100-120 persons per km2). Kozloduy (80-100 persons per km2) and Miziya (20-30
persons per km2). The average population density for the area is 60-80 persons per km2.
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3.2.2.3. Belene site description

The Belene site is situated in the lowland of Svishtov and Belene on the bank of the Danube
River, 571st km. The site is located 7.5 km from the border with the Republic of Romania, across
from the largest island in Danube River - the Belene (Persin) island.

In 1987, experts from Atomenergoproekt - Kiev and Energoprojekt Sofia, developed an
engineering design for construction of four units with WWER 1000N-320 type reactors. The
construction activities started up in 1987. The all-out NPP construction was performed in the period
1988-1990. In 1991 the construction activities were stopped.

In the period of 1-20 July 1990, IAEA experts, including observers from Romania and Cuba
held a PREOSART mission on review of the construction. The conclusion of the mission was that the
project organization is an integral and centralized formation, valid for the member states of the former
Council of Mutual Economical Assistance. It functions on the basis of the accepted unified design of
WWER-1000 aimed to achieve a high level of reliability and safety with minimum cost and optimal
construction schedule. The mission gave a positive evaluation of the management, construction and
preparation for operation. The main recommendation was for a Quality Assurance Programme to be
developed.

In 1990, another IAEA mission took place to assess the safety aspects of the design. The
duration of the mission was two months. A review of the reactor core design, safety systems design
and safety analyses was performed. The conclusion of the mission was that in consideration of the
topics reviewed, the design of Belene NPP is similar to the modern Pressurized Water Reactors. No
significant safety deficiencies were recognized. The recommendations made by the experts related to
possible future safety upgrading.

After stopping the construction activities of the Belene NPP, a programme was implemented
with conservation measures for the main building constructions, and re-conservation of the main
equipment stored at the site. A current control of the building construction conditions is performed
and the deficiencies identified are removed. Recommendations by the manufacturers delivered the
main equipment are used in the conservation process. So far, no final decision has been taken relating
to the continuation of the Belene site construction.

3.3. Current Policy Issues

Considering the importance of the Kozloduy NPP to the electricity supply of the country on one
hand and the important safety concerns raised in 1990 and 1991 by the IAEA on the other hand, the
regulatory authority took urgent steps and requested emergency maintenance and safety upgrading.
This was done based on the IAEA recommendations as well as the requirements of the Regulator -
CUAEPP (Committee on the Use of Atomic Energy for Peaceful Purposes). A detailed programme for
safety improvement had been set and its implementation has been underway since 1991.

The main goals of the programme are in a stage by stage manner to upgrade the operational
reliability and safety of Kozloduy units 1 to 4 by means of:

i) Restoring the design functional availability of the units' systems and equipment, especially those
related to nuclear safety and radiation protection;

ii) Improving the reliability and performance of the safety systems for single and common cause
failures, including human errors;

iii) Upgrading the reliability of the 3 main barriers (fuel cladding, primary circuit and confinement);
iv) Upgrading the safety culture in the operation of the plant;
v) Improving the " man- machine" interface;
vi) Improving the personnel training;
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vii) Developing a quality assurance programme;
viii) Improving radiation protection practices and emergency planning.

The National Electric Company secured the financial resources until May 2000. After that the
establishment of the new company "Kozloduy NPP" pic itself secured the financial resources for the
implementation of the programme. A substantial portion of the "soft" assistance in performing some
of the additional safety assessments, studies as well as training, upgrading safety culture etc. are
coming through the assistance programmes of the European community, the IAEA and through
bilateral programmes with USA, France, Germany and others. One of the important features of this
programme is the acceptance methodology and the interaction of the different participating parties:
NPP Kozloduy, CUAEPP, WANO assistance team and the CONSORTIUM of European safety
organizations.

Ensuring stable power generation by maintaining of the safety and security of nuclear power
capacities through the following actions:

• to refurbish and upgrade the generating capacities at the Kozloduy Nuclear Power Plant for the
purpose of improving the nuclear and labour safety, and the level of automation;

• to ensure safe operation of Units 1-4 of the Kozloduy NPP, the realistic term for decommissioning
of units 1 and 2 is after implementation of the modernization of units 5 and 6 that is expected to be
completed towards 2004; and for units 3 and 4, upon implementation of a comprehensive
programme of ensuring the cost efficient time limit of safe operation, decommissioning will be
carried out until 2008-2010;

• to solve the problems related to spent fuel storage and radioactive waste treatment.

These objectives conform to the spirit and principles underlying the nine international
agreements in the nuclear energy field, which were signed and ratified by the Republic of Bulgaria
including the Nuclear Safety Convention.

These documents, as well as the provisions of the Agreement with the Nuclear Safety Account
managed by the EBRD were taken into account in elaborating a National Safety Report. A major
component in the policy of the Bulgarian country in the energy industry is the implementation of
measures related to covering the energy balance that would provide a possibility for natural
proceeding with the decommissioning of certain energy capacities.

These goals will be accomplished through specific activities and programmes:

• Integrated Programme of Ensuring the Cost Efficient Time Limit of Safe Operation of Units 1 to 4.
The programme shall be performed during the period 1998-2001 within the limits of the annual
planned repair campaigns of the units. The programme has been elaborated based on the measures
implemented until 1997 and reflects the changes occurred on a world-wide basis in the norms and
standards for nuclear safety. It is being implemented within the limits of the annual repair
campaigns of the indicated units with equity funds of the National Electricity Company.

• VVER-1000 Reactor Units 5 and 6 Modernization Programme. In 1996, an international bid was
held for selecting a contractor under the Kozloduy NPP VVER-1000 Unit Modernization
Programme (for Units 5 & 6). The programme will be implemented within the limits of the annual
planned repairs of the units during the period until 2006.

• Policy with respect to the nuclear fuel cycle, and radioactive waste treatment and storage, with
respect to new and spent nuclear fuel, radioactive waste treatment and storage and
decommissioning of nuclear facilities.

The process of restructuring and privatization in the energy sector started in September 1997.
At the end of 1997, the National Electric Company (NEC) came up with a Programme for the
Structural Reform and Privatization in NEC until the Year 2005. At present, the basic concepts of the
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Programme are performed - the separate energy production and energy distribution units are
established. That programme foresees the possibility of privatization of 63 small Hydro Power
Stations with overall electricity generation capacity of 374 MW and thermal coal power plants in
Maritza Iztok complex.

3.4. Organizational Chart

The utility in Bulgaria, which produces, distributes and sells 85% of the total electricity, is the
National Electricity Company (NEK). Its organizational chart is given in Figure 9. Preparations are
under way for restructuring of the company aimed at future privatization of different branches like:
distribution, maintenance, etc. According to the Atomic Energy Act, the nuclear branch of the
company - the Kozloduy NPP will stay under state ownership, see Figure 10 for its structure.

4. NUCLEAR POWER INDUSTRY

Bulgaria has not developed its own nuclear industry, since it uses a "once through" fuel cycle
and all fuel cycle services and the nuclear steam supply systems have been delivered from the Former
Soviet Union (now Russia). The country has been a member of the co-operative effort of the former
COMECON countries and the RADOMIR METAL company near Sofia has been selected to produce
some equipment for the 1,000 MW reactors containment buildings (heavy isolation doors,
penetrations, seals, etc.). A number of companies from Bulgaria, Russia and other countries
participate in the regular maintenance of the different systems of the plants. Several smaller local
companies specialized in different aspects of the plant operations deliver several services.

From Bulgaria the most important are:
i) ENERGOPROJEKT - for design, engineering, safety assessment etc.;
ii) RISK ENGINEERING - for safety assessment, design, etc.;
iii) ENERGOREMONT - the largest maintenance company in the energy sector;
iv) ATOMENERGOREMONT - maintenance company specialized for the NPP.

Important Russian organizations are:
• GIDROPRESS;
• IZORAJSC;
• VNIIAES Institute;
• KURCHATOV NATIONAL RESEARCH CENTRE;
• PODOLSK METALLURGICAL WORKS.

Western companies also participate in the maintenance and support of the NPP Kozloduy.

• INETEC-Zagreb is the main contractor for performing ISI of the SG, Pressure vessel and
other important components;

• WESTDSfGHOUSE is supplying the radwaste reprocessing and packaging plant;
• SIEMENS have been important supplier of safety equipment.

The State Agency of Energy and Energy Resources is the organization, responsible for the
development of the power industry, including nuclear power. The State Nuclear Regulatory Body is
Committee on the Use of Atomic Energy for Peaceful Purposes. According to the Law on the State
Administration, the Committees had to be transformed into one State Agencies. The operator of the
nuclear power plant "Kozloduy" is the "Kozloduy NPP"-plc. In April 2000, was the NPP Kozloduy
separated from the National Electric Company and became a shareholder entity with 100% state
ownership. The main technical support organizations to the nuclear power are: Energoprojekt PLC,
EQE-Bulgaria, Risk Engineering, Enpro Consult, Institutes of the Bulgarian Academy of Sciences -
Institute of nuclear research and nuclear power, Institute of metal science, Institutes of the earth, etc.
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Description of the national system for monitoring the use of atomic energy

Under the Constitution of the Republic of Bulgaria, the Council of Ministers pursues the state
internal and external policy in compliance with the Constitution and the laws. The Council of
Ministers governs the implementation of the state budget, organizes the management of the
Governmental property, signs, approves and denounces the international contracts in cases envisaged
by the law. In fulfilling its functions the Council of Ministers has the right to establish bodies such as
committees, commissions, agencies, councils, in order to pursue the state policy in a definite area. The
Committee on the Use of Atomic Energy for Peaceful Purposes (CUAEPP) is the main regulatory
body in the field of nuclear safety and radiation protection. It exercises the state control through the
Inspectorate on Safe Use of Atomic Energy (ISUAE). The Ministry of Health, the Ministry of Internal
Affairs, the Ministry of Environment and Waters and other state authorities, exercise control within
the framework of their competence.

Ministry of Health

The Public Health Act and the Public Health Act Enforcement Regulations determine the
Ministry of Health's and its control bodies' functions. The organization of radiation safety control
activities is determined by the Regulations on Radiation Safety Control Bodies' Structure. The
Ministry of Health in co-operation with other state authorities permits and controls the labour
conditions related to import, export, production, storage, use, transportation and making harmless of
nuclear material and other sources of ionizing radiation, within the framework of their legal
competency. The Ministry of Health is the authority that permits and controls the use of sources of
ionizing radiation for the purposes of medicine. In case of radiological emergency, the Minister of
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health sets additional sanitary standards, aiming public protection. In addition, the Minister of health
determines the obligatory sanitary standards in all radiation protection areas. The National Centre on
Radiology and Radiation Protection is the specialized sanitary control authority in the field of safe
atomic energy utilization. Subjects of state sanitary control are all activities with ionizing radiation.

Ministry of Internal Affairs

The structures of the Ministry of internal affairs are mainly responsible for the physical
protection and the fire protection of the NPP. The Security Services of the Ministry of Internal Affairs
performs the following activities:
• collection of information from different sources about intention of persons or groups of persons for

planning and preparing for implementation of illegal actions or inaction, related to nuclear
facilities and nuclear material;

• collection of information on deliberate activities or inaction, leading to violation of technological
processes and instructions and causing premises for nuclear accidents and radiological
emergencies;

• distribution of gained information among corresponding boards of the interested authorities, which
are able to apply necessary measures for mitigation or prevention of injurious sequences;

• preliminary inspection of the reliability of candidates to pass to the security area or internal areas
for work with secret materials or physical protection information, as well as external persons
visiting the nuclear facility;

• preliminary inspection of accidents, for which malice aforethought is suggested, as well as other
accidents with casualties (victims) or danger for the public health;

• control over the protection of state secret and physical protection information.

Security activities are carried out in close co-ordination with organizations and persons
possessing permits for exercising of atomic energy utilization activities, physical and fire protection
services, as well as with corresponding national, central and territorial services of the Ministry of
Internal Affairs.
Ministry of Environment and Waters

The Protection of Environment Act determines the control over environment states and over
sources of contamination, as a basic function of the Ministry of Environment and Waters (MEW). All
activities of physical persons and legal entities can be put under assessment of the impact on
environment. For energy industry projects of national and regional importance, it is obligatory an
impact assessment to be carried out. Among them are: nuclear power plants and other nuclear
reactors, except research reactors with power less than 1 kW; facilities, exclusively aiming storage,
final disposal and/or reprocessing of radioactive wastes and irradiated burning materials; facilities for
nuclear fuel mining and enrichment.

MEW operates national automated system for monitoring of the gamma-background in the
Republic of Bulgaria. The system comprises of 26 local monitoring stations, each of them contains a
gamma-probe and a detector for rain. 9 are equipped with meteorological detectors. In addition there
is a mobile monitoring station, which gives the possibility of monitor the radiological and
meteorological parameters, and to perform on-site gamma-spectrometry sampling. The central station
of the system is in MEW. Additional monitoring centres exist at the CUAEPP and Civil Protection
Directorate. In addition, the regional structures of the MEW operate 16 laboratories on radiological
measurements.

Ministry of Defence-Civil Protection Department

The State Agency "Civil Protection" was established to the Council of Ministers in February
2001 as a successor of the Civil Protection Department to the Ministry of Defence. This act
guaranteed the independence of this institution and approved its over-institutional character. The State
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Agency "Civil Protection" exercises the functions of the operative headquarters of the Public
Protection in Cases of Calamities and Emergencies Permanent Commission within the Council of
Ministers. The State Agency "Civil Protection" is responsible for the development of the National
Emergency Plan in Radiological Emergency in NPP and for approval of the Kozloduy NPP
Emergency Plan. Stations for monitoring and notification of the Civil Protection authorities are
established based on the on duty officers at regional and municipal authorities. Thirty of the total 335
stations are equipped with highly sensitive apparatus for gamma-background measurement. Based on
the data obtained, a daily report is prepared on the status of the radiation situation. Additionally there
are 5 stations in the emergency-planning zone of the Kozloduy NPP (30 km). The gamma-background
is measured 3 times per day at the rest of the stations located in the country. The data are reported to
the State Agency "Civil Protection" and then to the Emergency Response Centre of the CUAEPP.

4.1. Supply of Nuclear Power Plants.

Bulgaria does not supply nuclear power plants and/or equipment for nuclear power plants. The
equipment for the existing plants have been purchased from Russia, but some parts and systems have
been supplied from western suppliers like Siemens, Westinghouse, Sempel, Sebim, Framatome and
others.

4.2. Operation of Nuclear Power Plants

The Council of Ministers of Republic of Bulgaria adopted Resolution No.70 dated 20 February
2001, according to which all nuclear power plants and other equipment on "NPP Kozloduy" PLC are
defined as one nuclear installation and "NPP Kozloduy" PLC is its operator according to the Vienna
Convention on Civil Liability for Nuclear Damage.

"NPP Kozloduy" PLC as "nuclear installation operator" according to the Vienna Convention on
Civil Liability for Nuclear Damage is the bearer of the corresponding civil responsibility. As "license
holder" according to Nuclear Safety Convention, the company bears the responsibilities for nuclear
equipment safety. This is reflected in the NPP "Kozloduy" PLC Statute (art.2, para 2 and para 3) and
in Corporate Structure and Activities Code (art. 5 and art. 6). In this respect, the company holds a
license, given by the State Energy Regulation Committee on electrical and thermal energy production
(Verdict No.E -049 dated 11.12.2000 of SERC).

According to art. 15 of LUAEPP the operating organization is responsible for ensuring safety
requirements fulfilment. "NPP Kozloduy" PLC rights and obligations are defined in the Statute,
Corporate Structure and Activities Code, company structural subdivision and sections activity
organization regulations, as well as in the personnel job descriptions for the whole hierarchy
managing chain.

"NPP Kozloduy" PLC responsibilities and obligations are summarized in art. 7 of Corporate
Structure and Activities Code and are performed through " implementation of activities for nuclear
safety maintenance and enhancement, radiation protection, physical protection, emergency
preparedness, technical safety, preserving the health of personnel and population and environment."

In "NPP Kozloduy" PLC Corporate Structure and Activities Code" (art. 8) the implementation
of overall company activity, the following principle is of top priority: "Following the requirements for
nuclear safety, radiation protection, as well as preserving the life and health of personnel, population
and environment has priority over operational and other public needs."

"NPP Kozloduy" PLCC is a separate corporate body, registered according to Commercial Law,
which has an independent balance and bank accounts. The Company is managed by General Meeting
and Board of Directors. "NPP Kozloduy" PLC organizes and manages its commercial activities in
accordance with the Statute and "NPP Kozloduy" PLC Corporate Structure and Activities Code".
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In compliance with the Constitution of the Republic of Bulgaria, through the Act on the Use of
Atomic Energy for Peaceful Purposes (AUAEPP) a state monopoly is established over the use of
atomic energy.

For ensuring safe operation, the Kozloduy NPP management:

• develops and implements an administrative structure, assigns responsibilities and powers within
the structure and exercises the overall management;

• develops, introduces and supervises the implementation of the programmes for administrative
control (guiding documents for systematic implementation of planned works-schedules,
procedures, inspections and revisions provided with adequate resources for their implementation);

• establishes a system for the accomplishment and control of the license conditions and terms of
duration;

• establishes and maintains openness and correctness with the Regulatory Body, other state control
bodies, organizations and the public, concerning the supervision, inspections and discussions on
the fulfilment of the prescribed and universally accepted safety requirements;

• for exchange of experience and information, keeps in contact with the design, engineering,
maintenance, mantling and construction organizations, and the manufacturers of equipment for
nuclear power plants;

• ensuring the necessary resources and services for safe operation.

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

Bulgaria utilizes a "once through" fuel cycle. Nuclear fuel is supplied from Russia. At present,
the JSC TVEL company is the only foreign supplier of nuclear fuel licensed by the CUAEPP.
Kozloduy NPP - pic is the sole Bulgarian organization that has been given the authority to purchase,
use and handle special nuclear material. Until 1988, the spent fuel was being returned to the Soviet
Union for reprocessing after a 5 year cooling period in the fuel ponds in the reactor building.

4.3.1. Management of the Spent Fuel

The SF removed from the reactors is stored in pools situated near by the reactors. Since the
start of the operation of the Kozloduy NPP until 1988 the spent fuel was transported to the former
Soviet Union.

In 1990, the construction of a pool type spent fuel storage facility (SFSF) on the site of the
Kozloduy NPP was accomplished. The SFSF is of a pool type. It is situated in a separate building on
the territory of the Kozloduy NPP, nearby units 3 and 4. According to the design, the SFSF is to be
filled in 10 years and the assemblies can be stored in it for a period of 30 years. After 3-5 years
storage in the near reactor pools, the SF is transported to the SFSF. The state of the SFSF was not
complying with the current requirements for safety and the re-evaluated seismic characteristics of the
site.

In 1991, a programme for enhancement of the SFSF safety was elaborated which is now being
updated. In 1992, the new seismic characteristics of the Kozloduy NPP site were taken in account in
the Programme.

Two independent ecological assessments of the SFSF were carried out: an expertise made by a
team from the Risk-Engineering company as well as a complete report of the impact on the
environment made by a group of specialists from the Sofia University "Kliment Ohridski". The results
of these assessments do not show any considerable negative impact on the environment from the
SFSF operation.
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In 1998-2000, measures for the enhancement of the reliability of the systems and equipment
were implemented as well as seismic stability of the SFSF as follow:
• upgrading the reliability of the SFSF systems' power supply;
• upgrading of the reliability of the SFSF supply with de-mineralized water;
• upgrading the reliability of the SFSF supply with service water;
• seismic, anchorage of the safety related equipment;
• seismic anchorage of the SFSF building.

In March 2001, the SFSF has been licensed by CUAEPP. Since 1988, the generated SF has
been stored in the spent fuel pools at the reactors and SFSF. hi 1998, 240 assemblies with SF from
WWER-440 were shipped to Russia. By 1 July 2001, there were 4,808 assemblies with SF from both
types of reactors WWER-440 and 919 assemblies with SF of reactors WWER-1000 stored on the site.

The National Strategy on the Safety of Spent Fuel Management and on the Safety of
Radioactive Waste Management has been elaborated. In July 1999, the Government adopted the
National Strategy.

Major measures include:
• Construction by stages of new dry storage facility for spent fuel of the VVER-440 and VVER-

1000 reactors;
• Investigation of the possibilities for increasing the storage capacity of the storage pools at reactors

3 and 4 and the exist SFSF;
• Partial shipping back of spent fuel to Russia;
• Investigation of the possibilities for long term storage of spent fuel in regional storage facilities.

4.3.2. Management of Low and Intermediate Level RA W

The generated from the NPP operation RAW are stored in auxiliary buildings (AB), one for two
units. In recent years, the NPP generates annually average of about 400 m3 liquid RAW. 360 m3 solid
RAW and 20 m3 low and intermediate ion exchange resins.

By the middle of 2000, there were about 6,173 m3 low and intermediate solid RAW in the
storage of the Kozloduy NPP and about 7,100 m3 liquid RAW. The total radioactivity of the stored
low-and intermediate RAW is about 400 TBq. The elements contaminated in the core are stored in the
disposal areas of units 1 to 6 according to the design. Half of the available volume of about 200 m3 for
units 1-4 is already filled. In the storage of units 5 and 6, which volume is 86 m3, is stored about 5 m3

waste.

Extensive work on the completion of construction of the RAW Treatment and Storage Facility
for LILW at the Kozloduy NPP site is carried out. Westinghouse and the equipment of the auxiliary
systems delivered the main equipment and technology and construction works were ensured through a
PHARE project. This treatment facility is extremely useful for the future operation of the NPP as the
capacity for storage of RAW is nearly completed By using the treatment facility the stored RAW are
expected to be treated, conditioned and stored on-site until a national RAW repository is constructed.
The Treatment and Storage Facility is in the process of commissioning.

The fund for Safe Management of Radioactive Waste was established at the beginning of 1999.
NPP Kozloduy pays a special fee to the fund: 3% of the average market price of energy sold to the
National Electric Company. The State Agency of the Energy and Energy Resources through relevant
Steering Committees manages the funds.

According to the National Strategy on RAW and SF Management are under preparation:
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• A programme on development of complete legislation on the safety of the RAW and SF
management. This programme is part from the National Programme for Adoption of the Acquis
(NPAA).

• A draft of the amended Basic Safety Standards is under preparation in compliance with the EC
Directive 96/29.

The programme has to consider too, the development of an Act on the Safety of the RAW and
SF management and Act on Ratification of the Joint Convention, Establishment of a Radioactive
Waste Management Organization; Construction of a National RAW disposal facility; Partial shipping
back of spent fuel to Russia.

4.4. Research and Development Activities

According to the Act on the Use of Atomic Energy for Peaceful Purposes, nuclear research and
development activities in Bulgaria are co-ordinated by the CUAEPP. Research and development
activities are carried out in several institutes, the most important of which are:

- The Institute of Nuclear Research and Nuclear Energy at the Bulgarian Academy of Sciences;
- The University of Sofia Department of Nuclear Physics, Dept of Nuclear Technology and Nuclear

Power Engineering and the Radiochemical laboratory;
- Technical University of Sofia, Department of Power and Nuclear Engineering;
- Engineering companies: ENERGOPROEKT, EQE Bulgaria, ENPRO (Consult and Risk)

Engineering;
- Institute of Radiation Protection, at the Ministry of Health;
- Plovdiv University, Department of Nuclear Physics; and
- other smaller Institutes and research organizations.

4.5. International Co-operation in Nuclear Power Development and Implementation

An important part of the Research and Development activities is being carried out through co-
operation with international organizations like: the Joint Institute of Nuclear Research in Dubna,
Russia; the Institute of Theoretical Physics, Trieste; CERN and other foreign institutes.

Scientific and Technical Co-operation of the CUAEPP

After 1992, with the assistance of the European Community, the Consortium of Western
Regulators, which included AEA-Technology (United Kingdom), AVN (Belgium), GRS (Germany)
and EPSN (France), assisted the Bulgarian Regulatory Body. Assistance is received also by the
operating organization from the World Association of Nuclear Operators (WANO). In the process of
development and licensing of the Programme for safety and operational reliability improvement of
WWER-440 (V-230) units of the Kozloduy NPP, the so called "2+2" schedule was created in the
documentation assessment process related to issuing of licenses for implementation of the
modifications. Co-operation with the Consortium of Western Regulators is foreseen also during the
licensing of the measures of the Complex Programme for Safety Reconstruction of the Kozloduy NPP
units 1-4 and the Programme for Modernization of the Kozloduy NPP units 5-6.

On a number of nuclear safety issues, the CUAEPP receives technical support from Bulgarian
engineering organizations and institutes. The CUAEPP receives technical support from the IAEA,
European Union, United States and Japan for getting acquainted with the methodologies and existing
practices of the developed countries in the areas of control, licensing and inspection practices.
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The CUAEPP is in co-operation with:

• the Co-operation Forum of WWER Regulators;
• the Working Group of Nuclear Regulators to the European Union;
• the Working and Consultative Groups of the IAEA;
• the United States Nuclear Regulatory Commission (US NRC);
• the Regulatory Body of the Russian Federation;
• the Regulatory Body of Ukraine;
• the Regulatory Body of Slovak Republic.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and Licensing Process

The National Regulatory Authority in the field of safe use of atomic energy is the Committee
on the Use of Atomic Energy for Peaceful Purposes (CUAEPP). The legal framework in respect of the
CUAEPP is provided for in the Law on the Use of the Atomic Energy for Peaceful Purposes
(LUAEPP). The CUAEPP implements the state policy in the matter of safe use of atomic energy
(Article 12 (1) of the LUAEPP). The functions of the CUAEPP are effectively separated from those
of the bodies and organizations involved in atomic energy utilization issues. The Committee is a state
body reporting to the Council of Ministers.

5.1.1. Safety Authority

Pursuant to Article 13, paragraph 1 of the LUAEPP, the Committee on the Use of Atomic
Energy for Peaceful Purposes shall have the following powers:
i) Participates in the elaboration of concepts and programmes, co-ordinates research and studies in

the field of atomic energy;
ii) Establishes the requirements for safe use of atomic energy and the order for accountancy, storage

and shipment of nuclear material;
iii) Establishes criteria and requirements with regard to training, qualifications and capacities of

human resources employed in the nuclear field;
iv) Collects and provides information to relevant bodies and organizations on circumstances and

events related to nuclear and radiation safety;
v) Performs the state control over the safe use of atomic energy and during shipment, storage and

accounting of nuclear material and radioactive substances;
vi) Co-ordinates control over the safe use of atomic energy;
vii) Determines measures and is in charge of remedial action in respect of contaminated

environment;
viii) Carries out the international co-operation activities of the Republic of Bulgaria in the field of

atomic energy and participates in the activities of international organizations in this field,
ix) Co-ordinates fulfilment of the obligations of the Republic of Bulgaria following from the

international treaties and agreements in connection with the safe use of atomic energy;
x) Co-ordinates elaboration of the national reports on fulfilment of obligations of the Republic of

Bulgaria following from the Convention on Nuclear Safety and from the Joint Convention on the
Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management.

The activities referred to above in i) - viii) shall be implemented jointly with the ministries and
other institutions within their legal powers.

State control over the safe use of atomic energy is exercised by the CUAEPP through its
Inspectorate on the Safe Use of Atomic Energy (ISUAE). Pursuant to Article 18 of the LUAEPP, the
following specific powers shall be vested with the ISUAE:
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i) Exertion of control over all natural and legal persons in the matter of compliance with the
established requirements for safe use of atomic energy and the procedure for accountancy,
storage and shipping of nuclear material and radioactive substances;

ii) Issuance of licenses for conduct of activities in the field of atomic energy utilization. Atomic
energy utilization activities shall only be carried out following the grant of license. Carrying out
of such activities without a license or prior to the issuance thereof, or in deviation from the
license constitutes a criminal act under Article 356 (1) of the Penal Code. Such license shall be
requested for all activities relating to atomic energy utilization and more (pursuant to Article 23
(1) of the LUAEPP) specifically for: decommissioning and any modifications of designs and
constructions, procurement, provision of supplies and services of significance to the safety of
nuclear installations and sites designated for extraction, operation or storage of radioactive
substances or intended for operations with other ionizing radiation sources; obtaining,
production, import, selection of site, design, construction, fabrication of equipment,
commissioning, operation, export, trade, storage and shipping of nuclear material, radioactive
substances and other ionizing radiation sources;

iii) Exercise of extended control in concomitance with specialized controlling bodies in respect of
the safe use of atomic energy;

iv) Registration of ionizing radiation sources;
v) Assignment of studies, surveys, expertise and other activities concerning exercise of controls.

hi its capacity as a governmental authority, the CUAEPP is composed of 19 members, including
the chairman and two deputy-chairmen. Other members are deputy ministers of justice, agriculture
and forests, environment and water, transport and communications, public health, culture, economy,
finances, defence, education and science, labour and social policy, interior, foreign affairs and the
deputy chairmen of the State agency on energy and energy resources, the State agency "Civil
protection" and the State agency on standardization and metrology. The administration helps the
CUAEPP in implementation of its authorities, assures technically its activity, and performs activities
on administrative service provided to legal persons and citizens. The administration is organized in a
directorate general and 4 directorates, distributed into general and specialized administration. The
specialized administration is organized into ISUAE.

5.1.2. Organizational Structure of the CUAEPP

As an administration, the CUAEPP is governed by a Chairman, supported by:
• Two Deputy Chairmen;
• Executive Secretary responsible for the administrative support;
• Representative of the CUAEPP in the Permanent Mission of the Republic of Bulgaria to the

UN, the OSCE and other International Organizations in Vienna, Austria.

The total number of the CUAEPP staff is 88 persons. Currently, the ISUAE has in its structure
63 positions, including 26 nuclear safety inspectors, 14 radiation protection experts, 6 specialists in
emergency planning and preparedness, 8 specialists in the international co-operation and 2 in
European integration. Eight of the inspectors work permanently at the Kozloduy site. 95% of
inspectors have university education and more than 60% of them have over 15 years of experience in
the nuclear field. Three CUAEPP employees have Ph.D. degree. In some fields there are no experts
engaged. The organizational structure of the CUAEPP is shown in Figure 11. The CUAEPP budget is
formed by the related part of the state budget for the CUAEPP support and by a part of the remised
revenue from levies for issuing permissions collected by the CUAEPP according to the Tariff for the
levies in force.
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The former Fund "Nuclear Research and Nuclear and Radiation Safety" was transformed into
Activity "Nuclear Safety and Radiation Protection". It is managed by the Chairman of CUAEPP. The
procedure for collecting and spending the resources of this Activity is determined by the Regulation,
approved by a Decree of the Council of Ministers. Resources are collected mainly from the levies for
licensing atomic energy activities. By funding from the Activity source, the CUAEPP deals with tasks
related to the pursuing the state policy and control over the safe use of atomic energy. Following
activities are funded:

• development of forecasts, concepts, programmes and rules and regulations related to the
use of atomic energy, nuclear safety and radiation protection;

• conducting assessments, analyses and expertise related to the control and licensing
activities of the CUAEPP and the control over the radiation contamination and the
protection of the environment, including accident mitigation analyses;

• payment for scientific and technical services, related to the pursuing of the state policy
on the safe use of atomic energy;

• provision for the necessary equipment, including maintenance and operational expenses -
32% of the income from licensing taxes and for motivation of the CUAEPP staff- 8%.

5.1.3. Functions of the CUAEPP Structural Units

The organizational structure and duties of the CUAEPP structural units are described in the
Statute of the CUAEPP and its administration, adopted by the Council of Ministers Decree No. 142
dated 6 of June 2001. The specialized administration is organized into the Inspectorate on Safe Use of
Atomic Energy and consists of:

• Directorate General "Nuclear Facilities Safety Control" with a residential part at NPP
Kozloduy;

• Directorate "Analyses, Assessments and Investigations of Safety";
• Directorate "Radiation Protection and Emergency Preparedness";
• Directorate "International Co-operation and European Integration".

Directorate General "Nuclear Facilities Safety Control"

This directorate exercises control over the nuclear safety of nuclear facilities in the following
areas :

• commissioning;
• operation;
• decommissioning;
• quality assurance;
• maintenance and tests;
• modifications of structures and systems;
• physical protection of nuclear facilities and special nuclear material;
• procurement and services to the operating organization;
• transportation, storage and accounting of special nuclear material.

Directorate "Analyses, Assessments and Investigations of Safety "

This directorate analyses and assesses the information submitted by the operating organization
or the applicant/licensee in the following areas of control:

• siting of nuclear facilities;
• nuclear facilities design;
• construction of nuclear facilities;
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• commissioning of nuclear facilities;
• operation of nuclear facilities;
• modification of safety related structures and systems;
• qualification of nuclear facilities personnel and persons, exercising procurement or

services to the Operator;
• co-ordination of research and development.

Directorate "Radiation Protection and Emergency Preparedness "

The directorate exercises control over meeting the established requirements on radiation
protection, in the following areas:
• use, ownership and registration of Sources of Ionizing Radiation (SIR);
• production, trade, import, export, storage, transportation and repository of radioactive

substances and other SIR (devices, apparatus and installations), including initial nuclear
material;

• siting of nuclear facilities and other installations with SIR, including radioactive waste storage
and conditioning facilities;

• design of nuclear facilities and other installations with SIR, including radioactive waste storage
and conditioning facilities;

• construction of nuclear facilities and other installations with SIR, including radioactive waste
storage and conditioning facilities; •

• commissioning, operation and decommissioning of nuclear facilities and other installations
with SIR, including radioactive waste storage and conditioning facilities;

• modification of radiation safety related designs, structures and technologies of nuclear facilities
and other installations with SIR, including radioactive waste storage and conditioning facilities.

In the field of emergency planning and response, the directorate exercises the following
functions:
• fulfils the duties of a National Contact Point with the IAEA in compliance with the Convention

on Early Notification of a Nuclear Accident and the Convention on Assistance in the Case of a
Nuclear Accident or Radiological Emergency;

• takes part in the activities of the CUAEPP Emergency Response Teams, maintains and operates
the communication and computer equipment;

• analyses, records and stores radiation monitoring data from the country;
• receives, processes and distributes within the CUAEPP the operational data of the nuclear

facilities;
• keeps in contact with the National Centre for Management in Crisis Situations and the

Permanent Commission to the Council of Ministers for Protection of the Population in Case of
Calamities and Accidents.

The Directorate "International Co-operation and European Integration" exercises the following
activities:
• organizes and co-ordinates the co-operation of the Republic of Bulgaria with international

organizations and on bilateral basis with other states in the field of the safe use of atomic
energy;

• participates in the elaboration of draft inter-governmental and inter-institutional agreements
with other states in the field of safety in the use of atomic energy;

• organizes the submission to the international organizations of projects for technical co-
operation in the field of peaceful use of atomic energy;

• submits proposals for training of Bulgarian specialists, working in different fields of the
peaceful use of atomic energy, to the international organizations as well as to the other states on
the basis of bilateral agreements;

• organizes the participation of Bulgarian specialists in international conferences, symposia and
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seminars in the field of the peaceful use of atomic energy;

• practical implementation of the integration of the Republic of Bulgaria to the European Union
in the field of atomic energy utilization;

• the support to the CUAEPP through the PHARE programme;
• provides the participation of the Republic of Bulgaria in the IAEA International Nuclear

Information System (IMS) through the local INIS Centre.

5.1.2. Licensing Process

The main legal provisions for the licensing of nuclear installations in Bulgaria are outlined in
Regulation No 5 of the CUAEPP. It regulates the requisite documentation, the conditions, the order,
terms and time-limits for issuance of licences and permits for atomic energy utilization (atomic energy
in the Republic of Bulgaria shall be used for peaceful purposes only). Licences and permits for
utilization of atomic energy shall be issued by the ISUAE of the CUAEPP based on a written
application by the applicant wherein the specific activity involving atomic energy utilization for
which the grant of permission is requested shall be identified. Attached thereto shall be the
documentation required for the issuance of the requested licence/permit as prescribed by this
Regulation in question (inclusive of a Quality Assurance Programme for the respective activity or
business) and by other relevant regulations in the matter of atomic energy utilization. All
documentation submitted in respect of requested license issuance shall be in Bulgarian language.
Submission of the original documents in a foreign language is permissible if a notarized translation
into Bulgarian language is thereto attached.

Regulation No. 6 governs the criteria and requirements in respect of training, qualifications and
capacities of human resources employed in the field of atomic energy utilization to the end of
acquiring, sustaining and advancement of their professional qualifications and assurance of the
requisite capacity for safe utilization of atomic energy.

5.2. Main National Laws and Regulations

The following fundamental acts of legislation are currently applicable in the matter of safe
utilization of nuclear energy and in respect of nuclear material procurement, accountability, storage
and transport:
• Law on the Use of Atomic Energy for Peaceful Purposes (Promulgated in the Official State

Gazette issue No. 79 of 1985, amended SG No. 80 of 1985, amended and supplemented SG No. 69
of 1995, amended and supplemented SG No. 71 of 1998);

• Regulations for the Application of the Law on the Use of Atomic Energy for Peaceful Purposes
(adopted by a Decree of the Council of Ministers No. 37 of 1 July 1986, promulgated SG No. 66 of
22 August 1986, amended and supplemented SD No.54 of 2001);

• Regulation No. 2 on the Cases and Procedures for Notification of the Committee on the Use of
Atomic Energy for Peaceful Purposes about Operational Changes, Events and Accidents relating to
Nuclear and Radiation Safety (Promulgated SG No. 26 of 1988, amended SG No. 28 of 1988);

• Regulation No. 3 on Nuclear Power Plants Safety during Design, Construction and Operation
(Promulgated SG No. 27 of 1988);

• Regulation No. 4 on Accounting, Storage and Transportation of Nuclear Material (Promulgated
SG No. 66 of 1988; amended SG No. 83 of 1993, updated April 2001). The name of the updated
Regulation is "Accounting, Storage and Transportation of Nuclear Material and Application of
Safeguards in connection with the Treaty on the Non-Proliferation of Nuclear Weapons;

• Regulation No. 5 on the Licence Issuance Procedure for Utilization of Atomic Energy
(Promulgated SG No. 13 of 1989; amended and supplemented SG No. 37 of 1993);

• Regulation No. 6 on the Criteria and Requirements for Training, Qualifications and Certification
of Personnel working in the field of Atomic Energy (Promulgated SG No. 47 of 1989; amended
SGNo. 43 of 1991);
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• Regulation No. 7 on Collecting, Storage, Processing, Keeping, Transport and Disposal of
Radioactive Waste on the Territory of the Republic of Bulgaria (Promulgated SG No. 8 of 1992);

• Regulation No. 8 on the Physical Protection of Nuclear Facilities and Nuclear Material
(Promulgated SG No. 83 of 1993);

• Regulation No. 10 on Safety during Decommissioning of Nuclear Facilities (Promulgated SG No
12 of February 2001);

• Regulation No. 11 on Safety of Spent Fuel Storage Facilities (Promulgated March 2001);
• Regulation for Emergency Planning and Preparedness for Action in Case of Radiation Accident

(Promulgated SG No. 33 of 1999);
• Regulation on Basic Standards for Radiation Protection - 2000 (Promulgated SG No. 5 of 2001)

After the adoption of the New Law on the Use of Nuclear Energy for Peaceful Purposes the above-
mentioned regulations will be replaced. Table 20 lists the new draft acts.

TABLE 20. NEW DRAFT ACTS

Regulation/Project

1. Draft Law on the Use of Nuclear Energy for
Peaceful Purposes

2. Draft Regulation on Safety in Management
of Radioactive Waste

3. Standards for permissible radioactive
contamination of foodstuffs and feeding
stuffs in case of a nuclear accident or
emergency radiological situation

4. Specific conditions for import and export of
foodstuffs and feeding stuffs in case of a
nuclear accident or emergency radiological
situation

5. Regulation on the basic rules for work with
ionizing radiation sources.

6. Regulation on the conditions and order for
issuing permissions on the use of ionizing
radiation sources for medical purposes

7. Regulations on border radiation control.

8. Standards for permissible radionuclide
content in metal and non-metal raw
materials, materials (incl. civil structure
materials) and products

9. Regulations on radiation protection of the
population in case of medical exposure

Terms

2002

12/200
1

2001

2001

2002

2002

2002

2002

Structure

The draft has been approved by the Council of Ministers.
The draft Law will be adopted by the New Parliament
The draft is developed and will be adopted by the CUAEPP

The Ministry of Health manages the project development.
The Committee on the Use of Atomic Energy for Peaceful
Purposes and the Ministry of Agriculture, Forestry and
Agrarian Reform take part in the project.
The Ministry of Health manages the project development.
The Ministry of Agriculture, Forestry and Agrarian Reform
and the Ministry of Trade and Tourism take part in the
project.
The Ministry of Health manages the project development.
The Ministry of Interior participates in the project.
The Ministry of Health manages the project development.
The CUAEPP participates in the project.

The Ministry of Interior manages the project development.
The project will be developed by a team with participation
of experts from the MI, CUAEPP and MH.
The Ministry of Health manages the project development.
The Ministry of Environment and Waters and CUAEPP
take part in the project.

Project is managed by the Ministry of Health. The
CUAEPP takes part in the project

Source: Country Information.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• NPT related safeguards agreement
INFCIRC/178

• Additional Protocol

• Improved procedures for designation of safeguards
inspectors

Entry into force: 29 February 1972

Entry into force:

Entry into force:

10 October 2000

16 October 1988

BULGARIA 151



• Supplementary agreement on provision of technical
assistance by the IAEA

• Agreement on privileges and immunities

OTHER RELEVANT INTERNATIONAL TREATIES, etc.

• NPT

• Convention on physical protection of nuclear material

• Convention on early notification of a nuclear accident

• Convention on assistance in the case of a nuclear
accident or radiological emergency

• Vienna convention on civil liability for nuclear damage
and joint protocol

• Protocol to amend the Vienna convention on civil
liability for nuclear damage

• Convention on supplementary compensation
for nuclear damage

• Joint convention on the safety of spent fuel
management and on the safety of radioactive
waste management

• Convention on nuclear safety

• Convention on Black Sea contamination protection

• ZANGGER Committee

• Nuclear Export Guidelines

• Acceptance of NUSS Codes

• Nuclear Suppliers Group

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Not signed

Not signed

Entry into force:

Entry into force:

Member

Adopted

No reply

Member

18 August 1980

17 June 1968

5 September 1969

8 February 1987

26 March 1988

26 March 1988

24 November 1994

18 June 2001

24 October 1996

BILA TERAL A GREEMENTS

• Agreement between the Government of the Republic of Bulgaria and the Government of the
United States of America on Co-operation in the Field of Peaceful Uses of Nuclear Energy.
— By way of this Agreement the Contracting Parties reaffirmed their commitment that they

would ensure international development in the peaceful utilization of nuclear energy in
compliance with all agreements which to the maximum possible extent contribute to the
objectives of the Treaty on non-proliferation of Nuclear Weapons

• Agreement between the Government of the Republic of Bulgaria and the Government of the
Russian Federation on Co-operation in the Field of Peaceful Uses of Atomic Energy.
- The Agreement reaffirms the Republic of Bulgaria's membership to the United Institute of

Nuclear Research in the city of Dubna, regulates the mutually advantageous co-operation of
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the Parties in the field of peaceful utilization of atomic energy. The Parties guarantee their
strict adherence to their obligations in respect of the Treaty on non-proliferation of Nuclear
Weapons and the continued endeavors towards nuclear safety amelioration.

- The Agreement covers a rather broad scope of possible joint research domains, such as
nuclear physics, controlled thermonuclear fusion and plasma physics, condensed-matter
physics (physics of the solids), radiochemistry, radiation chemistry, atomic energy
engineering, inclusive of safe and reliable operation decommissioning of nuclear power
plants, fuel cycle management, control and issuance of licences, betterment of nuclear fuel
storage and transport technologies, prospective nuclear energy sources, nuclear safety and
radiation protection, radiological protection from nuclear irradiation, normative and technical
documentation, etc.

• Agreement between the Government of the People's Republic of Bulgaria and the Government of
the Republic of Greece on Early Notification of a Nuclear Accident and Exchange of Information
on Nuclear Facilities.
- This Agreement governs the technical aspect of extended operational reporting and

notification between the Contracting Parties in case of a nuclear accident after the Convention
on Notification in Case of a Nuclear Accident, signed in Vienna on 26 September 1986.

• Financing Protocol between the Government of the Republic of Bulgaria and the Government of
the French Republic.
- To the end of strengthening the friendly relations that have traditionally linked them, the

Government of the Republic of Bulgaria and the Government of the French Republic have
agreed to conclude this Protocol with the purpose to contribute to the economic development
of Bulgaria. 21/2 million French francs shall be lent to assist financing of the purchase from
France of full-scale nuclear power plant simulators and the installation thereof.

• Agreement between the Committee for the Use of Atomic Energy for Peaceful Purposes with the
Council of Ministers of the Republic of Bulgaria and the Federal Ministry of the Environment,
Protection of Nature and the Reactor Safety of Germany on Issues of Mutual Interest Relating to
Nuclear and Technical Safety and Radiation Protection.
- The Contracting Parties shall notify and inform each other forthwith and directly of accidents

under Article 1 of the Convention on Notification in Case of a Nuclear Accident, signed in
Vienna on 26 September 1986. The Agreement also provides for the exchange of information
and experience in nuclear and technical safety and radiation protection, favourable co-
operation between the Parties and also provides that the Federal Ministry of the Environment,
Protection of Nature and the Reactor Safety of Germany shall, upon request, endeavour within
the limits of possibilities available under the national law to provide assistance on technical
aspects of safety by way of attracting German consulting and expert organizations.

• Agreement between the Government of the Republic of Bulgaria and the Government of Romania
on Early Notification of a Nuclear Accident and Exchange of Information on Nuclear Facilities.
- The Agreement governs the technical aspect of extended bilateral operational reporting and

notification to the Parties in case of a nuclear accident following the Convention on
Notification in Case of a Nuclear Accident, signed in Vienna on 26 September 1986.

• Agreement between the Government of the Republic of Bulgaria and the Government of the
Argentine Republic on Co-operation in the Field of Peaceful Use of Nuclear Energy.
- The Contracting Parties shall collaborate in the development of scientific research and

practical utilization of atomic energy for peaceful purposes. Specific fields of co-operation are
listed. Co-operation shall be based on agreements between institutes, organizations and legal
entities of the Parties in compliance with the national law.
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• Agreement between the Government of the Republic of Bulgaria and the Government of the
Republic of Turkey on Early Notification of a Nuclear Accident and Exchange of Information on
Nuclear Facilities.
- The Agreement shall apply in respect of activities on the subject of notification in case of a

nuclear accident after Article 1 and Article 3 of the IAEA Convention.

• Agreement between the Committee on the Use of Atomic Energy for Peaceful Purposes of the
Republic of Bulgaria and the Federal Nuclear and Radiation Safety Authority of the Russian
Federation on Co-operation in Nuclear and Radiation Safety.

- The Agreement provides for exchange of information on the organization of activities of the
regulatory authorities, exchange of regulatory documentation as well as experience in
conducting nuclear and radiation safety inspections, training of inspectors, etc.

• Agreement between the Committee on the Use of Atomic Energy for Peaceful Purposes of the
Republic of Bulgaria and the Ministry of Environmental Protection and Nuclear Safety of Ukraine on
Co-operation in the Field of the State Regulation and Control of Safety in the Use of Atomic Energy
for Peaceful Purposes.

- The Agreement provides for exchange of information on the organization of activities of the
regulatory authorities, exchange of regulatory documentation as well as experience in
conducting nuclear safety inspections, training of inspectors, etc. It also provides for exchange
of information on control of the physical protection of nuclear material and facilities and of
the system of accounting for and control of nuclear material.

• Agreement between the Committee on the Use of Atomic Energy for Peaceful Purposes of the
Republic of Bulgaria and the Ministry of Economy of the Slovak Republic on Co-operation in the
Field of the State Regulation and Control of Safety in the Use of Atomic Energy for Peaceful
Purposes.

- The Agreement provides for exchange of information on the organization of activities of the
regulatory authorities, exchange of regulatory documentation as well as experience in
conducting nuclear safety inspections, training of inspectors, etc. It also provides for exchange
of information on control of the physical protection of nuclear material and facilities and of
the system of accounting for and control of nuclear material.
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NA TIONAL A TOMIC ENERGY A UTHORITIES

Committee on the Use of Atomic Energy
for Peaceful Purposes
69 Shipchenski Prokhod Blvd.
1574 Sofia, Bulgaria

State Agency of Energy and Energy Resources
8 Triaditza str., 1040 Sofia, Bulgaria

OTHER NUCLEAR ORGANIZATIONS

Bulgarian Academy of Sciences (BAS)
Institute of Nuclear Research and Nuclear Energy
(INRNE)
72 Tzarigradsko shosse Blvd., 1784 Sofia, Bulgaria

Bulgarian Academy of Sciences
Institute of Metallurgy
53 Shipchenski Prokhod Blvd.
1574 Sofia, Bulgaria

National Electric Company
5 Vesletz Str., 1040 Sofia, Bulgaria

Kozloduy Nuclear Power Plant
3321 Kozloduy, Bulgaria

ENERGOPROJEKT JSC
51 J. Bourchier Blvd., 1407 Sofia, Bulgaria

ATOMENERGOREMONT JSC
3321 Kozloduy, Bulgaria

Technical University of Sofia
8,Kliment Ohridski St.
Sofia- 1000, Bulgaria

University of Sofia
Department of Nuclear Physics and Nuclear Energy
5 J. Bourchier Blvd., 1126 Sofia, Bulgaria

University of Sofia - Radiochemical Laboratory
1 J. Bourchier Blvd., 1126 Sofia, Bulgaria

Tel: +359-2-9406800
Fax: +359-2-9406919

Tel: +359-2-9885932
Fax: +359-2-9865703
Telex: 22707/8

Tel: +359-2-7144616
Fax: +359-2-9753619

http://www.inrnc.bas.bg/

Tel: +359-2-703485
Fax: +359-2-703207
http: //www .bas.b g/

Tel: +359-2-54901
Fax: 875826; Telex: 22707

Tel: +359-973 7177
Fax: +359-973 80591 ;Telex: 33416
http://www.ivznpp.org/index e.htm

Tel: +359-2-6321
Fax: +359-2-668529

Tel: +359-973 7177
Fax: +359-973 2591 Telex: 33416

Tel: +359-2-623073
Fax: +359-2-685343
http://www.vmei.acad.bg/

Tel: +359-2-62561
Fax: +359-2-622028
http://vvww.inii-sofia.bg/

Tel: +359-2-62565
Fax: +359-2-622127
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RISK ENGINEERING LTD.
34 Totleben str., 1660 Sofia, Bulgaria

BALBOK ENGINEERING JSC
29-37 H. Smirnensky Blvd.
Vh.B, Ap.13,1421 Sofia, Bulgaria

EQE Bulgaria Ltd.
1 Hristo Smirnensky Blvd. Et. 11.
1421 Sofia, Bulgaria

ENPRO CONSULT Ltd.
12 Anton Naidenov Str.
1700 Sofia, Bulgaria

Black Sea Regional Energy Centre (BSREC)
8,Triadiza Str.
Sofia

Tel: +359-2-521217
Fax: +359-2-9549100

Tel/Fax: +359-2-9634413

Tel/Fax: +359-2-9630252

Tel/Fax: +359-2-660417

Tel/Fax: +359-2-9632049

Tel/Fax: +359-2-624873

Tel/Fax: +359-2-9625267

Tel: +359-2-9806854
Fax: +359-2-9806855
http ://www.bsrec .bg/
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CANADA

1. GENERAL INFORMATION

1.1. General Overview

Canada, occupying about 10 million km and having a population of over 30 million (Table 1), is
one of the least densely populated countries in the world. Canada's birth rate, at present, is 12 per
1,000 whereas death rate is seven per 1,000 with the result that the rate of natural population increase
now stands at five per 1,000 persons. Canada has strong seasonal changes and large regional variations
in temperature. The rigorous climate, the energy intensive nature of the country's industries, and the
large distances between population centres produce a high per capita energy use.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total

1960

17.9
1.8
69

1970

21.3
2.1
76

Predicted population growth rate (%) 2000 to 2010
Area (1000 km2)

1980

24.5
2.5
76

8.1
9976.1

1990

27.7
2.8
77

1996

29.8
3.0
77

1997

30.1
3.0
77

1998

30.3
• 3.0

77

1999

30.5
3.1
77

2000

30.8
3.1
77

Growth
rate (%)

1980
to

2000

1.1
1.1

Source: IAEA Energy and Economic Data Base; Data & Statistics/The World Bank.

1.2. Economic Indicators

Table 2 gives the statistical Gross Domestic Product (GDP) data and the GDP by sector.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (billion current US$)

GDP growth (annual %)

GDP by Sector, value added (% of GDP)

Agriculture

Industry

Services, etc.

Construction

1995

579

2.74

2.44

28.11

69.45

N/A

1996

602

1.53

2.54

28.61

68.85

N/A

1997

624

4.39

2

25

67

5

1998

598

3.3

2

25

67

5

1999

635

4.59

N/A

N/A

N/A

N/A

Source: Data & Statistics/The World Bank; Statistics Canada; Canadian Economic Observer; Catalogue No. 11-
210-XPS, 1999; CANSIM.

1.3. Energy Situation

The energy sector is an important part of Canada's economy. The energy sector employs more
than 280,000 Canadians and accounts for 6.7% of Gross Domestic Product (GDP). However, there
are marked regional differences in energy production and consumption. The Canadian energy sector
enjoys a strong presence in all primary energy commodities and strong electricity and energy efficiency
industries. Canada has more lakes and rivers than any other country in the world. Electricity accounts
for about 15 per cent of domestic energy requirements. Canada's total hydropower potential is
estimated at approximately 600 TW-h. Canada is also well endowed with oil, natural gas and coal.
Canada produces a surplus of crude oil above its domestic needs. At year-end 1997, remaining
established reserves amounted to 4.2 billion barrels. Proven reserves of natural gas were 2.7 trillion m3,
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about three per cent of global reserves. Canada has extensive coal reserves estimated at 7,298 million
metric tonnes. They represent about 90 times the 1998 Canadian production. Alberta, British Columbia
and Saskatchewan account for over 90 per cent of total output. Coal production is high due to strong
growth in exports, which now account for almost 60 per cent of the industry's output. Canada produces
a wide range of metals and minerals and is the world's leading producer of uranium. As of January 1st

1999, its proven uranium deposits amount to 212,000 metric tonnes. Table 3 shows the energy
resources in exajoules.

Canada has been a net exporter of most energy forms since 1969. In 1998, Canadian energy
exports were valued at $US18.2 billion. The United States is by far Canada's largest customer (91% of
Canada's energy exports). Virtually all of Canada's exports of oil, natural gas and electricity and 65%
of uranium exports go to the US. The energy statistics are given in Table 4.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Coal

229.49

Crude Oil

35.66

Natural Gas

78.28

Uranium

180.73

Hydro (2)

128.40

Exajoule

Total

652.56
(1) This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council -1998) by a factor of 10.

Source: IAEA Energy and Economic Data Base (EEDB).

1.4. Energy Policy

Canada's energy policy supports a variety of energy sources, including nuclear energy, in order
to ensure a secure and "sustainable" energy future for Canadians. There are three major areas of
active federal energy policy development: conventional energy, environment and nuclear energy.

TABLE 4. ENERGY STATISTICS Exajoule

Energy consumption
- Total(1)

- Solids(2)

- Liquids
- Gases
- Primary electricity<3)

Energy production

- Total
- Solids
- Liquids
- Gases
- Primary electricity(3)

Net import (Import - Export)

- Total
- Solids
- Liquids
- Gases

1960

4.00
0.90
1.69
0.44
0.97

3.25
0.59
1.09
0.54
1.02

0.87
0.30
0.67

-0.09

1970

6.53
0.83
2.94
1.27
1.50

7.09
0.53
2.92
2.11
1.52

-0.32
0.32
0.17

-0.81

1980

9.31
1.15
3.65
1.96
2.55

10.23
1.19
3.45
2.79
2.81

-0.52
-0.05
0.37

-0.84

1990

10.79
1.35
3.29
2.62
3.52

13.44
1.91
3.81
4.20
3.53

-2.38
-0.49
-0.38
-1.51

1999

11.30
1.53
2.76
3.35
3.65

17.64
1.98
4.85
6.94
3.88

-6.32
-0.43
-2.35
-3.54

2000

11.64
1.62
2.76
3.59
3.67

17.95
1.87
5.08
7.13
3.87

-6.80
-0.33
-2.79
-3.68

Average annual
growth rate (%)

1960
To

1980

4.31
1.24
3.91
7.80
4.94

5.91
3.52
5.91
8.56
5.20

2.56
8.44

-2.90
11.72

1980
To

2000

1.12
1.73

-1.39
3.06
1.85

2.85
2.30
1.96
4.81
1.61

13.72
9.83

-10.60
7.67

Source: IAEA Energy and Economic Data Base.
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The federal government's approach to energy policy has gradually evolved over the last two
decades to a stronger market-driven and less interventionist approach to energy development. In recent
years environmental pressures are shaping the energy policy agenda. Environmental protection, energy
efficiency and the development of new alternative sources of energy remain high on the list of federal
objectives for the energy sector. The focus now is on achieving a balance between economic,
environmental and security objectives, i.e., sustainable development. Meeting Kyoto targets is high on
the federal government agenda and a domestic consultation process has been established to develop
measures to address the challenges of climate change.

With respect to nuclear energy, the federal government is supportive of the nuclear energy
option for Canada and views nuclear energy as an important component of a diversified energy mix.
The federal government provides funding for Atomic Energy of Canada Limited's (AECL) nuclear
R&D programme. The federal government also regulates the development and application of nuclear
energy in Canada. Decision-making responsibility for planning, construction and operation of nuclear
plants reside with the provinces and provincial electric power utilities. There are currently no firm plans
to build additional nuclear plants h Canada although there is growing recognition that nuclear energy
will be required to meet future demand and at the same time meet climate change and air quality
concerns. Servicing of existing reactors and possible life extension of some of the units is the present
focus of the nuclear utilities.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

Canada's electric power industry is made up of provincial Crown corporations, investor-owned
utilities, municipal utilities and industrial establishments. The federal role is restricted to nuclear energy,
international and inter-provincial trade.

Under the Canadian constitution, electricity is primarily within the jurisdiction of the provinces.
The provincial governments own the natural resources and are responsible for most aspects of
regulation and energy sector development within their geographical boundaries. The federal
government is responsible for harmonizing energy policy at the national level, promoting regional
economic development, frontier lands, offshore development, inter-provincial works (i.e. pipelines),
international and inter-provincial trade. Both levels of governments are involved with energy research.

As a result of the division of power, Canada's electrical industry is organized along provincial
lines. In most provinces the industry is highly integrated, with the bulk of the generation, transmission
and distribution provided by a few dominant utilities. Although some of these utilities are privately
owned, most are Crown corporations owned by the provinces. Among the major electric utilities, seven
are provincially owned, six are investor owned, two are municipally owned, and two are territorial
Crown corporations, hi 1997, provincial electric utilities owned about 83% of Canada's total installed
generating capacity and produced about 78% of total generated electricity.

On 1 April 1999, Ontario Hydro, once North America's largest power company, officially ceased
to exist. The provincially owned electricity giant established in 1906, was split up into five separate
entities under a provincial restructuring plan. The two largest of the successor companies are Ontario
Power Generation Inc. (OPG) the entity that will run the province's 80 generating stations, and Ontario
Hydro Services Co., which will run the province's 29,000 kilometre transmission network and supply
electricity to about one million customers, mostly in rural Ontario.

To enhance competition, the province has adopted rules that will break the generation company's
near monopoly of the power market. Currently, the utility has an 85% market share, but it is being

CANADA 163



required to reduce this to 35 per cent over the next 10 years. This means that there may be new
owners of nuclear generating units in the new competitive electricity market in Ontario. This is implied
as nuclear electricity accounts for 44% of OPG's total electricity output and Ontario Power Generation
Inc. will not be permitted effective control of generation capacity greater than 35%.

The electric power industry has a significant presence within the Canadian economy. There
were more than 80 000 people directly employed by the industry in 1997, (about 0.6% of total Canadian
employment, down 3.5% from 1996) reflecting the continuous restructuring of Canada's electric power
industry. Total revenue for the largest utilities amounted to about $26.8 billion in 1997. Of this total,
approximately $1,378 million or 5.2% came from export earnings. Over the last decades, the electric
power industry has steadily increased its contribution to Canada's Gross Domestic Product, from 2.3%
in 1960, to 2.5% in 1970, to 3.0% in 1980, to 3.0% in 1990, to 3.6% in 1995. However, this share has
dropped to 2.9% in 1997.

The electric power industry had a large investment share in the energy sector in 1997, with total
capital expenditures of $5.2 billion accounting for about 21% of the total investment in the energy
sector, and 3% of the total investment in the economy. Total assets of the industry were about $135
billion in 1997. This reflects the capital-intensive nature of the electric power industry. Hydro-Quebec,
Ontario Power Generation (OPG), formerly Ontario Hydro, and B.C. Hydro were the three largest
electric utilities in Canada. Figure 1 shows the major generating utilities in Canada.

Capacity Share
(MW) (%)

SeyeffiBWfiS G>m&&: 93,563 83
Isvsstor Own«d:' 12,291 11
Industrial (not shown jc 6,752 6

% Marttlme Electric

Nova Scotia Power

FIG. 1. Major Generating Utilities in Canada -1997

2.2. Policy and Decision Making Process

The provincial electric power utilities are responsible for electricity supply and make decisions
about the type of technology to be used for electricity generation; they are also responsible for building,
operating and maintaining provincial power facilities, including nuclear facilities. Utilities with nuclear
plants in operation in Canada are Ontario Power Generation (OPG, formerly Ontario Hydro), Bruce
Power Inc. (the principle shareholder is British Energy), New Brunswick Power Corporation and
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Hydro-Quebec. Apart from Bruce Power Inc., which is a newcomer in the electric power scene, the
three provincial utilities, particularly OPG, have had critical roles to play in the development of
Canada's nuclear programme and worked closely with AECL in the design and construction of the
power reactors in their respective provinces.

2.3. Main Indicators

Canada ranks sixth in the world with an installed generating capacity of about 118 GW (behind
the United States, Japan, Russia Federation, China and Germany), accounting for about 4% of the
world total. Canada also is a world leader in long-distance electric power transmission. Hydroelectric
power is the largest domestic source of electric energy representing about 59% of the nation's supply in
2000. Nuclear power represented about 12% of electricity supply in 2000. The electricity production
and installed capacities are given in Table 5 and the energy related ratios in Table 6.

Electricity is vital to almost every aspect of the Canadian economy and is projected to continue
to expand its role over the next century. From 1980 to the end of 2000 net electricity generation
increased at an annual average rate of 2%, compared with real Gross Domestic Product of 2.6%, and
total population growth of 1.1%. Canada's total electricity consumption in 2000 was 564 TWh with per
capita consumption of 17,117 kW-h. In the same year, total electricity produced amounted to 554
TW-h.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

Canada has developed a successful nuclear programme based on the unique heavy water natural
uranium reactor system (now known as CANDU), which uses pressurized fuel channels instead of a
pressure vessel, natural uranium instead of enriched uranium and heavy water as coolant/moderator
instead of light water as coolant/moderator found in the pressurized water reactor designs.

TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)

- Total ("
- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GWe)

-Total
- Thermal
- Hydro
- Nuclear
-Wind

1960

114.38
8.50

105.88

23.04
4.39

18.64

1970

204.72
47.05

156.71
0.97

42.83
14.29
28.30

0.24

1980

377.52
85.95

253.07
38.50

82.00
28.36
47.77
5.87

1990

482.03
116.34
296.85

68.84

104.12
31.37
59.38
13.37

1999

563.39
161.20
332.80

69.33

116.99
38.73
68.24
10.00
0.02

2000

564.32
163.31
332.26

68.68

118.31
39.30
68.98
10.00
0.02

Average annual
growth rate (%)

1960
To
1980

6.15
12.27
4.45

6.55
9.78
4.82

1980
To

2000

2.03
3.26
1.37
2.94

1.85
1.64
1.85
2.70

( l) Electricity losses are not deducted.
Source: Statistics Canada; Natural Resources Canada.
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TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kW-h/capita)

Electricity production/Energy production (%)

Nuclear/Total electricity (%)

Ratio of external dependency (%) (1)

Load factor of electricity plants

- Total (%)
- Thermal
- Hydro
- Nuclear

1960

223

6,100

34

22

57
22
65

1970

301

9,317

28

-5

55
38
63
46

1980

380

13,853

35

10

-6

53
35
60
75

1990

389

16,865

34

15

-22

53
42
57
59

1999

371

17,134

30

13

-56

55
48
56
79

2000

378

17,117

29

13

-58

54
47
55
78

(1) Net import / Total energy consumption
Source: Energy Statistics Handbook, Statistics Canada; Natural Resources Canada.

Since the early 1950's, Canada has pursued the nuclear power option through the development of
the CANDU system. Canada decided to proceed with the nuclear programme (a) because it had
accumulated considerable experience in the heavy water natural uranium reactor system which
enabled Canada to make use of Canadian resources and technology; and (b) because in some regions
of Canada (particularly Ontario) major hydro resources had been krgely developed and fossil fuels
would have to be imported; and (c) because it had abundant supplies of uranium.

The main milestones of the Canadian nuclear programme are:

• In 1955, AECL, Ontario Hydro and Canadian General Electric (CGE) made a commitment to build
the first small-scale prototype 22 MW CANDU reactor at Rolphton, Ontario;

• A larger prototype was constructed at Douglas Point, Ontario. The 200 MW reactor went into
service in 1967; these two reactors established the technological base for the larger commercial
units to follow and for Canada's nuclear programme;

• Two 500 MW(e) reactors at Pickering, Ontario were committed under a tri-partite agreement
between OPG, AECL and the federal government; Ontario Hydro later committed two more units
to make an integrated 4-unit station; the units (Pickering A) came into operation between 1971 and
1973;

• Conceptual design studies on the Bruce A station were initiated in 1968; the 4x800 MW unit
Bruce A station came into service from 1977 to 1979;

• AECL devebped the CANDU 6 reactor design and was successful in selling four of these in the
early to mid-1970's: Gentilly-2 (Hydro-Quebec, 1973), Point Lepreau (New Brunswick, 1974), and
two abroad;

• In July 1974, Ontario Hydro decided to add 4 units at the Pickering A station; the 4 units
(Pickering B) came into service from 1983 to 1986;

• Four additional units (Bruce B), came into service from 1984 to 1987;
• Four 900 MW(e) units at Darlington were committed in the early 1980's; these went into service in

1989-1994;
• Lay up of 8 units at Bruce A and Pickering A (Bruce unit 2 in 1995 and the remaining 7 in 1998);
• Successful completion of the environmental assessment of the four units laid up at Pickering A

and decision to return Pickering A to service in 2000/2001;
• On 16 February 2001, the Canadian Nuclear Safety Commission (CNSC) announced that it had

determined that the restart of the Pickering A units would not cause significant adverse
environmental effects. The ruling allows the CNSC to proceed to formal consideration of OPG's
application to re-start the reactors. The first Pickering A reactor could be brought back on-line by
31 March 200land the remaining units in the 2002-2003 time frame;

• In May 2001, OPG announced that a contract had been concluded for the proposed lease of the 8
unit Bruce nuclear station to Bruce Power Inc. The lease covers the period to 2018, with an option
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to extend for up to another 25 years. Bruce Power is evaluating the possible restart of units 3 and
4 at the Bruce A facility and plans to bring the two units back into operation by the summer of
2003, subject to regulatory approvals. Bruce Power is a joint venture of British Energy pic,
Cameco.

Canada also made entry into the international power reactor supply field while it was building a
major nuclear programme at home. Canadian General Electric (CGE) had played a major role in the
export market in the 1960's but abandoned this activity in the late 1960's leaving AECL to pick up the
leadership drive for CANDU exports (see Chapter 4).

3.2. Status and Trends of Nuclear Power

At the end of 2000, Canada had 22 units installed with a capacity of 15,437 MW(e) accounting
for close to 15% of total installed electrical capacity in Canada. Only 14 of these were in full
commercial operation. Table 7 gives an overview of the main nuclear power data in Canada and its
provinces.

In 2000, 13.5% of total electricity generation in Canada came from the 22 CANDU reactors in
Ontario, Quebec and New Brunswick although when fully operational, these units provide 20% of
Canada's electricity supply. Almost 60% of Ontario's electricity comes from nuclear energy. The status
of the Canadian nuclear power plants is given in Table 8.

TABLE 7. CANADIAN NUCLEAR POWER DATA

Electricity Demand Growth (% p.a.)

Nuclear Share (%) of Electric Utility Generation

Capacity/Number of Reactors In Service (Net MW(e)/#)

Capacity/Number of Reactors laid up (Net MW(eV#)

Canada

1.24

13.5

10 301/14

5 136/8

Ontario

1.04

42.6

9 028/12

5 136/8

New
Brunswick

1.07

19

635/1

Quebec

1.03

2

638/1

Source: Country Information.

Since 1990, due to Canadian economic and political situation domestic utilities have postponed
indefinitely their expansion plans, and their nuclear plans particularly. There is little prospect for a
domestic CANDU sale in Canada during the early part of the next decade although there is still
demand for servicing the current fleet of reactors as well as life-extension.

In the latter part of the 1980's, domestic market prospects were much stronger than they are
today. OPG's Demand-Supply Plan at this time foresaw the return of a measure of economic growth in
the early 1990's and over a 25 year horizon a need for enough new reactor units to establish a solid
domestic market base for CANDU. Utilities were also actively considering expanding or establishing
their nuclear power capacity. The offshore market was likewise expected to grow but not to be a
major market until the turn of the century (The old plan was premised on a forecast of median load
growth and a need to install 15,000 MW of additional capacity by 2014 to augment the 1989 capacity of
23,000 MW. Ten CANDU reactors were to provide 8,880 MW of the new capacity).

Ontario's Nuclear Asset Recovery Plan (NAOP) is starting to show positive results as
demonstrated by improvements in performance of its units. The capability factor of the 12 operating
units in Ontario was over 80% in 2000. The CANDU 6 units in Canada and abroad continue to show
good performance with gross lifetime capacity factors of over 80%.

CANADA 167



3.3. Current Policy Issues

The federal government's view is that, on balance, Canada is fortunate to have a variety of
energy options at its disposal and that it is necessary to continue to develop a mixture of energy
sources. Within the supply system there is an important role for nuclear energy as long as it is
responsibly managed and strictly regulated.

The provinces have overall responsibility for the development and management of their nuclear
supply system, including nuclear power stations. Although the three provinces with nuclear facilities do
not have any plans to build additional nuclear plants, they are undertaking or planning to undertake
refurbishment programmes to ensure long-term supply from their nuclear assets. The Ontario
government recognizes that nuclear energy will remain a very important component of the supply mix
and that it represents a major technical achievement.
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TABLE 8. STATUS OF NUCLEAR POWER PLANTS
Station

BRUCE-5

BRUCE-6

BRUCE-7

BRUCE-8

DARLINGTON-1

DARLINGTON-2

DARLINGTON-3

DARLINGTON-4

GENTILLY-2

PICKERING-5

PICKERING-6

PICKERING-7

PICKERING-8

POINT LEPREAU

BRUCE-1

BRUCE-2

BRUCE-3

BRUCE-4

PICKERING-1

PICKERING-2

PICKERING-3

PICKERING-4

DOUGLAS POINT

GENTILLY-1

NPD

Type

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

HWLWR

PHWR

Net

Capacity

785

785

785

785

881

881

881

881

635

516

516

516

516

635

769

769

769

769

515

515

515

515

206

250

22

Operator

OPG
OPG

OPG

OPG

OPG

OPG

OPG

OPG

HQ
OPG

OPG

OPG

OPG

NBEPC
OPG

OPG

OPG

OPG

OPG

OPG

OPG

OPG

OPG

HQ

OH

Status

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Laid up

Laid up

Laid up

Laid up

Laid up

Laid up

Laid up

Laid up

Shut Down

Shut Down

Shut Down

Reactor
Supplier

OH/AECL

OH/AECL

OH/AECL

OH/AECL

OH/AECL

OH/AECL

OH/AECL

OH/AECL

BBC

NEI.P

OH/AECL

OH/AECL

OH/AECL

AECL

OH/AECL

OH/AECL

NEI.P

NEI.P

OH/AECL

OH/AECL

OH/AECL

OH/AECL

AECL

AECL

CGE

Construction
Date

Ol-Jun-78

Ol-Jan-78

01-May-79

Ol-Aug-79

Ol-Apr-82

Ol-Sep-81

Ol-Sep-84

01-JuI-85

Ol-Apr-74

Ol-Nov-74

Ol-Oct-75

Ol-Mar-76

Ol-Sep-76

Ol-May-75

Ol-Jun-71

Ol-Dec-70

Ol-Jul-72

Ol-Sep-72

Ol-Jun-66

Ol-Sep-66

Ol-Dec-67

Ol-May-68

Ol-Feb-60

Ol-Sep-66

Ol-Jan-58

Criticality
Date

15-Nov-84

29-May-84

07-Jan-86

15-Feb-87

29-Oct-90

05-Nov-89

09-Nov-92

13-Mar-93

1l-Sep-82

23-Oct-82

15-Oct-83

22-Oct-84

17-Dec-85

25-M-82

17-Dec-76

27-Jul-76

28-Nov-77

10-Dec-78

25-Feb-71

15-Sep-71

24-Apr-72

16-May-73

15-Nov-66

12-Nov-70

1 l-Apr-62

Grid
Date

02-Dec-84

26-Jun-84

22-Feb-86

09-Mar-87

19-Dec-90

15-Jan-90

07-Dec-92

17-Apr-93

04-Dec-82

19-Dec-82

08-Nov-83

17-Nov-84

21-Jan-86

1l-Sep-82

14-Jan-77

04-Sep-76

12-Dec-77

21-Dec-78

04-Apr-71

06-Oct-71

03-May-72

21-May-73

07-Jan-67

05-Apr-71

04-Jun-62

Commercial
Date

Ol-Mar-85

14-Sep-84

10-Apr-86

22-May-87

14-Nov-92

09-Oct-90

14-Feb-93

14-Jun-93

Ol-Oct-83

10-May-83

Ol-Feb-84

01-Jan-85

28-Feb-86

Ol-Feb-83

Ol-Sep-77

Ol-Sep-77

Ol-Feb-78

18-Jan-79

29-Jul-71

30-Dec-71

Ol-Jun-72

17-Jun-73

26-Sep-68

01-May-72

Ol-Oct-62

Shutdown
Date

16-Oct-97

08-Oct-95

09-Apr-98

16-Mar-98

31-Dec-97

31-Dec-97

31-Dec-97

31-Dec-97

04-May-84

Ol-Jun-77

Ol-Aug-87

Source: Natural Resources Canada; IAEA Power Reactor Infonnation System as of 31 December 2000.
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Ontario

On August 13, 1997, the Ontario Hydro (OH) Board of Directors announced its Nuclear Asset
Recovery Plan (NAOP) which entailed the lay-up of seven of its 19 operating CANDU reactors in
order to dedicate resources to bringing the other 12 units back to their previous standard of excellence
(one unit, Bruce unit 2, was laid up in 1995). The Board decided that once that target is achieved, OH
(now OPG) will evaluate the restart of the eight laid-up units by preparing the necessary business
cases including a review of other generation options that will be available to the utility at that time.

The NAOP was based on the results of the Independent, Integrated Performance
Assessment (IIPA) by the Nuclear Performance Advisory Group headed up by Mr. Carl Andognini,
former Executive Vice-President and Chief Nuclear Officer of OH. The IIP A report indicates that OH
had difficulty in making a smooth transition from a large, design and construction organization to an
operating-and-maintenance-driven company and that the root cause of OH declining nuclear
performance was the manner in which the corporation manages and operates its nuclear facilities.
OH's (now OPG's) HPA is serving as a model for other countries with large nuclear programmes and
ageing facilities

In 2000-2001, we have seen the successful completion of the environmental assessment of the
four units laid up at Pickering A and a decision by the OPG Board to return the four units at Pickering
A to service, starting in March 2002. On 16 February 2001, the CNSC announced that it had
determined that the restart of the Pickering A units would not cause significant adverse environmental
effects. The ruling allows the CNSC to proceed to formal consideration of OPG's application to re-
start the reactors. In May, 2001, OPG announced that a contract had been concluded for the proposed
lease of the 8 unit Bruce nuclear station to Bruce Power Inc. The lease covers the period to 2018, with
an option to extend for up to another 25 years.

New Brunswick

The New Brunswick government is also reviewing the future structure of the electricity market
and the future role of NB Power. A study on Point Lepreau by Hagler, Bailly, a consulting firm
commissioned by NB Power, concluded that the reactor could not be expected to be operated beyond
2008 without substantial new investment. The decision NB Power and the government must make
regarding investing to extend the life of Point Lepreau beyond 2008 will involve a comparison between
the total costs of electricity production at Point Lepreau and the total cost at an alternative facility.
There is also the issue of whether Point Lepreau will be privatized along with NB Power's
conventional generation facilities if the decision is made to privatize NB Power. At this point in time the
economics look favourable for Point Lepreau. AECL and New Brunwick Power have reached an
agreement on the refurbishment programme at Point Lepreau. The assessment programme will define
the technical scope for the potential refurbishment of the station. Under the agreement, AECL will act
as the general contractor and will utilize NB Power resources. The preliminary engineering and
assessment programme represents an investment of up to $40 million by NB Power.

There is also the issue of whether Point Lepreau will be privatized along with NB Power's
conventional generation facilities if the decision is made to privatize NB Power. No decision has been
made, yet, by the government concerning the future of NB power; however, the government indicated
that it is planning to issue a policy statement later this year with respect to this matter.

Quebec has a single CANDU 6 unit in operation at Gentilly. Hydro Quebec's Board of
Directors has agreed to initiate a detailed study aimed at assessing the life extension of Gentilly 2
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station after 2008 for an additional 25 years. The study will be conducted by AECL and will include a
comprehensive engineering evaluation of the rehabilitation work to be done as well as a detailed cost
estimate. Based upon the findings, a proposal will be submitted to the Board of Directors for approval.
Preliminary assessments indicate that the refurbishment of Gentilly 2 would be fully competitive when
compared to other electricity generating options.

3.4. Organizational Charts

The structure of the Canadian Nuclear Industry is shown in Figure 2.

Parliament

Minister of
Natural Resources

AECL
Department of

Natural Resources
CNSC

LLRWMO

Uranium Industry:
-production
-refining/conversion
-fuel fabrication

Provincial Electric Utilities:
-Ontario Hydro
-Hydro-Quebec
-New B.runswick Power

Candu Industry:
-Engineering
-Manufacturing
-Construction

Research and Radioisotopes:
-Hospitals
-Universities
-Laboratories
-Industry

CNSC Canadian Nuclear Safety Commission
AECL Atomic Energy of Canada Limited
LLRWMO Low Level Radioactive Waste Management Office

FIG. 2. Structure of the Canadian Nuclear Industry

4. NUCLEAR POWER INDUSTRY

The Canadian nuclear industry consists of a mixture of private sector firms and public sector
organizations at both the federal and provincial levels. The federal government provides leadership,
support and a regulatory framework for the nuclear industry through AECL and the Canadian Nuclear
Safety Commission (CNSC), two federal government agencies (known as "Crown" corporations)
which report to the Canadian Parliament through the Minister of Natural Resources. The Minister of
Natural Resources relies directly on the Department of Natural Resources for policy advice on nuclear
matters including issues pertaining to AECL and the CNSC. The CNSC regulates the safety and
security aspects of nuclear materials and facilities in Canada and participates, on behalf of Canada, in
international measures of control.

AECL has both a public and commercial mandate. It has overall responsibility for Canada's
nuclear research and development (R&D) programme as well as the Canadian reactor design
(CANDU), engineering, marketing programme. Canada also has an indigenous nuclear power industry
established around the CANDU reactor technology. Private sector firms, which undertake the
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manufacturing of CANDU components and the engineering and project management work for reactors
outside of Canada, act as subcontractors to AECL.

Although both the federal and Saskatchewan governments have played a major role in Canada's
uranium industry in the past, through Cameco Corporation and its predecessors, their role is diminishing
as Cameco moves towards full privatization (as of August, 2001, 91% of Cameco was privately owned
and 9% was owned by the Saskatchewan Government). Operation and maintenance of nuclear plants
provide the largest single source of jobs in the nuclear industry.

The Canadian nuclear industry covers all phases of the fuel cycle. The industry's activities are
focused on the design, engineering, construction and servicing of CANDU reactors in Canada and
abroad; on fuel and component manufacturing; and, on the mining, milling, refining and conversion of
uranium. The most significant members of the industry are AECL, the CNSC (previously AECB),
provincial utilities, and private sector firms involved in equipment manufacturing, engineering and the
mix of private and government (both domestic and foreign) firms involved in uranium production. In
addition, there are about 125 hospitals and universities across Canada involved in nuclear medicine and
radiology.

4.1. Supply of Nuclear Power Plants

AECL is responsible for engineering, nuclear design, business management, and construction of
CANDU reactors in Canada and abroad. It leads the marketing and sales initiatives on behalf of the
nuclear industry. It also manages contracts for building the reactors and servicing them. AECL's
CANDU operations are based in Mississauga, Ontario and Montreal, Quebec. It also has offices
around the world.

The industry is not vertically integrated. There are over 150 companies that supply products
and/or services to AECL and the utilities. 58% of these firms are located in Ontario, 14% in Alberta
and 12% in Quebec. The remaining provinces have 16% of the suppliers to the nuclear industry. 66%
of the nuclear industry supplier companies are in the manufacturing sector, 30% are in engineering and
design and 16% in R&D.

Manufacturing: Because of the cyclical nature of the nuclear industry, most of the firms are also
active suppliers to other industries.

Engineering: A number of Canadian engineering consulting firms, working closely with AECL,
assume the conventional design responsibilities as well as project and construction management and
other services, which are often required during plant construction.

Operation and Maintenance: A number of private sector suppliers work as sub-contractors for
provincial utilities for some of the O&M work.

Construction: This activity is cyclical in nature and the impact on employment can be significant (for
example, the construction of a CANDU 6 requires 15,000 person-years over the construction period of
5-6 years). The construction of reactors is undertaken by general construction contractors.

3.2.1. Status of the International Nuclear Programme

Offshore markets have been the major component of the CANDU business during the past
decade and indications are that this situation will continue for some time.
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AECL assisted India in the construction of two 200 MW Douglas Point-type reactors (RAPP 1
and RAPP 2). An agreement was signed with India in 1963 to build RAPP 1 and RAPP 1 was
completed in 1973. Assistance for the construction of RAPP 2 was terminated following India's
explosion of a "peaceful nuclear device" in 1974 although India eventually completed RAPP 2 in 1981
without Canadian involvement. Canada does not have a nuclear co-operation agreement with India and
therefore cannot conduct nuclear trade with India.

In 1964, CGE entered into an agreement with Pakistan to supply a 120 MW CANDU-type
reactor (KANUPP). The plant entered commercial operation in 1972. As Pakistan did not agree to
meet the requirements of Canada's 1974 non-proliferation policy, Canada terminated nuclear co-
operation with Pakistan. Canada does not have a nuclear co-operation agreement in place with
Pakistan although some "limited" safety assistance is currently being provided through the CANDU
Owners Group.

AECL developed the CANDU 6 reactor design and was successful in selling four of these in the
early to mid-1970's: Gentilly-2 (Hydro-Quebec, 1973), Point Lepreau (New Brunswick, 1974), Cordoba
(Argentina, 1973) and Wolsong (South Korea, 1976). All four of these units went into service in the
early 1980's. In 1979, an agreement was signed with Romania to build a multi-unit 600 MW CANDU
station at Cernavoda. The first reactor, Cernavoda 1, was completed and went into commercial
operation in 1996. In 1991, AECL sold an additional CANDU 6 unit to South Korea and a further two
units in 1992.

The CANDU 6 unit in Romania is fully operational and is producing about 10% of the country's
electricity. AECL and its partner ANSALDO signed a contract in May 2001 with Romania to
complete the second unit at the same site. The unit is about 40% complete and is expected to
commence operation in 2005. The CANDU 6 units, in South Korea at the Wolsong site, are now in
service (Wolsong 2, 3 and 4). Wolsong 4 was completed in July 1999.

Two CANDU 6 reactors are under construction at Qinshan, near Shanghai, China. The $4 billion
contract for these units was signed by the federal Crown Corporation, Atomic Energy of Canada
Limited, and the China National Nuclear Corporation (CNNC) in November 1996.

4.2. Operation of Nuclear Power Plants

As noted earlier, all Canadian electric utilities are under provincial jurisdiction and are responsible
for building, operating and maintaining provincial power facilities, including nuclear facilities. The
utilities operating nuclear facilities, are OPG, Bruce Power Inc., Hydro-Quebec and New Brunswick
Power. The main activity of the utilities is operation and maintenance. This activity provides the largest
single source of jobs in he nuclear industry. Private sector suppliers work as sub-contractors for
utilities for some of this work.

The utilities are members of the CANDU Owners Group (COG) and share in funding the
industry's R&D effort. COG was formed in mid-1984 by the Canadian utilities, which own CANDU
plants and AECL. COG was set up to promote closer co-operation among the nuclear utilities in
matters relating to plant operations and maintenance and to foster co-operative development
programmes leading to improved plant performance.

4.3. Fuel Cycle and Waste Management Service Supply

4.3.1. Uranium
Canada is the world's leading producer and exporter of uranium, with output of some 10 700 tU in

2000 representing about 31% of total world production. In 2000, all uranium produced came from
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higher-grade, lower-cost production centres at Key Lake, Rabbit Lake, Guff Lake, McClean Lake and
McArthur River in Saskatchewan's Athabasca Basin. Canada's largest uranium producer, Cameco
Corporation, also operates Canada's only uranium refining and conversion facilities at Blind River and
Port Hope, Ontario respectively. Table 9 contains the uranium data for Canada. Fuel Fabrication in
Canada is carried out by two companies, which produce fuel assemblies for the CANDU reactor.
There are no uranium enrichment and reprocessing facilities in Canada.

The key companies involved in the nuclear fuel cycle in Canada are Cameco Corporation,
COGEMA Resources Inc. (uranium mining and milling); Cameco (refining and conversion); and
General Electric Canada Inc. and Zircatec Precision Industries Inc. (fuel fabrication).

TABLE 9. CANADIAN URANIUM DATA.

Known Uranium Resources Recoverable from Mineable
Ore (1,000 tU as of January 1)*
Total Primary Production (tU)
By-product" Production (tU) [not included above]
Total Producer Shipments (tU)
Value of Shipments ($C millions)
Average Price for Deliveries under Export Contracts
(SC/kgU)/($US/lbU3O8)
Exports of Uranium of Canadian Origin (tU)
Uranium Exploration Expenditures ($C millions)

2000

417

10 683
0

9 921P

485p

47.70/12.40

10 966
48P

1999

433

8 214
0

10 157
500

49.10/12.70

7 146
49

1998

419

10 922
0

9 984
500

51.10/13.30

8 274
60

1997

430

12 031
0

11 127
554

51.30/14.20

10 255
58

1996

490

11706
48

11396
624

53.60/15.10

11 223
39

'Resources at prices of $150/kgU or less.
'Uranium from refinery/conversion facility by-products recovered at Elliot Lake. With the closure of Rio Algom's Stanleigh

operation in mid-1996, by-products from Cameco's refinery/conversion facilities in Ontario are no longer processed in
Canada.
p provisional

Recent Uranium Developments

Mining began at the McArthur Rive mine, the site of world's largest high-grade uranium deposit
discovered to date, in December 1999. During November 2000 commercial production was achieved
and Cameco expects to achieve the mine's monthly design capacity of 577 tU consistently throughout
2001. In January 2001, it was announced that McArthur River's total reserves and resources had been
increased by more than 50%. The mine now has total reserves and resources amounting to some 150
000 tU, with an average grade of 18% U.

After commissioning in 1999, production at McClean Lake reached licensed capacity (2 308 tU)
by the end of October 2000. The mill was fed throughout 2000 by ore from the Sue C open pit and
stockpiled ore from the JEB open pit. Ore from the Sue C mine is expected to provide mill feed fro
some twelve to eighteen months. In its 2001 licence renewal application to the CNSC, majority owner
and operator COGEMA Resources Inc. (CRI), requested that the McClean Lake annual production
capacity be increased by an additional 769 tU. A decision on the McClean Lake licence renewal is
expected in August 2001. Following two years of preparation, the McClean Lake operation received
ISO 14001 certification for its environmental management system, the first uranium mine in North
America to do so.

Mining is ongoing at the Dominique-Janine underground mine at Cluff Lake and is expected to
continue throughout 2001. With allowable capacity remaining in the tailings management area (TMA),
higher ore grades, lower production costs and improved productivity, operations are continuing at Cluff
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Lake into 2002 until all stockpiled ore is processed. Although higher than expected ore grades have
resulted in fewer tailings, production at the site remains limited by the capacity of the TMA.

In 1998, Cameco announced production cutbacks in response to the low price and to ease the
transition to the new high-grade mines in northern Saskatchewan. These cutbacks included the
suspension of mining operations at the Rabbit Lake Eagle Point underground mine on 31 March 1999.
In August 2000, Cameco announced an extension to this temporary suspension of mining activities. As
a result, when the existing ore stockpile is depleted (expected in June 2001), the mill will be placed on
standby for approximately on year, depending on market conditions. Cameco has re-evaluated the
Eagle Point mining plan to achieve further efficiencies and, in 2001, is expected to seek regulatory
approval to re-open the facility based on the revised mining plan.

In October 2000, Cameco Corporation announced that it had signed an agreement with British
Energy Pic to acquire a 15% interest in the Bruce Power Partnership (Bruce Power). Under the terms
of the agreement, Cameco will have the full responsibility to manage all of Bruce Power's fuel
procurement needs. The agreement came into effect on 12 May 2001, shortly after the Bruce Power
Partnership received an operating licence from the CNSC.

In October 1999, Cameco obtained all the necessary licensing to begin production at the
McArthur River mine. The Key Lake mill, closed since 30 June 1999, for a $25 million refurbishment,
received the necessary licensing to process McArthur River ore in November 1999. Production from
the McArthur River mine commenced late 1999.

3.2.2. Canadian Uranium Industry Highlights

Despite low prices, Canadian uranium production capability continues to expand in the province
of Saskatchewan. The McClean Lake mill, which entered into production in June 1999, reached its
annual licenced production capacity of 2 300 tU in November 2000. The McArthur River mine, which
entered into production in December 1999, continued to ramp up towards its annual licenced production
capacity of 6 900 tU, producing about 3 740 tU in 2000. Test mining and development continued at
Cigar Lake in 2000, with the mine expected to begin production in 2005.

As of 1 January 2001, Canada's total "known" recoverable uranium resources were 437 000 tU,
compared with 417 000 tU as of January 1, 1999. This upward adjustment of some 5 per cent is
primarily the result of increased MacArthur resources. Canadian uranium production in 2000 amounted
to 10 683 tU, up some 30% from the 1999 total, mainly due to contributions from the new McClean
Lake and McArthur River mines (Table 10).

3.3.3. Federal Environmental Assessment Reviews

Most nuclear projects undergo a federal environmental assessment process under the Canadian
Environmental Assessment Act (CEAA). Recent assessments are reported below:

In 1995 Rio Algom agreed to licence historic mines in Elliot Lake region (Spanish American,
Milliken, Lacnor, Nordic, Buckles and Pronto) that are not presently under CNSC licence. In support
its licence application, Rio Algom submitted an environmental assessment screening report that is
currently under review.

COGEMA Resources Inc. (CRI) is currently preparing a comprehensive study (CS)
environmental assessment under the CEAA of its plans to suspend the operations at Cluff Lake. Early
in 2001, the CS that outlines, among other issues, the decommissioning plan, options and mitigation
measures, was submitted to the CNSC for preliminary review.
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In its 2001 operating licence application renewal to the CNSC, CRI has requested that the
McClean Lake annual production capacity be increased by some 769 tU (to 3 077 tU). The requested
amendment requires a screening report environmental assessment that is expected to be completed
before the initial CNSC hearing on the McClean Lake licence scheduled on 28 June 2001.

In late 2000, CRI and the Cigar Lake Mining Corporation submitted a screening report
environmental assessment of the preferred of options to dispose of potentially acid generating waste
rock from the Cigar Lake mine. The proponents determined that the preferred option is disposal in the
mined out Sue C pit at McClean Lake. The report is now under review by regulatory agencies.

A CS environmental assessment of the proposal to mill approximately half of the Cigar Lake ore
at the Rabbit Lake mill is expected to be submitted to regulators in 2001. Subject to regulatory
approvals and mutually agreeable business arrangements among the joint venture partners, ore from
Cigar Lake could feed Rabbit Lake mill for some 10 to 14 years.

4.3.2. Radioactive Waste Management

In July 1996, the Government of Canada announced a Policy Framework for Radioactive Waste.
The Framework lays out the ground rules and sets the stage for the further development of institutional
and financial arrangements to implement disposal of radioactive waste in a s'afe, environmentally sound,
comprehensive, cost-effective and integrated manner. The Policy Framework specifies that the federal
government has the responsibility to develop policy, to regulate, and to oversee radioactive waste
producers and owners in order that they meet their operational and funding responsibilities in
accordance with approved disposal plans. The Framework recognizes that there will be variations in
approach in arrangements for the different waste types in Canada, i.e., nuclear fuel waste, low-level
radioactive waste and uranium mine and mill tailings.

3.3.4. Radioactive Waste

In April 2001, consistent with the Policy Framework for Radioactive Waste , the Government of
Canada introduced new legislation for the long-term management of nuclear fuel waste. The Nuclear
Fuel Waste Bill C-27 is the culmination of many years of federal research, environmental assessments
and discussions with stockholders, including the nuclear industry, provinces and the public.

4.3.2.1. Nuclear Fuel Waste

In 1988, the Minister of Energy, Mines and Resources (now Natural Resources Canada)
referred the concept of deep geological disposal of nuclear fuel waste developed by AECL to the
Minister of the Environment for a public review by an environmental assessment panel. In 1989, the
Minister of the Environment appointed a Panel to undertake the public review. In October 1994, AECL
submitted an Environmental Impact Statement to the Panel. Public hearings on the AECL disposal
concept took place between March 1996 and March 1997.

On March 13, 1998, the Panel presented its recommendations on the safety and acceptability of
the disposal concept and on the next steps for the long-term management of nuclear fuel waste in
Canada to the Minister of Natural Resources and the Minister of Environment. The Government of
Canada's response to the recommendations was publicly announced on December 3, 1998. hi its
response, the Government laid out its objectives for federal oversight. This oversight was to be
exercised through legislation and on April 25, 2001, the Government of Canada introduced legislation,
Bill C-27, An Act respecting the long-term management of nuclear fuel waste.
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4.3.2.2. Low-Level Radioactive Waste

OPG produces about 80% of the annual volume of low-level radioactive waste in Canada. To
date there has been no pressing need in OPG for early disposal; volumes are small and the waste is
being safely stored on an interim basis. However, in its 1992 plan for these wastes the utility fully
recognized that, in the longer term, disposal is a necessary step in responsible waste management, so
that future generations are not burdened with managing this waste. OPG has completed conceptual
engineering studies and costed out options for a low-level radioactive waste disposal facility. The year
2015 is considered an achievable target date for bringing a disposal facility into service.

The other major producer of on-going low-level radioactive waste, AECL, is currently in
discussions with the CNSC to license a prototype below-ground concrete vault known as IRUS
(Intrusion Resistant Underground Structure) for relatively short lived waste.

4.3.2.3. Port Hope Area Wastes

The bulk of Canada's historic low-level radioactive waste is located in the southern Ontario
municipalities of Port Hope and Clarington. These wastes, amounting to roughly one million cubic
metres, relate to the historic operations of a radium and uranium refinery in the Town of Port Hope.
While these wastes are being safely managed in their current locations, the federal government has
been seeking a long-term management approach. In early 2001, the Minister of Natural Resources
Canada signed a legal agreement with the communities for the design, construction and maintenance of
local engineered facilities to manage these wastes in the long-term.

With the signing of the Agreement for this 10-year $260 million project, the environmental
assessment licensing phase was initiated. Expected to last 5 years, this phase will be followed by
implementation and operations scheduled to last 3-7 years. The final project phase will be post closure
monitoring of the facilities.

4.3.2.5. Radioactive Contamination in Northern Alberta and Northwest Territories

Uranium ore was mined in the 1930s, 1940s and 1950s at Port Radium on Great Bear Lake in
the Northwest Territories by the uranium mining company Eldorado. It was transported by barge to
Fort McMurray in northern Alberta, where the cargo was put on rail and transported to southern
Ontario for processing. Cargo spills occurred at barge transfer points. Although the radiological impact
of the contaminated sites discovered in 1991 is minimal, the federal government nevertheless decided to
conduct a phased project involving clean-up activities based on sound waste disposal principles. Action
has been taken annually since 1991 in the areas of site characterization, clean up, and monitoring
activities. This project is on-going.

4.3.2.6. Uranium Mine and Mill Tailings

In Canada, about 200 million tones of uranium mine and mill tailings have been generated since
the mid 1950s. These comprise about two percent of all mine and mill tailings in the country. Most of
the existing uranium tailings are located in the provinces of Ontario and Saskatchewan. There are a
total of twenty-four tailings sites in Canada, twenty of which are no longer receiving waste material.
Only the operations in Saskatchewan are now active.

Uranium tailings are decommissioned on-site. Uranium producers in co-operation with provincial
and federal governments are involved in on-going research on the decommissioning of uranium tailings,
specifically tackling the problem of acid mine drainage and increasing the stability of engineered
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barriers. Successful decommissioning has been achieved at sites in Saskatchewan and Ontario. Other
sites are either decommissioned or are still in operation.

With regard to financial responsibility for decommissioning and long-term maintenance of the
tailings, the CNSC requires that present-day operators provide financial assurances that
decommissioning of uranium facilities will take place in a responsible and orderly manner in the short-
and long-term. Where a producer or owner cannot be identified, cannot be located or is unable to pay,
responsibility for decommissioning would rest with the Canadian federal and provincial governments. In
January 1996, a Memorandum of Agreement (MOA) on cost-sharing for management of abandoned
uranium mine tailings was signed between the federal and Ontario governments. The MOA recognizes
that present and past producers of uranium are responsible for all financial aspects of the
decommissioning, and long-term maintenance of uranium mine sites, including the tailings. In the case
of abandoned sites, the MOA outlines how governments will share the long-term management
responsibilities and associated costs. A similar MOA between the federal Saskatchewan governments
is currently under consideration.

4.3.2.7. Decommissioning Reactors

CANDU reactors are to be decommissioned in a staged fashion. NPD (a 25 MW(e) reactor),
Douglas Point (a 220 MW(e) reactor) and Gentilly-1 (a 266 MW(e) reactor), all owned by AECL, are
in a shutdown phase. The nuclear fuel waste has been stored and the containment buildings are intact.
After a period of about 30 years, remaining structures will be dismantled, the site restored and the
waste disposed of off-site.

4.4. Research and Development Activities

The federal government has funded the research and devebpment programme of Atomic
Energy of Canada Limited since AECL was first established in 1952. As part of its overall review of
federal programmes in 1995-96, the Department of Natural Resources reviewed the structure and
funding of the AECL R&D programme in co-operation with other key departments and AECL. As a
result of the review, federal funding was reduced to $100 Million per annum and a strategic decision
was taken to focus AECL's R&D efforts on CANDU-related R&D and close the AECL laboratories
at Whiteshell. The government's objective was to maintain a viable R&D programme at reduced cost
to the federal government. AECL receives commercial revenues from its customers and it also
receives government appropriations for its nuclear R&D programme. Reviews are underway help the
government determine whether the existing level of appropriations for AECL is appropriate. They do
not represent a shift in government policy (The Government of Canada periodically reviews its own
services, agencies and programmes to ensure that Canadians receive the most for their tax dollars).

AECL is responsible for Canada's nuclear research and development programme, which
includes activities in support of CANDU technology as well as basic science activities to support
AECL's applied programmes in the nuclear, biological and material sciences. AECL's internationally
acclaimed research centres at Chalk River, Ontario and Whiteshell, Manitoba play a critical role in the
development of the CANDU reactor, in safely and environmental protection, in nuclear medicine, in
health sciences, in nuclear fuel waste management and in the basic sciences that spawn the
technological advances.

Nuclear research and development in Canada began in the 1940's as a responsibility of the
federal government. The Chalk River Laboratories (CRL) were originally established as a part of the
National Research Council's wartime research effort. Early CRL pursuits were in the "new" sciences
at the time - nuclear physics, nuclear chemistry and radiation biology - and the creation of the National
Research Experimental Reactor (NRX).
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The NRX facility and the National Research Universal (NRU) reactor brought on-stream a
decade later were critical to CRL's early programmes of basic science and isotope production and to
the development of the CANDU reactor system. CRL supported federal government's initiatives to
develop national radiological health and safety regulations and to contribute to international efforts to
control the proliferation of nuclear materials.

Nuclear R&D in Canada has always been distinct from that undertaken in other nuclear
countries. This is because the Canadian research reactors were designed to use natural (rather than
enriched) uranium and heavy (rather than light) water.

Although responsibility for the design, construction and operation of nuclear power plants has
generally been shared between AECL, the nuclear power utilities and private companies, most of the
related R&D activities have remained in the AECL laboratories. Such activities have included the
development of CANDU design methods, experimental verification of CANDU reactor components
and design characteristics, as well as detailed safety analyses. On going work has been on improved
durability and reliability of CANDU components, and flexibility of fuel cycles. Basic and applied
sciences not related to nuclear energy have also been significant research components in these
laboratories.

As the CANDU nuclear energy system is unique in concept among nuclear systems in the
world, the required R&D support is also unique and cannot be derived from research results in other
countries. Therefore, a continuing R&D programme specific to CANDU is necessary to support
existing and future plants, either at home or abroad. In terms of the accumulated electricity produced,
however, the costs of R&D specific to Canada's nuclear energy programme has been much less than
the costs in any other country's civilian nuclear programme.

The continuing design and development programme for HWRs in Canada are primarily aimed at
reduction of plant costs through plant optimization and simplification and at an evolutionary
enhancement of plant performance and safety. Two new 728 MW(e) CANDU-6 units with
improvements over earlier versions of this model are under construction in Qinshan, China. Up-front
basic engineering continues on the 935-MWe CANDU-9 reactor, a single unit adaptation of reactor
units operating in Darlington, Canada. The two year licensability review by the Canadian Nuclear
Safety Commission was completed in January 1997, and found that the CANDU-9 meets the country's
licensing requirements. Further studies are being carried out for advanced versions of the next
generation CANDU plants (NG-CANDU) to incorporate further evolutionary improvements and to
increase the output of the larger reactor up to 1300 MW(e). New features include simple, inexpensive
fuel-bundle design based on slightly enriched uranium and light water coolant.

There are also innovative small heavy water reactors under development. AECL has undertaken
a design initiative called CANDU X within which the future steps in CANDU technology are
investigated. These include consideration of improved thermodynamic efficiency using supercritical
coolant.

4.5. International Co-operation in the Field of Nuclear Power Development and
Implementation

Private and public organizations in Canada's nuclear programme are active in bilateral co-
operative work in many countries often under the umbrella of a Memorandum of Understanding
between parties. Co-operative work is carried out with countries with which Canada has established
formal nuclear relations under a Nuclear Co-operation Agreement. Canadian public and private sector
firms are also active in a variety of multilateral activities carried out in a number of international nuclear
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fora including the International Atomic Energy Agency (IAEA), the Nuclear Energy Agency (NEA) of
the Organization for Economic Co-operation and Development (OECD), the G7 Nuclear Safety
Working Group, etc.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

The Canadian Nuclear Safety Commission

On 31 May 2000, the Canadian Nuclear Safety Commission (CNSC) replaced the Atomic
Energy Control Board (AECB), which had served as the regulator of Canada's nuclear industry for
more than 50 years. The Commission's creation followed the coming into force of the Nuclear Safety
and Control Act and its regulations. The new law represents the first major overhaul of Canada's
nuclear regulatory regime since the AECB was established. The new legislation under which the
CNSC operates mirrors the latest scientific knowledge in the areas of health, safety, security and
environmental protection.

The mission of the Canadian Nuclear Safety Commission (CNSC) is to regulate the use of
nuclear energy and materials to protect health, safety, security and the environment and to respect
Canada's international commitments on the peaceful use of nuclear energy.

Under the Nuclear Safety and Control Act, the CNSC's mandate involves four major areas:

• Regulation of the development, production and use of nuclear energy in Canada;

• Regulation of the production, possession and use of nuclear substances, prescribed equipment
and prescribed information;

• Implementation of measures respecting international control of the use of nuclear energy and
substances, including measures respecting the non-proliferation of nuclear weapons; and

• Dissemination of scientific, technical and regulatory information concerning the activities of the
CNSC.

The Canadian regulatory system is designed to protect people and the environment from licensed
sources of man-made radiation resulting from the use of nuclear energy and materials. This is
accomplished through a licensing process that requires the licensee to prove that their operations are
safe. CNSC staff monitor and inspect licensed activities. At the basis of the regulatory system is the
principle that no technology is fail proof, so licences must incorporate multiple layers of protection
whenever radioactive materials are used.

The CNSC controls the import, export and transportation of nuclear materials and other
prescribed substances, equipment and technology. Staff also plays an important role in international
activities aimed at the non-proliferation of nuclear weapons. A number of other agencies, both
provincial and federal, are involved in the regulation of some activities in the nuclear fuel cycle, but the
CNSC retains the primary regulatory function and is the only agency empowered to license the
operation of nuclear facilities. The CNSC reports to Parliament through a designated Minister,
currently the Minister of Natural Resources. The CNSC also participates in the IAEA activities and
ensures compliance with Canada's non-proliferation policy and the Treaty on the Non-Proliferation of
Nuclear Weapons.
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The licensing process for all nuclear facilities is the most visible function of the CNSC in the
control of safety of the nuclear fuel cycle. CNSC regulations require prior authorization in the form of a
license to possess, use, export or import nuclear materials or to operate uranium mines and mills,
refineries, fuel fabrication plants, heavy water plants, nuclear reactors and waste management
facilities. The CNSC develops safety standards, assesses applications, issues licenses, and inspects
facilities. Standards applied for radiological protection have been developed over the years at both
national and international levels. The basis for the Canadian regulatory radiation dose limits originates
from the recommendations of the International Commission on Radiological Protection (ICRP).

The basic approach in all regulatory matters is that the applicant is primarily responsible for
safety. The CNSC's role is to ensure that the applicants live up to their responsibility. The onus is on
the applicant or the holder of the license to justify the selection of a site, design, method of construction,
and mode of operation of a facility, etc.

5.2. Main National Laws and Regulations

The three main national laws relevant to Canada's nuclear programme are the Nuclear Safety
Act, the Nuclear Liability Act of 1976, and the Canadian Environmental Assessment Act, which
came into force in January 1995. The Atomic Energy Control Act is the primary piece of legislation.

The new Nuclear Safety and Control Act which was developed to replace the Atomic Energy
Control Act was be promulgated in May, 2000 after the regulations under the Act were approved. The
new legislation requires that licensees of nuclear facilities, including mine sites and nuclear power
plants, provide financial assurances for decommissioning of those facilities.

Under the Nuclear and Safety and Control Act, the CNSC requires that operators or
proponents of nuclear facilities make adequate provisions for the safe operation and decommissioning
of existing or proposed operations. Safe operation and decommissioning include the development of
acceptable decommissioning plans, the provision of credible estimates of the costs of implementing
such plans, the provision of financial assurances to ensure that the costs for decommissioning will be
met and, ultimately, the implementation and completion of accepted decommissioning plans.

3.3.2. National Regulation

In the fall of 1995, the federal government introduced new legislation to replace the 50-year-old
Atomic Energy Control Act, which is the basis for regulating the Canadian nuclear industry. The new
Act, the Nuclear Safety and Control Act, replacing the existing^ to mic Energy Control Act of 1946,
received Royal Assent in March 1997. It came into force on 31May 2000, after new regulations in
support of the Act were approved.

The Nuclear Liability Act (NLA) establishes the legal regime that would apply in the event of a
Canadian nuclear accident affecting third parties. The NLA is modelled closely after the Vienna and
Paris conventions. The statute, proclaimed in 1976, governs the liability for third-party injury and
damage arising from nuclear accidents. Although the basic principals underlying the NLA remain valid,
the Act is twenty-five years old, and needs updating to address issues that have become evident over
the years, and to keep pace with international trends. Consequently, the federal government has
conducted a comprehensive review of the NLA. It is intended to introduce amendments to the
legislation sometime in 2002.

The Nuclear Liability Act (NLA) governs the liability for third-party injury and damage arising
from nuclear accidents. The Act also provides for a well-defined compensation system for victims.
The NLA includes provisions for Canada to enter into agreements of reciprocity with any country that
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provides satisfactory arrangements for compensation. Currently, the only such reciprocity agreement is
the one that exists between Canada and the U.S. It ensures that Canadian victims of a U.S. nuclear
accident will be compensated by the U.S. operator, and vice versa. The federal government has
conducted a comprehensive review of the NLA.

The Canadian Environmental Assessment Act (CEAA) establishes in legislation the process
and the obligations of federal departments and agencies for the conduct of environmental assessments
of public or private projects involving the federal government. In 2000, a five year review of the
operation and provisions of the CEAA was undertaken by the Minister of Environment. A multi-
stakeholder consultation was held on a national scale on how to improve the Act. The Minister's report
and a bill to amend the CEAA were tabled in Parliament in March 2001.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE AGENCY

Amendments to articles VI & XTV of the
Agency statute

Agreement on privileges
and immunities

NPT related safeguards agreement
INFCIRC/164

Ratified:

Entry into force:

Entry into force:

• IAEA additional protocol Entry into force:

OTHER MULTILATERAL SAFEGUARDS AGREEMENTS

• India/Canada
INFCIRC/211

• Japan/Canada
INFCIRC/85

• Pakistan/Canada
INFCIRC/135

• Spain/Canada
INFCIRC/247

MAIN INTERNATIONAL TREATIES

• NPT

• Convention on physical
protection of nuclear material

• Convention on early notification
of a nuclear accident

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

15 September 2000

15 June 1966

21 February 1972

8 September 2000

30 September 1971

20 June 1966

17 October 1969

10 February 1977

8 January 1969

8 February 1987

18 February 1990
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• Convention on assistance in the case
of a nuclear accident or radiological
emergency

• Vienna convention on civil liability
for nuclear damage

• Paris convention on third party liability
in the field of nuclear energy

• Joint protocol relating to the application of
Vienna and Paris conventions

• Protocol to amend the Vienna convention
on civil liability for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of spent
fuel management and on the safety of
radioactive waste management

OTHER RELEVANT AGREEMENTS

• Improved procedures for designation
of safeguards inspectors

• ZANGGER Committee

• Acceptance of NUSS Codes

• Nuclear Suppliers Group

• Nuclear Export Guidelines

• Agenda 21 of the UN Conference on
Environment and Development

• Comprehensive Test Ban Treaty

Signature: 26 September 1986

N/A

Not signed

Non Party

N/A

Not signed

Entry into force: 24 October 1996

Entry into force: 18 June 2001

Accepted:

Member

No reply

Member

Adopted

Signed:

8 June 1989

(1992)

24 September 1996
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BILA TERAL A GREEMENTS

Canada has bilateral nuclear co-operation agreements with the following countries:

• Argentina
• Australia
• Brazil
• China
• Colombia
• Czech Republic
• Egypt
• Euratom
• Hungary

• Indonesia
• Japan
• Korea, Republic of
• Lithuania
• Mexico
• Philippines
• Romania
• Russia
• Slovenia

• Slovakia
• Switzerland
• Taiwan
• Turkey
• Ukraine
• Uruguay
• United States
•
•
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

FEDERAL GOVERNMENT DEPARTMENTS AND AGENCIES

Nuclear Energy Division
Department of Natural Resources
580 Booth Street
Ottawa, Ontario K1A 0E4

Uranium and Radioactive Waste Division
Department of Natural Resources
580 Booth Street
Ottawa, Ontario, KIA 0E4

Atomic Energy of Canada Limited
344 Slater Street, 18th Floor
Ottawa, Ontario KIA 0S4

2251 Speakman Drive
Mississauga, Ontario L5K 1B2

Canadian Nuclear Safety Commission
280 Slater Street, 4th Floor Reception
P.O. Box 1046, Station B
Ottawa, Ontario KIP 5S9

Tel: (+1-613) 996-2598
Fax: (+1-613) 995-0087
http://www.nrcan.gc.ca/

Tel: (+1-613) 996-2395
Fax: (+1-613) 947-4205

Tel: (+1-613)237-3270
Fax: (+1-613)782-2061
http://www.aecl.ca/

Tel: (+1-905)823 9040
Fax: (+1-905)403 7301

Tel: (+1-613) 995-5894 or 992 88 28
Fax: (+1-613)995-5086
http://www.cnsc.gc.ca/

FIRMS INVOLVED IN THE FRONT END OF THE FUEL CYCLE

Cameco Corporation
2121- 11th Street West
Saskatoon, Saskatchewan S7M 1J3

Tel: (+1-306)956-6200
Fax: (+1-306)956-6302

http ://www.cameco.com/index.html

Uranerz Exploration and Mining Limited
410 - 22nd Street E., Suite 1300 Tel: (+1-306) 668-1711
Saskatoon, Saskatchewan S7K 5T6 Fax: (+1-306) 652-3731

Cogema Resources Inc.
817 - 825,45th Street West, Box 9204
Saskatoon, Saskatchewan S7K 3X5

Rio Algom Limited
120 Adelaide Street West, Suite 2600
Toronto, Ontario M5H 1W5

Denison Mines Limited
Atrium on Bay - Suite 320
40 Dundas Street West
Toronto, Ontario M5G 2C2

Tel: (+1-306)343-4502
Fax: (+1-306)653-3883

Tel: (+1-416)367-4000
Fax: (+1-416)365-6870

Tel: (+1-416)979-1991
Fax: (+1-416)979-5893
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RELEVANT ASSOCIATIONS

Uranium Saskatchewan Association Inc.
600 Spadina Crescent East
Saskatoon, Saskatchewan S7K 3G9

Canadian Nuclear Association
130 Albert Street, Suite 1610
Ottawa, Ontario KIP 5G4

Canadian Electrical Association
1 Westmount Square, Suite 1600
Montreal, Quebec H3Z 2P9

Electrical and Electronic
Manufacturers Association
10 Carlson Court
Suite 210
Rexdale, Ontario M9W 6L2

RELEVANT POWER UTILITIES

Ontario Power Generation
700 University Avenue
Toronto, OntarioM5G 1X6

Bruce Power
P.O. Box 1540
Tiverton, Ontario, NOG 2T0

Hydro-Quebec
75, boul. Rene Levesque ouest
Montreal, Quebec H2Z 1A4

SaskPower Corporation
2025 Victoria Avenue
Regina, Saskatchewan S4P OS 1

New Brunswick Power Corporation
515 King Street
P.O. Box 2000
Fredericton, New Brunswick E3B 4X1

CANDU INDUSTRY

Monenco Agra Inc.
Monenco Agra Building
2010 Winston Park Drive, Suite 100
Oakville, Ontario L6H 6A3

Babcock and Wilcox Canada
P.O. Box 310

Tel: (+1-306)242-8222
Fax: (+1-306)244-4441

Tel: (+1-613)237-9082
Fax: (+1-613)237-0989

Tel: (+1-514)937-6181
Fax: (+1-514)937-6498

Tel: (+1-416)674-7410
Fax: (+1-416)674-7412

Tel: (+1-416)592-3453
http://www.opg.coni/default2.asp

Tel. 519-361-3550
Fax:519-361-3325
http://www.brucepower.com/'

Tel: (+1-514)289-3811
Fax: (+1-514)289-3342
http://www.hydro-quebec.com/en/

Tel: (+1-306)566-2121
Fax: (+1-306)566-3523

http://www.saskpower.com/

Tel: (+1-506)458-4342
Fax: (+1-506)458-4390
http://www.nbpower.com/en/index.html

Tel: (+1-905)829-5399
Fax: (+1-905)829-5401
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581 Coronation Boulevard
Cambridge, Ontario N1R 5V3

Canatom Inc.
2020 University, Suite 2200
Montreal, Quebec H3A 2A5

CAE Electronics Ltd.
C.P. 1800
Saint-Laurent, Quebec H4L 4X4

CAE Electronics Ltd.
C.P.1800
Saint-Laurent, Quebec H4L 4X4

Dominion Bridge
500 Notre-Dame Street
Lachine, Quebec H8S 2B2

GE Canada Inc.
Nuclear Products
107 Park Street North
Peterborough, Ontario K9J 7B5

RADIOISOTOPES

Nordion International Inc.
447 March Road
Kanata, Ontario K2K 1X8

HIGH ENERGY RESEARCH INSTITUTES

Canadian Institute for Synchrotron Radiation
(CISR)

TRIUMF (Canada)

Centre canadien de fusion magnetique
(CCFM)

INRS - Energie et Materiaux

Plasma Physics Laboratory

at the University of Saskatchewan

UNIVERSITIES

University of Saskatchewan

University of Western Ontario

Tel: (+1-519)621-2130
Fax: (+1-519)621-5610

Tel: (+1-514)288-1990
Fax: (+1-514)289-9813

Tel: (+1-514)341-6780
Fax: (+1-514)341-7699

Tel: (+1-514)341-6780
Fax: (+1-514)341-7699

Tel: (+1-514)634-3551
Fax: (+1-514)631-2668

Tel: (+1-705)748-7509
Fax: (+1-705)748-7338

Tel: (+1-613) 592 2790
Fax: (+1-613) 592 5302

http://www.uwo.ca/'cisr/index.html

http://www.triumf.ca/

http://www.ccfm.ireq.ca/

http://www.inrs-ener.uquebec.ca/

http://physics.usask.ca/research/plasma.htm

http://www.usask.ca/

http ://www.uwo .ca/
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OTHER ORGANIZATIONS

Canadian Centre for Occupational
Health and Safety (CCOHS) http://www.ccohs.ca/

Canadian Coalition for

Nuclear Responsibility (CCNR) http://www.ccnr.org/

Friends of the Earth (Canada) http://www.foecanada.org/

War, Peace and Security WWW Server

(Department of National Defense, Canada) http://www.cfcsc.dnd.ca/

Energy Council of Canada (ECC) http://www.energy.ca/

Canadian Nuclear Association http ://www. cna. ca/

Canadian Nuclear Society (CNS) http://www.cns-snc.ca/

Atlantic Nuclear Services Ltd. (ANSL) http://www.ansl.ca/

Can Nuke Technologies Ltd http://www.cannuke.com/

International Energy Foundation
(IEF) http://www.cableregina.com/nonprofits/ief/Index.htm
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PEOPLE'S REPUBLIC OF CHINA

1. GENERAL INFORMATION

1.1. General Overview

China, the world's largest country, has a population of about 1.3 billion people. The average
annual growth rate of population was about 0.9% during the last decade (Table 1). Its land area is
9,561,000 square kilometres. China is rich in coal and water resources, which are unevenly distributed
throughout the country. Coal deposits are predominantly in the north and northwestern regions, while
water resources are mainly in the southwestern region. In contrast, Southeast China is densely
populated and has extensively developed industry and agriculture, but is deficient in coal and hydro
resources.

Transportation of vast amounts of coal accounts for 48% of the railway capacity and 25% of the
highway capacity. This adds to a high price of coal. Environmental pollution from burning coal is
rapidly becoming a serious problem. Improvement of China's energy infrastructure includes the
development of nuclear power. During the last 40 years, a relatively complete nuclear fuel cycle
system has been built in China.

On China's mainland there are two nuclear power plants in operation, with a capacity of 2.27
GW(e): one plant consist of the 300 MW(e) PWR NPP at Qinshan, Zhejiang Province and the other
one of two 984 MW(e) PWR units at Daya Bay, Guangdong Province.

The Qinshan Nuclear Power Plant is on the north side of Hangzhou Bay, which is eight
kilometres from the city of Haiyan, 90 km from Shanghai, and 78 km from Hangzhou. The Qinshan
nuclear power plant site enjoys a subtropical maritime climate. The mean annual temperature is
16.3°C°, with a maximum of 37.4°C and a minimum of -5.3°C. The relative humidity is higher than
80%. The plant site is located on a mountainous peninsula with a low population density (240 people
per km2). There are about 18,600 inhabitants within five kilometres of the plant.

The Daya Bay Nuclear Power Plant is located in Longgang Zone, Shenzhen City, Guangdong
Province. The site faces Dapeng Bay, a small bay on the southwest of Daya Bay, and is close to low
mountains (700 m high) on the Dapeng peninsula. Similar to Qinshan, the site has a subtropical
maritime climate. The mean annual temperature is 21.8°C with a maximum of 36.7°C and a minimum
of 0.2°C. The relative humidity follows the monsoon seasons with the highest humidity (80%) in
spring and summer and the lowest (16%) in winter. The mountainous peninsula has a low population
density (37 people per km2). There are about 2,900 inhabitants within five kilometres radius from the
plant.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitan/km2)
Urban populations percent of total

Area (1000km-) 9,561

1960

657.5
68.8

1970

830.7
86.9

1980

998.9
104.5
19.4

1990

1,155
120.8
26.4

1996

1,232
128.9
29.3

1997

1,236
129.3
29.9

1998

1,248
130.5
30.4

1999

1,259
131.7
30.9

2000

1,266
132.4
36

Ann. av.
growth

rate (%)
1990
to

2000

0.9
0.9
3.1

Source: IAEA Energy and Economic Database and Country Information

1.2. Economic Indicators

In 2000, China's Gross Domestic Product (GDP) was 8,940 billion RMB Yuan, a 8.0% increase
from 1999. GDP was 1081 billion US$ (according to the exchange rate 8.27) with the per capita GDP
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of 848 US$ in 2000 and annual growth rate of 8.3% during the 9th Five-Year Plan Period (1996-
2000). Total industrial GDP increased to 4,430 billion RMB Yuan with a growth rate of 9.6% over the
previous year. Agricultural sector grew to 1,480 billion RMB Yuan with a growth rate of 2.4 % over
previous year. Service sector grew to 2,914 billion RMB Yuan with 7.8%. In 2000, the proportions of
agriculture, industry and services were 17%, 50% and 33% of total GDP, respectively. Table 2 shows
the historical Gross Domestic Product (GDP) data.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP" 1

GDP'21

GDP(3) per capita
GDP by sector (%):

-Agriculture
-Industry
-Services

1970

123,424
117,970

151

35
37
28

1980

392,056
215,498

400

30
44
26

1990

505,750
505,750

446

27
37
36

1996

815,412
750,515

662

20
43
37

1997

896,933
818,061

732

19
44
37

1998

943,383

772

18
42
40

1999

990,459

780

18
49
33

2000

1,081,064

848

17
50
33

Ann. av.
growth
rate (%)

1996
to

2000
8.3

6.4

3.3
9.7
8.1

(1) Mill ions of current US$ .
(2) Mill ions of constant 1990 US$.
(3) Current U S $ per capita.
Source: I A E A Energy mid Economic Data Base and Country Information.

1.3. Energy Situation

China has abundant coal and hydro resources. Total coal deposits are estimated to be 5,059
billion metric tons, and hydroelectricity is about 380,000 MW. Table 3 shows the reserves of all
energy sources in the country.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

3020.05

Liquid

221.42

Gas

45.61

Uranium"' Hydro(2)

570.88

Exajoule
Total

3857.97

(1) This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross
theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base and Country Information.

In 1999, the total output of primary energy was 1.1 billion tonnes of standard coal equivalent
(11.3% higher than the previous year). The coal production accounted for 68.2% of total primary
energy production while the production of petroleum, natural gas and hydropower accounted
respectively for 20.9%, 3.1% and 7.8% of total energy production.

In 1999, primary energy consumption amounted to 1.22 billion tonnes of standard coal
equivalent. The rates of coal, petroleum, natural gas and hydropower in energy consumption were
67.1%, 23.4%, 2.8% and 6.7%, respectively. Statistical energy data are given in Table 4. The per
capita energy consumption in 1999 was 0.97 tonnes of standard coal.

1.4. Energy Policy

The current power developing policy of the Chinese government is to fully utilize he existing
capacity in generating electricity, to actively construct hydroelectric power and fossil power of large
capacity units nearby pits, to reduce the number of fossil power units with small capacities and to
moderately develop nuclear power. China's energy policy adheres to the following principles:
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• Laying equal stress on both energy development and energy conservation;
• Harmonizing development with environmental protection:
• Considering power sources construction in accordance with local conditions;
• Optimizing structure of fossil power:
• Developing hydraulic power extensively;
• Developing nuclear power appropriately;
• Promoting development of new energy resources in accordance with local condition.

TABLE 4. ENERGY STATISTICS
Exajoule

Energy consumption
-Total(1)

- Solids (2)

- Liquids
- Gases
-Primary electricity ^

Energy production
-Total
- Solids
- Liquids
- Gases
-Primary electricity(3)

Net import (import - export)
- Total
- Solids
- Liquids
- Gases

1960

8.70
8.27
0.32
0.04
0.07

8.64
8.31
0.22
0.04
0.07

0.06
-0.04
0.10

1970

10.22
8.62
1.29
0.11
0.20

10.26
8.67
1.28
0.11
0.20

-0.05
-0.06
0.01

1980

19.02
14.18
3.73
0.56
0.56

19.81
14.26
4.44
0.56
0.56

-0.79
-0.08
-0.71

1990

28.90
22.26
4.80
0.60
1.24

32.05
24.44

5.79
0.60
1.22

-1.29
-0.34
-0.95

1997

40.48
28.95

8.26
0.69
2.57

38.80
28.75

6.71
0.81
2.58

0.67

1998

38.74
26.96

8.33
0.85
2.60

36.41
26.18

6.73
0.91
2.60

0.39

1999

40.89
29.06

8.70
0.91
2.22

40.21
29.97

6.91
1.08
2.25

-2.19
-1.08
1.78

-2.89

2000

41.09
28.49

9.33
0.95
2.32

40.00
29.40

7.07
1.18
2.35

-62.51
-1.16
2.31

-63.65

Average: annual
growth rate (%)
1960

to
1980

3.99
2.73
13.11
13.99
10.89

4.24
2.74
16.27
13.99
10.86

-14.22
3.16

-10.34

1980
to

2000

3.93
3.55
4.70
2.71
7.34

3.58
3.68
2.36
3.83
7.42

24.41
14.21
-6.07

(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2) Solid fuels include coal, lignite and commercial wood.
<3^ Primary electricity = Hydro + Geothermal + Nuclear + Wind.

Source: IAEA Energy and Economic Database and Country Information.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector
At present, China has set up 6 major trans-provincial and regional networks and 5 independent

provincial networks in the mainland for distribution of the generated electricity by its power plants
(which have a total capacity of about 320 GW). Among these, the largest one is the East-China Power
network, which connects 56.7 GW of installed capacity. The next two largest networks are the
Southern four Provinces (Guangdong, Guangxi, Guizhou and Yunnan) Interlined Power network and
the Central China Power network with installed capacities of 51.4 GW and 45.6 GW, respectively.
The installed capacities of the North-China Power network and the Northeast China Power network
are 42.8 GW and 37.9 GW. The Northwest China Power network's installed capacity is 19.2 GW. In
addition, the Shandong Provincial Power network developed quite rapidly and reached an installed
capacity of 19.6 GW at the end of 2000. The other independent provincial networks are Sichuan-
Chongqing power network (19.0 GW), Fujian power network (10.4 GW), Hanan power network (1.8
GW) and Xingjiang power network (2.7 GW). All these power networks are state-owned. The State
Power Corporation of China (SPCC) is drawing up the nation-wide power net linking programme.
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2.2. Decision Making Process

The State Development and Planning Commission (SDPC) is responsible for planning,
budgeting and final accounting of economic construction nation-wide. Construction projects
exceeding a certain investing limit must seek pre-approval from SDPC. The various plans, such as the
annual plan, the five years plan and the long-term development plan of China's national economy, are
all established under the leadership of SDPC. The State Council must approve large projects, like the
Three Gorges Power Station. SDPC is also responsible for localization of nuclear power plants.

The State Economic and Trade Commission (SETC) is responsible for short and long term
planning of conventional electricity development according to the needs of the national economy.
SETC is authorized to initiate a new power project. The owner of the power project prepares and
submits the Preliminary Feasibility Study Report (PFSR), the Project Proposal and the Feasibility
Study Report (FSR) to SETC (to for review. SETC reports its comments and decision to SDPC for
final approval.

For new nuclear power projects, the China Atomic Energy Authority (CAEA) is jointly
responsible for review and approval of the PFSR, the Project Proposal and the FSR submitted by the
utility, the owner of the nuclear power plant. The utility has to submit the siting part of the FSR to the
National Nuclear Safety Administration (NNSA) for review in order to get the Report for Siting of the
Nuclear Power Plant from the NNSA. At the same time, the State Environment Protection
Administration (SEPA) reviews the Environmental Impact Report of the nuclear power plant
submitted by the utility. Favourable reviews by the two organizations are required before final project
approval is granted by SDPC.

2.3. Main Indicators

ha 2000, the total installed generation capacity was 319.3 GW, of which fossil power accounted
for 74.4%, hydropower 24.8%, and nuclear power 0.7%. The total electricity production in 2000
amounted to 1,368 TW-h with a growth rate of 11% over the previous year. Most of the electricity was
produced by fossil fuels (81%), whilst hydropower contributed 18% and nuclear electricity production
only 1.2%. Nuclear power generation would play an important role as an alternative and
supplementary energy resource, especially for the coastal areas where the economy is developing
rapidly and there is a severe shortage of the primary energy resources. The electricity consumption per
capita was 1,064 kW-h. Table 5 gives the historical electricity production and installed capacities and
Table 6 the energy related ratios.

TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)
-Total"1

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GW|e,)
-Total

- Thermal

- Hydro

- Nuclear

1960

59.40
52.00
7.40

1970

115.9
95.40
20.50

24.18

16.00

8.18

1980

300.6
242.3
58.3

65.87

45.55

20.32

1990

621.3
495.8
125.5

137.9

101.9

35.98

1996

1079
878.4
186.7
14.3

236.5

178.7

55.59

2.27

1997

1134
924.7
195.1
14.4

254.2

192.2

59.75

2.27

1998

1158
938.8
203.8
14.1

277.3

210

65.05

2.27

1999

1233
1005
212.9
14.8

298.8

223.4

72.97

2.27

2000

1368
1108

243.1
16.7

319.3

237.5

79.35

2.27

Average annual
growth rate (%)

1960
to

1980

8.5
8.0
10.9

_

1980
to

2000

7.9
7.9
7.4

8.2

8.6

7.0

_
(1) Electricity losses are not deducted.'2' Solid fuels include coal, lignite and commercial wood.

Source: IAEA Energy and Economic Database and Country Information.
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TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (G J/capita)
Electricity per capita (kW'h/capita)
Electricity production/Energy production

Nuclear/Total electricity (%)
Ratio of external dependency (%)'"
Load factor of electricity plants

- Total (%)
- Thermal
-Hydro
- Nuclear

1960

13
90
7

1

1970

12
140
11

55
68
29

1980

19
282
14

-4

52
61
33

1990

26
506
18

-4

51
55
40

1996

33
875
26

1

57
61
43
72

1997

33
917.63

30

1.3
1.7

51
55
37
60

1998

31
929.13

32

1.2
1

48
51
36
70

1999

32
960.40

30

1.2

47
51
33
75

2000

32
1064.83

31

1.2

49
53
35
84

(1) Net import / Total energy consumption

Source: IAEA Energy and Economic Database and Country Information.

2.4. Impact of the Open Electricity Market in the Nuclear Sector

At present, the electricity market has started to be decontrolled by the government, and a new
price system will be set up with the reform of the electricity market. In China, as a new source of
electricity generation, nuclear power will get the support in different ways and its electricity price will
keep a stable level in the near term. However,, it is a basic goal to decrease the nuclear generation cost
by great efforts, because NPPs will finally face to compete against other power plants in the
electricity market.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

hi 1970, the former premier Zhou Enlai pointed out the necessity for the peaceful use of atomic
energy and development of nuclear power. This triggered the first step of nuclear power development
in China.

hi November 1981, the first nuclear project proposal, Qinshan 300 MW PWR, was reviewed
and approved, hi June 1983, site construction began, hi December 1991, the Qinshan nuclear power
plant was connected into the grid for the first time. Thus, nuclear power generation began on the
Mainland of China.

Meanwhile, another proposal for building a nuclear power plant with two 984 MW PWRs on
Daya Bay site was put forward and adopted by Chinese Government in 1982. In February 1985,
Guangdong Electricity Power Company and China Light and Power Company Limited (Hong Kong)
established a joint venture, Guangdong Nuclear Power Joint Venture Company, to construct the Daya
Bay nuclear power project. The first pouring of concrete took place in August 1987. The two units
began commercial operation in February and May 1994, respectively.

Research and development on LMFRs started in 1964. A 25 MW(e) Chinese Experimental Fast.
Reactor (CEFR) is under construction. First criticality is scheduled for the end of 2005. Also R&D on
HTGRs is carried out. In December 2000, the 10MW(th) pebble bed high temperature reactor (HTR-
10) at Tsinghua University achieved criticality.

However, pressurized water reactors have been selected as the mainstream of nuclear power
development in China, whilst other types of reactors are considered where suitable. Research and
development on advanced PWRs started in 1986.
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3.2. Status and Trends of Nuclear Power

Table 7 shows the current status of nuclear power plants. There are two operating NPPs on the
mainland of China and 4 NPPs with 8 units are under construction. Nuclear electricity production in
2000 was 16.7 TW-h accounting for 1.2% of total electricity production. Nuclear installed capacity
was only 2.27 GW, accounting for 0.71 % of the total installed generation capacity. Obviously,
nuclear power possesses a minor part in power generation.

TABLE 7. DESCRIPTION OF NUCLEAR POWER PROJECTS

Station

GUANGDONG-1
GUANGDONG-2
QINSHAN- 1
QINSHAN-2A
QINSHAN-2B
LINGAO-A
LINGAO-B
QINSHAN-3A
QINSHAN-3B
TIANWAN-1
TIANWAN-2

Type

PWR
PWR
PWR
PWR
PWR
PWR
PWR

PHWR
PHWR
WWER
WWER

Capacity
(MW)

984
984
300
600
600
986
986
728
728
1000
1000

Status

Operating
Operating
Operating

Under construction
Under construction
Under construction
Under construction
Under construction
Under construction
Under construction
Under construction

Operator

GNPJVC
GNPJVC

QNPC
QNPC
QNPC

GNPJVC
GNPJVC
TQNPC
TQNPC
JNPC
JNPC

Reactor
Supplier
FRAM
FRAM
CNNC
CNNC
CNNC
FRAM
FRAM
AECL
AECL

AEE&ZAES
AEE&ZAES

Station

GUANGDONG-1
GUANGDONG-2
QINSHAN-1
QINSHAN-2A
QINSHAN-2B
LINGAO-A
LINGAO-B
QINSHAN-3A
QINSHAN-3B
TIANWAN-1
TIANWAN-2

Construction
Date

07-Aug-87
07-Apr-88
20-Mar-85
02-Jun-96
02-Jun-96
15-May-97
28-Nov-97
08-Jun-98
25-Sep-98
20-Oct-99
20-Oct-00

Criticality
Date

28-Jut-93
21-Jan-94
31-Oct-91
15-Nov-01a

15-Sep-02a

28-Feb-02a

31-Oct-02a

13-Oct-02a

18-May-03a

01-3an-03a

01-Jan-04a

Grid
Date

31-Aug-93
07-Feb-94
15-Dec-91
01-Feb-02a

01-Dec-02a

15-Apr-02a

15-Dec-02a

10-Nov-02a

15-Jun-03a

01-Jan-03a

01-Jan-04a

Commercial
Date

Ol-Feb-94
07-May-94
Ol-Apr-94
01-Jun-02a

01-Apr-03a

15-Jul-02a

15-Mar-O3a

12-Feb-03a

12-Nov-03a

01-Jan-04a

01-Jan-05a

Shutdown
Date

a Target dates.

GNPJVC Guangdong Nuclear Power Joint Venture Company;

QNPC Qinshan Nuclear Power Company;

TQNPC Third Qinshan Nuclear Power Company;

JNPC Jiangsu Nuclear Power Company;
Source: IAEA Power Reactor Information System of 31 December 2000.

Qinshan NPP, a 300 MW PWR, is the first NPP with self-reliant design, construction and
operation. Its commercial operation started in April 1994 and four times of refuelling and overhaul
were conducted up to 2000. The plant was out of operation during August 1998 to the middle of
September 1999 due to the fourth reloading and repairing the damaged component of barrel container
of the reactor. Encouragingly, since then the plant operated continuously and safely till the end of
2000. Its total generation in 2000 was 2.035 TW'h with a load factor of 77.2 %.

Daya Bay NPP has two 984 MW PWR units imported from France. Since commercial
operation in February 1994 for the first unit and May 1994 for the other unit, the units have
maintained good operation records. In 2000, the two units generated electricity of 14.0 TW-h and the
load factor reached 85%.

As decided by the Chinese government, commencement of work for 4 additional nuclear power
projects, namely Qinshan Phase 2, Guangdong Lingao, Qinshan Phase 3 and Tianwan NPP, including

196 PEOPLE'S REPUBLIC OF CHINA



8 units with a total installed capacity 6,628MW, was scheduled for the 9th Five Year Plan period
(1996-2000).

Qinshan Nuclear Power Phase 2 is at the Yangliushan, 3 km south of Qinshan Phase 1 site.
The 600 MW PWR units are mainly based on self-reliant design and construction, some heavy
equipment will be imported from foreign countries. The first concrete was poured in June 1996. The
first unit has been completed and trial operation has started in October 2001. Unit 1 is expected to be
connected to the grid and commence generating electricity in 2002.

Guangdong Lingao NPP, lkm northeast of Daya Bay NPP, consists of 2 French-designed
PWR units of 986 MW capacity. The first concrete was poured on 15 May 1997. The installation of
the nuclear island was started in January 1999, ahead of schedule. The containment of unit 1 has been
domed on 9 April 1999. At present, the project is proceeding satisfactorily and unit 1 is expected to be
completed and put into operation in 2002.

Qinshan Phase 3 at Tanglangshan, 800m east of the Qinshan Phase 1 site, includes 2 x 728
MW CANDU-6 (PHWR) units. AECL is contracting the project through a turnkey mode with
Canadian export credit and commercial financing. The first concrete was poured in June 1998, and
both containments have been domed, ahead of schedule. At present, the project is proceeding
smoothly. Unit 1 is expected to be completed and put into operation in 2003.

Tianwan NPP in Lianyungang City, 300km north to Shanghai, includes 2 Russian advanced
WER-1000 91-Type PWR units with 1000MW of installed capacity each. Russia will supply the
design of the project and the main equipment for both nuclear and conventional islands. Some
equipment will be procured from third parties. The Chinese party is responsible for civil engineering,
erection and project management. The first concrete was poured in October 1999. Unit 1 is scheduled
to be completed for commercial operation in 2004.

Coastal and inland provinces like Zhejiang, Shandong, Jiangsu, Fujian, Hunan, JiangxJ, Jilin
are considering the development of nuclear power. Some preliminary work has been done and a few
sites have already been selected and approved by the relevant Authorities.

3.3. Current Policy Issues

As mentioned earlier, the CAEA is responsible for the short and long-term planning of nuclear
power development according to the needs of national electricity and nuclear industry development.
For new nuclear projects, the functions of CAEA are to review the Preliminary Feasibility Study
Report (PFSP), the Project Proposal and the Feasibility Study Report (FSP) submitted by the project
owner, and then to give its comments and decision to the State Development and Planning
Commission (SDPC) for final approval.

The roles and responsibilities of CAEA are as follows:
• Deliberating and drawing up policies and regulations on peaceful use of nuclear energy;
• Deliberating and drawing up the development programming, planning and industrial standards

for peaceful use of nuclear energy;
• Organizing argumentation and giving approval to China's major nuclear R&D projects;

supervising and co-ordinating the implementation of the major nuclear R&D projects;
• Carrying out nuclear material control, nuclear export supervision and management;
• Dealing with the exchange and co-operation in governments and international organizations,

and taking part in IAEA and its activities in the name of the Chinese government;
• Taking the lead to organize the State Committee of Nuclear Accident Coordination,

deliberating, drawing up and implementing national plan for nuclear accident emergency.
During the 10th Five-Year Plan Period (2001-2005), an appropriate number of new nuclear

units will be considered to build in some coastal provinces, but the final decision has not been made
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by the central government up to now.

3.4. Organizational Chart

The organizations involved with nuclear power are given in Figure 1. The China Atomic Energy
Authority (CAEA) is the competent department of the nuclear industry in China.

Energy/Electricity Policy Making
SDPC, SETC, CAEA

Safety Authority:
NNSA/SEPA

Owner/Operators of NPPs Operation Services

NPP Component Vendors

Waste Treatment

Fuel Supplier

Construction and
Installation Companies

Legend:

CAEA: China Atomic Energy Authority

NNSA: National Nuclear Safety Administration

SDPC: State Development and Planning Commission

SEPA: State Environment Protection Administration

SETC: State Economic and Trade Commission

FIG. 1. Organizational Chart

The CAEA has five departments:

The Administration Department
The department is in charge of the administration, logistics and safeguards of the CAEA, and
the management on physical protection for nuclear material and fire protection for NPP. There
are three offices in the department: the Office for Nuclear Material Control (ONMC), the
Office for Isotope Management (ODVI) and the National Nuclear Emergency Response Office
(NNERO).

The System Engineering Department
The System and Engineering Department is in charge of organizing argumentation on major
nuclear R&D projects, making a development plan for nuclear power plants and nuclear fuel;
and is responsible for the construction, management and supervision on major projects, and
routine work of nuclear accident emergency. The Nuclear Power Office (NPO) is under this
department.

The Department of International Co-operation
This department is in charge of organizing and co-ordinating the exchange and co-operation in
governments and international organizations in the field of nuclear energy; licensing for nuclear
export and import and issuing governmental assurance.
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• The General Planning Department
The department is in charge of approving the study plan for nuclear energy, and drawing up the
annual plan for nuclear energy development.

• The Science, Technology and Quality Control Department
The department is in charge of organizing pre-studies on nuclear energy and mapping out
nuclear technical criteria.

China has set up the personnel education and training system with universities, colleges and
nuclear training organizations for systematic training young people in the field of nuclear technology
and nuclear safety. At the same time, more attention has been given to the on-the-job training, all
nuclear power and nuclear facilities dispatch a numbers of staff to universities or other training
method, a lot of person would be well trained. The training center and training department within the
nuclear power or installations also take a variety of measures to achieve and maintain a high level of
capability on nuclear technology and safety culture. Some encouragement measures are also
considered to being taken to attract and promote more young people devoting to nuclear technology
work.

4. NUCLEAR POWER INDUSTRY

4.1. Supply of Nuclear Power Plants

It is important to achieve domestic manufacturing of nuclear power equipment and self-reliance
of design and project management of nuclear power plants.

Architect Engineering services are provided by:

• Shanghai Nuclear Energy Research and Design institute (SNERDI);
• Beijing Institute of Nuclear Engineering (BINE);
• Nuclear Power Institute of China (NPIC);
• East-China Power Design Institute;
• South-China Power Design Institute.

Construction and installation companies belonging to CNEC are:
• Huaxia Installation Co.;
• Huatai Construction Co.;
• Huachang Construction Co.;
• Huaxing Construction Co.;
• Huakang Construction Co.;
• Huayang Construction Co.

The following companies also have experiences in the construction and installation of nuclear
power project:

• Zhejiang Electricity Power Construction Company;
• Shandong Electricity Power Construction Company;
• Jilin Electricity Power Construction Company.

The main component suppliers and their subsidiary companies are shown in Table 8.

4.2. Operation of Nuclear Power Plants

CNNC and GNPJVC supply operation and maintenance services for Qinshan NPP and Daya
Bay NPP, respectively (see Table 9).
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TABLE 8. MAIN COMPONENT SUPPLIERS AND THEIR SUBSIDIARY COMPANIES

Equipment

Steam generator

Turbine and generator

Reactor pressure vessel

I&C, safety class valves

Manufacturing Works

Shanghai Boiler Works

Shanghai Turbine Works

Harbin Turbine Works

Dongfang Turbine and Generator Works

Fularji Heavy Component Works

Shanghai Boiler Works

Deyang Heavy Component Works

China Baoyuan Industry and Trade Corporation

Shanghai Instrument Manufacturing Group Corporation

TABLE 9. OWNERS AND OPERATORS OF NPPs

Project

Qinshan NPP

DayaBayNPP

LingAo NPP

Qinshan Phase 2 NPP

Qinshan Phase 3 NPP

Tianwan NPP

Owner

CNNC

CGNPC

CGNPC

NPQJVC

TQNPC

JNPC

Operator

QNPC

GNPJVC

LNPC

NPQJVC

TQNPC

JNPC

CNNC China National Nuclear Corporation;

CGNPC China Guangdong Nuclear Power Holding Co., Ltd;

NPQJVC Nuclear Power Qinshan Joint Venture Company;

TQNPC Third Qinshan Nuclear Power Company;

JNPC Jiangsu Nuclear Power Company;

QNPC Qinshan Nuclear Power Company;

GNPJVC Guangdong Nuclear Power Joint Venture Company;

LNPC Lingao Nuclear Power Company.

4.3. Fuel Cycle and Waste Management Service Supply

China has a comprehensive range of fuel cycle facilities capable of supporting the domestic
nuclear power programme: for example, nuclear fuel assemblies for the nuclear power plants are
fabricated and supplied by local Chinese fuel manufacturers.

The main entities related to the nuclear fuel cycle are:

• Hengyang Uranium Plant, Hengyang, Hunan Province;
• Fuzhou Uranium Centre, Fuzhou, Jiangxi Province;
• Yiling Uranium Mine, Yiling, Xingjiang Autonomous Region;
• Lantian Uranium Mine, Lantian, Sanxi Province;
• Qinglong Uranium Mine, Qinglong, Ganshu Province;
• Yibin Nuclear Fuel Element Plant;
• Qingyuan Corporation, Beijing (overall responsible for matters of waste management, facility

design, etc.).
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4.4. Research and Development Activities

Main entities engaged in R&D of nuclear power include:

• China Institute of Atomic Energy (CIAE);

• Nuclear Power Institute of China (NPIC);
• Beijing Institute of Nuclear Engineering (BINE);
• Shanghai Nuclear Energy Research and Design Institute (SNERDI);
• Research Institute of Nuclear Power Operations (RINPO);
• China Institute for Radiation Protection (CIRP);
• Institute of Nuclear Energy Technology, Tsinghua University (DMET).

China is actively involved in the development of advanced designs of water-cooled reactors,
gas-cooled reactors and liquid metal cooled reactors.

In the water-cooled reactor area, the China National Nuclear Corporation (CNNC) is developing
the CNP-1000 plant. China is pursuing self-reliance both in designing the plant to meet Chinese safety
requirements and in fostering local equipment manufacture with the objective of reducing construction
and operation costs. Lessons learned from the design, construction and operation of the Qinshan 2 and
Daya Bay NPPs are being incorporated. At a smaller scale, the Institute for Nuclear Energy
Technology near Beijing has developed an integral PWR of 200 MWth, called the NHR-200, for
desalination and district heat.

The High Temperature Reactor (HTR-10) at Tsinghua University will be used to gain
experience with pebble bed reactor operations and to conduct experimental and safety demonstration
testing. Initial operation will be with a steam turbine, with prospects for later conversion to a gas
turbine configuration. Benchmark experiments in reactor physics are being conducted in conjunction
with the IAEA Coordinated Research Project (CRP) on Evaluation of HTGR Performance.

The 25 MW(e) Chinese Experimental Fast Reactor (CEFR) which is under construction will be
used to gain experience with fast reactor operations and to conduct experimental and safety
demonstration testing.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

International co-operation on the nuclear power development is encouraged.

• Co-operation with Framatome and GEC/Alsthom to build Daya Bay NPP and Lingao NPP.
• Co-operation with AECL to build two CANDU 6 units at Qinshan site.
• Research reactor project in Algeria and nuclear power plant construction in Pakistan

undertaken by the China Zhongyuan Engineering Corporation (CZRC).
• Qinshan nuclear power plant and Nuclear Power Qingshan Joint Venture Company participated

in World Association of Nuclear Operators WANO-TC as ordinary members.
• Daya Bay nuclear power plant participated in WANO-PC as an ordinary member.
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5. REGULATORY FRAMEWORK

COMPETENT DEPARTMENT OF NUCLEAR INDUSTRY

5.1. Safety Authority and Licensing Process

5.1.1. Safety Authority

The National Nuclear Safety Administration (NNSA), the State Environment Protection
Administration (SEPA) and the Ministry of Health are responsible for surveillance on the safety of
NPPs, environmental protection, the individual dose to the site personnel and the general public,
hygienic and health conditions respectively.

The NNSA, which is endowed with the responsibilities of independent surveillance and
management of the safety of Chinese civilian nuclear installations, was established in 1984 by the
State Council. The responsibilities of the NNSA are:

• To organize the drafting and formulating of regulations relating to the safety, of NPPs and to
review technical standards of nuclear safety;

• To organize review and assessment of both the safety, performances of NPPs and the
capability, of the operating organizations to ensure safety; to issue or revoke nuclear safety,
licenses;

• To be responsible for exercising nuclear safety, surveillance;
• To be responsible for investigating and dealing with accidents of nuclear safety;
• To provide guide and surveillance in drawing up and implementing emergency preparedness

plan in co-operation with departments concerned;
• To organize departments concerned to develop scientific research relating to safety and

management of NPPs, disseminate information to the public as well as relevant international
professional links;

• To be responsible for surveillance of safety of civilian nuclear materials;
• To be responsible for regulation of nuclear pressure retaining components;
• To conduct mediation and adjudication of disputes relating to nuclear safety, in co-operation

with departments concerned.

The responsibilities of the SEPA are:

• To be responsible for formulating, supervision and enforcement of the regulations and
standards relating environmental management of NPP;

• To be responsible for reviewing instrument of ratification of the environmental impact
assessment reports of NPP;

• To be responsible for the monitoring of radiological environment of NPP;
• To be responsible for the management of radioactive waste;
• To participate emergency response activities.

The responsibilities of the Ministry of Health are:

• To be responsible for formulating hygienic rules and standards related to nuclear facilities;
• To be responsible for monitoring exposure dose of occupational personal and the public;
• To be responsible for the evaluation of the health effects on human body due to nuclear

contamination;
• To be responsible for the prevention and cure of radiation injury.
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5.1.2. Licensing Process

China has adopted a licensing system for nuclear safety. The nuclear safety license is a legal
document that is approved by the regulatory body and authorizes applicant to deal with nuclear safety
related specific activities (such as siting, constructing, commissioning, operation, decommissioning of
NPPs; ownership, use, production, storage, transportation and disposal of nuclear materials, etc.).
Figure 2 shows the procedure of application and issuing of licenses in China.

The following types of licenses for NPPs exist:

• Site permit;
• Construction permit;
• Commissioning permit;
• Operating permit;
• Decommissioning permit.

Comments given by
Relevant Departments
of the Sate Council and
the local government

Advises from Nuclear
Safety Advisory

Committee of the NNSA

Documents approved by
the SEPA and other

departments of the Sate
Council

Application and safety
analysis report, etc.

submitted by application

The NNSA

Nuclear safety technical
review and approval

Results of technical
review and assessment

Licenses issued by
the NNSA

Nuclear safety
surveillance

FIG 2. The procedure of application and issuing of licenses

Site Permit
In accordance with the Chinese nuclear safety code "Application and Issuance of Safety
License for Nuclear Power Plant", the applicant should follow national basic construction
procedure: submitting the Nuclear Power Plant Feasibility Study Report to the NNSA and the
Environmental Impact Report of Nuclear Power Plant to the SEPA prior to NPP site is selected.
These reports should adequately explain that the site complies with the requirements of
building NPP and national environmental protection standards. The reports are examined and
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evaluated by the NNSA and the SEPA respectively to determine whether the NPP to be built
will be safely operated on the selected site. After that the Reviewing Comments on Nuclear
Power Plant Siting and the Instrument of Ratification of the Environmental Impact Report for
Nuclear Power Plant are granted.

Construction Permit
After the NPP's site is finally selected, the applicant should submit to the NNSA the
Application for Construction of the Nuclear Power Plant, attached with the Preliminary Safety
Analysis Report and other relative documents twelve months before starting the construction.

Commissioning Permit
The applicant should submit to the NNSA the application for the First Fuel Loading
Authorization, attached with the Final Safety Analysis Report (FSAP) and other relative
documents twelve months before the fuel is initially loaded into the reactor core. The
authorization must be obtained also for the criticality, power raising and the first year trial
operation.

Operating License
The applicant should submit to the NNSA the application for Operation License of the Nuclear
Power Plant with a revised FSAR after twelve months trial operation from the date of initially
reaching full power. An operation license allows operation under specified conditions for the
whole design life of the installation.

Decommissioning Permit
The applicant should submit to The NNSA the Application for Decommissioning of Nuclear
Power Plant with the Report for Decommissioning of Nuclear Power Plant two years before the
beginning of decommissioning of the plant.

The applicant should submit the application, safety analysis report and other related documents
to the NNSA for appraisal and approval and only after that, applicant can carry out relevant nuclear
activities. During the process of appraisal, the NNSA should ask for opinions of the departments
concerned of the State Council as well as the local government of province, autonomous region or
municipality directly under the central government where NPP is located. After getting the results of
technical appraisal, asking for comments of the departments concerned of the State Council and local
government, and also seeking advice from the Nuclear Safety Advisory Committee, the NNSA
decides independently whether the licenses are to be issued or not, meanwhile the NNSA enacts the
essential requirements for licenses.

The operating organizations of NPPs are directly responsible for the safety of NPPs they operate.
The main responsibilities are as follows:

• To comply with the relevant laws, administrative regulations and technical standards of the
country to ensure the safety of NPPs;

• To be subjected to the surveillance on safety by the NNSA, the SEPA and the Ministry of
Health, etc.; to report in time the safety situation strictly according to the facts and to provide
relevant information; and

• To be wholly responsible for the safety of NPPs under operation, the safety of nuclear materials
and the safety of the site personnel, the public and the environment.

5.1.3. Licensing Operating Personnel

There are two categories of operator licenses: Senior Operator License and Operator License.
There shall be at least three licensed persons in each shift at NPP. Among them there shall be at least
one person who holds the Senior Operator License of the NPP. The operator licenses are valid for two
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years. The NNSA also reviews the granting of operator and senior operator licenses held by the
licensees and can veto them.

The SEPA is responsible for approving instrument of ratification of environmental impact
assessment of different phases of NPPs. Instrument of ratification of environmental impact assessment
report is one of the necessary prerequisites before issuing a license.

5.2. Main National Laws and Regulations

In 1989, the Environmental Protection Act of the People Republic of China was authorized by
the Standing Committee of the National People's Congress.

Regulations on the Safety Regulation for Civilian Nuclear installations of the People's Republic
of China and Regulations on Nuclear Materials Control of the People's Republic of China were
promulgated by the State Council in 1986 and 1987 respectively, which systematically stipulated the
purpose and the scope of surveillance of civilian nuclear installations and nuclear materials,
established nuclear safety licensing system, defined the duty of regulatory bodies and the legal
responsibility of operation organizations. In 1993, Emergency Management Regulations for Nuclear
Accidents at Nuclear Power Plants was promulgated by the State Council, which stipulated principles,
countermeasures and measures adopted for nuclear accident emergency preparedness.

Codes on the safety of siting, design, operation and quality assurance of the NPP were issued
by the NNSA in 1986. In 1990 the State Environmental Protection Administration (SEPA) issued the
Management of Radioactive Environment. Codes on radiation protection were enacted by the NNSA,
the Ministry of Health, etc. In 1991 the NNSA promulgated codes on the Safety of the Management of
Radioactive Waste from Nuclear Power Plants. All these rules and regulations form the basic
requirements on the safety of the NPP.

In addition, the NNSA, the SEPA and the Ministry of Health consecutively formulated relevant
codes of practice and safety guides, thereby formed a relatively systematic hierarchy of rules and
regulations on nuclear safety. At present, the scope of regulations on nuclear safety in China includes:

• NPPs (electricity generating NPPs, nuclear co-generation plants, nuclear heat and steam supply
plants, etc.),

• Other reactors (research reactors, experimental reactors and critical assemblies, etc.),
• Installations for nuclear fuel production, processing, storage and reprocessing,
• Management of radiological environment,
• Monitor of the individual dose, hygienic and health conditions,
• Facilities for radioactive waste treatment and disposal,
• Emergency preparedness of nuclear accidents,
• Ownership, use, production, storage, transportation and disposal of nuclear materials,
• Nuclear pressure retaining components (design manufacture, installation and usage).

Since 1982, China has collected extensively and studied carefully the laws/regulations on
nuclear safety applied in advanced nuclear power countries, consulted the nuclear safety codes and
guides of IAEA and established the nuclear safety regulations hierarchy of China. It consists of state
laws, administrative regulations of the State Council, department rules, nuclear safety guides,
standards and specifications.

The Atomic Energy Act (waiting for approval) is the legal document to adjust and accelerate the
development of atomic energy enterprises and has the highest legal status in the area of atomic
energy. It enacts not only the principles of the development of atomic energy enterprises, but also the
requirements of nuclear safety surveillance and management.
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The Environment Protection Act of People's Republic of China issued by the Standing
Committee of the National People's Congress is a state law which protects and improves the living
environment, prevents and cures the pollution and the contamination, ensures public health and
promotes social development.

The Act of Prevention and Remedy of Radioactivity Contamination (waiting for approval) is
a legal document. It gives directives to prevent environmental contamination due to the release of
waste gas, discharge of liquid waste, disposing of solid waste and penetrated radiation during the
process of nuclear energy development, nuclear techniques' application and the exploitation of
associated mineral resources resulted in the protection of the environment and taking care of public
health.

Nuclear Safety Control Regulations are rules to stipulate the scope of management,
regulatory body and its rights, principle and procedures of surveillance and other important issues.
They were promulgated by the State Council and have legal binding effect.

Detailed rules and regulations of implementation are department rules, which stipulated exact
measures to be put into effect. They have been promulgated by departments concerned of the Chinese
Government according to Nuclear Safety Control Regulations and have legal binding effect.

Nuclear Safety Codes are department rules enacting nuclear safety objectives and basic safety
requirements. They have been promulgated by the relevant departments of the Chinese Government
approved by the State Council and have legal binding effect. Standards and specifications related to
nuclear safety are enacted by the SEPA and the Ministry of Health, etc. Nuclear Safety Guides are
guiding documents that supplement or illustrate nuclear safety codes and recommend relevant
methods or procedures.

5.3. International, Multilateral and Bilateral Agreements

A GREEMENTS WITH THE A GENCY

• Amendments of Article VI &XIV. A Not Ratified
of the IAEA statute

• Agreement on privileges Entry into force: 16 July 1984
and immunities

• Safeguards agreement concluded Entry into force: 18 September 1989
on the basis of voluntary offer
MFCIRC/369

• Additional protocol Signature: 31 December 1998

• Improved procedures for designation Following EU policy.
of safeguards inspectors

• Supplementary agreement Entry into force: 22 June 1990
on provision of technical

assistance by the IAEA

• RCA Entry into force: 12 June 1987

MAIN INTERNATIONAL TREATIES
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• NPT

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the case
of a nuclear accident or radiological
emergency

• Vienna convention on civil liability for
nuclear damage

• Paris convention on third party
liability in the field of nuclear energy

• Joint protocol relating to the application
of Vienna and Paris conventions

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Non-Party

N/A

Non-Party

Protocol to amend the Vienna convention Not signed
on civil liability for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of spent
fuel management and on the safety
of radioactive waste management

Not signed

Entry into force:

Not signed

OTHER RELEVANT INTERNATIONAL TREATIES

9 March 1992

9 February 1989

11 October 1987

11 October 1987

24 October 1996

Improved procedures for designation
of safeguards inspectors

Nuclear Export Guidelines

Acceptance of NUSS Codes

• ZANGGER Committee

• Nuclear Suppliers Group

Prefers the present system until
further experience is gained.

Not adopted. The Chinese Government has issued
its own Regulations on Nuclear Export Control of
the People's Republic of China. Three principles of
nuclear export policy are quoted in PRC statement
to 36th GC, pp.9 and 10.

All codes (except the one on Governmental
Organizations) have been formally introduced into
the regulatory system. Regulations were amended
in 1991, based on the Revised NUSS Codes.

Non-Member

Non member
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BILATERAL A GREEMENTS

There are bilateral agreements for co-operation in the peaceful use of nuclear energy between
the Chinese Government and 14 countries. In addition, there are the following bilateral nuclear safety
co-operation agreements between NNSA and:

• USNRC of USA;
• DSIN of France;
• BMU of Germany;
• CSN of Spain;
• ENEA/DISR of Italy;
• DNSRP of Pakistan;
• METI, STA of Japan;
• MOSI of Korea;
• AECB of Canada;
• IPSN of France;
• KINS of Korea;
• Russia.

REFERENCES

[1] IAEA Energy and Economic Data Base (EEDB).
[2] IAEA Power Reactor Information System (PRIS).
[3] Data & Statistics, The World Bank, www.worldbank.ong/data.
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NA TIONAL A TOMIC ENERGY A UTHORITIES

China Atomic Energy Authority (CAEA)
A2, Guangamnen Nanjie
Beijing, 100053

National Nuclear Safety Administration (NNSA)
Attached to National Environment Protection Agency
No. 115 Xizhimennei Nanxiaojie
Beijing, 100035

China National Nuclear Corporation
P.O. Box 2102
Beijing 100822, PRC

China Engineering and Technology
Nuclear Information Network (CETESf):

NUCLEAR ORGANIZATIONS

Tel: +86 10-8398 3381
Fax: +86 10-8398 3516
http://wwwxaea.goy.cn/english/

Tel: +86 10-6611 1436 or 1446
Fax:+86 10-6612 6715

Tel: 86-10-6851-2211
Fax: 86-10-6853-3989
http://www.cnnc.com.cn/

://www .nuclear, cetin.net. en/

Nuclear Fuel Complex
P.O. Box 508
Lanzhou 732850, PRC

Nuclear Fuel Fabrication
P.O. Box 257
Chengdu, Yibin 610002

Nuclear Power Institute of China
P.O. Box 436
Chengdu 610041, PRC

Shanghai Nuclear Engineering and Design Institute
29 Hongcao Road Lu
Shanghai 200233, PRC

NUCLEAR RESEARCH INSTITUTES

Institute of Nuclear Energy Technology
Tsinghua University
P.O. Box 1021
Beijing 100084, PRC

Beijing Institute of Nuclear Engineering
P.O. Box 840
Beijing 100840, PRC

Tel: 86-0831-22-1811
Fax: 86-0831-22-3622

Tel: 86-28-558-2199 Ext. 33171
Fax: 86-28-558-2223

Tel: 86-021-6485-5415
Fax: 86-021-6439-0846

Tel: 86-10-6259-4533
Fax: 86-10-6256-4177
http://wvvw.inet.tsiiighua.edii.ciV

Tel: 86-10-8802-2213
Fax: 86-10-6841-5067

http://www.nuclear.cetin.net.ctii/bme/mdex.htm
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China Institute of Atomic Energy
P.O. Box 275 Tel: 86-10-6935-7676
Beijing 102413, PRC Fax: 86-10-6935-7008

China Nuclear Energy Industry Corporation
P.O. Box 822 Tel: 86-10-6851-2211
Beijing 100037, PRC Fax: 86-10-6851-2393

Institute of High Energy Physics
Academia Sinica (IHEP): http://w^w.friends-partners.org//~china/'ms/THEP/bsrf>1?srfl.html

National Synchrotron Radiation Laboratory
in Hefei (NSRL): http://w^'w.ustc.edu.cn/english/srl.htm

University of Science and Technology of China
(USTC - Hefei, Anhui): http://www.ustc.eduxn/chinese/contcnt.htm
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CZECH REPUBLIC

1. GENERAL INFORMATION

1.1. General Overview

The Czech Republic (CR) is together with Slovakia successor country of former
Czechoslovakia, which was divided by January 1, 1993. The country is situated in the centre of
Europe and has a mild climate. It has almost no gas or oil and very limited hydro resources.

The CR is a relatively small country of 78 864 square kilometres (land area is 77 276 km2) with
10.3 million inhabitants (see Table 1). The population is slightly declining.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population growth (annual %)
Population density
(inhabitants/km2)
Urban population as % of total

1960

9.6

121

46
Land area (1000 km2) 78.9

1970

9.8

124

52

1980

10.2

130

64

1990

10.4

131

65

1995

10.3
-0.05

130

74.5

1996

10.3
-0.15

130

74.5

1997

10.3
-0.11

130

74.6

1998

10.3
-0.09

130

74.6

1999

10.3
-0.16

130

74.7

2000

10.3
0

130

N/A

Source: IAEA Energy and Economic Data; Data & Statistics/The World Bank.

1.2. Economic Indicators

The development of the Czech economy since the year 1989 is characterized particularly by the
process of the economic reform. In the year 1991, the main processes of the reform were started, such
as liberalization of prices, de-monopolization of the foreign trade, introduction of the internal
convertibility of the Czech crown and the beginning of privatization of small enterprises (e.g. shops,
restaurants and workshops). This was completed during 1992 and 1993 and privatization of large
enterprises commenced.

The years 1990-93 are characterized by a substantial drop of economy caused, partially, by
external influences (loss of market in former Soviet block, recession in Western Europe) and internal
changes (restructuring of the production and loosening of property rights). The economic growth was
restored in the year 1994. In the same year, the exigencies of primary energy sources (PES)
consumption needed for Gross Domestic Product (GDP) dropped significantly for the first time and
continued dropping in subsequent years. The economic growth slowed down in 1997 and was almost
zero until 1999 because of still ongoing privatization accompanied by weakness of governing
structures and cyclic course of economic activity. At present, the economic growth is slowly
increasing (see Table 2).

TABLE 2. GROSS DOMESTIC PRODUCT

GDP at market prices (current billion US$)
GDP growth (annual %)
GDP/capita (current US$)
Agriculture, value added (% of GDP)
Industry, value added (% of GDP)
Services, etc., value added (% of GDP)

(GDP)

1995

52.0
5.95

5,049
4.95

44.22

50.83

1996

57.9
4.82

5,621
4.9

42.54

52.57

1997

52.6
-1.03
5,107
4.97

44.88

50.15

1998

55.7
-2.2

5,408
4.81

45.33

49.86

1999

53.1
-0.24
5,155

3.87
43.28

52.85
Source: Data & Statistics/The World Bank
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The energy intensity increased during the decrease of economic activity due to a significant
share of inevitable energy consumption in industry (e.g. heating of buildings, hot water preparation
and lighting) and the increase in consumption of electricity in households. For the whole time period
concerned, the dynamics of reduction in final energy consumption did not reach the level of economy
performance decrease. The energy intensity for electricity is almost constant because of increase in
consumption of households, which were under-equipped.

1.3. Energy Situation

Table 3 presents the Czech energy resources and Table 4 its energy balance. Both primary and
final energy consumption have decreased in 1998 in comparison to 1990. It is a good signal, which
demonstrates the increasing efficiency of the economy. The decrease in the final energy consumption
is larger than for the primary energy.

The structure of the consumption has changed even more substantially. (Brown) coal remained
the main source of the energy. It still covers more than 50% of the primary energy sources. Regardless
of the continuing trend of a decreasing rate, coal will remain significantly important in the future too;
based on the present forecast, coal will cover about 40% by the year 2005. In 1998, the structure of
primary energy consumption was: 53% of coal, the same share (19%) was covered by crude oil and
natural gas. Nuclear energy covers 8% and contribution of commercial renewables and hydro is
almost negligible (see Table 4). Coal is partially exported and almost all crude oil and natural gas
have to be imported.

Significant changes are taking place in the coal mining industry, mainly the restructuring
process connected with the final stage of the privatization process. The main obstacle in closing down
of ineffective mines is social (unemployment).

Coal is no more the main energy source in final energy consumption. Petroleum products due to
road transport increase cover more than 25%. The share of natural gas is almost the same thanks to its
use for households and heat production is required mainly by environmental legislation.

The energy sources for electricity production are quite stable for several years since the nuclear
power station (NPP) Dukovany is in full operation and the main hydro potential was utilized: fossil
fuel (mostly coal) plants provide 77% of total electricity generation, the only NPP Dukovany 21% and
hydro plants only 3.0%.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

119.72

Liquid

0.50

Gas

0.14

Uranium'1^

16.49

Hydro (2)

1.25

Exajoule
Total

138.11
(1> This total represents essentially recoverable reserves.
<2' For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross theoretical

annual capability (World Energy Council -1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base

1.4. Energy Policy (an excerption from an official document)

The energy policy of the CR is prepared by the Ministry of Industry and Trade as a draft open
document with a horizon of 15 to 20 years and as such it is submitted by the Ministry to the
government for approval. Compliance with the energy policy of the State is evaluated by the same
Ministry within intervals not longer than two years; the Ministry informs the government on the
evaluation results and proposes eventual modifications.
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TABLE 4. ENERGY BALANCE
PJ

Indicator

Domestic natural resources
Solid fuel
Liquid fuel
Gaseous fuel
Primary heat and electricity

Imports
Solid fuel
Liquid fuel
Gaseous fuel

Exports
Solid fuel
Liquid fuel
Gaseous fuel

Gross consumption of primary
energy resources

Solid fuel
Liquid fuel
Gaseous fuel
Primary heat and electricity

Final consumption, total
Non-energy materials

1990

1731
1572

2
8

148
592
45

317
210
159
105
22
24

2 076

1348
356
226
146

1303
60

1991

1627
1471

3
12
141
613
81

266
258
153
133
15
0

1938

1251
300
252
132

1217
44

1992

1511
1360

3
8

140
579
47
335
197
331
300
16
0

1789

1 121
318
221
129

1096
81

1993

1481
1324

5
8

144
605
45
318
239
342
303
28
0

1749

1057
306
250
137

1092
57

1994

1380
1218

5
8

148
661
45
365
245
349
296
46
0

1668

985
312
244
147

1054
60

1995

1410
1254

6
8

142
726
63

351
270
397
341
34
0

1750

1006
322
279
143

1091
67

1996

1403
1241

6
8

148
803
81

369
321
389
313
42
2

1823

1016
342
318
148

1152
66

1997

1347
1 189

7
7

143
779
62

361
323
376
292
45
2

1745

977
305
324
139

1098
42

1998

1284
1 119

7
7

150
780
45
384
321
366
271
55
1

1659

883
313
322
141

1047
31

1999(«

1152
985

8
7

152
745
35
360
317
358
260
52
2

1592

799
326
327
140

1008
61

' preliminary data
Source: Czech Statistical Office

The key strategic targets of the energy policy include the determination of the basic conception
of long-term development of the energy sector and determination of the essential legislative and
economic environment, which would encourage electricity generators and distributors to prefer
environment-friendly behaviour. On the consumption side, the long-term strategic targets of the
energy policy include a gradual reduction of the volumes of energy and raw materials needed by the
economy to the level of advanced industrial countries. This target should be achieved, in particular, by
a support to new production technologies with minimum need for energy and raw materials and with
maximum utilization of the energy and raw materials through national work. In the tertiary sphere, the
need for energy should be reduced mainly through support to programmes leading to energy savings
and to greater utilization of alternative energy and raw material sources in supplying the population
with energy.

The main open issues of the energy sector, including the proposed solutions are:

• Adjustment of the prices of energy commodities and services and the tariff structure relating
thereto (future development of the prices of electricity, natural gas and centralized heating).

Issue addressed

Still existing (cross) subsidies to
the prices of electricity and
natural gas for the households;
impact of subsidized prices on
the prices for other users and for
the utilities; absence of suitable
tariff systems for the central
supply of heat, gas and
electricity.

Solution proposed

Year-on-year growth of energy prices respecting
the cost analyses performed according to the
decision of the government 1250/1999 on further
progress in adjusting prices of electricity and
natural gas (removing the subsidies to energy
prices for the households before the year 2002).

Definitive settlement of the issue of energy prices
and tariff structure in respect of the households by
the end of 2002; a new tariff system for electricity
and gas which will enter into force gradually after
1.1. 2000 (for households during 2000).

Note

Adjustment of
prices will take
place in a socially
bearable manner.
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• Procedure of the privatization of the state ownership interests in the key energy companies while
maintaining a reasonable state influence.

Issue addressed

Completing the privatization
of the electricity and gas
distribution companies.

Maintaining the influence of
the State in the transmission
grid and in the system of
electricity central control
(dispatching).
Privatization of the CEZ, a.s.

S.p. Transgas (as operator of
the gas lines of the transit
system, the backbone high-
pressure gas lines and
underground gas storage
facilities).
Privatization of companies in
the refinery industry:

Cepro, a.s.

MERO CR, a.s.

Unipetrol, a.s.

Solution proposed

To prepare conditions for
privatization in accordance with
the branch consolidation.

Separation of the transmission
system - creating of a company
independent on electricity
generation and distribution.

Privatization of CEZ a.s. will
take place in 2002 after
adaptation of the electric power
sector to the conditions of the
new legislation.

S.P. Transgas will be
transformed into a corporation
owned by the State and its
position in the gas market will
be strengthened.

To leave 100 % state share.

To leave 100 % state share.

A proposal for the company's
holding privatization will be
submitted. Completion of the
privatization of the holding's
subsidiaries is expected to be
performed as the first step.

Note

Concrete time and material plan of
privatization will be prepared before
2/2000 and in accordance with the other
decision of the government. The task will
be fulfilled by the Ministry of Finance in
co-operation with the National Property
Fund and the Ministry of Industry and
Trade.
Need to decide on how to secure the
State's ownership interest in such a new
company.

Concrete time and material plan of
privatization will be prepared before
2/2000 and in accordance with the other
decision of the government. The task will
be fulfilled by the Ministry of Finance in
co-operation with the National Property
Fund and the Ministry of Industry and
Trade.
The task will be fulfilled by the Ministry
of Finance in co-operation with the
National Property Fund and the Ministry
of Industry and Trade.

Cepro, a.s. and MERO CR, a.s. are
companies of strategic importance (also
with implications for national defence of
the state), engaged in distribution of
liquid media and their storing and
protecting.

Establishing an independent regulator and defining its relationship to businesses (regulation
framework).

Issue addressed

Provide regulation in the
electricity, gas and heat supply
sectors; specification of the
obligations imposed on the
grounds of public (general
economic) interest, regulation of
the business activities of natural
monopolies (transmission.
distribution, system services);
protection of transparent and non-
discriminating market competition.

Solution proposed

Requirements will be specified in the
framework of the preparation of the
new energy act concerning the
regulator's activities and tasks of the
economic regulation, including the
regulated businesses' duty to provide
contributions to the activities of the
regulator.
Before the new energy act enters into
force, the current regulation regime
will apply.

Note

Need to secure the legal
aspects of:
• regulatory framework
• independence and

objective attitudes of the
regulator

• financial resources for the
regulator.
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Laying down the rules for the development of the internal electricity and gas market (on the basis
of EU Directives).

Issue addressed

Securing the function of
independent regulator which
function must be performed by the
State through such a created body.

Introduction of the rules for the
electricity and gas market.

Solution proposed

Functioning of the independent
regulatory body in compliance
with the government's policy
statement for the period up to
2001-2002.
Successive opening of the market.
The target solution is reg. TPA in
the electricity area and negotiated
TPA in the gas area for s.p.
Transgas and reg. TPA for
distribution companies.

Note

Need for prior formation of a
regulatory framework (see
previous point).

Improved competitiveness of the
economy and well secured
standard of living of the
population, including solution of
the employment issue.

• Creating a well-functioning, non-discriminatory, transparent and motivating system of support to
possible energy savings, use of renewable resources and electricity and heat co-generation units.

Issue addressed

Creating a well-
functioning, system of
support to possible
energy savings, use of
renewable resources and
electricity and heat co-
generation units.

Solution proposed

To implement the State Programme of energy
saving and use of renewable sources according
to Government resolution No. 480/1998
To realize the National programme in this
sphere based on the act on energy economy,
including the systems ensuring financial
means.
To ensure programme's efficiency and control
so that energy and environmental benefits are
adequate to the resources invested, while
maintaining a long-term feasibility to the
national budget as well as opportunities of
further financial sources.

Note

The functioning system must be
fair and transparent, must
encourage the recipient to
increase effectiveness and must
not deform competition in the
energy market.
The support systems will be
compatible with the procedures
used in EU countries and will
be suitable to the actual
conditions prevailing in the
Czech Republic.

Nuclear power.

Issue addressed

Further development
of the nuclear power
sector.

Solution proposed

Further development of the nuclear
power sector will be evaluated within
the context of economically and
environmentally optimum exploitation
of the coal deposits with respect to
projections of demand for the end
usage of energy and, within that
framework, demand for electricity.

Note

The nuclear power sector can significantly
contribute to the fulfilment of the UN
Framework Convention on the reduction
of the emissions of greenhouse gases.
Further development of the nuclear power
sector is one of the possible ways of
meeting the need for electricity after the
year 2015.

The legislative framework of the key targets of the energy policy includes:

• a new Energy Act (responsibility of the Ministry of Industry and Trade and Ministry of
Environment);

• the Energy Management Act (responsibility of the Ministry of Industry and Trade and
Ministry of Environment);

• the Act 189/1999/Coll. on emergency oil reserves, solutions to the states of emergency
need for oil and amendments to certain related laws (the act on emergency oil reserves
entered into force by November 1, 1999).

This complete set of laws must enter into force in 2000-2001, with respect to the "pre-entry"
negotiations, in order to be able to prepare the Czech energy sector for the conditions of the internal

CZECH REPUBLIC 217



EU market sufficient time in advance. However, the specific purpose of the Energy Act as well as act
on energy management had to be ready by the end of 1999 as a basic prerequisite for the application
of EC legislation.

The framework scenario of the development of energy sector in the Czech Republic is based on
the following premises:

• Continued operation of the Dukovany nuclear power plant without limitation over the
whole time horizon. Both units of the Temelin nuclear power plant will be set in
operation: the first unit will be put in test operation in 2001 and the second unit in 2002.
Taking into account the successive commissioning of both units, the utilization of then-
rated capacity will be lower during the first years of operation;

• Heating plant units in which heat generation is combined with electricity generation are
planned to be successively commissioned. Besides these, a number of smaller co-
generating units are being built within both the public utilities and private industrial
companies. As of the year 2000, up to 100 MW of rated capacity will be added in this
way. Another slight increase in the rated capacity in the facilities held by independent
producers and by industrial companies is expected after 2000. The declining availability
of energy sources will be made up for by new sources, some of which will have already
been built to use imported fuels (depending, of course, on the trade balance of the State);
nevertheless, available domestic sources will continue being used at the maximum
possible rate;

• All the existing and newly built power plants and power and heating plants are, or will
be, equipped with facilities for the protection of environment, as required by the laws in
force. No new large hydro power stations are planned to be built because the potential of
water energy is already utilized at a high rate;

• Greater usage of renewable energy sources will be stimulated by the State Programme of
Energy Savings and Usage of Renewable Sources. The spectrum of such sources includes
both the traditional ones - mainly the small hydro power plants - and a wide range of
their sources (biomass, wind energy, heat pumps and also geothermal energy and solar
energy. Energy saving programmes will be strongly supported;

• The general electricity generation system will rely on nuclear energy, on the exhaustion
of the remaining reserves of coal, on the use of gas in co-generating units, on the current
level of electricity generation in hydro power stations and on support to more intensive
usage of renewable resources;

• The limited domestic availability of coal will not enable the existing coal-fired power
plants to continue operating once their de-sulphuring units past their useful life. In the
period of 2008-2020, it will be possible to retrofit only part of the existing capacity of the
traditional coal-fired power plants, extending their useful life by another 15 years or so
(until 2030 to 2035);

• The scenario does not reckon with the possibility of releasing part of the coal reserves to
which the environmental limits apply, hence, no new large power generating units which
would use domestically extracted coal are planned to be built;

• It follows from the above that any new power plants which will be built after 2015
(2020) will have to use primary sources other than Czech coal. These may include, for
example, nuclear units with flexibly regulated power output; however, such units must
pay off and must be acceptable to the general public. The nuclear units will work at a
basic level of load, serving as a stabilizing element of the electricity system.
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2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

Approximately 71 % of the electricity production is concentrated in CEZ, a.s., the joint - stock
company: ten coal power plants, Nuclear Power Plant (NPP) Dukovany, large hydro power plants and
two pumped-storage hydro power plants (thirteen in total), three wind power plants and one solar
power station. The remaining 29 % of the electrical power production is provided by plants owned by
independent producers (e.g. Elektrarna Opatovice a.s., Elektrarna Kolin a.s.) or by auto producers in
industry and local heat producers (co-generation) and by eight regional utilities (0.5%). CEPS, a.s.,
a daughter company of CEZ owns the backbone high voltage power transmission system (400 kV and
220 kV lines) and dispatching center. One year after the privatization of CEZ, a.s., CEPS, a.s. will be
a fully independent company.

The electricity distribution is provided by eight electrical power distribution companies
(utilities). They have a regional monopoly except for large consumers connected directly to high
voltage grid. Utilities can buy electricity from small hydro and wind plants.

The Act No. 458/2000 Coll. (Energy Act) regulates the business in the electrical power sector.
According the Energy Act, the electricity generation, distribution, transmission and electricity trading
is subject of licensing.

2.2. Decision Making Process

All major energy companies were converted to share-holding companies and major portion of
shares is held by state, a part of the rest was given to municipalities. In last years, many municipalities
sold their owner rights mostly to foreign energy companies. Governmental Resolution No. 967/2000
sets the procedure of privatization of the resting state share in electricity sector. In a long-term
perspective, the state influence in the energy sector is anticipated, only, in a form of indirect measures
(legislation, pricing, tax) and regulating natural monopolies in particular industries.

The Act No. 406/2000 Coll. on energy management stipulates the rights and obligations of
natural and legal persons in the management of energy, in particular electricity and heat, as well as
gas and other fuels. It shall contribute to the economical use of natural resources and protection of the
environment, as well as to more efficient use of energy, enhanced competitiveness, more reliable
energy supplies, and to the sustainable development of society.

2.3. Main Indicators

Table 5 shows the electricity production and installed capacity since 1990 and Table 6 the
energy related ratios.

2.4. Electricity Market

The Act No. 458/2000 Coll. (Energy Act) on Business Conditions and Public Administration in
the Energy Sectors establishing a new regulatory regime regulates the business in the electrical power
sector.

The Energy Regulatory Office (ERO) defined in the Energy Act is a separate state organisation
under the responsibility of the Prime Minister and is established as the administrator Office to
exercise regulation in the energy sector. Its operating costs are covered by the state budget approved
every year by the Parliament. The general mission of ERO is to support economic competition and
protect consumers' interests in energy sector, aiming to meet all reasonable requirements for energy
supply. For comparison of the Czech Industry Structure and Regulation see Table 7.
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TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Indicator

Electricity production, total
Steam power plants
Hydroelectric power plants
Nuclear power plants
Internal combustion engines
and gas turbines

Installed capacity, total
Steam power plants
Hydroelectric power plants
Nuclear power plants
Internal combustion engines
and gas turbines

Unit

milkW-h
milkW-h
mil kW-h
mil kW-h
mil kW-h

MW
MW
MW
MW
MW

1991

60 527
47 138
1257

12 132
-

14 957
11626
1360
1760
211

1992

59 293
45 398
1638
12 250

7

14 499
11277
1400
1760

62

1993

58 882
44 652
1596

12 627
7

14 227
11028
1402
1760

37

1994

58 705
43 949
1776

12 977
3

13 851
10 652
1396
1760

43

1995

60 847
46 326
2 274
12 230

17

13 803
10 594
1399
1760

50

1996

64 257
48 208
2 403
12 850

796

14 974
10 896
2 014
1760
304

1997

64 598
48 903
2 080
12 494
1 121

15 103
10 954
2 050
1760
339

1998

65 112
48 762
1884

13 178
1288

15 513
11112
2 033
1760
608

2999(1)

64 692
49 106
2 215
13 357

14

15 216
11270
2 153
1760

33

<l* preliminary data
Source Czech Statistical Office.

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita
(GJ/capita)

Electricity per capita (MW-h/capita)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(1)

Load factor of electricity plants (%)
- Total
- Thermal
-Hydro
- Nuclear

1990

200

6.04
20
21

47
46
12
82

1991

188

5.87
20
16

46
46
11
79

1992

173

5.75
21
14

47
46
13
79

1993

169

5.70
21
15

47
46
13
82

1994

161

5.68
22
19

48
47
15
84

1995

169

5.89
20
19

50
50
19
79

1996

177

6.23
20
23

49
51
14
83

1997

169

6.27
19
23

49
51
12
81

1998

161

6.32
20
25

48
50
11
85

1999

155

6.28
21
24

49
50
12
87

(1) Net import / Total energy consumption
Source Czech Statistical Office

3. NUCLEAR POWER SITUATION

3.1. Historical development

The nuclear power era in the former CSFR has started off in the 50s because of the lack of oil
resources. A heavy water gas-cooled reactor was built and operated in Jaslovske Bohunice (now
Slovakia). The further development of nuclear power in the Czech Republic was determined by the
influence of former Soviet Union in Eastern Europe.

In the 70s, WWERs 440 of Soviet design were built and the Czech industry was involved in the
production of NSSS components and partly in primary circuit - e.g. vessel, control rod drive
mechanism. The Czech industry became the supplier of these parts in other Eastern European
countries (e.g. 20 reactor vessels were made by Skoda). In the 80s, construction of the WWERs 1000
started. In 1993, a resolution was adopted to change the reactor control system (I&C) to meet the
state-of-art criteria of unit control.

3.2. Status and Trends of Nuclear Power

In the Czech Republic, there are four units operating at Dukovany (EDU-Elektrarna Dukovany)
nuclear power plant. The units are Russian WWER 440/V213 type PWRs with the total installed
power of 1760 MW(e). The production of the plant represents currently about 21 % of the total
electricity production in the Czech Republic.
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TABLE 7. COMPARISON OF THE CZECH INDUSTRY STRUCTURE AND REGULATION:
IMPACT OF 2000 ENERGY ACT

Area

Generation

Transmission

Dispatch/Market
Operator
Distribution

Supply and End
User Choice

Regulator

International
Trade

Public Service
Obligations

Renewables

Old

a) CEZ, 67% state owned company produces
71% of the electricity production
b) IPP supply remaining 29% must sell direct
to respective local distributor based on CEZ
price (some sell to CEZ)
a) Transmission owned by a CEZ subsidiary
CEPS (since 1999).
b) No access to HV transmission allowed for
either IPP or distributors
c) System (ancillary) services charged to
distributors based on the amount of power
purchased from CEZ

a) Dispatch managed by the Central Dispatch
Centre (UED).
a) Distribution and supply bundled in 8
distributors created in 1990 as joint stock
companies. Approximately 50% state owned,
b) Distributors are obliged to purchase IPP
generation at prices comparable to prices from
CEZ.
c) Wholesale and retail prices are the same for
all distributors despite the cost differences.

a) Distributors are also suppliers,
b) A small number of wholesale electricity
traders,
c) Retail tariffs are regulated.

a) The Energy Regulatory Administration sets
prices that are approved by Ministry of
Finance.

a) HV grid trade limited to CEZ
b) Limited MV (110 kV) direct import by
distributors

Distributors are obligated to serve consumers.

Distributors have an obligation to purchase
renewable electricity (price not specified) as
well as CHP electricity.

New

a) Free entry for generators (authorisation
procedure),
b) Licensed generators free to contract with
eligible customers and third parties.

a) CEPS becomes the Transmission System
Operator (TSO). To be spun off as separate
company from CEZ.
b) Regulated Third Party Access regulated by
network regulator through license,
c) Postage stamp pricing will be adopted,
d) Ancillary services charges are based on total
power consumed. Tender process for services
proposed.

a) UED will be replaced by Electricity Market
Operator overseen by a multi stakeholder board.
a) Distribution services managed by independent
distribution services operator
b) Regulated non-discriminatory Third Party
Access
c) Distributors will be able to contract with any
generator,
d) Distribution tariffs are expected to reflect
differences in costs,
e) Distributors will be obligated to purchase CHP
and renewable electricity generation.

a) Phased implementation of end user choice
according to annual demand: > 40 GW-h in 2002,
> 9 GW-h in 2003, > 0.1 GW-h in 2005, all
customers in 2006.
b) Distributors licensed to act as exclusive,
regulated suppliers for captive customers,
c) Prices for eligible customers unregulated,
d) Tariffs for captive customer expected to reflect
cost differences among distribution companies.

a) New sector regulator Energy Regulatory Office
(ERO) sets tariffs for access and use of the
networks, market operator and for captive
customers.
a) Open access to export electricity,
b) Imports open but subject to reciprocity
conditions,
c) Temporary limit on imports to protect domestic
companies/consumers against adverse financial
impact.
Distributors are obligated to serve captive
customers and to provide access for eligible
customers.
Distributors who have to supply beyond scope of
their license to may receive compensated through
government fund.
Distributors have an obligation to purchase
renewable electricity (price not specified) as well
as CHP electricity.

The construction of Temelin nuclear power plant (two units with WWER 1000/ V320 type with
the total installed power of 2000 MW(e)) is in the stage of completion. The Unit 1 was completed and
now it is in test operation. Table 8 shows the current status of the Czech nuclear power plants.
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The CEZ, a.s. finances directly the completion of Temelin nuclear power station, the planned
upgrading of Dukovany station and the construction of a spent fuel storage facility. The CEZ, a.s. is
using its own resources and credits, without, however, any direct financial participation of the state.
The exception is a guarantee of the state for World Bank loan. As soon as Temelin nuclear power
station commences operation, the proportion of nuclear electricity produced in the Czech Republic
will approximately double and it will exceed 40 %. The construction of another nuclear power plant
is, however, very unlikely in the forthcoming years (see Energy Policy).

TABLE 8. STATUS OF NUCLEAR POWER PLANTS

Station

DUKOVANY-1
DUKOVANY-2
DUKOVANY-3
DUKOVANY-4
TEMELIN-1
TEMELIN-2

Type

WWER
WWER
WWER
WWER
WWER
WWER

Net Capacity
(MW)
412
412
412
412
912
912

Operator

CEZ - EDU
CEZ - EDU
CEZ - EDU
CEZ - EDU
CEZ - ETE
CEZ - ETE

Status

Operational
Operational
Operational
Operational
Operational

Under Construction

Reactor Supplier

SKODA
SKODA
SKODA
SKODA
SKODA
SKODA

Station

DUKOVANY-1
DUKOVANY-2
DUKOVANY-3
DUKOVANY-4
TEMELIN-1
TEMELIN-2

Construction
Date

Ol-Jan-79
Ol-Jan-79
Ol-Mar-79
Ol-Mar-79
Ol-Feb-87
Ol-Feb-87

Criticality
Date

12-Feb-85
23-Jan-86
28-Oct-86
Ol-Jun-87

ll-Oct-2000
1st qr 2002

Grid
Date

24-Feb-85
30-Jan-86
14-Nov-86
ll-Jun-87

21-Dec-2000
2"d qr 2002

Commercial
Date

03-Nov-85
21-Sep-86
20-M-87
19-Jan-88

2nd half 2001
1st half 2003

Shutdown
Date

Source: IAEA Power Reactor Information System; CEZ as of 19-Jun-2001.

The National Property Fund (NPF), i.e. the state owns 67.5 % of the CEZ, a.s. shares,
privatized in the year 1992. The fund delegated the shareholding rights to the Ministry of Industry and
Trade. The remaining CEZ shares are traded on the Stock Exchange. They are owned, at present, by
companies and corporations (30%) and individuals (2.5%).

The UJV-Rez, a.s. (the Nuclear Research Institute) was privatized in the year 1992. At present,
about 30% of the shares is owned by CEZ a.s. The National Property Fund (NPF) holds 56%, Skoda
JS, a.s. 11% and about 3% is owned by the local municipality.

The Skoda - Jaderne strojirenstvi (JS), s.r.o. is 100 % owned by Skoda, a.s., where a group of
private owners (including major banks) hold a major share, since 1992.

According to the Atomic Act (at present, the Act No. 18/1997 Coll. is being amended), the
CEZ, a.s. should, under the state control, prepare both financial and technical means for
decommissioning of its nuclear facilities and it should provide payments to the Czech National Bank
(the State Bank of the Czech Republic) to accumulate means necessary for a preparation and
construction of a spent fuel repository that should be approximately put into operation in 2030.

At present, the costs of future decommissioning of an nuclear power plant and disposal
(deposit) of spent fuel are not directly reflected in the electricity prices and the nuclear power plant
utility creates provisions based on its consideration, from the net profit to its reserve fund, under the
state control.

3.3. Current Policy Issues

Both Czech nuclear power plants, i.e. Temelin and Dukovany, are built, operated and owned by
the CEZ, a.s. The nuclear research reactors at Rez are operated and owned by the Nuclear Research
Institute (UJV-Rez, a.s.). The university nuclear research reactor, in Prague, is operated and owned by
Technical University CVUT.
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Investment projects of CEZ, a.s. are based on its business plan and they are financed from CEZ,
a.s., own resources. The only state budget obligation is represented by the Czech government
guarantee provided to the US Eximbank, regarding the loan from the Citibank, for Westinghouse
supplies to Temelin nuclear power plant.

The decision whether spent fuel is to be reprocessed is, in principle, left to its owner. At
present, the CEZ, a.s. does not consider the reprocessing as economical. Due to the fact that the
preparation of a final repository of radioactive waste is the responsibility of the state, the procedure of
both the CEZ, a.s. and the state, regarding the reprocessing issue must be co-ordinated in the long-
term.

Within the Dukovany nuclear power plant complex, a shallow land repository of radioactive
waste is operated, designed to accommodate all future low and intermediate radioactive wastes from
both nuclear power plants and also a cask-type (CASTOR) interim storage of spent fuel.

Nuclear safety and radiation protection in the Czech Republic are supervised by the national
regulatory authority - the State Office for Nuclear Safety (SUJB). It was established on 1st January
1993 as a follow-up organization of the former Czechoslovak Atomic Energy Commission. The
responsibilities of the SUJB concerning nuclear safety, the licensing of nuclear facilities, including
fuel and waste treatment facilities, and nuclear safeguards are given by the Act No. 18/1997 Coll.

An environmental impact assessment of a nuclear installation project, as well as, of another
civil construction including other significant sources of ionizing radiation, is determined in,
especially, three following laws:

• The Act No. 50/1976 Coll. (the Civil Construction Act) determines procedures of the
Civil Construction Office - an administrative body making decisions in regard to the
siting, construction and operation. Licence concerning nuclear installation needs
approval of the SUJB. The Act has been amended and the last changes are included in
the Act No. 59/2001 Coll;

• The Act No. 244/1992 Coll. (Environmental Impact Assessment, EIA) determines that,
prior to an administrative decision, the environmental control bodies, including the
Ministry for the Environment, issue an official attitude to the environmental impact
assessment (even if the attitude is not binding for the final decision of an administrative
body). Within the EIA process, a public hearing is required. A formally established
group of citizens may become a participant of the procedure according, also, to the above
mentioned Act. The Act has been amended and the changes will enter into force in 2002;

• The Act No. 18/1997 Coll. (at present, the Atomic Act is being amended for the purpose
of harmonization with the EU legislation), concerning the state supervision on the
nuclear safety, together with associated regulations, determine, apart from others,
procedures of the SUJB when issuing the approval according to the Civil Construction
Act. Prior to an issue of the approval, the SUJB considers safety analysis including a
proof that the construction impact on the population and environment will not exceed
limits determined by this Office.

The above stated activities are subject to a strict regulation, on non-proliferation of nuclear
weapons and business aspects pertaining to uranium and fuel.

3.4. Organizational Chart of the SUJB

The organizational structure of the SUJB is presented on the following Figure 1.
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FIG. 1. Organizational Structure of the SUJB.

4. NUCLEAR POWER INDUSTRY

4.1. Supply of NPPs

Most of the equipment and all construction parts of both NPPs were produced inside of the
country or in Slovakia (second part of former Czechoslovakia). Fuel, I&C system and main circulation
pumps are main exceptions. The original design of both NPPs is Russian but during construction of
the NPP Temelin it was substantially changed (I&C system, fuel). Also at the NPP Dukovany a
substantial improvement has been done.

The first research reactor was delivered to UJV Rez from former Soviet Union but after two
reconstructions it is almost entirely produced in the CR (the fuel is again an exception). The two other
small research reactors were designed in the country using some parts and experience of Russian
technology.

4.2. Operation of NPPs

The CEZ, a.s., owns and operates Dukovany nuclear power plant and ensures its personnel
training. Maintenance service are supplied both by CEZ itself and by many other companies from
which the most important are listed in Appendix.

The CEZ, a.s., is building the Temelin nuclear power plant and the main contractors are: Skoda
Praha, a.s., Skoda Jaderne strojirenstvi, s.r.o., EZ Praha, a.s., Kralovopolska strojirna, a.s., Vodni
stavby Bohemia, a.s., WEC ETE, Modranska potrubni, a.s., Regula Praha, a.s.

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

The uranium for the fuel of the Dukovany nuclear power plant is supplied by a domestic
producer, with the exception of one-year consumption of the Russian uranium for nuclear fuel,
purchased a few years ago. Both conversion and enrichment services, together with fuel fabrication,
for Dukovany nuclear power plant are purchased in Russia.

224 CZECH REPUBLIC



For the Temelin nuclear power plant, the fuel for the initial loading was already supplied and
contracts for a few reloadings are signed. The uranium for the initial fuel load has been supplied by
Russia, conversion and enrichment have been provided by Russia and the United Kingdom and fuel
fabrication took place in the USA. For the fuel reloads of the Temelin nuclear power plant, Czech
uranium is ensured. Conversion will be done in France and Canada and enrichment and fuel
fabrication in the USA.

The fuel for the Czech research reactors, including the uranium, comes from the Russian
Federation.

Uranium mining in the Czech Republic is according to Government Resolution No. 750/1999
declining. The present yield is 600 metric tonnes uranium metal from both underground mining and
chemical lixiviation. The production will decline to 50-150 t/year during the next one or two decades
after terminating the underground mining in the year 2004. The uranium is processed into a form of a
chemical concentrate (yellow cake). There are no other uranium processing plants in the Czech
Republic.

The storage of spent fuel is ensured by its originators, i.e. CEZ, a.s. with regard of spent fuel
from the nuclear power plants, and UJV-Rez, a.s. with regard of spent fuel from the research reactors.
The spent fuel storage capacity in the reactor pools is sufficient for 6 years of operation of each
nuclear power plant unit. At the Dukovany nuclear power plant, an interim dry cask-type spent fuel
storage facility with capacity of 600 tonnes of uranium was put in operation, in 1995. Currently,
another interim storage facility for spent fuel from the Dukovany nuclear power plant is being
prepared, with a projected operation start-up in 2005.

Based on a preliminary timetable, approval for the final disposal facility site is expected in
2015, construction start of the repository approximately in 2020 and operation in 2035.

The issue of reprocessing spent fuel remains open. A decision to reprocess or directly dispose
spent fuel (after its conditioning) as a waste is suspended for the time of its storage in the interim
storage facility, envisaged for the time of 40 to 50 years.

hi UJV-Rez, a.s. a new spent fuel interim storage facility was put into operation in 1996, with
sufficient capacity for the entire life of the operating research reactors.

A shallow land repository of radioactive waste is operated by CEZ a.s. within the Dukovany
nuclear power plant complex. It is designed to accommodate all future low and intermediate
radioactive wastes from both the Dukovany and Temelin nuclear power plants.

4.4. Research and Development Activities

The responsibility for the research state policy in the area of nuclear energy is divided between
the Ministry of Industry and Trade of the Czech Republic and the State Office for Nuclear Safety.

Most activities in the area of nuclear energy research and development are performed by UJV-
Rez, a.s., (Nuclear Research Institute) and Czech Technical University in Prague. The Nuclear Fuel
Institute owned by Skoda a.s. performs specialized research of fuel element cladding. Several
institutes of the Czech Academy of Science and other universities such as West Bohemia University
in Plzen are marginally included in the nuclear power research.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

The Czech Republic is a member of a number of international nuclear organizations including
the International Atomic Energy Agency, Nuclear Energy Agency (NEA) as well as other bilateral
and multilateral organizations such as WANO.
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It takes part in international research activities organized by international organizations like
NEA, ISOE, INEX, IRS and programmes of CERN, Dubna, etc.

The relatively large volume of the nuclear safety related technical support continued to come
from the IAEA and European Union. The Czech Republic participates in the IAEA programme of
technical co-operation and in the PHARE Programme, especially Regional PHARE Nuclear Safety
programme, from the EU. The Czech Republic is now a member of the 5th Framework Programme of
the EU. Several research organizations like UJV Rez have successfully submitted requests for grants.

Apart from receiving support, the Czech Republic is also providing support by financing (via
the IAEA) technical assistance projects in Armenia, Bulgaria and Georgia.

Of particular importance was the so-called IAEA Extra-budgetary Programme, aimed at
enhancing nuclear safety of WWER reactors. For some of the activities, SUJB, CEZ, a.s. and other
Czech organizations were involved in this programme. Within this framework, with active
participation of other WWER operating countries, lists of design shortcomings established in the
individual types of WWER reactors were prepared. These shortcomings were step-by-step analysed
and subsequently repaired or removed.

The Czech Republic also receives significant support from the USA. Risk Monitor for the
Dukovany nuclear power plant, a probabilistic computer model, was applied to WWER units. The US
NRC assists the SUJB by providing computer codes like RELAP, MELCOR etc. at very advantageous
rates and with expert consultation in the process of the NPP Temelin licensing.

Japanese assistance is concentrated on training. Czech experts took part in several weeks
training in Japan in the area of nuclear safety and seismic resistance of nuclear power plants.

With respect to technical and industrial co-operation, there are many activities based on
bilateral contracts that are not subject to any centralized review.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and Licensing process

The State Office for Nuclear Safety (SUJB), as Czech Republic's national regulatory authority
in nuclear safety and radiation protection field was established as of 1st January 1993 by the Act No.
21/1992 Coll. It is a follow-up organization of the former Czechoslovak Atomic Energy Commission.
The legal framework of the SUJB is given by Act No. 18/1997 Coll., on the Peaceful Utilization of
Nuclear Energy and Ionizing Radiation (Atomic Act). The other legal documents specifying powers
of SUJB are listed in the paragraph Main National Laws and Regulations.

The SUJB is an independent central body of the state administration with its own budget. It is
headed by a Chairman appointed by the Czech Government (as a body) and the Chairman can, on
request, be present at the government meeting. Regulatory decisions of the SUJB (except of fines)
cannot be changed by any other governmental body. Deputy Chairmen, Directors of Departments and
Heads of Divisions are appointed by the Chairman of the SUJB.

The Chairman acts at the same time as the Nuclear Safety Inspector General. He appoints the
SUJB nuclear safety and radiation protection inspectors. The inspectors' authorities, to perform their
function, are stipulated in the provisions of Act No. 18/1997 Coll.

The SUJB has 185 employees and two institutes are subordinated financially and as a technical
support. The organizational chart of the SUJB is presented in Figure 1 (page 224).

226 CZECH REPUBLIC



5.2. Main National Laws and Regulations

At present, the Czech legislation in the sphere of nuclear energy and ionizing radiation consists
of the following:

• Act No. 18/1997 Coll. (Atomic Act) on the State Supervision over the Nuclear Safety of the
Nuclear Installations. The act corresponds, to a sufficient extent, with the reciprocal legislation of
European Union member countries.

• Act No. 458/2000 Coll. (Energy Act) on Business Conditions and Public Administration in the
Energy Sectors and on Amendment to Other Laws.

• Decree of the SUJB No. 142/1997 Coll., on Type-Approval of Packaging Assemblies for
Transport, Storage, and Disposal of Radionuclide Sources and Nuclear Materials, on Type-
Approval of Ionizing Radiation Sources, and on Type-Approval of Protective Devices for Work
Involving Ionizing Radiation Sources and other Devices for Ionizing Radiation Source Handling
(on Type-Approval).

• Decree of the SUJB No. 143/1997 Coll., on Transportation and Shipment of Specified Nuclear
Materials and Specified Radionuclide Sources.

• Decree of the SUJB No. 144/1997 Coll., on Physical Protection of Nuclear Materials and Nuclear
Facilities and their Classification.

• Decree of the SUJB No. 145/1997 Coll., on Accounting for and Control of Nuclear Materials and
their Detailed Specification.

• Decree of the SUJB No. 146/1997 Coll., Specifying Activities Directly Affecting Nuclear Safety
and Activities Especially Important from Radiation Protection Viewpoint, Requirements on
Qualification and Professional Training, on Method to be Used for Verification of Special
Professional Competency and for Issue Authorizations to Selected Personnel, and the Form of
Documentation to be Approved for Licensing of Expert Training of Selected Personnel.

• Decree of the SUJB No. 147/1997 Coll., Laying Down a List of Selected Items and Dual Use Items
in Nuclear Sector.

• Decree of the SUJB No. 184/1997 Coll., on Radiation Protection Requirements.

• Decree of the SUJB No. 214/1997 Coll., on Quality Assurance in Activities Related to the
Utilization of Nuclear Energy and in Radiation Activities, and Laying Down Criteria for the
Assignment and Categorization of Classified Equipment into Safety Classes.

• Decree of the SUJB No. 215/1997 Coll., on Criteria for Siting Nuclear Facilities and Very
Significant Ionizing Radiation Sources.

• Decree of the SUJB No. 219/1997 Coll., on Details of Emergency Preparedness of Nuclear
Facilities and Workplaces with Ionizing Radiation Sources, and on Requirements on the Content
of On-Site Emergency Plans and Emergency Rules.

• Decree of the SUJB No. 106/1998 Coll., on Nuclear Safety and Radiation Protection Assurance
during Commissioning and Operation of Nuclear Facilities.

• Decree of the SUJB No. 195/1999 Coll., on Basic Design Criteria for Nuclear Installations with
Respect to Nuclear Safety Radiation Protection and Emergency Preparedness.
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• Decree of the SUJB No. 196/1999 Coll., on Decommissioning of Nuclear Installations and
Working Places with Important and Very Important Sources of Ionizing Radiation.

• Decree of the SUJB No. 324/1999 Coll., on Limits of Concentration and Amount of Nuclear
Material for which Nuclear Liability Requirements does not apply.

• Decree of the Government No. 224/1997 Coll., on Payments of Radioactive Waste Producers to
the Nuclear Account.

• Decree of the Government No. 11/1999 Coll., on Emergency Planning Zone.

• Unregistered regulation issued by Ministry of Trade and Industry - Statut No. MPO 9/97 on the
Radioactive Waste Repository Authority.

5.3. International, Multilateral and Bilateral Agreements

The Czech Republic succeeded into the Agreement between the government of the
Czechoslovak Socialist Republic and the International Atomic Energy Agency (IAEA) concerning a
number of agreements indicated below.

AGREEMENTS WITH THE IAEA

• Nuclear Proliferation Treaty
related safeguards agreement
INFCIRCN°541

• Additional Protocol

• Improved procedures for
designation of safeguards inspectors

• Supplementary agreement on
provision of technical assistance
by the IAEA

• Agreement on privileges
and immunities

Entry into force:

Signed:

Succeeded:
(Notification of succession was
received on 1 July 1998)

Succeeded:

11 September 1997

28 September 1999

Accepted

1 January 1993

27 Sentember 1993

OTHER RELEVANT INTERNATIONAL TREATIES etc.

• Nuclear Proliferation Treaty Succeeded:

• EURATOM Non-member

• Treaty for prohibition of nuclear and
other mass-destruction weapons
located on sea and ocean bottoms
and underground

• Convention on physical protection of Entry into force:
nuclear material

1 January 1993

1 January 1993
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• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or a
radiological emergency

• Vienna convention on civil liability
for nuclear damage

• Joint protocol

• Protocol to amend the Vienna
convention on civil liability
for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of
spent fuel management and on the
safety of radioactive waste
management

• ZANGGER Committee

• Nuclear export guidelines

• Acceptance of NUSS codes

• Nuclear Suppliers Group

BILA TERAL A GREEMENTS

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Signature:

Signature:

Entry into force:

Entry into force:

1 January 1993

1 January 1993

24 June 1994

24 June 1994

18 June 1998

18 June 1998

24 October 1996

18 June 2001

Member

Adopted by former CSFR

Accepted by former CSFR

Member

The Agreement between the Government of the CSSR and the Government of Austria on the
Issues of Common Interest Related to Nuclear Safety and Radiation Protection
The Agreement between the Government of the CSFR and the Government of Germany on the
Issues of Common Interest Related to Nuclear Safety and Radiation Protection
The Agreement between the Government of the CSFR and the Government of Hungary on the
Issues of Common Interest Related to Nuclear Safety and Radiation Protection
The Agreement between the Government of the CSFR and the Government of USA on Co-
operation in Peaceful Uses of Nuclear Energy
The Agreement between the Government of the CR and the Government of the Russian Federation
on Co-operation in the Nuclear Energy Field
The Agreement between the Government of the CR and the Government of Canada on Co-
operation in the Peaceful Uses of Nuclear Energy
The Agreement between the Government of the CR and the Government of the Slovak Republic on
Co-operation in the State Regulation of Nuclear Safety and Nuclear Materials
The Agreement between the Government of the CR and the Government of Ukraine on Co-
operation in the Nuclear Energy and Nuclear Industry
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The Agreement between the Government of the CR and the Government of Ukraine on Co-
operation in the Transport of Nuclear Materials between CR and Russian Federation over the
territory of Ukraine
The Agreement between the Government of the CR and the IAEA on Safeguards
The Agreement between the Nuclear Installations Safety Directorate (France) and the State Office
for Nuclear Safety (Czech Republic) for the Exchange of Information and Co-operation in the
Regulation of Nuclear Safety
The Agreement between the United States Nuclear Regulatory Commission and the Czech
Republic State Office for Nuclear Safety on Exchange of Technical Information and Co-operation
in Nuclear Safety
The Agreement between the United States Nuclear Regulatory Commission and the Czech
Republic State Office for Nuclear Safety on Application of Thermohydraulic Codes (CAMP)
The Agreement between the United States Nuclear Regulatory Commission and the Czech
Republic State Office for Nuclear Safety on Co-operation in the Framework of Program of Severe
Accident Research
Statement of Intent concluded between Minister of Science and Technology of the Republic of
Korea on one side and Deputy Minister of Industry and Trade of the CR and the Chairman of the
State Office for Nuclear Safety of the CR on the other side
The Agreement between the Health & Safety Executive of the United Kingdom of Great Britain
and Northern Ireland and the Czech Republic State Office for Nuclear Safety on Exchange of
Information
The Agreement on Co-operation in the Area of State Supervision of Nuclear Safety and Peaceful
Utilisation of Atomic Energy between the Federal Regulatory Authority of the Russian Federation
(Gosatomnadzor) and the Czech Republic State Office for Nuclear Safety
The Agreement between the Federal Ministry for Environment, Nature Conservation and Nuclear
Safety of the Federal Republic of Germany and the State Office for Nuclear Safety of the Czech
Republic on Exchange of Information
The Agreement between the CIEMAT (Spain) and the Czech Republic State Office for Nuclear
Safety on Evaluation of Computer Technology Used for Measuring and Control Systems in
Nuclear Safety of Nuclear Power Plants for the Purpose of Licensing Process
The Arrangement between the State Office for Nuclear Safety of the Czech Republic and the
Slovenian Nuclear Safety Administration for the Exchange of Information.

REFERENCES

[1] Data & Statistics/The World Bank, www.worldbank.org/data.

[2] IAEA Energy and Economic Data Base (EEDB).

[3 ] IAEA Power Reactor Information System (PRIS).

[4] Czech Statistical Office.
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITY

Ministry of Industry and Trade
Energy Division
Na Frantisku 32
110 15 Praha 1 - Stare Mesto

State Office for Nuclear Safety
(Statni ufad pro jadernou bezpecnost - SUJB)
Senovazne namesti 9
110 00 Prague 1
Czech Republic

Ministry of Environment
Vrsovicka 65
100 10 Praha 10

Czech Society for Radiation Protection
c/o State Office for Nuclear Safety

POWER UTILITIES

Czech Power Board
Praha

Power Company CEZ, a.s.
Jungmannova 29

111 48 Praha 1

Dukovany Nuclear Power Plant

Temelin Nuclear Power Plant

NUCLEAR RESEARCH INSTITUTES
Nuclear Research Institute Rez pic
250 68 Rez u Prahy

National Radiation Protection Institute
Srobarova 48
100 00 Praha 10

National Institute for Nuclear, Chemical
and Biological Protection
Pribram — Kamenna
262 31Milin

Tel: (+420 2)248 51 111

Tel: (+420 2) 216 24 111
Fax: (+420 2) 216 24 704
http ://www. sui b.cz/

Tel.: (+420 2) 6712 1111
http://vvww.env.cz/

Tel: (420 2) 241 72 738

Tel: (+420 2) 2408 1111
Fax: (+420 2) 2408 2440
http://www.cez.ez''

http://www.cez.cz/iedu/

http://www.cez.cz/iete/

Fax: (+420 2) 20940567
Tel: (+420 2) 20941102, 20940885,
20940179, 20940351, 20941119, or
66171111
http ://www.nri. ez/

Tel: (+420 2) 6731 1239
Fax: (+420 2) 6731 1410
http://www.suro.cz/cz/index.html

Tel: (+420 306)91 321, 322, 323
http ://www. suj chbo. cz
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Research Institute of Fuel and Energy Complex
VUPEK
Praha

Energoprojekt Praha, a.s.
Vyskocilova 3
140 21 Praha 4

Skoda - UJP Praha, a.s.
Nad Kaminkou 1345
15610 Praha - Zbraslav

Nuclear Physics Institute (Academy of Sciences)

Institute of Plasma Physics

MANUFACTURERS AND SERVICES

Skoda Praha, a.s.
M. Horakove 109/116
160 00 Praha 6

Skoda Jaderne strojirenstvi (JS), a.s.
Orlik 266
316 06Plzen

EZ Praha, a.s.
Na Pofici 5-7
111 74 Praha 1

Kralovopolska strojirna, a.s.
divize R.I.A. Kfizikova 68
660 90 Brno

Vodnf stavby Bohemia, a.s.
Primatorska 36/323
180 00Praha8-Libefi

Modfanska potrubm, a.s.
Komofanska 326/63
143 140 Praha 4 - Modfany

OTHER ORGANIZATIONS

Academy of Sciences of the Czech Republic (ASCR)

Czech Nuclear Forum

Czech Nuclear Society
(Ceska Nuklearni Spolecnost)

Tel: (+420 2) 41006 730, 111
Fax: (+420 2) 41006 739
http://www.egp.cz

Tel: (+420 2) 5792 1822, 0273
Fax: (+420 2) 5792 1760
http://www.skoda-ujp.cz

http://hp.ujf.cas.cz/

http://www.ipp.cas.cz/

Tel: (+420 2) 24396 111, 666

Tel: (+420 19)704 1111

Tel: (+420 2) 33026 111

Tel: (+420 5) 7125 400

Tel: (+420 2) 838 418 53
Fax: (+420 2) 838 406 42

Tel: (+420 2) 4097 111

http://www.cas.cz/

http://www.micl.ear-forum.cz/

http://www.csvts.cz/cns/
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UNIVERSITIES

Czech Technical University in Prague
Headquarters
Zikova 4
166 36 Praha 6 - Dejvice

Czech Technical University in Prague
Faculty of Nuclear Sciences and Physical Engineering
Bfehova 7
11566 19 Praha 61 - Stare Mesto

Charles University
Faculty of Mathematics and Physics
KeKarlovu3/5
121 16 Praha 2

West Bohemia University
Univerzitnf 8
306 14 Plzen

Tel: (+420 2) 2435 1111
http://wwfw.cvut.cz/ascii/index.html.

Tel: (+420 2) 2435 1111
http:/7ww./w.fjfi.cvut.cz/en/index.html

Tel: (+420 2) 2191 1289
Fax: (+420 2) 2191 1292
http://www.mff.cuni.cz

Tel: (+420 19) 7491 111
Fax: (+420 19) 279 222
http://www.fst.zcu.cz/page 15 .html
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FINLAND

1. GENERAL INFORMATION

1.1. General Overview

Finland (in Finnish Suomi) is a republic in northern Europe, bounded on the north by Norway,
on the east by Russia, on the south by the Gulf of Finland and Estonia, on the south-west by the Baltic
Sea and on the west by the Gulf of Bothnia and Sweden. Nearly one third of the country lies north of
the Arctic Circle. The area of Finland, including 31 557 km2 of inland water, totals 338 000 km2. The
terrain is generally level, hilly areas are more prominent in the north and mountains are found only in
the extreme north-west.

The average July temperature in the capital Helsinki on the southern coast is 17 °C. The
February average in Helsinki is about -5.7 °C. The corresponding figures at Sodankyla (Lapland) in
the northern Finland are 14.1 °C and -13.6 °C. Precipitation (snow and rain) averages about 460 mm
in the north and 710 mm in the south. Snow covers the ground for four to five months a year in the
south, and about seven months in the north.

Finland has a population of 5.167 million (estimate July 2000) and an average population
density of 17 per km2 of land. Historical population data is shown in Table 1. The predicted annual
population growth rate between the years 1998 and 2010 is 0.21 %. More than two thirds of the
population reside in the southern third of the country.

In Finland the total primary energy consumption1 per capita was about 60 % higher than the
European Union average (according to 1996 statistics) and about 35 % higher than the OECD average.
This is mainly due to the weather, which demands space heating for most of the time, and the structure
of the industry, which is energy intensive processing industry (wood, especially paper, heavy metal
and chemical). A third factor is relatively high transportation requirements per capita caused by the
low population density.

TABLE 1. POPULATION INFORMATION

Population (millions)
Pop. density (inh./km2)
Urban pop. (% of total)
Area (1000 km2)

1960

4.4
13.1

338.1

1970

4.6
13.6

1980

4.8
14.1

1990

5.0
14.7

1995

5.11
15.11
64.4

1996

5.12
15.16
65.0

1997

5.14
15.21
65.6

1998

5.15
15.24
66.1

1999

5.17
15.28
66.7

2000

5.17
15.3
N/A

Growth
rate (%)

1980
to

2000
0.4

Sources: IAEA Energy and Economic Data Base

1.2. Economic Indicators

The Gross Domestic Product (GDP) in 1999 was US$ 130 billion. The historical GDP data are
given in Table 2.

1.3. Energy Situation

Finland's energy mix is diverse and well balanced, and many of its power plants can be
optimised for up to three different fuels. About 40 per cent of all Finnish homes are connected to
district heating networks. In 2000, about 75 per cent of all district heat was produced in combined heat
and power plants.

Using the definition adopted by the IEA and the CEC (nuclear power is converted into primary energy with a 33 % gross
efficiency, and hydro and wind power as well as imported electricity with 100 % efficiency).
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TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP (billions of current US$)
GDP per capita (current US$/cap)
GDP by sector (%):

Agriculture
Industry
Services

1970

10.8
2,300

1980

51.3
10,700

1990

135
27,000

1995

129
25,300

4.19
28.79
67.03

1996

128
25,000

3.77
27.61
68.62

1997

122
23,700

3.69
27.92
68.38

1998

129
25,000

3.28
28.81
67.92

1999

130
25,200

3.19
28.36
68.45

Growth
rate (%)

1980
to

1999
5.1
4.7

Sources: IAEA Energy and Economic Data Base; Finland in Figures 1999 (Statistics Finland); Data & Statistics/The World
Bank.

Finland is highly dependent on foreign energy supplies. Crude oil and oil products constitute a
major part of imported energy. Other main fuels imported to Finland are coal and natural gas. During
the last years the imports of gas have had the fastest growth rate. Discussions on the possibility to
expand the use of natural gas by adding a redundant source primarily from the Norwegian offshore
deposits have continued, but are unlikely to lead to solution increasing the gas import to Finland
during the next decade. Also alternative routes to gas supply sources in Russia are under investigation.

The primary indigenous energy resources in Finland are hydro power, wood, wood waste,
pulping liqueurs and peat. The peat resources are about 800-1000 Mtoe and reserves are estimated at
280 Mtoe. These could be exploited with an annual rate of 4-4.7 Mtoe for about 60 years. The use of
wood and wood based fuels in 2000 was 6.13 Mtoe corresponding to 20 % of the total primary energy
consumption. Unexploited hydropower reserves are estimated to correspond to an annual production
of the order of 7-8.5 TW*h. However, most of the unharnessed river areas are either nature reserves or
frontier rivers or tiny waterfalls.

Indigenous fuels and hydropower cover about 30% of the energy demand. Finland imports all of
its oil, natural gas, coal and uranium. Total demand for primary energy in 2000 was 30.8 Mtoe
(1.29 EJ) and the different energy sources used are given in Table 3. The long-term trend of energy
supply from 1970 onwards is depicted in Figure 1. The 2000 energy use in per cent is given in Table 4.

TABLE 3. PRIMARY ENERGY SOURCES IN 2000a

Energy Source

Oil
Coal
Natural gas
Indigenous fuels
Hydro power
Nuclear power
Net electricity imports
Total

Mtoe

8.3
3.5
3.4
7.8
1.2
5.6
1.0

30.8

%

27
12
11
25
4
18
3

100
a Using the definition adopted by the IEA and the CEC (nuclear power is
converted into primary energy with a 33 % gross efficiency, and hydro and wind
power as well as imported electricity with 100 % efficiency). This definition has
been applied in Finland since 1997.

High proportion of energy-intensive processing industries and high requirements for space
heating and long transportation distances make the total energy consumption per capita in Finland one
of the highest in the OECD area. In 2000, the primary energy consumption per capita in Finland was
6.0 toe. The historical energy statistics are given in Tables 5 and 6.

238 FINLAND



TABLE 4. 2000 ENERGY USE

Sector

Industry

Heating

Traffic

Others

%

50

21

17

12

UJ 10

70 72 74 76 78 80 82 84 86 88 90 92 94 96 98

FIG. 1. Energy Supplies in Finland

TABLE 5. PRIMARY ENERGY SOURCES

Mtoe

Oil

Coal

Natural Gas

Nuclear Energy

Hydro Power

Peat

Wood based fuels+other

Electricity Imports

Total

1985

9.20
(36.9%)

4.01
(16.1%)

0.82
(3.3%)

4.69
(18.8%)

1.05
(4.2%)

0.98
(3.9%)

3.80
(1S.2%)

0.41
(1.6%)

24.95

1986

9.13
(36.9%)

3.52
(14.2%)

0.99
(4.0%)

4.69
(19.0%)

1.06
(4.3%;

1.04
(4.2%;

3.83
(15.5%)

0.50
(2.0%)

24.75

1987

9.35
(35.7%)

4.02
(15.3%)

1.31
(5.0%)

4.83
(18.4%)

1.17
(4.5%)

1.08
(4.1%)

3.96
(15.1%)

0.48
(1.8%)

26.21

1988

9.22
(34.8%)

4.12
(15.5%)

1.40
(5.3%)

4.81
(18.1%)

1.14
(4.3%)

0.99
(3.7%)

4.20
(15.9%)

0.64
(2.4%)

26.51

1989

8.96
(33.6%;

4.06
(15.2%)

1.84
(6.9%;

4.69
(17.6%)

1.11
(4.2%;

0.94
(3.5%;

4.31
(16.2%)

0.76
(2.9%;

26.68

1990

8.97
(33.0%)

3.98
(14.6%)

2.17
(8.0%)

4.72
(17.4%)

0.92
(3.4%)

1.34
(4.9%)

4.19
(15.4%)

0.92
(3.4%)

27.22

1991

8.73
(32.6%)

3.91
(•M.6%;

2.29
(8.5%;

4.80
(17.9%)

1.12
(4.2%)

1.35
f5.o%;

3.97
(74.8%;

0.62
(2.3%)

26.77

1992

8.59
(32.5%;

3.38
(12.8%)

2.37
(9.0%;

4.73
(17.9%)

1.29
(4.9%)

1.32
(5.0%)

4.04
(15.3%)

0.71
(2.7%)

26.43

1993

8.22
(30.3%)

3.91
(14.4%)

2.45
(9.0%)

4.90
(18.0%)

1.15
(4.2%)

1.39
(5.1%)

4.48
(16.5%)

0.65
(2.4%)

27.15

1994

8.55
(29.5%)

4.89
(16.8%)

2.70
(9.3%;

4.78
(16.5%)

1.00
(3.5%;

1.59
(5.5%)

4.99
(17.2%)

0.52
(1.8%)

29.01

1995

8.25
(29.0%)

3.98
(14.0%)

2.80
(9.8%)

4.72
(16.6%)

1.10
(3.9%)

1.78
(6.2%;

5.13
(18.0%)

0.72
(2.5%;

28.48

1996

8.47
(28.4%)

4.89
(16.4%)

2.93
(9.8%)

4.87
(16.4%)

1.01
(3.4%)

2.02
(6.8%;

5.27
(17.7%)

0.32
(1.1%)

29.76

1997

8.40
(27.5%;

4.52
(14.8%)

2.87
(9.4%;

5.22
(17.1%)

1.02
(3.3%)

1.99
(6.5%;

5.88
(19.2%)

0.66
(2.2%)

30.55

1998

8.62
(28.0%)

3.38
(11.0%)

3.30
(10.7%)

5.47
(17.7%)

1.26
(4.1%)

1.90
(6.2%;

6.12
(19.8%)

0.80
(2.6%)

30.84

Source: Ministry of Trade and Industry (Finland), Energy Review 1/99. The definitions of the CEC are employed for
conversion of nuclear, hydro, wind and imported (net) electricity into primary energy.
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TABLE 6. ENERGY STATISTICS
Exajoule

Energy consumption
Total(1)

Solids(2)

Liquids
Gases
Primary electricity ̂ 3)

Energy production
Total
Solids
Liquids
Gases
Primary electricity(3)

Net import (export-import)
Total
Solids
Liquids
Gases

1960

0.24
0.08
0.10

0.05

0.05

0.05

0.20
0.08
0.11

1970

0.71
0.17
0.44

0.10

0.17
0.08

0.09

0.63
0.11
0.52

1980

1.00
0.26
0.53
0.04
0.17

0.23
0.07

0.16

0.77
0.16
0.57
0.04

1990

1.15
0.28
0.39
0.11
0.38

0.38
0.10

0.28

0.72
0.18
0.43
0.11

1999

1.24
0.23
0.38
0.16
0.46

0.42
0.05

0.37

0.68
0.12
0.40
0.16

2000

1.27
0.21
0.40
0.17
0.48

0.42
0.04

0.37

0.70
0.12
0.42
0.17

Average: annual
growth rate (%)

1970
to

1980

7.44
6.10
8.50

5.92

7.83
24.33

5.95

7.07
3.17
8.55

1980
to

2000

1.19
-0.97
-1.35
8.05
5.22

2.95
-2.38

4.28

-0.43
-1.46
-1.58
8.05

(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
(2) Solid fuels include coal, lignite, peat and commercial wood & black liquor.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind (CEC definitions)
Source: IAEA Energy and Economic Data Base

1.4. Energy Policy

The objectives of Finnish energy policy are: security of supply; effective energy markets and
economy; environmental acceptability and safety. In Finland, energy supply decisions on energy
systems take place at a fairly decentralised level. A substantial proportion of energy is imported and
produced by private enterprises. The state-owned energy companies are also run on a purely
commercial basis. The latest Finnish government's report on energy policy was approved by
Parliament in autumn 1997 (Energy Strategy, 1997). The report specifies Finland's energy strategy,
which contains the energy scenarios that were drawn up in the preparation of the strategy. The
objectives of energy policy, as outlined in the energy strategy, and the measures connected with them
are:

• working on the energy production infrastructure to achieve
an energy balance with a lower carbon content;

• promoting the energy markets;
• promoting energy conservation and energy efficiency;
• furthering the use of bioenergy and other forms of domestic energy;
• maintaining the high standard of energy technology;
• ensuring that there is enough capacity to procure

sufficiently diverse and affordable forms of energy;
• maintaining an emergency supply capability in the energy sector;
• energy taxation.

In 1994, Finland ratified the Framework Convention on Climatic Change. For the reference
year (1990) of the convention, the total CO2-emissions in Finland were 54 million tons. In the Kyoto
Protocol to the Framework Convention on Climatic Change the EU commitment is to reduce
greenhouse gas (GHG) emissions, calculated as an average of the emissions between 2008 and 2012,
by 8% from the 1990 level. According to the burden sharing between the EU countries, Finland's
commitment is to return the emissions to the 1990 level. The government is presently preparing a
national action plan to reduce GHG emissions. The Finnish strategy emphasises, besides the reduction
of emissions, the strengthening of sinks for carbon dioxide in forests. Also, intensified conservation
and more efficient use of energy are called for. However, one of the important indigenous fuels, peat,
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is considered by the decisions of the CEC not to be renewable and thus the emissions from peat-fired
plants should be included in the carbon dioxide emission balance. Meeting the emission
limits - especially those of carbon dioxide - seems to be a challenging task to be accomplished without
expanded use of nuclear power or significant increase of electricity import. In 2000, the CO2 emissions
decreased to 54 Mt from the previous year's levels of around 60 Mt. The main reasons for the drop were
major increases in hydropower production and in net electricity import as well as the power uprating in
the connection of plant modernisation projects in nuclear energy production.

It is a generally accepted view that Finland should have an average annual economic growth of
at least 2.5% for the next 30 years, in order to be able to reduce further the unemployment rate and, at
the same time, reduce the foreign debt. Within this time frame, the growth of primary energy use is
expected to slow down and even cease. The need for electricity, however, is expected to grow from the
2000 level of 79.1 TW-h to 90 TW-h in 2010. This requires some 2500 MW(e) additional power plant
capacity and maintaining the net electricity imports at the present level. By the year 2025, electricity
consumption is expected to grow by some 40% from the current level in the business-as-usual
scenario.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

Energy supply in Finland is highly competitive and both the state-owned, municipality-owned
and private sector energy and electricity supply utilities operate essentially on the same commercial
basis as the industry in general. The Finnish power system is widely decentralised and has a diverse
organisation. The main types of ownership are: (i) partly privatised, state-controlled power companies;
(ii) industrial companies, and (iii) municipal and other distribution companies.

There are approximately 120 firms producing electricity in Finland at the moment. There are
about 400 power plants in the country and about half of these are hydroelectric. Fortum Power and
Heat Oy (previously Imatran Voima Oy; IVO) produces almost 40 % of Finland's electricity. Industry
and its electricity producing firms have a share of approximately the same size. The share of the local
and regional energy companies is about 15 %. In addition, Finland imports electricity from Russia and
the Nordic electricity markets to satisfy its remaining energy requirements.

Fortum is an international energy group formed through the combination of the earlier FVO
Group (power and heat production) and Neste Group (oil and gas business). The principal divisions of
Fortum are (1) Oil and Gas and (2) Power and Heat. Fortum Power and Heat (FPH) masters all aspects
of energy services related to electricity and heat. The business operations of the company include
generation, sales, and transmission of power and heat. The company owns several power and heating
plants as well as shares in power plants. It also operates the Loviisa nuclear power plant. Additionally,
electricity is purchased from other Finnish and foreign companies and through the Nordic electricity
exchange.

Teollisuuden Voima Oy was founded in 1969 by a number of Finnish industrial companies with
the purpose of building and operating large power plants. The company supplies electricity to its
shareholders at production cost price. The company has public sector and private sector shareholders
(Table 7).

The Finnish power system (Figure 2) consists of power plants, the main grid, regional networks,
distribution networks and end-users of electricity. The system is a part of the interconnected Nordic
power system together with the systems in Sweden, Norway and eastern Denmark. Moreover, there is
a direct current connection from Russia to Finland, enabling connection between the systems, which
apply different principles, and also enabling power trading across the border. There is also a DC
connection to Sweden under the Gulf of Bothnia and a link to Estonia is under planning.
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TABLE 7. PUBLIC AND PRIVATE SECTOR SHAREHOLDERS OF TVO

Public sector
Etela-Pohjanmaan Voima Oy
Fortum Power and Heat Oy
(previously IVO; Imatran Voima Oy)
Kemira Oyj
Oy Mankala Ab

Private sector
Graninge Energia Oy
Pohjolan Voima Oy

Total

%
43.1
6.5
26.6

1.9
8.1

56.9
0.1
56.8

100.00

Regional and
distribution
networks

FIG. 2. The Finnish power system

Regional and distribution network activities are the responsibility of the electric utilities, which
are licensed to operate the grid by the State Authority. Electricity transmission is priced using a so-
called point-tariff system (postage stamp). The user can procure electricity from anywhere in the
country without restriction. The user pays one grid transmission fee at his grid connection point, which
covers the transmission costs for the use of the entire grid, without any additional fees. The producer
can feed power into the network using the same payment principle. The grid operator is responsible
for operating, maintaining and developing the network. In the present situation there is a need to
improve the monitoring of power grid operations because of their monopolistic nature. To accomplish
this, a separate monitoring authority was set up, the Energy Market Authority. The transmission of
electricity over the national grid as well as the boundary interconnections with Sweden, Norway and
Russia are managed by a system responsible grid company Fingrid Pic, which is owned by the two
major producers (Fortum and PVO), Finnish government and institutional investors.

The biggest bulk sellers of electricity in Finland are Fortum Power and Heat, Teollisuuden
Sahkonmyynti (TSM)2 and Vattenfall. They sell electricity directly to large, business-to-business
customers and electricity retailers. Electricity retail is carried out mainly by the local and regional
electrical companies. There are currently about 100 of these players in Finland. After the deregulation,
no special permits are required to sell electricity, so the industry is open to new competitors as well.
The electricity trade system in Finland is illustrated by Figure 3.

2 The British Eastern Group became in September 1999 TSM's largest shareholder with an 81 % shareholding. The PVO
Group has retained its 19% shareholding in TSM.

242 FINLAND



Producers
Fortum
PVO
Local energy
companies
Industry

Importers
Fortum
Vattenfall
Others

Export

Wholesalers
Fortum
Teollisuuden
Sahkomyynti
Vattenfall
Others
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Present electric
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FIG. 3. Electricity Trade System

2.2. Decision-Making Process

Industrial and domestic consumers are free to use the energy they prefer. The power industry is
covered by the same laws as other commercial activities. Companies are fully responsible for their
economic operations. The main government influence on energy decisions is through taxes and some
minor subsidies. Anyone has the right to construct a power station or a transmission line. License for
construction of power plants is needed only for nuclear and hydropower plants. All new power plant
projects and high-voltage transmission lines (> 110 kV) need to undergo environmental impact
assessment procedure. The construction of a transmission line requires a license from the Energy
Market Authority. The license of electricity imports has been abolished. This deregulation has made it
possible for Finnish electricity consumers to co-operate directly with foreign power producers and
traders. The state gives some investment subsidies or other forms of support for promoting the use of
renewable energy and conservation measures.

The decision-making process for building nuclear facilities is rather complex and requires
(besides the normal environmental impact assessment procedure necessary for all power plant
projects) ultimately also the approval of the decision-in-principle by the Parliament (cf. Section 5.1).
The Nuclear Energy Act of 1988 defines the procedures required for new nuclear power plants
irrespective of private or state ownership. The same is true what comes to other nuclear facilities, such
as the waste management and decommissioning.

2.3. Main Indicators

The historical electricity production and the installed capacities are given in Table 8 and the
related energy ratios in Table 9. The total domestic electricity production in 1998 was 67.2 TW-h and
the total consumption of electricity was 76.5 TW-h (Table 10). The primary energy sources in
electricity supply and electric energy consumption in 1998 are given in Table 11.

Power in Finland is mostly generated by thermal and hydropower plants. So far only a very small
volume of electricity is produced by wind power, although the relative increase of wind power capacity
has recently been quite rapid. Finland's total power production capacity totals approximately 16 500 MW
broken down as follows (Source: Nordel Annual report 1998):

• Hydro power
• Nuclear power
• Condensing power
• Thermal power backpressure

2
2
3
3

937 MW
656 MW
903 MW
606 MW

• Industrial backpressure
• Gas turbines
• Wind power

2 477MW
878 MW

17MW
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TABLE 8. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)

- Total(1)

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GWe)

- Total
- Thermal
- Hydro
- Nuclear
-Wind

1960

8.63
3.36
5.27

2.83
1.28
1.56

1970

21.19
11.83
9.35

4.31
2.35
1.96

1980

38.71
21.96
10.12
6.63

10.42
6.47
1.75
2.20

1990

54.38
25.39
10.86
18.13

13.22
7.94
2.62
2.66

1999

71.41
33.22
16.09
22.07

15.10
9.31
2.94
2.66
0.19

2000

73.46
34.73
17.09
21.60

15.25
9.38
3.01
2.66
0.20

Average annual
growth rate (%)
1960
to

1980

7.79
9.84
3.32

6.73
8.46
0.58

1980
to

2000

3.25
2.32
2.65
6.08

1.92
1.87
2.75
0.95

(1) Electricity losses are not deducted
Sources: IAEA Energy and Economic Data Base

TABLE 9. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kW-h/capita)

Electricity production/Energy production (%)

Nuclear/Total electricity (%)

Ratio of external dependency (%)(L)

Load factor of electricity plants
- Total (%)
- Thermal
- Hydro
- Nuclear

1960

54

2,042

161

82

35
30
39

1970

153

4,714

123

89

56
58
54

1980

209

8,352

160

17

77

42
39
66
34

1990

231

12,481

129

35

62

47
36
47
78

1999

239

15,255

158

32

55

54
41
62
95

2000

245

15,826

164

30

56

55
42
65
93

(I) Net import / Total energy consumption
Sources: IAEA Energy and Economic Data Base

TABLE 10. ELECTRICITY SUPPLY (INCL. NET IMPORTS)
BY PLANT TYPES IN 1997 AND 1998.

Nuclear power
Conventional condensing power
Hydropower
Wind power
Cogeneration, district heating
Cogeneration, industry
Gas turbines
Net imports
Total electricity supply
Total primary energy consumption
Share of electricity supply in
primary energy consumption

1997

Exajoulel

0.218
0.111

0.0425
0.0006
0.0546
0.0535
0.00025
0.0275
0.509

TW-h (e)

20.05
10.86
11.80
0.017
12.23
10.98
0.017
7.65
73.6

%

27.2
14.7
16.0
0.02
16.6
14.9
0.02
10.4
100

1.279

i n o o/n

1998

TW-h (e) %

21.0 27.4
6.5 8.5
14.6 19.1

0.024 0.03
13.1 17.1
12.0 15.8

0.014 0.02
9.3 12.2

76.5 100

Primary energy; the definition of CEC used in conversion of electricity production into primary energy.
In the cogeneration the actual efficiency achieved is taken into account.
Sources: Finnish Energy Statistics; Ministry of Trade and Industry (Finland), Energy Review 1/99
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TABLE 11. PRIMARY ENERGY SOURCES IN ELECTRICITY SUPPLY
AND ELECTRIC ENERGY CONSUMPTION IN 1998

Primary energy sources

1

i

i

1

i

]

4

<

<

• nuclear power
» coal
» hydropower
• other domestic renewables
• net imports
» natural gas
• peat
. oil
Electric energy consumption
» industry
» household
» agriculture
» service
• public
> losses
Total

TW-h

21.0
7.6
14.5
7.6
9.2
9.2
6.0
1.4

42.0
16.1
2.3
8.4
4.6
3.1

76.5

%

27
10
19
10
12
12
8
2

55
21
3
11
6
4

100
Source: Country information.

In addition, electricity is imported from Russia and the Nordic electricity market. During 1998
about 610 MW of new capacity was connected to the grid. The upgrading of nuclear power plant capacity
covered 240 MW (the total NPP upgrading in 1997 - 1998 was altogether 350 MW). Most part of the new
conventional capacity will comprise combined heat and power production. The total production capacity
will be reduced considerably during the first half of next decade due to the gradual expiration of the
present electricity import contracts.

The per capita electricity consumption in 1998 was about 14 800 kW-h. Electricity now
represents about 40 per cent of the primary energy consumption. The share is expected to further rise
by the end of the century. In the industry sector electricity is the main source of energy. In 1998, the
Finnish industry consumed 41.5 TW-h of the electricity. As compared to the previous year the
consumption of electricity by the industry went up 4 % (1.5 TW-h). The most important branch is pulp
and paper production, which in 1997 consumed 59 % of the total electricity needs of the industry and
68 % of the total heat energy needs of the industry. Other significant branches are the metal and
chemical industries.

In the Energy Strategy of Finland (KTM 1997) different scenarios were presented for the
development of electricity consumption up to 2025. Similar results have been presented in the
forecasts made in 1997 (Figures 4 and 5) by the Finnish Energy Industries Federation (Finergy).
Electricity consumption was expected to increase to 78 TW-h in the year 2000 and to 92 TW-h in
2010. As the consumption in 2000 was 79.1 TW-h, this forecast seems to have slightly underestimated
the growth in electricity consumption. Consumption would increase most in industry, while services
and domestic sectors would show a slower rate of increase than the rise experienced in 1980's.

2.4. Impact of Open Electricity Market in the Nuclear Sector

2.4,1. General Electricity Market Situation in Finland

The New Electricity Market Act (1994) came into force in 1995 and opened electricity market.
According to the Act, transmission and distribution companies are licensed by the Electricity Market
Authority. The licenses specify the franchised territory for the distribution companies. In Finland there
is only one company (Fingrid Pic.) for transmission of high-voltage electricity. In their territories the
distribution utilities are obligated to connect end-users and production sites to the distribution network
against reasonable compensation.
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FIG. 4. Development and forecast of electricity consumption in main consuming sectors
(1990 - 2010) (Source: Finergy Research Report 3/1997)
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FIG. 5. Estimated electricity demand and economic annual production capacity in Finland
up to 2010 (Source: Finergy Research Report 3/1997)

Transmission and distribution companies are obligated to transmit electricity in their networks if
transmission capacity is available. Electricity retailers who have dominant market position in a
distribution network have an obligation to offer electricity to small-scale customers at a reasonable
public price. Customers can choose between this local offer and any other offers on the competitive
market. Foreign ownership in electricity supply is also possible.

Generation and transmission investments are funded by loans from the domestic and
international financial market, by self-financing and by equity capital. The state does not fund
investments by the utilities and gives no guarantee for debts. The state is only involved as an equity
investor in the state-owned companies and requires fair return on equity capital.

As of the beginning of 1997, all electricity users have been able to freely select their electricity
suppliers. From 1 September 1998, also all households have in practice been able to select supplier as
changing the supplier does not any more require new metering equipment.
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The enforcement of legislation pertaining to Finnish electricity markets and the grid operators'
operations are overseen by Energy Market Authority in collaboration with the Finnish competition
authorities.

The deregulation of Finnish electricity markets has had a significant role in the opening of
Nordic markets. This was in the interest of both industry and domestic households. The Nordic
Electricity Exchange will play an important role in the creation of a common market by bringing in
new players and helping to develop new forms of commerce. The exchange started in 1998 and its
operations are based on the present and future products and services of the Norwegian -Swedish
NordPool and Finnish - Swedish El-Ex electricity exchange.

2.4.2. Impacts of Deregulation on Nuclear Power Sector in Finland

The existing nuclear power plants in Finland are operating as base load units and had most of
the time an average annual load factor of more than 90 %. The electricity production costs are low for
both Loviisa and Olkiluoto NPPs. The investment costs of the existing nuclear plants are to large
extent already paid and the operating costs are low compared with conventional thermal power
stations. Hence, the deregulation of electricity market does not have any significant impacts on the
competitiveness of nuclear power. The present nuclear power plants will be even more competitive in
case environmental fees, for example CO2 taxes, would be introduced. In that case, a long lifetime for
most of the existing nuclear power plants can be foreseen.

2.4.3. Energy Taxation Issues

In 1990, Finland became the first country to enact an energy tax based on the carbon content of
energy products. However, after the deregulation of the electricity market in 1995, this taxation system
was found to impair severely the Finnish electricity producers' competitiveness in Nordic markets.
Therefore, several changes have been implemented to reform the energy taxation. Presently the taxes
are imposed on the use of electricity (for industry about 4.2 euro/MW-h) and for other consumers
(6.9 euro/MW-h). In heat generation, the tax that is levied continues to be based on the carbon content
of the fuel and not on the consumption of heating energy (CHP or other). The taxes on heat generation
are determined on equal terms for all consumers. For comparison the target values in the EC directive
proposal for the electricity tax for industry and other consumption is 3 euro/MW-h and the minimum
tax level 1 euro/MW-h. In the EC directive proposal the same tax rate is valid for heat produced by
CHP.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

The Technical Research Centre of Finland (VTT) has a research reactor in operation since 1962.
The Loviisa Power Plant units, on the southern coast (cf. Figure 6), owned by Fortum Power and
Heat Oy (Fortum), were ordered in 1969 and 1971 and started commercial operation in 1977 and
1981. The Olkiluoto Power Plant units, on the western coast, owned by Teollisuuden Voima Oy
(TVO), were ordered in 1972 and 1974 and started commercial operation in 1979 and 1982. The
Loviisa power plant has two Russian (Soviet) W E R (PWR) reactors and Olkiluoto power plant has
two Swedish BWRs. At the start of the operation the nominal net capacity of the Loviisa units was 420
MW(e) each and the initial net rating of the Olkiluoto units was 660 MW(e) each. The power level
(net) of the Olkiluoto units was raised to 710 MW(e) in 1984. In the connection of the latest operating
licence renewal process and plant modernisation projects, the authorities approved in 1998 the
uprating of the power production capacities (net) of the Loviisa and Olkiluoto plants up to
2 x 488 MW(e) and 2 x 840 MW(e).

3.2. Status and Trends of Nuclear Power

3.2.1. Nuclear Power Statistics and Survey of Operating Experience

Today, about 27 % of the total electricity supply in Finland is produced by nuclear power
(Tables lOto 12). Finland's four nuclear power plant units have a total net capacity of 2 656 MW(e).
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They have operated reliably and complied with existing safety and environmental protection
standards. For years, the annual load factors of all the units have been around 90 %. Both companies
have invested a lot to keep the annual outages as short as possible. During 1998, all the Finnish
nuclear power units operated very reliably and produced more electricity than ever before.

Hastholmen
Loviisa

FIG. 6. Locations of the Finnish nuclear power plants

The historical trend of annual load factors of the Finnish nuclear power plants is shown in Figure 7.
The development of annual occupational collective doses (manSv/a/reactor) of the Finnish nuclear power
plants (both with 2 reactor units) are shown in Figure 8.

TABLE 12. STATUS OF NUCLEAR POWER PLANTS

Station

LOVIISA-1

LOVIISA-2

OLKILUOTO-1

OLKILUOTO-2

Type

WWER

WWER

BWR

BWR

Net
Capacity

488

488

840

840

Status

Operational

Operational

Operational

Operational

Operator

FORTUMPH

FORTUMPH

TVO

TVO

Reactor
Supplier

AEE

AEE

ASEASTAL

ASEASTAL

LOVIISA-1

LOVIISA-2

OLKILUOTO-1

OLKILUOTO-2

Construction
Date

01-May-71

Ol-Aug-72

Ol-Feb-74

Ol-Aug-75

Criticality
Date

21-Jan-77

17-Oct-80

21-M-78

13-Oct-79

Grid
Date

08-Feb-77

04-Nov-80

02-Sep-78

18-Feb-8O

Commercial
Date

09-May-77

05-Jan-81

10-Oct-79

10-M-82

Shutdown
Date

Source: IAEA Power Reactor Information System (PRIS), 31 December 2000.

3.2.2. Modernisation of the Existing Plants

The previous operating licenses of all four Finnish power reactors were valid until the end of 1998.
The applications for renewal of these permits were submitted for regulatory review in 1997. Major
modernisation and power uprating actions were carried out in the connection of the licence renewal
process. Several technical modifications at the plants and thorough updating of the Final Safety Analysis
Reports were necessary.
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Annual Load Factors for Finnish NPPs
(based on gross production)

Loviisa 1

Loviisa 2

OMuoto 1

OMuoto2

Average

77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98

FIG. 7. The development of annual load factors of the Finnish nuclear power plants

Loviisa »«»»o»~Ofkiluoto

PWR, Europe BWR, Europe
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FIG. 8. The annual occupational doses to the personnel of the Finnish
nuclear power plants as compared to the average European experience

The modernisation, power uprating and operating licence renewals of Loviisa and Olkiluoto
nuclear power plants were the major topics of regulatory work in 1997 and during the first half of 1998. A
thorough review of the completely revised safety analyses of both plants was carried out. The Radiation
and Nuclear Safety Authority (STUK) prepared detailed safety evaluation reports for both plants. The
stepwisely proceeding test operation programmes for the power uprating were carried out under the
supervision of the safety authority.

In April 1998 the Government granted the licence to the Loviisa 1 and 2 plant units at the uprated
power level. The licence is valid up to the end of 2007. It also covers the repository for low and medium
level nuclear waste and interim storages for spent fuel including the necessary expansion of these
facilities. The licence for the operational waste repository is valid until the end of 2055. The thermal
power of both Loviisa units was uprated to 109 % from the rated power specified in the former operating
licence.
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The application of new operating licence of Olkiluoto NPP was for uprated 115.7 % reactor
power. The final plant modifications needed for the upratings were carried out during the refuelling
outages in May and June of 1998, and the final test operations were started after the outages. The
Government granted the licence to Olkiluoto 1 and 2 units in August 1998 at the uprated power level.
The licences are valid for both units up to the end of 2018. By the end of 2008, the utility must submit
to STUK a comprehensive periodic safety review report, after which STUK makes its own safety
assessment.

3.3. Current Policy Issues

3.3.1. Plans for New Nuclear Facilities

According to the Nuclear Energy Act, the licensing process for a new nuclear facility
commences with the so-called decision-in-principle. At this step the Government considers whether
"the construction project is in line with the overall good of society". In particular, the Government
pays attention to the need of the facility with respect to country's energy supply and to the suitability
of the proposed site of the nuclear facility and its effects on the environment. For the decision, the
Radiation and Nuclear Safety Authority (STUK) has to make a preliminary statement on the safety of
the facility and the host municipality must state its acceptance of siting the facility. A positive decision
can only be made by the Government, if the municipality's statement is positive and no safety or other
reasons have been presented that would show that there are not sufficient prerequisites to fulfil the
requirements of the Nuclear Energy Act. Finally, a positive decision still has to be endorsed by the
Parliament.

As preparatory actions before filing of an application for the decision-in-principle of Government
and Parliament for a new nuclear power plant unit, the nuclear power companies Fortum and TVO carried
trough the Environmental Impact Assessment procedure for new NPPs at either Olkiluoto or Loviisa sites.
The environmental impact assessment reports for both locations were submitted in August 1999 for
review to the contact authority, Ministry of Trade and Industry. The Ministry gave its final statements
February 2000.

On 15 November 2000, TVO submitted an application for a decision-in-principle to the
Government on the construction of a new nuclear power plant unit. The application for a decision-in-
principle proposes that the unit be constructed either in Eurajoki, Olkiluoto, or in Loviisa, Hastholmen,
near the already operational power plants. The nuclear power plant unit is to be equipped with a light
water reactor, either a boiling water or pressurised water reactor with an electrical output of 1000 -1600
MW. Each of the municipalities of the alternative sites has accepted the construction of a new nuclear
power unit. TVO will make its choice based on an economic assessment before applying the
construction licence.

The amendment to the Nuclear Energy Act in 1994 halted Loviisa NPP's spent fuel shipments to
Russia (Chelyabinsk). Fortum and TVO agreed on co-operation in nuclear waste management
concerning spent fuel treatment and disposal. The two companies founded in 1995 a joint company,
Posiva Oy, of which TVO owns 60 % and Fortum 40 %. However, the final responsibility for nuclear
waste management stays with the company who produced the waste.

In May 1999, Posiva Oy completed the Enviromental Impact Assessment-reporting on
construction of the final disposal facility for spent nuclear fuel. The report covered four alternative
locations. At the same time Posiva Oy submitted an application for the decision-in-principle to the
Council of State based on one site; i.e. the Olkiluoto NPP site. The municipality of Eurajoki accepted
the construction of the facility in Olkiluoto. On 21 December, the Government made a decision in
principle and in May 2001 the Parliament endorsed the decision of the Government with a 159 - 3
majority of votes.

The decision applies to the spent nuclear fuel from the existing power plants. In accordance with
the decision, the maximum amount of the fuel to be disposed of in the final repository is 4000 tons,
which is the amount generated by the existing nuclear power plants during 60 years of operation. The
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construction licence for the facility should be applied before 2015. The operation is planned to start
around 2020. The final disposal of the spent fuel generated by the potential new nuclear power plant
unit, which is currently under consideration, will be handled in parallel with the decision proceedings
of the new power plant.

3.3.2. Public Acceptability of Nuclear Power

An independent university group has conducted public opinion surveys on energy alternatives since
1983. Figure 9 indicates how the attitudes towards nuclear power have evolved through the years. It can
be seen that the public attitude was rather favourable towards nuclear power before the Chernobyl
disaster. The survey taken immediately after the accident showed a drastic change in opinions. At that
time only 14 % were in favour of increasing nuclear capacity. The confidence lost in 1986 quickly
returned by 1988 and the trend has been slowly improving since that. The latest poll of 1999 showed that
34 % favoured expanded use of nuclear, while 36 % were opposed. The most popular energy source
was natural gas, while coal scored the lowest.

The biggest uncertainty seems to concern nuclear waste. A question put in the most recent
opinion poll in spring 1999 concerned especially the opinion of the inhabitants living in those
municipalities that were the candidate host communities for a spent fuel repository in Finland. The
results show that a clear majority of the people in Loviisa and Eurajoki would agree that a spent fuel
repository is sited in their home community, provided that studies can show that the encapsulation and
disposal facility is safe.

Should we have more or less nuclear
power in Finland ?
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FIG. 9. Attitudes in Finland towards the use of nuclear power

3.3.3. Financial Provisions for Nuclear Waste Management

Power companies in Finland pay annual contributions to the State Nuclear Waste Management
Fund, which operates under the auspices of the Ministry of Trade and Industry. This provision covers
all future measures: treatment, storage and final disposal of spent fuel and radioactive waste, as well as
decommissioning of the plants. The power companies contributing to the fund are entitled to borrow
back 75% of the contributions against securities.

The co-operation between Fortum Power and Heat and TVO (cf. section 3.3.1) does not cover
medium and low-level operation wastes, nor the decommissioning of the nuclear power plants and the
management of the thereby arising wastes. The first medium- and low-level waste repository located
in Olkiluoto was commissioned in 1992. The operation licence was granted in 1998 for the first phase
of the second repository for low-level maintenance wastes at the Loviisa NPP site in Hastholmen. IVO
and TVO are independently responsible for funding despite their spent fuel management co-operation.
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To ensure that the financial liability is covered, the utilities must each year present cost estimates
for the future management of nuclear wastes, including decommissioning of NPPs. The latest cost
estimates, based on waste quantities at the end of 2000 and decommissioning of NPPs, arise to about
6 1112 million for TVO and Fortum together, with no discounting.

The administrative procedures are described in detail in the nuclear energy legislation. The past
and expected future development of the total fund holdings and unfunded liabilities are depicted in
Figure 10. As of beginning of 2001, the fund capital amounts to 96 % of the liability. The peak of the
liability curve in 1994 is due to the termination of Loviisa spent fuel returns to Russia and the subsequent
decrease is due to the spent fuel management co-operation agreement between Fortum and TVO. In
rough terms, the cost for radioactive waste management, including plant decommissioning, is
0.23 ECU/MW-h (with no discounting), representing about 10 % of the total power production cost.

Projected Provisions for the Costs of
Nuclear Waste Management in Finland

8000
• Unfunded

liabilities, IVO

1 Unfunded
liabilities, TVO

1990 2000 2010 2020 2030 2040 2050 2060

FIG. 10. Fund holdings in the Nuclear Waste Management Fund
and unfunded liabilities covered by securities (1 FIM =0.17 euro)

4. NUCLEAR POWER INDUSTRY

4.1. Supply of Nuclear Power Plants

The nuclear steam supply system (NSSS) and twin turbine generators for Loviisa nuclear power
plant were supplied by V/0 Atomenergoexport of the former USSR. IVO acted as its own architect
engineer and co-ordinated the design and supply of equipment from several countries. This included
the integration of West German instrumentation and, under Westinghouse license, an ice condenser
containment system. After the completion of the recent modernisation project (cf. Section 3.3.2) the
authorities approved in 1998 the raising of the power capacity of the Loviisa reactor units from 445
MW(e) to 488 MW(e).

The Olkiluoto units were ordered on turnkey contracts from Asea-Atom (now Westinghouse
Atom) in 1972 and 1974. TVO had the responsibility for the second unit's civil engineering systems.
In 1993, the containment buildings were retrofitted with Siemens filtered venting system. The
Olkiluoto units were upgraded in 1984 from 660 MW(e) to 710 MW(e) (net capacity). After the
completion of the recent modernisation project (cf. Section 3.3.2) the authorities approved in 1998 the
raising of the power capacity of the Olkiluoto reactor units from 710 MW(e) to 840 MW(e).

Collaboration with foreign vendors provided Finnish companies with experience in supplying
certain mechanical equipment to nuclear power stations. Domestic capabilities have also been
developed for simulators, fuel handling, storage equipment, radiation dosimeters and monitoring
equipment. The design, deliveries and installation works in the connection of the modernisation
projects were carried out by domestic and foreign companies.
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4.2. Operation of Nuclear Power Plants

The operation, maintenance, and training at Loviisa are carried out by Fortum Power and Heat
Oy. TVO takes care of the operation and maintenance and the operator training for Olkiluoto.

4.3. Fuel Cycle and Waste Management Service Supply

After joining the European Union the requirements of Euratom have been adopted in nuclear
fuel supply to the Finnish NPPs.

Fortum Power and Heat, the operator of the Loviisa NPP, has continued the efforts for acquiring
an optional fuel supplier from western sources besides the present Russian fuel supplier. Together with
the Hungarian Paks utility, test fuel assemblies have been bought from the BNFL. Five lead
assemblies from BNFL were loaded in Loviisa in 1998.

Uranium for TVO 1 and TVO 2 comes (or has come) from Canada, Austria, Niger, China and
Russia. Most of the enrichment has taken place in Russia, the rest in Western Europe. Fuel elements
delivered to Olkiluoto have been manufactured by ABB Atom in Sweden, Siemens in Germany and
GENUSA in Spain.

Spent fuel from the reactors is stored for a few years in the fuel pools at the reactor buildings.
Thereafter, they are transferred to interim spent fuel storage at the power plant sites. Fortum Power
and Heat and TVO are responsible for both the acquisition of fuel and the management of spent fuel.

Repositories for medium- and low-level wastes are already in use at Olkiluoto and Loviisa sites.
Spent fuel management plans and the financial provision for nuclear waste management in general
have been discussed in sections 3.3.1 and 3.3.3. A specialised company, Posiva, is taking care of the
necessary R&D activities, design and implementation of the spent fuel disposal project in Finland. In
the future Posiva also aims to supply similar services for the needs of other countries.

4.4. Research and Development Activities

Finland has no institutes dedicated solely for nuclear research. Most research takes place at the
Technical Research Centre of Finland (VTT). Other major research institutes include the universities
of technology in Helsinki and Lappeenranta (TKK, LTKK), the Geological Survey of Finland (GTK),
the Finnish Meteorological Institute and the universities of Helsinki, Kuopio, Tampere and Jyvaskyla.
In addition, the Radiation and Nuclear Safety Authority (STUK) and the power companies Fortum
Power and Heat and TVO carry out internal research or finance research in the research institutes or
universities.

The focus of nuclear R&D is on the safety and operational performance of the power plants and
on the management and disposal of wastes. Publicly funded nuclear energy research provides impartial
expertise for the regulation of nuclear energy. The public sector's research also plays a major role in
ensuring the necessary personnel and equipment resources for research and development, as well as in
establishing the framework for international collaboration.

To make publicly funded nuclear energy research result-oriented and efficient, to strengthen the
basic and advanced education of experts, and to facilitate international co-operation, most of the
research was organised as national research programmes in 1989. The Advisory Committee on
Nuclear Energy (YEN) assists the Ministry of Trade and Industry (KTM) in directing the publicly
funded nuclear energy research. KTM has appointed steering and review groups to supervise and
direct publicly funded research. Currently, the third generation of programmes is under way. The
programmes now in progress are:

• Nuclear Power Plant Safety (FINNUS), 1999 - 2002;
• Public Sector's Research Programme on Nuclear Waste Management

(JYT2001), 1997-2001;
• Advanced Light Water Reactors (ALWR), 1998 - 2001 (with strong industry support);
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• Component Life Management (XVO), 1999 - 2002 (with strong industry support);
• Finnish Fusion Programme (FFUSION2) 1999 - 2002.

The total volume for the four research programmes on nuclear fission energy is about
65 person-years annually. Nuclear fusion research comprises about 25 person-years. At present, the
total annual volume of all nuclear energy research in Finland is estimated to be some 200 person-
years.

4.5. International Cooperation in the Field of Nuclear Power Development and Implementation

Finland participates in IAEA work on all programme areas. The main emphasis is on nuclear
safety and safeguards programmes. Finland also supports the IAEA's work through voluntary
contributions. Finland is a party to all IAEA conventions.

When Finland joined the European Union together with Austria and Sweden in early 1995, it
also became a member of the European Atomic Energy Community, Euratom. In March 1995, Finland
made the first contract of association with the European Commission to participate in research on
controlled thermonuclear fusion. Through this contract, Finland is also involved with the global
International Thermonuclear Experimental Reactor (ITER) project. The contract has been renewed in
early 1999.

As a member of the European Union, IAEA, OECD/NEA and Nordic Council of Ministers,
Finland participates in most nuclear research and development activities conducted by
intergovernmental organisations. Multilateral co-operation is supplemented by several bilateral
projects and co-operation agreements that the Finnish research institutes, safety authorities and
industrial enterprises have with foreign organisations.

The importance of international co-operation in reactor safety and nuclear waste management
research and development is most evident in experimental research and development of large
computer codes where large manpower and financial resources are involved.

Finnish research institutes and companies have been well presented in the Euratom research
programme. Finnish institutes and companies have been involved in altogether 47 research projects
and networks of the 5th framework programme of the Euratom.

Finnish nuclear safety authorities and nuclear research institutes take part in committees and
expert groups established in OECD/NEA. Finland has been a member of the OECD Halden reactor
project since its beginning in the late 1950's.

The five Nordic countries have carried out joint research programmes since 1977. The goal is to
maintain a high level competence in the field of reactor safety, waste management and emergency
preparedness as well as promoting a unified view on safety issues. The current fifth programme covers
the years 1998-2001.

Finland's bilateral assistance in the field of nuclear safety and other sectors of nuclear
technology is mainly directed to the neighbouring areas in Russia and the Baltic states and to Ukraine,
hi Russia, work is focused on the Kola and Leningrad nuclear power plants. By the end of 2000,
Finland's total financial commitments in regard to Russia and CEECs for nuclear safety amounted to
about 25million 6.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

General safety regulations are issued by the Council of State. Detailed regulations and
regulatory guides are issued by the Radiation and Nuclear Safety Authority (STUK). The licensing of
nuclear installations in Finland (construction permit and operation license) is the responsibility of the
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Council of State. A major nuclear facility also needs a positive decision-in-principle by the Council of
State, subject to ratification by the Parliament. However, licenses for small nuclear facilities (e.g.,
research reactors with thermal power below 50 MW(e)) are granted by the Ministry of Trade and
Industry, which has overall responsibility for control of nuclear energy in Finland.

In Finland, the overall management and supervision of nuclear matters is the responsibility of
the Ministry of Trade and Industry (KTM). The Ministry also carries out the preparation of the
policies and licensing procedures for adaptation by the Council of State (Government). Preparation of
legislation drafts and implementation of international agreements, supervision of nuclear waste
management, and administration of the state's nuclear waste fund are the duties of the Ministry's
Energy Department. The Ministry is assisted by the Advisory Committee on Nuclear Energy for the
preparation of the most important matters related to nuclear energy.

The Radiation and Nuclear Safety Authority (STUK) works to ensure that radiation equipment,
radioactive materials, nuclear energy and the nuclear materials are used safely. STUK is also
responsible for the control of handling of radioactive materials and radiation exposure in workplaces,
at home and in the environment. STUK operates under the auspices of the Ministry of Social Affairs
and Health. The safety authority maintains close contacts with the Ministry of Trade and Industry,
other government bodies, research institutes, universities and power companies. STUK is assisted by
the Advisory Committee on Nuclear Safety (YTN) in major nuclear safety issues. Licensing of nuclear
power plants includes three stages: the decision-in-principle, the construction license and the operating
license. The safety aspects of the license applications are assessed by STUK. All use of nuclear energy
must meet the following prerequisites:

i. it shall be generally beneficial for society;

ii. it shall be safe and it shall not cause any detriment to human beings, the
environment and property;

iii. physical security, emergency preparedness and other arrangements shall be
sufficient to mitigate nuclear accidents and to protect the use of nuclear energy
against illegal actions; and

iv. the import of nuclear explosives or the manufacture, possession or exploding
of such explosives in Finland is prohibited.

The application for the Council of State's (Government's) decision-in-principle (see Figure 11)
may concern one or more alternative nuclear installation projects. Before the decision is made, an
overall description of the installation including environmental effects and safety plans are made
available to the public. Public and local authorities are given the opportunity to present their opinions
in a public hearing. If the general prerequisites are met and if the municipal council of the site in
question is in favour (municipal right of binding veto) of the construction of the installation, the
Council of State may make the decision-in-principle. The decision is submitted to parliament, which
either confirms or rejects it (political consideration).

The Council of State enforces regulations on nuclear safety, security and emergency
preparedness drafted by STUK. The Ministry of Interior is responsible for regulating public rescue
services.

The application for a construction license is more detailed and includes safety analysis reports
and security plans.

The application for an operating license must be accompanied with detailed construction
information of the facility and cover the facility's operation plans. The license can be granted only for
a fixed period.
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Licensing of nuclear facilities in Finland
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FIG. 15. Licensing of nuclear facilities in Finland
(e.g. nuclear power plants and waste management facilities)

During the operation, a nuclear power plant is subjected to three types of regulatory inspections:
periodic inspections; inspections that the operating organisation must pass in order to continue
operation; and, continuous re-evaluation of the safety level of the operating plant. Operating licenses
are granted for a limited period. When renewing a license, an overall evaluation of the safety of the
plant is carried out by STUK.

5.2. Main National Laws and Regulations

The Nuclear Energy Act 990/1987 (Ydinenergialaki) and Decree No. 161/1988 (Ydinenergia-
asetus) give parliament the final authorisation for building new major nuclear installations including
waste disposal facilities. The Act and Decree also define the licensing procedure (e.g. handling of
construction and operation licence applications), the conditions for the use of nuclear energy as well as
waste management (including the scheme to ensure that sufficient funds are collected for future waste
management). Furthermore, they define the role and tasks of the different parties involved in the
regulation, licensing and operation of nuclear facilities, such as the responsibilities and authority of
STUK.

The Radiation Act 592/1991 (Sateilylaki) establishes the conditions to prevent and limit harmful
radiation effects to health.

Nuclear Liability Act 484/1972 & 588/1994 (Ydinvastuulaki) implements the Paris Convention
on the Third Party Liability in the Field of Nuclear Energy and the Brussels Supplementary
Convention. The amendment of 1994 adopts Joint Protocol bridging Paris and Vienna Conventions.
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The Electricity Market Act 386/1995 (Sahkomarkkinalaki) opened access to the distribution
networks and allowed foreign ownership of electricity supply. The Competition Act 480/1992 (Laki
kilpailunrajoituksista) is compatible with EC directives on competition. Cartels and abuse of
dominating position are prohibited by the act. Several other laws also cover electricity sector,
including nuclear facilities:

Law on Environmental Impact Assessment sets EIA compulsory for nuclear facilities (The
EIA report is required as one enclosure for the application to obtain the decision in principle
to construct a nuclear facility);
Law on Construction and Land Use Planning requires a site permit for a power plants and
major nuclear facilities;
Law on Water Resources requires special permits of water courts for the use of cooling
water in the power plants;
Law on Air Protection includes the government decision on limits for non-radioactive
atmospheric emissions;
Law on emergency preparedness.

The requirements presented in the Nuclear Energy Act and Decree are specified in several
general regulations laid down by Decisions of the Council of State (Government). These decisions
(VNp) cover the following topic areas:

General safety regulations for nuclear power plants (VNp 395/1991);
General regulations concerning the physical security of nuclear power plants
(VNp 396/1991);
General regulations concerning emergency preparedness for nuclear power plants
(VNp 397/1991);
General safety regulations for the final disposal facility for low and intermediate level
radioactive wastes from nuclear power plants (VNp 398/1991); and
General safety regulations for the final disposal of spent nuclear fuel (VNp 478/1999);

Furthermore, the detailed Finnish licensing requirements for nuclear installations are outlined in
the STUK regulatory guides YVL guides). The YVL guides now include about 60 directives in the
following eight series: general guides, systems, pressure vessels, civil engineering, equipment and
components, nuclear materials, radiation protection and radioactive waste management.

5.3. International, Multilateral and Bilateral Agreements3

AGREEMENTS WITH THE IAEA

• Statute of the International Atomic Energy
Agency [FTS 2/58, 37/63, 18/76, 13/90]

• Amendments of Article VI & XIV. A of the
IAEA Statute

• Agreement on privileges and immunities of the
• IAEA; INFCIRC/9 [FTS 27/60]

• Application of safeguards in connection with the
NPT; INFCIRC/155 [FTS 2/72]

• The Agency's assistance to Finland in
establishing a research reactor project;
INFCIRC/24

Entry into force:

Ratified:

Entry into force:

Entry into force:
Suspended:

7 January 1958

14 June 2000

29 July 1960

9 February 1972
1 October 1995

Entry into force: 23 December 1960

Note: If the text has been published as an IAEA Information Document the corresponding code of this document
(INFCIRC/xxx) is given. The code [FTS xx/xx) refers to the number used in the official publication "Finnish Treaty Series".
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The Agency's assistance to Finland in
establishing a sub-critical assemblies project;
INFCIRC/53

Entry into force: 30 July 1963

Nordic mutual emergency assistance agreement in Entry into force:
connection with radiation accidents;
INFCIRC/49 [FTS 39-40/65]

Agreement between the non-nuclear weapon
States of the European Community, the European
Atomic Energy Community and the IAEA in
connection with the NPT; INFCIRC/193

Additional Protocol to the Agreement between
the non-nuclear weapon States of the European
Community, the European Atomic Energy
Community and the IAEA in connection with the
NPT (GOV/1998/28)

Improved procedures for designation of
safeguards inspectors

Signed:

Accepted on:

23 June 1965

Entry into force: 1 October 1995

22 September 1998

25 April 1989

OTHER RELEVANT INTERNATIONAL TREATIES

• Treaty on the non-proliferation of nuclear
weapons; INFCIRC/140 [FTS 10-11/70)

• Convention on physical protection of nuclear
material; INFCIRC/274 [FTS 72/89]

• Convention on early notification of a nuclear
accident; INFCIRC/335 [FTS 98/86]

• Convention on assistance in the case of a
nuclear accident or radiological emergency;
INFCIRC/336 [FTS 82-83/90]

• Convention on nuclear safety;
INFCIRC/449 [FTS 74/1996]

• Vienna convention on civil liability for
nuclear damage

• Paris convention on civil liability for nuclear
damage on 29 July 1960 [FTS 20/72, 1/90]

• Protocol to amend the Vienna convention on civil
liability for nuclear damage

• Convention on supplementary compensation for
nuclear damage

• Joint protocol relating to the application of the
Vienna and Paris conventions;
INFCIRC/402 [FTS 98/1994]

• Supplementary convention to the Paris
convention of 29 July 1960 on third party liability
in the field of nuclear energy, Brussels and Paris
[FTS 4/77, 85/91]

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

5 March 1970

22 October 1989

11 January 1987

28 December 1990

24 October 1996

Non-Party

16 June 1972

Not signed

Not signed

3 January 1995

14 April 1977
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Convention relating to civil liability in the field of
maritime, carriage of nuclear material in Brussels
[FTS 62/91].

Joint convention on the safety of spent fuel
management and on the safety of radioactive
waste management; INFCIRC/546

Zangger Committee; Communication received
from Members regarding the export of nuclear
material and of certain categories of equipment
and other material; EMFCIRC 209.

Nuclear Suppliers Group, NSG; Communication
received from Member States regarding the
export of nuclear material, equipment or
technology;
INFCIRC/254 /Part IINFCIRC/254 /Part 2.

Communication received on behalf of the
European Community regarding transfers of
nuclear material, equipment and technology;
INFCIRC 322.

Statements on full-scope safeguards adopted by
the adherents to nuclear suppliers guidelines;
INFCIRC/405.

Acceptance of NUSS Codes

• Agreement on common Nordic guidelines on
communication concerning the siting of nuclear
installations in border areas, [FTS 19/1977].

• The Statute of the OECD Nuclear Energy Agency
(NEA), subsequently amended (FTS 24/1976)

BILATERAL AGREEMENTS

Entry into force: 4 September 1991

Entry into force: 18 June 2001

Dated: 22 August 1974

Dated:

Dated:

Dated:

March 1980

July 1992

21 December 1995

Adopted:

Communication received from the Member States Dated:
of the European Community regarding the
provision of certain additional information;
INFCIRC/415.

3 April 1992

8 February 1996

Summary: Codes are considered to be useful
guidance. Finnish regulations are in general
consistent with revised codes. (Letter of 18
May 1990)

Entry into force: 15 November 1976

Entry into force 1 January 1976

As of 1 January 1995, Finland has been a member of the European Atomic Energy Community (EAEC
or Euratom). Consequently, e.g. the following agreements are applied in Finland:

- Agreement between the European Atomic Energy Community and the Government of Canada for
cooperation in the peaceful uses of atomic energy, 6 October 1959

- Agreement between the Government of Australia and the European Atomic Energy Community
concerning transfers of nuclear material from Australia to the European Atomic Energy
Community; 21 September 1981

- Agreement for cooperation in the peaceful uses of nuclear energy between the European Atomic
Energy Community and the United States of America, 12 April 1996.
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- Agreement for cooperation in the peaceful uses of nuclear energy between the European Atomic
Energy Community and the Republic of Argentina, 29 October 1997.

Agreement between the Government of Republic of Finland and the USSR concerning cooperation in
peaceful uses of atomic energy, 14 May 1969 [FTS 38-39/69].

Agreement for cooperation between the Government of Finland and the Government of Sweden
concerning peaceful uses of atomic energy, 15 October 1968 [FTS 40-41/70].

Agreement between Finland and Sweden on the guidelines to be followed while exporting nuclear
material, technology or equipment, 4 March 1983 [FTS 20/83].

Agreement between Finland and Denmark on the Exchange of Information and Reporting Relative to
Nuclear Plants and Nuclear Events in Finland and Denmark, 25 February 1987 [FTS 27/87].

Agreement between Finland and Sweden on the Exchange of Information and Reporting Relative to
Nuclear Plants and Nuclear Events in Finland and Sweden, 25 February 1987 [FTS 28/87].

Agreement between Finland and Norway on the Exchange of Information and Reporting Relative to
Nuclear Plants ad Nuclear Events in Finland and Norway, 25 February 1987 [FTS 46/87].

Agreement between the Government of the Republic of Germany and the Republic of Finland
concerning the Early Notification of a Nuclear Accident and the Exchange of Information and
Experience Relative to Nuclear Safety and Protection Against Radiation, 21 December 1992 [FTS
35/93].

Agreement between the Government of Finland and the Government of the Russian Federation on the
Rapid Reporting on Nuclear Accidents and the Exchange of Information Relative to Nuclear Plants,
19 January 1995 [FTS 38/96].

Agreement between the Government of the Republic of Finland and the Government of Ukraine on
Early Notification of Nuclear Accidents and on Exchange of Information and Experience in the Field
of Nuclear Safety and Radiation Protection, 8 February 1996 [FTS 66/1997].
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTES AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITIES

Ministry of Trade and Industry (KTM)
Energy Department
Nuclear Energy Division
P.O. Box 32
FIN-00023 GOVERNMENT

Radiation and Nuclear Safety Authority (STUK)
P.O. Box 14
FIN-00881 HELSINKI

NUCLEAR ADVISORY BODIES

Advisory Committee on Nuclear Energy (YEN)
c/o Ministry of Trade and Industry (KTM)
P.O.Box 32
FIN-00023 GOVERNMENT

Advisory Committee on Nuclear Safety (YTN)
c/o Radiation and Nuclear Safety Authority (STUK)
P.O. Box 14
FIN-00881 HELSINKI

OTHER NATIONAL A UTHORITIES

Ministry of Foreign Affairs (Non-proliferation of
nuclear weapons and international agreements)

Ministry of Social Affairs and Health (Administrative
authority for the use of radiation)

Ministry of the Environment (Protection of the
environment in normal and in accident situations)

Ministry of the Interior (Protection of population in
emergency conditions)

NUCLEAR UTILITY COMPANIES

Fortum Power and Heat Oy
P.O. Box 40
FIN-00048 FORTUM

Imatran Voima Oy
(Operator of Loviissa NPP)

Teollisuuden Voima Oy
(Operator of Olkiluoto NPP)
FIN-27160 OLKILUOTO

Tel.: +358 9 1601
Fax:+358 9 160 2695

http ://www. vn.fi/ktm/eng/paasi vu.htm

Tel: +358 9 759 881
Fax: +358 9 7598 8500
http://www.stuk.fi/english/

Tel: +358 9 1601
Fax:+358 9 160 2695

Tel: +358 9 759 881
Fax: +358 9 7598 8500

http://virtiial.finland.fi/ministry/fonTiin.htmi

http://wvvw.vn.fi/stm/eng3ish/

http://www.vyh.fi/

http://wwv.intemiin.fi/paasive.htail

Tel.:+358 10 4511
Fax:+358 10 4536790
http://www.fortum.com/

http://www.ivo.fi/

Tel.+358 2 83811
Fax +358 2 83812109
http://www.tyo.fi/eng/ffld6x Jiiml
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RESEARCH INSTITUTES

Technical Research Centre of Finland (VTT)
P.O. Box 1000
02044 VTT

Geological Survey of Finland (GTK)
Betonimiehenkuja 4
FIN-02150ESPOO

Finnish Meteorological Institute
P.O. Box 503
FIN-00101 HELSINKI

OTHER NUCLEAR ORGANISATIONS

Posiva Oy
(Finish Radwaste Management Company)
Toolonkatu 4
FIN-00100 HELSINKI

Finnish Energy Industries Federation

Finnish Nuclear Forum

Finnish Nuclear Society

UNIVERSITIES

Lappeenranta University of Technology (LTKK)
P.O. Box 20
FIN-53851 LAPPEENRANTA

Helsinki University of Technology (TKK)
P.O.Box 1000
FIN-02015HUT

University of Kuopio
P.O. Box 1627
FIN-70211 KUOPIO

Tel:+35894561
Fax: +358 9 456 7000
http://www.vtt.fi/

Tel: +358 205 5020
Fax: +358 205 5012
http://www. gsf.fi/

Tel.: +358 9 192 91
Fax: +358 9 179 581
http://www.froi .fi/en

Tel. +358 9 228 030
Fax. 358 9 2280 3719
http://www.posiva.fi/englanti
http://www.posiva.fi/eng/1 /1 .html

http://www.energia.fi/finergy/

http://www.energia.fi/

http://www.eu.vtt.fi/ene/cneydi/ats/index.html

Tel. +358 5 621 2701
Fax+358 5 621 2799
http://www.lut.fi/english

Tel.:+358 9 4511
Fax: +358 9 465 077
http://www.hut. fi /En glista/

Tel.+358 17 162 211
Fax+358 17 163 230
http://www.uku.fi/english/
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FRANCE

1. GENERAL INFORMATION

1.1. General Overview

France is situated in Western Europe and is nearly hexagonal in shape, with an extreme length
from north to south of 965 km and a maximum width of 935 km. The total area of metropolitan
France, including the island of Corsica in the Mediterranean, is 552 000 km2, hi addition to the
European or metropolitan territory, the country includes several overseas "departements", territorial
"collectivites", and overseas territories. The climate of metropolitan France is temperate, with wide
regional contrasts. The average annual temperature is about 12 degrees. Precipitation is evenly
distributed, averaging about 760 mm annually.

The total population is about 60 million in 2000 and the population density around 107
inhabitants per km2 (Table 1). Population growth rate is around 0.5% per annum.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

45.7
83
62

551.5

1970

50.8
92
71

1980

53.9
98
73

1990

56.7
103
74

1998

58.8
107
75

1999

58.9
107
75

2000

59.1
107
75

Ann. av.
growth
rate (%)

1980
to

2000

0.5
0.5

Source: IAEA Energy and Economic Database.
Data & Statistics/the World Bank.

France has sizeable deposits of various metals and little fossil fuel resources. Owing to high
recovery costs, production of fossil fuels has decreased to a rather low level and is not expected to
provide a significant share of the country energy supply in the future. Most hydropower resources are
already exploited. Therefore, the French energy policy places high emphasis on improving energy
independence through the development of domestic technologies, including nuclear power, alternative
energies and renewables, in order to alleviate the country vulnerability to the volatility of fossil fuel
international markets and to meet the Kyoto commitments.

1.2. Economic Indicators

Table 2 shows the historical trend of Gross Domestic Product (GDP). Economic growth in
France improved in the recent years, with GDP growth rates of 1.1% in 1996, 1.9% in 1997 and 3.4%
in 1998, 2.9% in 1999 and 3.1% in 2000.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (current billion US$)

GDP growth (annual %)

Agriculture, value added (% of GDP)

Industry, value added (% of GDP)

Services, etc., value added (% of GDP)

1995

1,550

1.67

3

24.36

72.63

1996

1,550

1.1

2.91

23.65

73.44

1997

1,410

1.9

2.89

23.64

73.47

1998

1,450

3.07

2.84

23.26

73.9

1999

1,430

2.92

n.a.

n.a.

n.a.
Source: Data & Statistics/The World Bank.

FRANCE 265



1.3. Energy Situation

The French domestic energy reserves as of end 1998 are listed in Table 3. Table 4 provides
statistical data on energy and electricity supply and demand between 1960 and 2000. It illustrates the
long term trend of substituting nuclear power to imported fossil fuels and the improvement of energy
independence. Since 1993, primary energy consumption undergoes a slight but regular increase.
Domestic production accounts for some 51.5% of that consumption (with an accidental deterioration
in 1998 due to failures in some power plants). The energy balance improved in the last two decades,
mainly due to the raise of electricity exports, that reached nearly 70 TW-h in 2000. The energy
intensity has lowered owing to structural changes in the economy, i.e. reduction in the share of energy
intensive industries in total GDP, and to a lesser extent, to efficiency improvements.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

3.23

Liquid

0.76

Gas

0.78

Uranium(1)

7.37

Hydro (2)

19.28

Exajoule

Total

36.28
(1) Reasonably assured resources recoverable at less than 80$/kgUs.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by mult iplying the gross
theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base and Country Information.

TABLE 4. ENERGY STATISTICS Exajoule

Energy consumption'*'
-Total(1)

- Solids(2)

- Liquids
-Gases
- Primary electricity'3'

Energy production
- Total
- Solids
- Liquids
-Gases
- Primary electricity'3'
- Renewables

Net import (import - export)
- Total
- Solids
- Liquids
- Gases
- Primary electricity'3'

1960

3.68
2.01
1.16
0.12
0.39

2.28
1.67
0.10
0.12
0.39

1.54
0.40
1.13

1970

6.56
1.79
3.79
0.38
0.60

2.30
1.30
0.12
0.27
0.61

4.63
0.44
4.06
0.13

1980

8.41
1.70
4.46
1.00
1.25

2.41
0.81
0.09
0.29
1.22

6.39
0.92
4.72
0.75

1990

8.73
1.10
3.51
1.12
2.99

4.19
0.53
0.14
0.08
3.43

5.33
0.58
3.62
1.13

-0.42

1998

10.47
0.67
4.16
1.43
3.72

5.04
0.15
0.09
0.08
4.24
0.48

5.25
0.49
4.03
1.27

-0.54

1999

10.61
0.61
4.17
1.48
3.85

5.17
0.14
0.09
0.07
4.39
0.49

5.32
0.48
3.97
1.45

-0.59

2000

10.80
0.59
4.13
1.56
3.98

5.28
0.10
0.08
0.06
4.54
0.50

5.37
0.51
4.02
1.47

-0.65

Average annual
growth

1960
to

1980

4.2
-0.8
7.0
11.2
6.0

0.3
-3.6
-0.5
4.5
5.9

7.4
4.3
7.4

rate (%)

1980
to

2000

1.2
-5.0
-0.4
2.0
6.2

4.2
-8.9
0.0
-6.9
7.2

-1.1
-3.4
-0.9
3.0

'*' Climate corrected
'' ' Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
(2) Solid fuels include coal, lignite and commercial wood.
<3) Primary electricity = Hydro + Nuclear + windmills.
Source: IAEA Energy and Economic Database and Country Information.

1.4. Energy Policy

During the post World War II reconstruction period, France's economic and social development
relied mainly on the deployment of energy intensive industries. The rapidly increasing energy needs
were partly met by domestic coal and hydropower resources. However, French domestic fossil fuel
resources being limited and costly, the country had to rely heavily on imports for its energy supply.
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By 1973, imports were covering more than 75% of national energy consumption, compared to 38% in
1960. After the 70's oil crisis, the country was in need of better energy independence. At that time,
implementation of a large nuclear power programme became a major element of France's energy
policy, including also energy saving measures, efficiency improvement and research and development
in the field of renewable energies. The share of nuclear power in primary energy supply increased
from less than 2% in the late seventies to about one third in the mid nineties.

The main macro-economic impacts of France's energy policy are : drastic improvement in the
energy trade balance, stabilization of domestic energy prices at a rather low level, increased
competitiveness of French companies on international markets and deployment of a nuclear industry
sector covering reactor construction and the whole of the fuel cycle. Increasing awareness of
environmental problems reflects in the French energy mix, aiming to reduce the negative impacts of
energy production on health and environment. In this regard, substitution of nuclear power to fossil
fuel for electricity generation resulted in a drastic reduction of atmospheric emissions from the energy
sector.

2. ELECTRICITY SECTOR

The Industry Division of EDF produces and markets high-voltage electricity either directly to
600 major customers or to distribution networks or foreign utilities. The transmission grid operator
RTE (Reseau de transport d'electricite) has been individualized inside EDF according to the
European rules and manages the load dispatch system independently. Regarding distribution
activities, local authorities grant the concession of well-defined areas. There are about 200
distribution companies featuring municipality or joint ownership, with a 5% share of total electricity
billing. However, most of the electricity consumed in France is distributed by EDF

EDF is involved in activities in the European Union and abroad (Eastern European countries,
Far East and Latin America) and is associated with foreign companies (e.g. electricity distributors in
Argentina and thermal generators in Africa).

2.1. Structure of the Electricity Sector

The European directives on the liberalization of the electricity market have been transposed
into the French legislation. However the state-owned utility Electricite de France (EDF) remains the
main operator for production, distribution, import and export of electricity. EDF owns and operates all
nuclear and part of the fossil-fuelled and hydro-power plants. The main other suppliers are CNR
(Compagnie Nationale du Rhone) which operates most of the hydro plants along the Rhone river,
SNET (Societe nationale d'electricite et de thermique) for the coal-fired plants and private
manufacturers operating back-up or combined heat and power production units, as well as operators
of small and medium size hydropower plants. EDF is due by law to purchase all electricity proposed
by the authorized independent producers at government determined prices.

2.2. Decision Making Process

The General Directorate for Energy and Raw Materials (DGEMP), under the Secretary of state
for industry, is in charge of implementing the French government policy on energy. The Minister for
Environment and the Minister for Health are to control health and environmental impacts of industrial
facilities, including energy production and transformation plants.

EDF is the main investor in the power sector. The respective commitments between the now
industrial group EDF and the government are stated in the "Contrat de Groupe", setting the objectives
to be met by EDF in a given time schedule. The French government also appoints EDF's chairman.
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With regard to nuclear safety, the Directorate for Nuclear Installations Safety {Direction de la
Surete des Installations Nucleaires - DSIN) is responsible for studying, drawing up and implementing
nuclear safety regulations. It is also responsible for authorizing the construction and approving site
licenses for power units. DSIN reports to the Minister for Industry and to the Minister for
Environment. Regarding radiation protection, the Board for Protection against Ionizing Radiation
{Office de Protection contre les Rayonnements Ionisants - OPRI) under the joint supervision of the
Minister for Health and the Minister for Labour, is in charge of surveying radioactive emissions and
releases in order to prevent occupational as well as population hazards.

A regulatory reform is to come into operation in the course of 2002 which will recombine
nuclear safety and radioprotection and organize a more open mformation system. The new regulatory
authority in charge of both nuclear safety and radioprotection, the DGSNR (Direction generale de la
surete nucleaire et de la radioprotection) will take over DSIN and the regulatory part of OPRI. At the
same time a new expert institution, the IRSN (Institut de radioprotection et de surete nucleaire)
combining competence on nuclear safety and radiation-protection, will result from the fusion of the
actual IPSN and OPRI. The secret (military) nuclear installations are also concerned by this reform.

2.3. Main Indicators

Table 5 shows the history of electricity production and Table 6 the energy related ratios from
EEDB. At present, over 90% of France's electricity are of nuclear and hydraulic origin, the remaining
10% coming mainly from fossil fuels. Electricity demand grows in line with GDP, though at lower
rate.

TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED CAPACITIES

Electricity production (TW-h)
- Total(1)

- Thermal
- Hydro
- Nuclear
- Geothermal
-Wind
- Waste and wood

Capacity of electrical plants (GWe)
- Total
- Thermal
- Hydro
- Nuclear

1960

72.12
31.64
40.34
0.13

21.85
11.52
10.23
0.10

1970

146.79
83.86
57.22
5.71

36.22
19.58
15.00
1.65

1980

245.71
118.91
68.86
57.95

62.71
29.03
19.29
14.39

1990

420.13
64.10
58.32
297.70

103.41
22.51
24.75
55.92

1998

510.0
55.8
66.6
387.6
0.023
0.040
3.007

107.4
20.6
25.1
61.7

1999

524.0
52.1
77.6
394.3
0.020
0.049
3.506

109.5
21.5
25.1
62.9

2000

540.2
52.2
72.8

415.2
0.

0.094
3.683

109.5
21.5
25.1
62.9

Average arm.
growth

1960
to

1980

6.3
6.8
2.7
35.7

_
-
_

5.4
4.7
3.2
28.2

rate (%)

1980
to

2000

3.9
-4.5
-0.2
10.8

-
-

3.3
-0.7
1.5
8.4

(1> Electricity losses are not deducted.

Source: IAEA Energy and Economic Data Base and Country Information.

3. NUCLEAR POWER SITUATION

3.1. Historical Development
Historically, the development of nuclear power fell into four phases. During the 1960's, in line

with the overall target of industrial independence and domestic technological development,
indigenous reactor designs were promoted (mainly gas cooled and fast breeder). However, a PWR
unit (Chooz-A) was built jointly with Belgium and a heavy water reactor in Brittany (Brermilis).
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International developments in the nuclear industry led in the late sixties to the recognition that
the French reactor designs could not compete with LWRs. hi 1969 the decision was made to build
LWRs under license, whilst restructuring the domestic industry for improved competitiveness.
Subsequently, the French government envisaged a construction program of one or two PWRs yearly.

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kW.h/capita)

Electricity production/Energy production (%)

Nuclear/Total electricity (%)

Ratio of external dependency (%)(1)

Load factor of electricity plants
- Total (%)
- Thermal
-Hydro
- Nuclear

1960

80

1,577

31

42

38
31
45
15

1970

130

2,755

59

4

71

46
49
44
40

1980

156

4,618

100

24

76

45
47
41
46

1990

155

6,250

91

74

61

46
33
27
61

1999

168

7,313

102

77

62

51
32
29
68

2000

173

7,418

101

80

62

51
26
27
71

(I) Net import / Total energy consumption.
Source: IAEA Energy and Economic Database.

From 1974 to 1981 emphasis was put on adaptation of the Westinghouse design for the
development of a French standard. The nuclear programme accelerated the pace with the 1970's oil
crisis. The unit-capacity of French reactors increased from 900 MWe to 1,300 MWe and later to 1,450
MWe. France developed and implemented, in parallel with the nuclear power plant programme, a
strong domestic fuel cycle industry, built upon the infrastructure originally established by CEA.

In 1981, Framatome terminated its license with Westinghouse and negotiated a new agreement,
giving greater autonomy. Framatome developed a wide range of servicing expertise and capabilities in
reactor operation and maintenance services. In the same year, France had to adapt its energy policy to
a lower than expected economic growth, together with the occurrence of over-capacity in the national
electricity supply system. The achievement of the 1450 MWe N4 model was the landmark for a totally
autonomous French reactor design.

3.2. Status and Trends of Nuclear Power

The share of nuclear power in the French electricity supply has reached its technical and economic
maximum, amounting to about 63,000 MWe. It consists of fifty-nine units, fifty-eight being pressurized
water reactors (34 PWRs 900, 20 PWRs 1300, and four 1450's), all constructed by the French
manufacturer Framatome, and one 230 MWe fast breeder reactor, Phenix.

The nuclear plants accounted for 77% of total electricity production in 2000, setting France
the world's second largest nuclear power producer. Table 7 lists the status of the power plants as of
year-end 2000. The nuclear electricity generation represents about one third of total primary energy
supply, and over 80% of the domestic energy production, making EDF by far the number one nuclear
operator and the first electricity producer in the world.

3.3. Current Policy Issues

The main objectives are presently to optimize the utilization of existing equipment, i.e., power
plants and fuel cycle facilities, design and implement a policy with regard to final disposal of high level
radioactive waste, and develop the next generation of reactors improving the use of natural uranium and
minimizing waste production.
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O TABLE 7. STATUS OF NUCLEAR POWER PLANTS

Station

BELLEVILLE-1
BELLEVILLE-2
BLAYAIS-1
BLAYAIS-2
BLAYAIS-3
BLAYAIS-4
BUGEY-2
BUGEY-3
BUGEY-4
BUGEY-5
CATTENOM-1
CATTENOM-2
CATTENOM-3
CATTENOM-4
CHINON-B-1
CHINON-B-2
CHINON-B-3
CHINON-B-4
CHOOZ-B-1
CHOOZ-B-2
CIVAUX-1
CIVAUX-2
CRUAS-1
CRUAS-2
CRUAS-3
CRUAS-4
DAMPIERRE-1
DAMPIERRE-2
DAMPIERRE-3
DAMPIERRE-4

Type

PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR

Capacity

1310
1310
910
910
910
910
910
880
880
900

1300
1300
1300
1300
920
920
920
920

1455
1455
1450
1450
915
915
915
915
890
890
890
890

Status

Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational

Operator

EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF

Reactor
Supplier

FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM

Construction
Date

Ol-May-80
01-Aug-80
Ol-Jan-77
Ol-Jan-77
Ol-Apr-78
Ol-Apr-78
Ol-Nov-72
Ol-Sep-73
Ol-Jun-74
Ol-Jul-74

29-Oct-79
28-Jul-80
15-Jun-82
28-Sep-83
Ol-Mar-77
Ol-Mar-77
Ol-Oct-80
Ol-Feb-81
Ol-Jan-84
31-Dec-85
15-Oct-88
Ol-Apr-91
Ol-Aug-78
15-Nov-78
15-Apr-79
Ol-Oct-79
Ol-Feb-75
Ol-Apr-75
Ol-Sep-75
Ol-Dec-75

Criticality
Date

09-Sep-87
25-May-88
20-May-81
28-Jun-82
29-Jul-83

Ol-May-83
20-Apr-78
31-Aug-78
17-Feb-79
15-M-79

24-Oct-86
07-Aug-87
16-Feb-90

04-May-91
28-Oct-82
23-Sep-83
18-Sep-86
13-Oct-87
25-Jul-96

10-Mar-97
29-Nov-97
27-Nov-99
02-Apr-83
Ol-Aug-84
09-Apr-84
Ol-Oct-84
15-Mar-80
05-Dec-80
25-Jan-81

05-Aug-81

Grid
Date

14-Oct-87
06-Jul-88
12-Jun-81
17-M-82

17-Aug-83
16-May-83
10-May-78
21-Sep-78
08-Mar-79
31-M-79

13-Nov-86
17-Sep-87
06-Jul-90

27-May-91
30-Nov-82
29-Nov-83
20-Oct-86
l4-Nov-87
30-Aug-96
09-Apr-97
24-Dec-97
24-Dec-99
29-Apr-83
06-Sep-84
14-May-84
27-Oct-84
23-Mar-80
10-Dec-80
30-Jan-81

18-Aug-81

Commercial
Date

01-Jun-88
01-Jan-89

01-Dec-81
Ol-Feb-83
14-Nov-83
Ol-Oct-83
Ol-Mar-79
Ol-Mar-79

Ol-Jul-79
03-Jan-80

Ol-Apr-87
01-Feb-88
Ol-Feb-91
Ol-Jan-92
Ol-Feb-84
Ol-Aug-84
04-Mar-87
Ol-Apr-88
15-May-00
29-Sep-00
Ol-Aug-99
01-Jan-00
02-Apr-84
01-Apr-85
10-Sep-84
ll-Feb-85
10-Sep-80
16-Feb-81

27-May-81
20-Nov-81

Shutdown
Date

Source: IAEA Power Reactor Infonnation System as of 31 December 2000.
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TABLE 7. CONTINUED, STATUS OF NUCLEAR POWER PLANTS

Station

FESSENHEIM-1
FESSENHEIM-2
FLAMANVILLE-1
FLAMANVILLE-2
GOLFECH-1
GOLFECH-2
GRAVELINES-1
GRAVELINES-2
GRAVELINES-3
GRAVELINES-4
GRAVELINES-5
GRAVELINES-6
NOGENT-1
NOGENT-2
PALUEL-1
PALUEL-2
PALUEL-3
PALUEL-4
PENLY-1
PENLY-2
PHENIX
ST. ALB AN-1
ST. ALBAN-2
ST. LAURENT-B-1
ST. LAURENT-B-2
TRICASTIN-1
TRICASTIN-2
TRICASTIN-3
TRICASTIN-4

Type

PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
FBR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR

Capacity

880
880

1330
1330
1310
1310
915
915
915
915
915
915

1310
1310
1330
1330
1330
1330
1330
1330
233

1335
1335
890
890
880
880
880
880

Status

Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational

Operator

EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF

CEA/EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF

Reactor
Supplier

FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM

CNCLNEY
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM

Construction
Date

Ol-Sep-71
Ol-Feb-72
Ol-Dec-79
Ol-May-80
17-Nov-82
Ol-Oct-84
Ol-Feb-75
Ol-Mar-75
01-Dec-75
Ol-Apr-76
Ol-Oct-79
Ol-Oct-79

26-May-81
Ol-Jan-82

15-Aug-77
Ol-Jan-78
Ol-Feb-79
01-Feb-80
01-Sep-82
Ol-Aug-84
Ol-Nov-68
29-Jan-79
31-Jul-79

Ol-May-76
Ol-Jul-76

Ol-Nov-74
Ol-Dec-74
01-Apr-75
Ol-May-75

Criticality
Date

07-Mar-77
27-Jun-77
29-Sep-85
12-Jun-86
24-Apr-90

21-May-93
21-Feb-80
02-Aug-80
30-Nov-80
31-May-81
05-Aug-84

21-Jul-85
12-Sep-87
04-Oct-88

13-May-84
ll-Aug-84
07-Aug-85
29-Mar-86
Ol-Apr-90
10-Jan-92

31-Aug-73
04-Aug-85
07-Jun-86
04-Jan-81

12-May-81
21-Feb-80
22-Jul-80

29-Nov-80
31-May-81

Grid
Date

06-Apr-77
07-Oct-77
04-Dec-85

18-Jul-86
07-Jun-90
18-Jun-93

13-Mar-80
26-Aug-80
12-Dec-80
14-Jun-81

28-Aug-84
01-Aug-85
21-Oct-87
14-Dec-88
22-Jun-84
14-Sep-84
30-Sep-85
ll-Apr-86

04-May-90
Ol-Feb-92
13-Dec-73
30-Aug-85

03-Jul-86
21-Jan-81
01-Jun-81

31-May-80
07-Aug-80
10-Feb-81
12-Jun-81

Commercial
Date

30-Dec-77
18-Mar-78
01-Dec-86
09-Mar-87
Ol-Feb-91
Ol-Jan-94

Ol-Dec-80
Ol-Dec-80
01-Jun-81
Ol-Oct-81
15-Jan-85
25-Oct-85
24-Feb-88

Ol-May-89
01-Dec-85
01-Dec-85
Ol-Feb-86
Ol-Jun-86
Ol-Dec-90
Ol-Nov-92

14-M-74
Ol-May-86
Ol-Mar-87
01-Aug-83
01-Aug-83
Ol-Dec-80
Ol-Dec-80
ll-May-81
Ol-Nov-81

Shutdown
Date

Source: IAEA Power Reactor Infonnation System as of 31 December 2000.
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TABLE 7. CONTINUED, STATUS OF NUCLEAR POWER PLANTS
Station

BUGEY-1
CHINON-A1
CHINON-A2
CHINON-A3
CIIOOZ-A( ARDENNES)
CREYS-MALVILLE
EL-4 (MONTS D'ARREE)
G-2 (MARCOULE)
G-3 (MARCOULE)
ST. LAURENT-Al

ST. LAURENT-A2

Type .

GCR
GCR
GCR
GCR
PWR
FBR

HWGCR
GCR

• • • • • • • • • • • ( 3 C R

GCR
GCR

Capacity

540
70

210
480
310

1200
70
38
38

480
515

Status

Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down

Shut Down

Operator

EDF
EDF
EDF
EDF

SENA
NERSA

EDF
COGEMA
COGEMA

EDF
EDF

Reactor
Supplier

VARIOUS
LEViviER
LEVIVIER

GTM
A/F/W

ASPALDO
GAAA
SACM
SACM

VARIOUS
VARIOUS

Constmction
Date

Ol-Dec-65
0T-Feb-57
Ol-Aug-59
01-Mar-61
Ol-Jan-62
13-Dec-76
Ol-Jul-62

Ol-Mar-55
Ol-Mar-56
Ol-Oct-63
Ol-Jan-66

Criticality
Date

21-Mar-72
i"6-Sep-62
17-Aug-64
Ol-Mar-66
18-Oct-66
O7-Sep-85
23-Dec-66
21-Jul-58
1 l-Jun-59
07-Jan-69
04-Jul-71

Grid
Date

15-Apr-72
14-Jun-63
24-Feb-65
04-Aug-66
03-Apr-67
14-Jan-86
09-Jul-67

22-Apr-59
04-Apr-60
14-Mar-69
09-Aug-71

Commercial
Date

Ol-Jul-72
Ol-Feb-64
24-Feb-65
04-Aug-66
15-Apr-67

Ol-Jun-68
22-Apr-59
04-Apr-60
Ol-Jun-69

Ol-Nov-71

Shutdown
Date

27-May-94
16-Apr-73
14-Jun-85
15-Jun-90
30-Oct-91
31-Dec-98
31-Jul-85

02-Feb-80
20-Jun-84
18-Apr-90

Source: IAEA Power Reactor Information System as of 31 December 2000.
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4. NUCLEAR POWER INDUSTRY

A vast reorganization of the French nuclear industry has been launched in 2001 with the aim of
achieving more efficiency and better legibility of the sector. Framatome-ANP, Cogema, FCI
(Framatome Connectors International), STMicroelectronics, will be set on the same footing under a
single state-controlled holding structure, called "AREVA". The subsidiaries will be organized in two
main industry poles, the nuclear pole (Framatome-ANP, Cogema and their subsidiaries) and the
information/communication pole (FCI, STMicro). Each subsidiary could be introduced on the market
independently, with the possibility that the holding itself opens partially to the French stock market
on a later stage.

4.1. Supply of NPPs

The leading companies in the plant construction industry for PWR's are Framatome, which
supplies the nuclear island, and Alstom for the conventional part. There have been changes in the
ownership and scope of business of these companies as they expanded to meet the needs of the
French programme in the last decade. In 1981, Framatome terminated its licence with Westinghouse
and negotiated a new agreement to achieve greater autonomy. Framatome developed a wide range of
expertise and capabilities in reactor operation and maintenance services. After Alcatel withdrawal
from Framatome's ownership, the decision has been taken in 1999 to transfer most of its shares to
Cogema and CEA. In counterpart, Framatome will take over Cogema's activities in uranium fuel
manufacturing. The nuclear sectors of Framatome and Siemens have merged into a new company
called Framatome-ANP (Advanced nuclear power) owned at 64% by Framatome and 36% by
Siemens.

4.2. Operation of NPPs

The electricity utility Electricite de France (EDF) was nationalized in 1946 along with the
national coal, oil and gas companies. EDF owns and operates all the French PWR nuclear power
plants.

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

CEA, through its subsidiary CEA-Industrie, is the main shareholder of the Compagnie generate des
matieres nucleaires (Cogema) which controls most of the fuel cycle industry, with the exception of
UO-fuel manufacturing (Framatome) and of waste management and disposal, run by the independent
public agency ANDRA. Cogema is an industrial and commercial leader in all phases of the fuel
cycle, including prospecting and running uranium mines, enrichment, MOX-fuel fabrication,
reprocessing, and waste packaging.

4.4. R&D Activities

In 1945 the French government created a national agency, the Commissariat a VEnergie
Atomique (CEA), for the development of all aspects of atomic energy, including both civil and
military applications. Although its responsibilities changed through time, particularly with the
transfer of some industrial activities to newly created subsidiaries, CEA has retained most of its early
activities and interests in mean and long term R&D, notably in reactor design, fuel concepts,
enrichment, waste transmutation and disposal as well as in technology transfer and fundamental
research.

Framatome ANP has completed the basic design for a 1545 MW(e) European Pressurized
Water Reactor (EPR) in 1998, which meets European utility requirements. The EPR's higher power
level relative to the latest series of PWRs operating in France (the N4 series) and Germany (the
Konvoi series) has been selected to capture economies of scale. Framatome ANP with international
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partners is also developing the basic design of the SWR-1000, an advanced BWR with passive safety
features.

The CEA has launched R&D programme to study promising technologies for future nuclear energy
systems, addressing in the first place the issues of enhanced safety, sustainability, and economics. The
reference concept is based on a gas-cooled fast reactor with on-site closed fuel cycle. France is also
collaborating with other countries to develop a 280 MWe Gas Turbine Modular Helium Reactor (GT-
MHR) for electricity production and consumption of weapons grade plutonium.

4.5. International Cooperation in the Field of Nuclear Power Development and Implementation

France is member of several international organizations, including the International Atomic
Energy Agency (IAEA), the Nuclear Energy Agency (NEA) of the Organization for Economic Co-
operation and Development (OECD) as well as other bilateral and multilateral organizations such as
the World Association of Nuclear Operators (WANO).

5. NUCLEAR LAWS AND REGULATIONS

5.1. Safety Authority and Licensing Process

Nuclear legislation in France has developed in successive stages in line with technological
advances and growth in the atomic energy field. Therefore, many of the enactments governing
nuclear activities are to be found in the general French legislation on environmental protection, water
supply, atmospheric pollution, public health and labour.

However, the French Parliament has adopted a number of specific enactments. Examples
include Act No. 68-493 (30 October 1968), setting special rules as to third party liability in the field
of nuclear energy, which is distinct from the ordinary French law on third party liability, the 19 July
1952 Act, now embodied in the Public Health Code, specifying licensing requirements for the use of
radioisotopes, Act No. 80-572 of 25 July 1980 on the protection and control of nuclear materials, and
more recently Act No. 91-1381 concerning research on radioactive waste management.

Although French nuclear law is characterized by its variety of sources, as in other countries
where nuclear energy has developed, the original features of this legislation derive chiefly from
international recommendations or regulations. For example, radiation protection standards are
derived from the Recommendations of the International Commission on Radiological Protection
(ICRP) and Directives issued by the European Union (formerly the European Community). Likewise,
the French Act of 1968 on the liability of nuclear operators is directly derived from the Paris
Convention of 29 July 1960.

French nuclear legislation began to develop from the time the Atomic Energy Commission
{Commissariat a I'energie atomique - CEA), the public agency set up by the State in 1945 [Ordinance
No. 45-2563 of 18 October 1945] and formerly reporting directly to the prime minister, no longer
held a monopoly for nuclear activities, in other words from the time nuclear energy applications
entered the industrial stage, thus requiring the involvement of new nuclear operators. This
development had several landmarks: in 1963, a system for licensing and controlling major nuclear
installations was introduced, setting government responsibility in matters of population and
occupational safety (Decree of 11 December 1963). Prior to this, procedures concerning the licensing
and control of industrial activities were dealt with by the Prefet for each Departement. In 1973, this
system was expanded to cover the development of the nuclear power programme, and better define
the role of government authorities. Finally, the decree of 20 June 1966 included Euratom Directives
as part of the French radiation protection regulations.

In the course of the 1980's, the enactments setting up the CEA were amended so as to
strengthen its inter-ministerial status and a tripartite Board of Administration including staff
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representatives was created. However governmental decisions are prepared by the Atomic Energy
Committee, which acts as a restricted inter-ministerial committee on nuclear energy matters. CEA is
now answerable to the Minister for Industry and to the Minister for Research [Decrees No. 93-1272
of 1 December 1993 and No. 93-796 of 16 April 1993]. The main task of CEA was laid down in
September 1992 by the Government: concentrate on developing the control of atom uses for purposes
of energy, health, defence and industry, while remaining attentive to the requests made by its partners
in industry and research. More specifically, the inter-ministerial committee of 1 June 1999 requested
CEA to "strengthen long-term research on future reactors capable of reducing, and even eliminate the
production of long-lived radio-active waste". In addition CEA was given a particular responsibility
for R&D on alternative and renewable energies.

The regulations for large nuclear installations, referred to above, have been supplemented with
regard to procedures by an Instruction of 27 March 1973 and a Decision of the same date (amended
by a Decision of 17 December 1976), which are internal instruments issued by the Minister for
Industry. The authorities primarily involved in the licensing procedure for the setting up of large
nuclear installations are the Minister for Industry and the Minister for Environment. For this purpose,
the Central Service for Nuclear Installations Safety (SCSIN), set up in 1973 within the Ministry of
Industry, has been reshuffled as the Directorate for Nuclear Installations Safety (Direction de la
Surete des Installations Nucleaires, DSIN) and now reports to both the Ministers for Industry and for
Environment.

The licensing procedure is governed by Decree No. 63-1128 of 11 December 1963. Under this
procedure the Decree authorizing the setting up of a installation lays down the technical requirements
and other formalities which its operator must comply with. For nuclear reactors, for instance, there
are generally two stages: first, fuel loading and commissioning tests, and second, entry into operation
- both conditional on joint approval by the Ministers for Industry and for the Environment. The
consent of the Minister for Health is requested.

DSIN is mainly responsible for:

i) studying problems raised by site selection;
ii) establishing the procedures for licensing large nuclear installations (licenses for setting up,

commissioning, disposal, etc.);
iii) organizing and directing the control of these installations;
iv) drafting general technical regulations and following their implementation;
v) establishing plans in the event of an accident occurring in a large nuclear installation;
vi) proposing and organizing public information on nuclear safety.

At the local level, DSDSf's actions are relayed through the nuclear divisions of the Regional
Directorates for Industry, Research and Environment (DRIRE). These Directorates are responsible
for the survey of nuclear installations and monitoring reactor shutdowns and all pressurized
components. They also provide technical support to the ''prefer, the Government local
representative, in particular in case of accident.

DSIN is assisted in its decisions by the Institute for Nuclear Protection and Safety (Institut de
Protection et de Surete Nucleaire - IPSN), set up in 1976 within the Atomic Energy Commission
(CEA). The Institute can also undertake studies or research on protection and nuclear safety problems
on request of any concerned ministerial department or agency. A recent reorganization strengthened
the autonomy of IPSN, which is due to become totally independent of CEA.

The Central Board for Protection against Ionizing Radiation {Office de Protection contre les
Rayonnements Ionisants, OPRT), under the Ministries for Health and Labour, is responsible for
carrying out measurements or analytical work in order to determine the level of radioactivity or
ionizing radiation that might become hazardous to health in various environmental situations, for
individuals or the population as a whole. It co-ordinates and defines controls for the radiation
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protection of workers and is involved in the plans to be put in action in case of radioactive incident.
The main part of it will join IPSN to constitute an autonomous public body in the next months,
joining expertise capacities in the fields of radioprotection and nuclear safety (Law n°2001-398
AFSSEof9 May 2001).

As mentioned in Section 2.2, a major regulatory reform is to come into force during 2002.

5.2. Main National Laws and Regulations

Organization and structure

• Decree 69-724 of 1969 setting the powers and duties of the Ministry of Industrial and Scientific
Development.

• Decree 70-878 of 29 September 1970 setting the powers and duties and organization of the
Commissariat a I 'Energie Atomique (CEA) and Regulatory Authority.

• Decree 72-11582 of 14 December 1972; further amended in 1982, 1984 and 1994; decree 82-734
of 24 August 1982; decree 84-279 of 13 April 1984 and decree 94-451 of 3 June 1994.

• Decree 73-278 of 13 March 1973 providing for the creation of the Higher Council of Nuclear
Safety and Central Service for Safety of Nuclear Installations, further amended in 1977, 1981,
1982, 1985 and 1987 : decree 77-623 of 6 June 1977; decree 81-978 of 29 October 1981; decree
82-531 of 22 June 1982; decree 82-918 26 October 1982; decree 85-140 of 28 January 1985 and
decree 87-137 of 2 March 1987.

• Decree 75-713 of 4 August 1975 providing for the formation of an Interministerial Committee of
Nuclear Safety, amended in 1978 : decree 78-1193 of 18 December 1978.

• Resolution of 2 November 1976 providing for the establishment of the Nuclear Safety and
Protection Institute. Further amended in 1981, 1983, 1990 and 1993 : resolution of 29 October
1981; resolution of 29 April 1983; resolution of July 1983; resolution of 28 May 1990 and
resolution of 20 August 1993.

• Decree of 1979 creating a National Agency for Radioactive Waste Management (ANDRA);
amended by a decree of 1984 and by the law of 31 December 1991 on high level waste
management.

• Decree 81-300 of 1981 authorizing CEA and COGEMA activities in matters of mineral substances
and fossils.

• Determination of Jurisdiction of the Ministry for Industry in nuclear matters : decree 93-1272 of
1st December 1993 and decree 97-710 of 11 June 1997.

• Decree n° 95-19 of 9 January 1995 determining the powers and duties and the organization of the
General Delegation for Armament (DGA).

• Decree n° 97-715 of 11 June 1997 related to the powers and duties of the Minister for Regional
Development and Environment.

• Decree n° 97-728 of 18 June 1997 related to the powers and duties of the Secretary of State for
Industry.

• Law n° 98-217 of 27 March 1998 authorizing the ratification of the CTBT.
• Law n°2001-398 of 5 May 2001 related to the creation of the "Agence Francaise de Securite

Sanitaire Environnementale, AFSSE".

Radioprotection

• Decree 67-228 of 15 March 1967 related to protection of workers against ionizing radiation
hazards; substituted by decree 86-1103 of 2 October 1986. This decree was amended in 1988,
1991 and 1995 : decree 88-662 of 6 May 1988, decree 91-963 of 19 September 1991 and decree
95-608 of 6 May 1995.

• Decree 66-450 of 20 June 1966 enforcing basic protection rules against radiation. Further
amended by decrees of 1988 and 1994 : decree 88-521 of 18 April 1988 and decree 94-604 of 19
July 1994.
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• Resolution of 24 August 1967 providing for the creation of the Commission for Protection against
Ionizing Radiation.

• Decree 69-50 of 10 January 1969 concerning survey procedures to monitor contamination levels
of surface waters.

• Decree 75-306 of 28 April 1975 related to the protection of workers against ionizing radiation
hazards in basic nuclear installations (Regulatory decrees). Further amended by decrees of 1988,
1997 and 1998: decree 88-662 of 6 May 1988, decree 97-137 of 13 February 1997 and decree 98-
1185 of 24 December 1998.

• Decree 72-819 of 1st September 1972 related to the creation of a Defence Body for Civil
Protection, amended by decree 90-670 of 31 July 1990.

• Resolution of 2nd October 1990 dealing with the definition of control methods established by
decree 86-1103 2nd October 1986 related to protection of workers against ionizing radiation
hazards.

• Directive 96/29 Euratom of 13 May 1996, establishing the basic rules related to health protection
against radiation hazards for population and workers.

• Decree of 26 January 1998 listing the institutions appointed to control the radio-protection devices
efficiency, as required by decree n° 86-1103 of 2nd October 1986, and decree n° 75-306 28 April
1975 on the protection of workers against ionizing radiation hazards.

• Decree of 2nd February 1998 concerning water pumping and consumption as well as all kind of
emissions by the installations classified for environment protection subject to authorization.

• Decree of 10 February 1998 on the agreement of the institutions licensed for training in radio-
protection.

• Decree of 12 May 1998 amending decree of 8 October 1990 modified, setting the list of activities
for which use of interim or temporary contract workers is not allowed.

• Decree of 27 August 1998 related to the test use of microprocessor cards by the employees of an
external company intervening in a nuclear basic installations, in the purpose of transmitting data
between works doctors.

• European Council directive 98/83/CE of 3rd November 1998, dealing with the cleanness of human
consumption water.

• Decree of 23 March 1999 fixing the rules of external dosimetry for workers under radiation
conditions as required by decree of 28 April 1975 modified and decree of 2 October 1986
modified.

• Decree of 23 March 1999, setting the rules applied by the Board of Protection against Ionizing
Radiation (OPRI) for licensing some persons to access to personal data regarding workers
exposure to ionizing radiation.

• Ordinance 2001-270 of 28 March 2001 related to the transposition of European directives in the
field of the ionizing radiation.

Regulatory regime for nuclear installations

• Decree 67-964 of 24 October 1967 revising the nomenclature of hazardous, unhealthy and
uncomfortable facilities.

• Decree 70-440 of 22 May 1970 repealing the authorization regime for nuclear plants and
thermoelectric plants authorized by decree of 30 October 1935.

• Decree 63-1228 of 11 December 1963 related to basic nuclear installations, further amended by
decrees in 1973, 1985, 1990 and 1993 : decree 73-405 of 27 March 1973, decree 85-449 of 23
April 1985, decree 90-78 of 19 January 1990 and decree 93-816 of 12 May 1993.

• Circular dated 26 February 1974 related to the application of regulations on pressure equipment
for pressurized water nuclear reactors. Amended by resolution dated 6 December 1974 and further
amended by circular of 5 August 1977.

• Law 76-663 of 19 July 1976 related to the Installations Classified for Environment Protection
{Installations Classeespour la Protection de I'Environnement - ICPE).
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• Resolution and circular of 10 August 1984 concerning building concept and operation of Basic
Nuclear Installations (Installations Nucleaires de Base - INB).

• Decree of 11 March 1996 setting the limit beyond which factories dealing with radioactive
matters, as well as those intended for storage of such matters, including wastes, are classified as
Basic Nuclear Installations.

• Decree n° 96-197 of 11 March 1996 modifying the list of classified installations.
• Decree n° 96-972 of 31 October 1996 dealing with the publication of the Nuclear Safety

Convention, signed in Vienna, 20 September 1994.
• Decree n° 97-1116 of 27 November 1997 modifying the list of classified installations
• Note of 20 May 1998 dealing with licensing demands, enforcing decree n° 95-540 of 4 May 1995

related to liquid and gas effluent emissions and to water pumping by Basic Nuclear Installations.
• Decree n° 99-873 of 11 October 1999 dealing with Secret (military) Basic Nuclear Installations.
• Decree 2001-592 of 5 July 2001 related to the safety and radioprotection of nuclear facilities and

activities in the field of defence.

Regulatory regime for radioactive matters

• Resolution of 28 March 1977 related to the assistance regime for uranium prospecting.
• Law 80-572 of 25 July 1980 on control and protection of nuclear matters. Further amended by law

89-434 of 30 June 1989.
• Decree 81 -512 of 12 May 1981 related to the control and protection of nuclear matters.
• Decree 81 -558 of 15 May 1981 related to nuclear matters control and compatibility.
• Resolution of 14 March 1984 related to nuclear elements subject to be declared.
• Decree of 11 March 1996, repealing decree of 24 November 1977 establishing the characteristics

of radioactive matters under special forms.
• Decree of 24 September 1996 setting the conditions for the assignment of nuclear matters to

military use.

Radioactive waste management

• Decree 82-193 of 18 February 1982, related to the publication of amendments to Annexes I and II
of the 24 September 1972 London Convention.

• Law of 31 December 1991 on high level waste management.

Civil Liability

• Law 68-943 of 30 October 1968 on nuclear civil liability.; further amended in 1990 : law 90-488
of 16 June 1990.

• Decree 69-154 of 6 February 1969 related to the publication of the Paris Convention.
• Main reassurance fund : articles L. 431-4 to 431-7 and articles R. 431-27 and 29 of Insurance

Code.
• Constitution of cover funds by insurance companies in case of exceptional expenses related to

atomic risk coverage : article R.331-6 of Insurance Code.
• Decisions of exclusion from the AEN Committee of Directors, 10 October 1977:

- Exclusion of small quantities of nuclear matters out of a nuclear installation [NE/M (77) 2];
- Exclusion of certain classes of nuclear matters [NE/M (77)2].

• Decree 91-355 of 12 April 1991 related to the characteristics of reduced risks/safe installations
(1991).
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5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• Agreement on privileges
and immunities

• Voluntary offer: Agreement with the
European Atomic Energy Community
for the application of safeguards in
France; INFCIRC No: 290

• Additional protocol to the Agreement
with the European Atomic Energy
Community for the application of
safeguards in France

• Safeguards Agreement under the
additional protocol I to the Tlatelolco
Treaty; GOV/l998/31

• Tlatlelolco Treaty
Additional protocol n°l
Additional protocol n°2

• EURATOM

Non-Party

Entry into force:

Signature:

Signature:

Entry into force:
Entry into force:

Member

OTHER MULTILATERAL SAFEGUARDS AGREEMENTS WITH IAEA

• Japan / France
INFCIRC/171

• Republic of Korea / France
MFCIRC/233

• Pakistan / France
INFCIRC/239

• Exchange of letters between the
governments of France and the
Republic of Iraq supplementary
to the Franco Iraqi co-operation
agreement for the peaceful utilization
of nuclear energy
INFCIRC/172/add.l

• South Africa / France
INFCIRC/244

MAIN INTERNATIONAL TREATIES

• NPT

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

12 September 1981

22 September 1998

21 March 2000

24 August 1994
23 March 1974

22 September 1972

22 September 1975

18 March 1976

4 November 1976

5 January 1977

3 August 1992
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• Convention on physical protection of
nuclear material
INFCIRC/274

• Convention on early notification of a
nuclear accident
INFCIRC/335

• Convention on assistance in the case
of a nuclear accident or radiological
emergency; INFCIRC/336

• Vienna conventions on civil liability
for nuclear damage

• Paris conventions on third party
liability in the field of nuclear energy

• Joint protocol relating to the application
of the Vienna and Paris conventions

Entry into force:

Entry into force:

Entry into force:

Non Party

Entry into force of

Signature:

Protocol to amend the Vienna convention Not signed
on civil liability for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of
spent fuel management and on the
safety of radioactive waste management
INFCIRC/546

OTHER UNDERTAKINGS

• Antarctic treaty

• London Convention

• OSPAR Convention

• Rarotonga Treaty

• Comprehensive Test Ban Treaty

• Zangger Committee

• Improved procedures for designation
of safeguards inspector

• Nuclear Suppliers Group

Not signed

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Signature:

Ratification:

Member

Accepted on:

Member

6 October 1991

6 April 1989

6 April 1989

9 March 1966

21 June 1989

24 October 1996

18 June 2001

16 September 1960

5 March 1977

25 March 1998

25 March 1996

6 April 1998

26 April 1989
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• Acceptance of NUSS Codes

• Nuclear Export Guidelines

BILATERAL AGREEMENTS

• France / Russian Federation

• France / Ukraine

• France / Belgium

• France / Russian Federation

• France / Turkey

• France / Russian Federation
(on civil nuclear liability)

Summary: Generally positive; will be taken
into account for own regulations;
compatible with national regulations.
(Letter of 9 August 1988)

Adopted

Signature:

Signature:

Signature:

Signature:

Signature:

Signature:

26 November 1996

3 September 1998

8 September 1998

12 January 1999

21 September 1999

20 June 2000
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

ATOMIC ENERGY COMMISSION

Commissariat a l'Energie Atomique (CEA)
31-33 rue de la Federation Tel.:+33 (0)14056 1000 or ext
F-75752 Paris Cedex 15 http://www.cea.fi-/

The following institutes are within CEA:

• Institut National des Sciences et Techniques
Nucleaires (INSTN, National Institute for
Nuclear Science and Technology;
also under the Ministry of Education) http://www.instn.fr/

• Institut de Protection et de Surete Nucleaire
(IPSN, Nuclear Safety and Protection
Institute) http://www.ipsn.fr/

OTHER NUCLEAR ORGANIZATIONS

Comite Interministeriel de la Securite Nucleaire
13, rue de Bourgogne
F-75007 Paris Tel.: +33 (0)1 43 19 56 78

Direction de la Surete des Installations Nucleaires
(DSIN, under Ministries of Industry
and of Environment)
99, rue de Grenelle Tel.: +33 (0)1 43 19 36 36
F-75353 Paris 07 http://www.asn.gouv.fr
or:
60-68 av. du General-Leclerc
B.P. 6 Tel: .+33 (0)1 46 54 70 80
F-92265 Fontenay-aux-Roses Fax: +33 (0)1 42 53 69 04

Office de Protection contre les Rayonnements
Ionisants (OPRI, under Ministries of Health
and of Labour) Tel: +33 (0)1 30 15 52 00
31, rue de l'Ecluse Fax: +33 (0)1 39 76 08 96
B.P. 35 Telex: 696257
F-78110 Le Vesinet http://www.opri.fr/

Agence Nationale pour la Gestion
des Dechets Radioactifs (ANDRA)
Pare de la Croix Blanche Tel: +33 (0)1 46 11 80 00
1-7, rue Jean Monnet Fax: +33 (0)1 46 11 82 68
F-92298 Chatenay-Malabry Cedex http://www.andra.fr/
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OTHER ORGANIZA TIONS IN THE NUCLEAR IND USTR Y

Electricité de France (EDF)
2, rue Louis Murat
F-75384 Paris Cedex 08

Compagnie Générale des Matières
Nucléaires (Cogéma)
2, rue Paul Dautier
B.P.4
F-78141 Vélizy Cedex

FRAMATOME-ANP
Tour-Framatome
La Défense
F-92084 Paris-La Défense cedex

HIGH ENERGY INSTITUTES

Centre National de la Recherche Scientifique (CNRS)

European Synchrotron Radiation Facility - Grenoble
(ESRF)

Institut National de Physique Nucléaire
et de Physique des Particules (M2P3)

Laboratoire pour l'Utilisation du Rayonnement
Electromagnétique - CNRS (LURE)

DRFC-CEA Cadarache
(Département de Recherches sur la Fusion Contrôlée)

INTERNATIONAL ORGANIZATIONS

European Science Foundation

European Space Agency (ESA)

IEA International Energy Agency

Nuclear Energy Agency of the OECD (NEA)

Organisation for Economic Co-operation
and Development (OECD)

OTHER ORGANIZATIONS

Société Française de l'Energie Nucléaire
(SFEN)

World Council of Nuclear Workers (WONUC)

Tel.: +33 (0)1 40 42 22 22
Fax: +33 (0)1 40 42 13 32
http://www.edf.fr</html/fr/index.html

Tel.: +33 (0)1 39 26 30 00
Fax: +33(0)1 39 26 27 00
http://www.cogema.fr/

Tel: +33 (0)1 47 96 14 14
Fax.: +33 (0)1 47 96 01 02
http://www.framatojtne.com/

http://www.cnrs.fr/

http://www.esrf.fr/

http://www.in2p3.fr8Q/

http://www.lure.u-psiid.fr/

http://www.cad.cea.fr/r50.htm

http://www.esf.org/

http ://www.esa. int/

http://www.iea.org/homechoi.htm

http://www.nea.fr/

http://www.oecd.org/'

http.7/www.sfen.org/

http://mvw.wonuc.org/
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GERMANY

1. GENERAL INFORMATION

1.1. General Overview

The Federal Republic of Germany is situated in central Europe, in the north bordering on the
North Sea, Denmark, and the Baltic Sea; in the east on Poland and the Czech Republic; in the south
on Austria and Switzerland; and in the west on France, Luxembourg, Belgium, and the Netherlands.

The climate is moderate and influenced by winds from the West, the eastern part has more
continental character. In the lowlands of the northern part the average July temperature is 16 - 18°C,
the average precipitation amounting to 600 - 750 mm per annum. Half of the territory is used for
agricultural purpose, one third is covered by woods, settlements and traffic area take 12 %.

As a result of World War II Germany was split. Until 1990 two parts named Germany existed,
the Federal Republic of Germany (FRG - Bundesrepublik Deutschland, named West Germany) and
the German Democratic Republic (GDR - Deutsche Demokratische Republik, known as East
Germany). In October 1990, the GDR joined West Germany.

After the reunification Berlin again became capital of Germany. Part of the government,
however, still remains in the former (provisional) capital Bonn. The estimated population for 2000
was about 82 million people. Area and population development is shown in Table 1.

TABLE 1. POPULATION INFORMATION

Population (millions)

Population density (inh./km2)

Urban population (% of total)
Area (1000 km2)

1960

55.4
(17.2)

223
(159)

349.5

1970

60.7
(17.1)

244
(158)

1980

61.6
(16.7)

247
(154)

1990

63.3
(16.1)

254
(149)

1995

81.6

234

86.5

1996

81.9

235

86.7

1997

82.1

235

86.9

1998

82.0

235

87.1

1999

82.2

235

87.3

2000

82.0

235

N/A

Growth
rate

1980
to

2000
0.2

0.2

Numbers in brackets refer to former GDR data
Source: IAEA Energy and Economic Database; Data & Statistics/The World Bank; Country Information [4].

1.2. Economic Indicators

The gross domestic product (GDP) statistics are given in Table 2, up to 1990 separately and
later on for the unified republic. Reunification has turned out to be a lengthy and difficult process.
Germany has to fund improvements in infrastructure, environment, and industry in the eastern part,
while many eastern companies collapsed acting in unaccustomed western competition.

1.3. Energy Situation

Germany imported 60 % of its primary energy supply in 1999, including oil, which accounts for
39 % of its energy consumption. There are substantial reserves of both hard coal and lignite, the
amount in place is about 5 times the recoverable quantities mentioned in Table 3. However, domestic
hard coal is much more expensive than imported coal and expansion of open cast lignite mining is
restricted by environmental considerations. Hydro energy anyway contributes only a small amount,
and possible places are already in use, so there are no considerable reserves left. Uranium extraction
is tapered off since 1991 and has more or less stopped by now. Energy statistics are given in Table 4.
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TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP (millions of current DM)
GDP (millions of current US$)

GDP (millions of constant 1990 US$)

GDP per capita (current US$/capita)

GDP by sector (%):
Agriculture
Industry
Services

1970

675,300
185,200

(40,063)
623,600

(134,900)
3,051

(2,343)

1980

1,472,000
810,600

(134,301)
1,286,700
(213,200)

13,159
(8,042)

1990

2,426,000
1,501,200
(170,821)
1,501,200
(170,821)

23,716
(10,610)

1996

3,541,500
2,345,700

1,962,200

28,716

1.2
29.4
69.3

1997

3,666,600
2,113,290

1,722,350

25,740

1.2
29.1
69.7

1998

3,784,200
2,151,340

1,725,200

26,235

1.2
29.0
69.9

1999a)

3,877,100
2,110,000

-

25,700

1.1
28.4
70.6

a) preliminary data
Numbers in brackets refer to former GDR data
Source: IAEA Energy and Economic Data Base; Data & Statistics/The World Bank; Country Information [4].

TABLE 3. ESTIMATED ENERGY RESERVES
Exajoule

Total amount in place0

Total amount in placed

Solid
1222.70
l,081.5e

Liquid
1.18
2.1

Gas
11.35

10.9

Uraniuma

0
0

Hydro
11.57b

0.8

Total
1,248.43
1,095.3

a This total represents essentially recoverable reserves
b For comparison purposes a rough attempt is made to convert

hydro capacity to energy by multiplying the gross theoretical
annual capability (World Energy Council - 1998) by a factor of 10

0 IAEA Energy and Economic Data Base
d Country Information [2, 10]
e 1998

TABLE 4. ENERGY STATISTICS Exajoule

Energy consumption
- Total b

- Solidsc

- Liquids
-Gases
- Primary electricity d

Energy production
-Total
- Solids
- Liquids
- Gases
- Primary electricity d

Net import (import -
export)

- Total
- Solids
- Liquids
-Gases

1960

6.3(2.9)
4.9(2.8)
1.3(0.1)

N/A
0.2(0.0)

5.6(2.6)
5.3(2.6)
0.2(0.0)

N/A
0.1(0.0)

0.6(0.3)
-0.5(0.2)
1.2(0.1)

N/A

1970

9.9(3.1)
4.0(2.6)
5.1(0.4)
0.6(0.0)
0.3(0.0)

5.2(2.4)
4.3(2.3)
0.3(0.0)
0.5(0.0)
0.2(0.0)

4.8(0.7)
-0.4(0.3)
5.1(0.4)
0.1(0.0)

1980

11.6(3.8)
3.5(2.5)
5.4(0.8)
2.1(0.3)
0.6(0.1)

5.2(2.5)
3.7(2.3)
0.2(0.0)
0.7(0.1)
0.6(0.1)

6.8(1.2)
-0.2(0.2)
5.6(0.8)
1.4(0.2)

1990

14.91
5.51
5.24
2.32
1.85

7.88
5.23
0.16
0.59
1.85

7.03
0.23
5.08
1.73

1997

14.57
3.63
5.75
3.02
2.16

5.95
2.96
0.12
0.70
2.17

8.62
0.67
5.63
2.32

1998 a

14.46
3.55
5.77
3.05
2.09

5.58
2.71
0.12
0.66
2.09

8.88
0.84
5.65
2.39

1999a

14.20
3.36
5.60
3.06
2.18

5.65
2.64
0.12
0.70
2.18

8.55
0.71
5.48
2.36

2000

14.07
3.46
5.39
3.51
1.71

4.93
2.33
0.12
0.74
1.74

9.64
0.92
5.98
2.74

Average annual
Growth]
1960
to

1980

2.6
-1.2
7.7

-
6.46

-0.3
-1.4
0.0

-
10.2

11.5
-17.7

8.3
-

ate (%)
1980
to

1999

-0.4
-3.0
-0.5

1.3
6.2

-1.6
-4.2
-2.7
-0.7
6.2

0.4
12.1
-0.8
2.1

a preliminary data
b Energy consumption = Primary energy production + Net import
c Solid fuels include coal, lignite and commercial wood
d Primary electricity = Hydro + Nuclear + Others (Geothermal, Wind, Solar energy etc.)
Numbers in brackets refer to former GDR data
Source: IAEA Energy and Economic Database and Country Information [2]
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1.4. Energy Policy

A central intention of the German energy policy has been to shift electricity production away
from imported oil and gas towards (previously domestic) coal and nuclear power. The share of oil and
gas in electricity production was reduced from the peak of 30 % in 1975 to 11 % in 1999, while
during the same period the share of nuclear has grown from 9 % to 31 %, whereas that of coal has
remained at around 50%. Since the 1990's all Federal Governments promoted the utilization of
renewable energy. The utilities are required by law to buy energy generated by independent producers
who use renewables. High minimum payments to the small producers for the transactions are
determined in comparison with the generation price of nuclear or coal plants. Also direct government
subsidies for the erection of wind and photovoltaic generators are paid. Nevertheless, large-scale
electricity production will, for the next time, continue to come from Germany's coal and nuclear
power plants.

In the past, the Federal Governments encouraged the utilities to increasingly use domestic hard
coal for electricity generation, this rose to 45 million tons of hard coal per year in 1995. Subsidies
were paid and amounted to 10 billion DM per annum in 1994. Since then subsidies are reduced
continuously.

The current Federal Government (since September 1998) decided to phase out the use of
nuclear power. The governing coalition will propose an amendment to the Atomic Act, in accordance
with the agreement between the Federal Government and the utilities dated 14 June 2000, which was
signed in June 2001. Basically the operation of a nuclear power plant is limited to 32 years (details
see chapter 3.3). Therefore, the share of nuclear power in the national energy mix will decrease
continuously within the next two decades.

The Federal Government intends to establish a new consensus in politics and society on an
energy policy for the long term. It is of considerable importance to develop systems for energy supply
apt for the future and to implement effective measures for improving energy efficiency and savings.
Renewable energy is increasingly supported. Since April 2000, especially the remuneration for small
producers for photovoltaic electricity is particularly high, around 10 times the generation price of
nuclear power. Today, the share of renewable energy in gross electricity production is about 6 %, and
it is intended to double this share by the year 2010. Furthermore the framing conditions for raising
energy efficiency are improved, in particular by combined heat and power production. Nevertheless,
within the changing scope of global markets and European energy trade, the liberalization of markets
for electricity and natural gas and the commitments to reduce the emission of greenhouse gases have
to be taken into account.

The position of the German government with respect to CO2 emissions creates a new challenge
for the electricity supply industry. In the course of the climate debate, Germany committed itself to
reduce CO2 emissions by 25 % compared to 1990, by the year 2005. Part of the challenge could be
done by closing down aged and inefficient industries and power productions in the former GDR and
erection of new facilities. But in the meantime it is no longer sufficient to replace old devices by
current technologies. A strong reduction in the burning of hydrocarbon fuels will be necessary. The
options for the electricity supply industry are to increase energy efficiency, both in electricity
generation and end-use consumption, and to switch to generating technologies, which do not burn
fossil fuel. For the public it means to reduce energy consumption in general. In 1999 e.g. the lowest
CO2 emission volume was recorded since 1990: 834 mt CO2; which is 15 % less than 987 Mt CO2 in
1990.

In the Kyoto Protocol to the convention on climate change in 1997, the European Union
ensured that their overall emission of greenhouse gases will be at least 8 % below 1990 level in 2012.
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2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

The total electricity industry covers the sectors "public electricity supply", "mining, processing
industry and others" and "Deutsche Bahn". In 1999, the net generation of all power plants amounted
to 510.4 TW-h, 0.6 % less than in the previous year. Electricity supply companies also purchased
electrical energy from around 10 000 small producers utilizing regenerative energy sources for power
production, predominantly hydro and wind energy as well as solar energy, biomass and waste
materials. In 1999, these small producers fed in 8.1 TW-h, this is around 1.6 % in relation to the net
power generation mentioned above.

Germany's public electricity supply is characterized by a mixture of centralized and
decentralized elements plus a pluralistic structure in electricity generation, transport and distribution.
Participants are large, medium and small-sized electricity suppliers, the various capital interests and
company legal forms as well as numerous large and small power plants and private producers. In
1998, around 1 000 electricity suppliers operated in Germany. The Association of German Electricity
Supply Companies VDEW, carrying the statistics, dealt with 750 of these. They supplied their
customers with more than 99 % of the electricity sold via the public grid. Of these 750 companies,
517 possessed their own power plant and 233 companies were engaged only in trading of electricity
(see Table 5).

TABLE 5. STRUCTURE OF THE ELECTRICITY SECTOR (1998)

Number of utilities in the VDEW
statistics
Utilities producing electricity
net-maximum capacity [MW]
net production [TW-h]
Total supply to customers [TW-h]
Utilities supplying consumers
with electricity

Publicly owned
utilities2

Number

455

318
6 733

21
122
443

Share

r%id

13.6

61.5
6.9
4.6

278.4
63.5

Utilities with mixed
ownership1"

Number

200

134
53 941

255
280
170

Share
[%ld

52.2

25.9
54.9
56.8
62.9
24.3

Privately owned
utilities0

Number

95

65
37 464

173
43
85

Share
[%1d

34.2

12.6
38.2
38.6
9.7

12.2

Total
Number

750

517
98 177

448
445
698

a With a share of at least 95 % owned by Bund, Lander, municipal associations or municipalities
b With a share of less than 95 % publicly owned and less than 75 % private capital
c With at least 75 % private capital
d Share in total supply
Source: Country Information [7]

Shareholder of the public electricity supply companies in 1998 included both governmental
(mainly municipalities, municipal associations and counties and several Lander) as well as private
investors. The group of mixed ownership companies (with shares held by the aforementioned public
bodies and private investors) held the largest share in both electricity generation and total supply to
consumers, 57 % in production and 63 % of supply. According to total supply to consumers, the
second place was occupied by public utilities with 27 %. This group included nearly two thirds of the
companies producing electricity. With 10 %, private companies held the smallest share of total supply
to consumers. However, with nearly 40 % these companies held a relative large share in electricity
generation.

Broken down according to supply functions, three corporate groups may be distinguished: the
interconnected companies which predominantly own and operate the large power plants and ultra-high
voltage transmission networks. Their key assignment is to maintain the reliability of nationwide
power supply and to trade electricity supra-regional. The regional power suppliers, whose service
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areas cover several municipalities, supply electricity obtained from those interconnected companies
and other suppliers, as well as from small producers to local power suppliers and final consumers.
Finally the local - mostly municipal - supply companies, whose service area is a municipality, several
municipalities or parts thereof, predominantly supply cities and highly urbanized regions.

To comply with environmental regulations since the mid 1980s, German utilities implemented
state of the art technologies to avoid and control emissions from electricity generation. Also they
invested in underground transmission networks. Both influenced the companies' costs and electricity
prices.

2.2. Decision Making Process

The BMWi outlines the national energy policy. The energy supplying companies are
independent in their economic decisions, but of course follow commercial legislation. Decisions on
expansion in energy production facilities and similar matters are due to market forces and price
competition. Licensing and supervising activities are carried out by the competent Lander authorities,
if the necessity is set by regulations. In the nuclear field the principle "safety first" has been guiding
any administrative action ever since. The national energy policy - e.g. in the 1970s and 1980s using
domestic coal and expanding the nuclear share, today the phase out of nuclear energy - is observed
(see also Chapter 3.3).

2.3. Main Indicators

Table 6 shows the statistics on gross electricity production and installed gross capacities, here
the three sectors "public electricity supply", "mining, processing industry and others" and "Deutsche
Bahn" were added. In Table 7 energy related ratios are given.

TABLE 6. ELECTRICITY PRODUCTION AND INSTALLED

Electricity production (TW-h)
- Total a gross

- Thermal (fossil)

- Hydro

- Nuclear

- Others (Geothermal, Wind,
Solar energy etc.)

Gross Cap. of electrical plants (GWe)
- Total

- Thermal (fossil)

- Hydro

- Nuclear

- Others (Geothermal, Wind,
Solar energy etc.)

1960

119.0
(40.3)
106.0
(39.7)

13.0
(0.6)
N/A

N/A

28.4
(7.9)
25.0
(7.6)

3.4
(0.3)

0,0
(0,0)
N/A

1970

237.8
(67.7)
218.8
(65.9)

16.2
(1.3)

2.7
(0.5)
N/A

47.6
(12.1)

42.0
(11.3)

4.7
(0.7)

0.9
(0.1)
N/A

1980

365.3
(98.8)
306.4
(85.3)

17.4
(1.7)
41.4

(11.9)
N/A

82.6
(19.7)

67.5
(16.5)

6.5
(1.5)

8.7
(1.7)
N/A

1990

444.5
(117.3)

285.9
(103.5)

19.20
(2.0)
139.4
(11.8)

N/A

106.4
(23.4)

76.6
(19.7)

7.1
(1.8)
22.7
(1.8)
N/A

CAPACITIES

1997

551.2

338.7

20.9

170.3

21.3

119.9

85.1

8.9

22.2

0.4

1999

563.58

381.42

21.12

160.84

115.75

85.14

8.89

21.28

0.44

2000

569.42

389.04

20.57

159.60

115.68

85.20

8.89

21.12

0.46

Average
growth i
1960
to

1980

5.77
(4.59)

5.45
(3.90)

1.48
(5.35)
31.12

(37.30)
-

5.49
(4.67)

5.08
(3.95)

3.33
(8.38)
24.98

(32.75)
-

annual
ate (%)

1980
to

2000

2.21

1.20

0.84

6.69

1.70

1.17

1.62

4.59

-

a Electricity losses are not deducted.
Numbers in brackets refer to former GDR data
Source: IAEA Energy and Economic Database and Country Information [2, 3].
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TABLE 7. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)

Electricity production/Energy production

Nuclear/Total electricity (%)
Ratio of external dependency (%)b

Load factor of electricity plants
- Total (%)
- Thermal
- Hydro
- Nuclear

1960

114(169)
2.148

(2.343)
7.6(5.6)

9.5(10)

48(58)
48(60)
44(23)

1970

163(181)
3.918

(3.959)
16(10)

1.1(0.1)
48(23)

57(64)
60(67)
39(21)
34(57)

1980

188(228)
5.930

(5.916)
25(14)

11(12)
59(32)

50(57)
52(59)
31(13)
55(80)

1990

188
7.022

(7.286)
26

31(10)
47

48(57)
43(60)
31(13)
70(75)

1997

177
6.666

33

31
59

51
45
25
87

1998a

176
6.749

34

29
61

52
46
26
83

1999a

173
6750

34

31
60

54
48
27
87

2000

172
N/A

30
69

56
52
26
86

a preliminary data
b Net import / Total energy consumption
Numbers in brackets refer to the former GDR
Source: IAEA Energy and Economic Database and Country Information [2, 8].

2.4. Impact of Open Electricity Market in the Nuclear Sector

In April 1998, the act on the reorganization of the power industry came into force in Germany.
By this act the European domestic market directive "Electricity" was implemented into German law.
The German electricity market was liberalized in one step completely, not using the gradual opening
conditions also in line with the directive. Up to this liberalization, the German electricity supply was
characterized by closed supply areas. Contracts for licenses and demarcations provided a monopoly
position of the utility in question. With the new regulation of April 1998 the competition started also
in the electricity market, being a dynamically developing process ever since.

After only a few months of competition, the branch already found itself in a transformation of
its structures, which have developed throughout decades. The situation is characterized by
reorganization of the companies according to the value creation steps "generation", "transmission"
and "distribution", by co-operation agreements, participations and mergers and not least by the
appearance of additional market players in the new business sector "electricity trade".

At the beginning of the development special-tariff customers - mainly industry - took advantage
by remarkable price reductions. And since the middle of 1999 the normal-tariff customers - e.g.
private households - take a profit from the lower prices too.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

After World War II, allied regulations prohibited any activity in nuclear research and industrial
development in the two parts of Germany. After West Germany had officially renounced to produce,
possess or use nuclear weapons, it was admitted, in 1955, to the western community of nations as a
sovereign state. Research and development of nuclear energy for peaceful purposes could start.

By this time, some countries already had been working for ten years in nuclear technology. To
close the gap, an agreement was reached between the scientific, economic and political sectors to
organize an extensive international co-operation. The German Atomic Programme was formulated to
coordinate the work, including the construction of a series of prototype reactors, formulating the
concepts for a closed nuclear fuel cycle, and for the disposal of radioactive waste in deep geological
formations.
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In 1955, the Federal Government established an atomic ministry {Bundesministerium fur
Atomfragen). Germany became a founding member of EURATOM and the present Nuclear Energy
Agency (NEA) of OECD. Agreements for cooperation with France, the United Kingdom and the USA
were signed. With the assistance of US manufacturers, Germany started developing commercial
nuclear power plants (Siemens/Westinghouse for PWR, AEG/General Electric for BWR). The
German electric utilities supported the development.

Several nuclear research centers were created:

1956: - Kernforschungszentrum Karlsruhe (KfK),

- Gesellschaftfur Kernenergieverwertung in Schiffbau und Schiffahrt (GKSS) in Geesthacht,

1959: - Hahn-Meitner-Institut fur Kernforschung (HMI) in Berlin,

- Deutsches Elektronen-Synchrotron (DESY) in Hamburg,

1967: - Kernforschungsanlage Julich (KFA),

1969: - Gesellschaft fur Schwerionenforschung (GSI) in Darmstadt.

University institutes were equipped with small reactors for instruction, research and material
testing.

In 1958, a 15 MWe experimental nuclear power plant (Versuchsatomkraftwerk Kahl, VAK)
was ordered from GE/AEG and reached criticality in 1960. The domestic German nuclear
development began in 1961 with the order of the 15 MWe pebble-bed high-temperature reactor
{Arbeitsgemeinschaft Versuchsreaktor in Julich, AVR) from BBK/BBC. Power reactors with 250-350
MWe and 600-700 MWe were ordered between 1965 and 1970. After about 15 years, the gap between
the German and the international technological state of the art was closed. The German nuclear
industry received the first orders from abroad, from the Netherlands (Borssele) and from Argentina
(Atucha). In 1972, the construction of the then world's largest reactor, Biblis A, started in Germany.
Between 1970 and 1975, on the average three units were ordered annually.

In 1969, Siemens and AEG founded Kraftwerk Union (KWU) by merging their respective
nuclear activities. The domestic development of KWU nuclear power plants with PWRs started. On
the basis of several years of operational experience, finally a standardized 1,300 MWe PWR
"Konvoi" was introduced, mainly, to speed up the licensing process. However, after some "pre-
Konvoi" units, the construction of only three Konvoi-units was actually realized (Isar-2,
Neckarwestheim-2, and Emsland). The Konvoi-units were ordered in 1982 and commissioned in
1988/89, the last NPP projects in Germany. Since than nuclear continuously has a share of
approximately one third of the electricity production in Germany.

In East Germany, nuclear power started developing with the assistance of the Soviet Union in
1955. Research in nuclear physics could begin, the Central Institute for Nuclear Physics was founded
in 1956 at Rossendorf. There, in 1957, a research reactor supplied by the Soviet Union started
operation. The first East German 70 MWe nuclear power plant Rheinsberg, equipped with a Russian
type PWR, was connected to the grid in 1966. Between 1974 and 1979, the Greifswald NPP units 1-4
were connected to the grid, all equipped with Russian WWER-440/W-230 reactors. In 1989, unit 5, a
WWER-440/W-213 reactor, started commissioning. Following the German unification,
comprehensive safety assessments of the Soviet type NPPs in East Germany were carried out. These
analyses showed safety deficiencies compared to the current West German nuclear safety
requirements. Due to technical and economic reasons (in particular uncertainties in the licensing
process and also decreasing electricity consumption), it was decided not to upgrade these plants. They
were prepared for decommissioning. Also, work on the nuclear plants under construction (units 6, 7
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and 8 at Greifswald with WWER-440/W-213 reactors and two WWER-1000 reactors near Stendal)
was abandoned.

Two prototypes of advanced reactor design were developed in Germany: the pebble-bed high-
temperature reactor {Thorium-Hochtemperaturreaktor, THTR 300) at HRB/BBC and a fast breeder
reactor (Schneller Natriumgekiihlter Reaktor, SNR 300) at Interatom/Siemens. Due to economical and
political reasons, the former, after a successful commissioning and operation for some years, was shut
down, and the latter was completed but never commissioned and now is used as pleasure ground.

All nuclear power plants currently in operation in Germany were built by KWU or
Siemens/AEG respectively. The second German supplier for NPPs, the Brown, Bovery & Co. (BBC),
meanwhile ABB, respectively sold to BNFL/UK in December 1999, now called Westinghouse,
commissioned only one PWR plant, Mulheim-Karlich, which is shut down by court order since 1988
for procedural reasons. After signing the agreement between Government and utilities in June 2001,
application for decommissioning was made.

For several years, German utilities together with Siemens/KWU and in close co-operation with
its French counterparts (EdF and Framatome) had been developing an advanced PWR, the European
Pressurized Water Reactor EPR. The reactor design is "evolutionary" and shows enhanced safety
features, the design includes provisions to control core meltdown accidents. Today, this development
is continued by Framatome ANP. German utilities also supported the Siemens/KWU development of
an advanced BWR 1000 (SWR 1000). In 2001, the remaining domestic NPP supplier Siemens merged
its nuclear branch with Framatome SA to Framatome ANP (Advanced Nuclear Power) GmbH.

Since the early 1970's, the quite successful German nuclear power programme faced a steadily
increasing opposition against the national use of nuclear energy. On the one hand violent
demonstrations and occupation of potential sites took place, like in Brokdorf, Wyhl and Wackersdorf.
On the other hand "concerned citizens" raised objections in administrative courts. Consequently,
construction and licensing of nuclear power plants were considerably delayed due to ongoing
litigations.

By the mid 1970's, Germany increased its efforts to close the fuel cycle and to set up a
programme for radioactive waste management and final disposal. In 1979, an agreement on the
principles for NPP waste management was reached between the Federal Government and the Lander.
The Land Niedersachsen agreed to assess the salt dome of Gorleben for suitability as high level waste
repository. Experience from the disposal of low and medium level waste had been gathered in the
former salt mine Asse, also in Niedersachsen. The former iron ore mine Konrad/Niedersachsen is in
the licensing process for low and medium-level radioactive waste since 1976.

In the late 1960's, East German studies on final disposal of radioactive waste resulted in the
decision to use the abandoned salt mine Morsleben as repository for low and medium level waste with
low concentrations of alpha emitters. In 1981, after extensive investigations, the first license for final
disposal was granted. Along with the German unification in 1990, the operation license was limited
until June 30, 2000, later extended to 2005. In the meanwhile, the emplacement was stopped due to
court order in September 1998. Now, the licensing procedure for the decommissioning is in progress.

The project for a reprocessing plant at Wackersdorf was abandoned in 1988, partly due to
public opposition and partly also due to economic reasons. Therefore, the German utilities have
contracts for reprocessing spent fuel with COGEMA/France and BNFL/UK. The contracts under
private law were accompanied by governmental agreements. Radioactive waste resulting from
reprocessing spent fuel in foreign facilities will be brought back to Germany (see also chapter 3.3).
The plutonium from reprocessing should be used for MOX fuel elements. The new MOX fuel
fabrication plant at Hanau was completed, but could not be commissioned due to political
complications, and is now being dismantled.
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Since the late 198O's most of the research centers changed their subjects - and some of them
also the name - to environmental issues. Due to financial conditions, research became restricted to
basic nuclear physics.

3.2. Status and Trends of Nuclear Power

In 2000, the total gross capacity of 22.4 GWe was installed within the 19 operating German
nuclear power plants, 0.7 % more than in the previous year. This was realized either by increasing the
thermal reactor power (KKI 2, KKP 2, KKU) or optimizing the steam turbine (KKE, KKI 1)
respectively. Increasing of thermal reactor power is also foreseen for several other facilities. The
generated nuclear electricity amounted up to 170 TW-h in 2000, as in 1999 also, and about one third
of the electricity supplied by public utilities. This nuclear share is roughly constant since 1985.
Table 8 shows the status of nuclear power plants by the end of 2000, Figure 1 the siting.

3.3. Current Policy Issues

In 1986, after the Chernobyl nuclear accident, political consensus on the use of nuclear energy
was lost definitely in Germany. The Social Democratic Party (SPD), at that time in opposition to the
Federal Government coalition of Christian Democratic Party (CDU) and Free Democratic Party
(FDP), adopted a resolution to phase out nuclear power within ten years. Since the federal elections in
September 1998, they hold the Federal Government in a coalition with the green party Biindnis90/ Die
Griinen (Greens).

The political situation regarding the relation between the Federation and the Lander has been
complicated by changing political majorities. Federation and Lander, both have their responsibilities
in nuclear licensing and nuclear safety matters. The Lander are represented by the second parliament
chamber (Bundesrat). Since 1982 CDU/FDP led the Federal Government, but the following elections
for the Lander resulted in a SPD majority in the Bundesrat. At present, SPD/Greens are leading the
Federal Government, but meanwhile the majority of SPD-governed Lander in the Bundesrat got lost.

The intention of the current Federal Government is to phase out the use of nuclear power as
soon as possible, but in consensus with the industry and without compensation payments. There is
also the request to rearrange all waste management and waste repository issues. Therefore, in June
2001, the Agreement between the Federal Government of Germany and the utility companies dated 14
June 2000 was signed. The main topics are as followed:

• NPP

Basically, the operation time of NPPs is limited to 32 years. However, not the period of time of
NPP operation will be limited, but the remaining amount of electricity to be produced. This
amount may be shared between the different plants. The operation of the NPP Mulheim-Karlich
will not be resumed.

The Government assures the uninterrupted operation of the NPPs during the residual operating.
life, if there is compliance with the requirements of atomic energy law.

• Transport of spent fuel

In order to minimize transports of spent fuel, the utilities agreed to build as soon as possible
interim storage facilities at the NPP sites. To account for the time until these interim storages will
be operable other on-site temporary storage capabilities will be made available.

• Reprocessing/Direct Disposal

Starting from July 2005, the waste management of spent fuel from the NPPs shall be restricted to
direct disposal. Until then, transports to reprocessing facilities are permitted.
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TABLE 8. STATUS OF NUCLEAR POWER PLANTS

Station

BIBLIS-A (KWB A)
BIBLIS-B (KWB B)
BROKDORF (KBR)
BRUNSBUETTEL (KKB)
EMSLAND (KKE)
GRAFENRHEINFELD (KKG)
GROHNDE (KWG)
GUNDREM1VUNGEN-B (KRB B)
GUNDREMMINGEN-C (KRB C)
ISAR-1 (KKI1)
ISAR-2 (KKI 2)
KRUEMMEL (KKK)
NECKARWESTHEIM-1 (GKN 1)
NECKARWESTHEIM-2 (GKN 2)
OBRIGHEIM (KWO)
PHILIPPSBURG-1 (KKP 1)
PHILIPPSBURG-2 (KKP 2)
STADE (KKS)
UNTERWESER (KKU)
AVRJUELICH(AVR)
GREIFSWALD-1(KGR 1)
GREIFSWALD-2 (KGR 2)
GREIFSWALD-3 (KGR 3)
GREIFSWALD-4 (KGR 4)
GREIFSWALD-5 (KGR 5)
GUNDREMMINGEN-A (KRB A)
HDR GROSSWELZHEIM
KNKII
LINGEN (KWL)
MUELHEIM-KAERLICH (KMK)
MZFR
NIEDERAICHBACH (KKN)
RHEINSBERG (KKR)
THTR-300
VAK KAHL
WUERGASSEN (KWW)

Type

PWR
PWR
PWR
BWR
PWR
PWR
PWR
BWR
BWR
BWR
PWR
BWR
PWR
PWR
PWR
BWR
PWR
PWR
PWR

HTGR
WWER
WWER
WWER
WWER
WWER

BWR
BWR
FBR
BWR
PWR

PHWR
HWGCR

PWR
HTGR
BWR
BWR

Net
Capacity

1167
1240
1370
771
1329
1275
1360
1284
1288
878
1400
1260
785
1269
340
890
1392
640
1345
13

408
408
408
408
408
237
23
17

250
1219
52
100
62
296
15

640

Status

Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down

Operator

RWE
RWE
EON
KKB
KLE
EON
KWG
KGB
EON
BAG
EON
KKK
GKN
GKN
KWO
EnBW
EnBW
EON
EON
AVR
EWN
EWN
EWN
EWN
EWN
KGB
HDR
KBG
KWL
RWE
KBG
KKN
EWN
HKG
VAK
PE

Reactor
Supplier

KWU
KWU
KWU
KWU

SIEM, KWU
KWU
KWU
KWU
KWU
KWU
KWU
KWU
KWU

SIEM, KWU
SIEM, KWU

KWU
KWU
KWU
KWU
BBK

AEE, KAB
AEE, KAB
AEE, KAB
AEE, KAB
AEE, KAB
AEG, GE

AEG, KWU
IA

AEG
BBR

SIEMENS
SIEM, KWU
AEE, KAB

HRB
GE, AEG

AEG, KWU

Construction
Date

Ol-Jan-70
Ol-Feb-72
Ol-Jan-76
15-Apr-70
10-Aug-82
01-Jan-75
Ol-Jun-76
20-Jul-76
20-M-76

Ol-May-72
15-Sep-82
05-Apr-74
Ol-Feb-72
09-NOV-82
15-Mar-65
Ol-Oct-70
07-Jul-77
Ol-Dec-67
Ol-Jul-72

Ol-Aug-61
Ol-Mar-70
Ol-Mar-70
Ol-Apr-72
Ol-Apr-72
Ol-Dec-76
12-Dec-62
01-Jan-65
Ol-Sep-74
Ol-Oct-64
15-Jan-75

Ol-Dec-61
Ol-Jun-66
Ol-Jan-60

Ol-May-71
Ol-Jul-58
26-Jan-68

Criticality
Date

16-M-74
25-Mar-76
08-Oct-86
23-Jun-76
14-Apr-88
09-Dec-81
Ol-Sep-84
09-Mar-84
26-Oct-84
2O-N0V-77
15-Jan-88
14-Sep-83

26-May-76
29-Dec-88
22-Sep-68
09-Mar-79
13-Dec-84
08-Jan-72
16-Sep-78
16-Aug-66
15-Dec-73
03-Dec-74
16-Oct-77
22-Jul-79

26-Mar-89
14-Aug-66
14-Oct-69
10-Oct-77
31-Jan-68
Ol-Mar-86
Ol-Sep-65
17-Dec-72
01-Mar-66
13-Sep-83
I3-N0V-6O
20-Oct-71

Grid
Date

25-Aug-74
06-Apr-76
14-Oct-86
13-Jul-76
19-Apr-88
21-Dec-81
04-Sep-84
16-Mar-84
02-NOV-84
03-Dec-77
22-Jan-88
28-Sep-83
03-Jun-76
03-Jan-89
29-Oct-68
07-May-79
17-Dec-84
29-Jan-72
29-Sep-78
17-Dec-67
17-Dec-73
23-Dec-74
24-Oct-77
03-Sep-79
24-Apr-89
Ol-Dec-66
14-Oct-69
09-Apr-78
Ol-Jul-68
14-Mar-86
09-Mar-66
Ol-Jan-73

06-May-66
16-NOV-85
I7-Jun-61
18-Dec-71

Commercial
Date

26-Feb-75
31-Jan-77
22-Dec-86
09-Feb-77
20-Jun-88
17-Jun-82
Ol-Feb-85
19-M-84
18-Jan-85

21-Mar-79
09-Apr-88
28-Mar-84
Ol-Dec-76
15-Apr-89
31-Mar-69
26-Mar-80
17-Apr-85
19-May-72
06-Sep-79
19-May-69
I2-J11I-74
16-Apr-75
01-May-78
Ol-Nov-79
Ol-Nov-89
12-Apr-67
02-Aug-70
03-Mar-79
Ol-Oct-68
Ol-Aug-87
19-Dec-66
Ol-Jan-73
1 l-Oct-66
Ol-Jun-87
Ol-Feb-62
ll-Nov-75

Shutdown
Date

31-Dec-88
14-Feb-90
14-Feb-90
28-Feb-90
22-Jul-90

24-NOV-89
13-Jan-77
20-Apr-71
23-Aug-91
05-Jan-79
09-Sep-88
03-May-84
21-Jul-74
01-Jun-90
20-Apr-88
25-NOV-85
26-Aug-94

Source: IAEA Power Reactor System year-end 2000
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806

Unteityeser
1410

Lingen
268

erg

Grafenrheinfeld
1345

Gundremmingen
250/1344/1344
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Philippsburg
926/14
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Legend

PWR
BWR
FBR
HTR
PTR
SSR

Pressurized Water Reactor
Boiling Water Reactor
Fast Breeder Reactor
High Temperatur Reactor
Pressure Tube Reactor
Superheated Steam-Cooled Reactor

in operation

shut down

d
Numbers indicate Gross Capacity [MWe], 12/2000

FIG. 1. Nuclear Power Plants in Germany
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• Disposal Sites

The underground investigation of the Gorleben salt dome (intended to host a repository for all
types of radioactive waste, mainly for heat-generating radioactive waste originating from reproc-
essing and spent fuel elements) will be postponed up to 10 years at maximum (moratorium). The
German waste management policy will be reconsidered and new criteria for the selection of appro-
priate disposal sites will be established.

The responsible authorities shall conclude the plan approval for Schacht Konrad (radioactive waste
with negligible heat generation) according to the legal provisions.

• Costs

Government and utilities understand that there will be no compensation claims.

• Atomic Act

The Government will propose an amendment to the Atomic Act in accordance with the agreement.

The new German energy policy will not affect Germany's responsibility regarding its interna-
tional obligations and does not reduce the efforts towards nuclear safety, ̂ t least as long as nuclear
power plants will be operating in Germany.

3.4. Organizational Charts

The interaction of the different authorities and organizations involved in the nuclear licensing
procedure is shown in Figure 2. The institutions mentioned are explained in chapter 5.1 in more
detail.

Advisory bodies
RSK
SSK

Authorised experts and
expert organisations
(for example GRS)

General public

1
Authorised experts and

expert organisations
(for example TOY)

*

\

Federal Ministry
for the Environment,

Nature Conservation and
Nuclear Safety

(BMU)

t
Licensing authority

Ministry of the
Land

(federal state)

Licence applicant

Federal Office for
Radiation Protection

(BfS)

Other
federal authorities

Other Land and
subordinate
authorities

Experts for
non-nuclear

topics

FIG. 2. Participants in the Nuclear Licensing Procedure
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3.S. Radioactive Waste Management and Disposal

Since the early sixties, i.e. from the very beginning of use of nuclear energy, the German
radioactive waste disposal policy has been based on the decision that all types of radioactive waste are
to be disposed of in deep geological formations. Realistically, such a decision is only acceptable if a
barrier for radionuclide releases exists which remains effective over the long periods of time which
radionuclides need to decay significantly. Thus, vitrified fission product solution from reprocessing
and spent fuel elements as well as spent sealed radiation sources and miscellaneous waste from small
waste generators are effected by this decision. It also applies to alpha bearing waste originating in
particular from reprocessing facilities, nuclear research facilities or the nuclear fuel cycle industry.
Near-surface disposal or shallow land burial is not practised in Germany because of the high
population density and climatic conditions; furthermore appropriate deep geological formations exist.

Responsibility for the disposal of radioactive waste lies with the Federation, the Bundesamt fur
Strahlenschutz (Federal Office for Radiation Protection) is the legally responsible authority. All other
radioactive waste management, i.e. spent fuel storages, are within the responsibility of the waste
producers. The Lander have to construct and operate regional state collecting facilities for the interim
storage of radioactive waste originating, in particular, from radioactive applications in industry,
universities or medicine.

The disposal of radioactive waste in a final repository is governed by the following regulations:

• Atomgesetz (Atomic Energy Act);

• Strahlenschutzverordnung (Radiation Protection Ordinance);

• Bundesberggesetz (Federal Mining Act);

• Sicherheitskriterien fur die Endlagerung radioaktiver Abfdlle in einem Bergwerk (Safety
Criteria for the Disposal of Radioactive Waste in a Mine);

• Umweltvertraglichkeitsgesetz (Environmental Impact Assessment Act).

The protection objective of disposal of radioactive waste in a repository is laid down in the
Atomic Energy Act and the Radiation Protection Ordinance. The Federal Mining Act regulates all
aspects concerning the operation of a disposal mine. The Safety Criteria specify the measures to be
taken in order to achieve that this objective has been reached. In addition, environmental legislation
must be taken into account, in particular an environmental impact assessment has to be performed.

According to the political aims of the Federal Government being in favour of phasing out the
use of nuclear energy for electricity production, the German radioactive waste management and
disposal programmes are presently re-examined and revised programmes are to be developed. The
new policy will be enforced by changes of the legislative basis, necessary amendments are in
preparation.

4. NUCLEAR POWER INDUSTRY

4.1. Supply of NPPs

No exclusively German supplier of NPPs has remained with the start of the 21 st century. In
2001, the remaining domestic manufacturer Siemens/SNP GmbH merged its nuclear business with
Framatome SA to Framatome ANP (Advanced Nuclear Power). The former nuclear branch of
Siemens, KWU in Erlangen, now acts as an operational center, called Framatome ANP GmbH. The
main activities are Projects and Engineering, Nuclear Services, Nuclear Fuel and Mechanical
Equipment. The second German supplier for NPPs, BBR, meanwhile called Westinghouse Reaktor
GmbH, now concentrates on Nuclear Services.
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4.2. Operation of NPPs

The different companies operating the NPP sites are owned by only few main utilities. Also
these were in a process of concentration within the last years. So Bayernwerk AG and Preussen
Elektra AG came together in the new E.ON Energie AG, also RWE AG and VEW AG merged their
activities in the new RWE AG. Operating personnel is sufficiently supplied at the moment, regularly
retrained for their job at plant specific simulators. But personnel may become a difficult issue due to
the agreement to phase out the use of nuclear power and diminishing interest in a nuclear education in
Germany.

4.3. Fuel Cycle and Waste Management Service Supply

In Germany all facilities necessary for a closed nuclear fuel cycle had been erected: in the
former West Germany a very small uranium mine Ellweiler with yellow cake production, in the
former East Germany the large uranium production facility Wismut, which in the beginning also
supplied uranium to the Soviet Union. Ellweiler has been closed and Wismut - with an accumulated
uranium production as top 3 in the world after the USA and Canada - is being decommissioned.

One fuel fabrication facility is operating in Lingen, the Hanau fuel fabrication facilities are
either being decommissioned or never received an operating license. The enrichment plant of
URENCO extended from a capacity of 400 t/year to 1300 t/year step by step within the last years. It is
also intended to increase the capacity to 4000 t/year, the application was made in 1998.

In Germany there are three central interim storage facilities for spent fuel in operation. The
transport flask store Ahaus (TBLA) serves for the interim storage of irradiated fuel elements, the
transport flask store Gorleben (TBLG) provides both the interim storage of irradiated fuel elements
and the interim storage of vitrified fission products solutions from reprocessing. The interim storage
facility Nord (ZLN) was erected for the storage of spent fuel from decommissioning the NPPs in
Greifswald and Rheinsberg. According to the mentioned agreement between the Federal Government
an the utilities additional applications have been filed to built interim storage facilities and temporary
storage place for spent fuel at the site of nuclear power plants. Now, the licensing procedures are in
progress.

The waste conditioning facility PKA is now completed; a limited operation license to repair
damaged containers was granted by the competent Lander authority in 2000.

The reprocessing test plant WAK is being decommissioned, a facility to vitrify high active
waste concentrate is in the licensing procedure. The project on industrial reprocessing Wackersdorf
has been abandoned in Germany partly due to economic reasons. Therefore, the German utilities have
contracts for reprocessing spent fuel with COGEMA/France and BNFL/UK. But starting from July
2005, the disposal of spent fuels shall be restricted to direct final storage (see Section 3.3).

The repository for low and medium active waste ERAM stopped emplacement on court
decision in 1998. Now the licensing procedure for the decommissioning is in process. Schacht Konrad
is planed for disposal of all types of radioactive waste with negligible heat generation; the licensing
procedure is still in progress. The underground investigation of the Gorleben salt dome (intended to
host a repository for all types of radioactive waste, mainly for heat-generating radioactive waste
originating from reprocessing and spent fuel elements) is postponed since October 2000 up to 10
years at maximum, in accordance to the agreement between the Federal Government and the utility
companies (see Section 3.3).

A selection of services are mentioned in the appendix.
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4.4. Research and Development Activities

Basic nuclear research is supported by BMWi and conducted at several governmental and few
industrial institutions and sometimes, but less and less, at the - former nuclear - research centers (see
Section 3.1). Reactor type development is also covered on Section 3.1. The Gesellschaft fiir Anlagen-
und Reaktorsicherheit (GRS) performs scientific research in the field of nuclear safety mainly under
federal contracts, and assists the Federal Ministry for the Environment, Nature Conservation and
Nuclear Safety (BMU) in technical issues. Also the Federal Government, represented this time by the
two ministries BMWi and BMU, supports national research on direct disposal and final repositories.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

Germany as member of the EU, OECD/NEA, and IAEA supports various international
programmes in nuclear safety and nuclear waste management.

As EU member Germany takes part in the PHEBUS project and in many other European
nuclear research issues. Also Germany participates in the PFLARE and TACIS programs, which are
general projects to support Central Europe and the CIS countries and include the field of nuclear
safety and development.

As NEA member, Germany participates, among other things, in:
• the ICDE project on collection and analysis of data on common cause failure event;
• the HALDEN project on fuel and material issues;
• the SANDIA project on the lower head failure; and in
• the MASCA project on in-vessel phenomena during a servere accident as a follow up of

the RASPLAV project.

In direct international co-operation Germany also supports projects or organizations
respectively, e.g. the MACE/ACEX project on corium spreading and iodine behavior at EPRI/USA.

Framatome ANP GmbH participates in several international R&D Projects, e.g.:

• HALDEN

• PKL3 (OECD)

• PANDA (PSI)

• PHARE/TACIS (EU)

• INPRO (IAEA)

• CAMP (USNRC).

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

In accordance with the federal structure of Germany, its Constitution (Basic Law) bestows upon
the Federal Government the responsibility for legislation and regulation regarding "production and
utilization of nuclear energy for peaceful purposes, construction and operation of facilities serving
such purposes, protection against hazards arising from the release of nuclear energy or ionizing
radiation and disposal of radioactive substances."
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The Atomic Energy Act was promulgated December 23, 1959, right after the Federal Republic
of Germany had officially renounced any use of atomic weapons. Originally - prior to the unification -
its application scope was restricted to the Federal Republic of Germany within the boundaries up to
1990 and to the Land Berlin.

In Germany the legislation and its execution must also take into account any binding
requirement from regulations of the European Union. With respect to radiation protection there are,
e.g., the EURATOM Basic Safety Standards for the protection of the health of workers and the
general public against the dangers arising from ionizing radiation. These were issued on the basis of
Article 30 ff. of the EURATOM Treaty. In accordance with Article 77 ff. of the EURATOM Treaty
any utilization of ores, source material and special fissile material is subject to surveillance by the
European Atomic Energy Community.

With respect to nuclear safety, the Atomic Energy Act is the central core of national regulations
in Germany. Its primary purpose is to protect life, health and property against the hazards of nuclear
energy and the detrimental effects of ionizing radiation and, furthermore, to provide for the
compensation for any damage and injuries incurred. It is supplemented by the Precautionary Radiation
Protection Act, which came about in the wake of the reactor accident at Chernobyl.

These regulations are put into concrete terms by general administrative provisions, by
regulatory guidelines, by safety standards of the Nuclear Safety Standards Commission (KTA), by
recommendations from the Reactor Safety Commission (RSK) and the Commission on Radiological
Protection (SSK) and by conventional technical standards (e.g. DIN). The NUSS Code is not
implemented into national regulations, but national regulations are at least comparable.

According to the Atomic Energy Act, a license is required for the construction, operation or any
other holding of a stationary installation for the production, treatment, processing or fission of nuclear
fuel, or for essentially modifying such installation or its operation. The applicant may only be granted
a license if he meets the individual requirements that are spelled out in Section 7 Atomic Energy Act
as license prerequisites:

• trustworthiness and qualification of the responsible personnel;

• necessary knowledge of the otherwise engaged personnel regarding safe operation of the
installation;

• necessary precautions against damage in the light of the state of the art in science and
technology;

• necessary financial security with respect to legal liability for paying damage
compensation;

• protection against disruptive actions or other interference by third parties;

• consideration of public interests with respect to environmental impacts.

The Radiation Protection Ordinance regulates in a legally binding way the reporting by name of
the responsible persons for the radiation protection of the licensee, the dose limits of radiation
exposure during operating conditions for the personnel engaged at the plant and for the general public.
Furthermore, it contains dose planning values for the design of nuclear power plants against design
basis accidents.

The licensing of nuclear installations lies within the responsibility of the individual Lander,
where different ministries are responsible for licensing of construction, operation, essential
modification and decommissioning of nuclear power plants. For technical matters in the licensing
procedure and the supervision of nuclear facilities, the regulatory authorities of the Lander are
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supported by independent expert organizations, in general the nuclear departments of the Technical
Inspection Agencies (TUV).

The actual details and procedure of licensing are specified in the Nuclear Licensing Procedure
Ordinance. It deals specifically with the application procedure, with the submittal of supporting
documents and with the participation of the general public. It deals, furthermore, with the assessment
of environmental impacts and with the consideration of other licensing requirements (e.g. regarding
the possible release or discharge of non-radioactive pollutants into air or water).

To preserve the legal uniformity for the entire region of the Federal Republic of Germany, the
BMU supervises the licensing and supervisory activities of the Lander authorities (so-called "federal
executive administration"). This also includes the right to issue binding directives.

In performing its federal supervision, the BMU is supported by the Federal Office for Radiation
Protection (BfS) in all matters concerning nuclear safety and radiation protection. The BfS is
responsible - inter alia - for the construction and operation of nuclear waste repositories,
subcontracting for this task with the Deutsche Gesellschaft zum Bau und Betrieb von Endlagern fur
Abfallstoffe mbH (DBE). Further advisory support for the BMU comes from the RSK, the SSK and
the GRS as a central expert organization.

The individual power utilities or their subsidiaries are the license applicants for the
construction and operation of a nuclear power plant. They submit a written license application to the
competent licensing authority of that Land in which they intend to erect the nuclear installation. The
license application is accompanied by documents that are specified by the Nuclear Licensing
Procedure Ordinance as well as in collateral guidelines. An important document is the safety analysis
report which describes the plant, its operation and the related effects, and also includes descriptions of
the design basis accidents as well as the associated precautionary measures. It contains site plans and
overview drawings. In fulfilment of the licensing prerequisites, further documents are submitted. In
addition, with respect to public participation, a brief description of the planned installation is
submitted with the application that includes information on the probable effects on the general public
and environment in the direct vicinity of the installation. A license is also required for the
decommissioning of a nuclear installation and substantial modifications of the plant or its operation.
On the basis of the submitted documents and after having involved all competent institutions and also
the general public, the licensing authority evaluates whether or not the license prerequisites have been
met. Prerequisite for the legality of the decision is that all procedural requirements of the Nuclear
Licensing Procedure Ordinance are fulfilled. Licenses for the operation of nuclear power plants are
issued with no time limitation. Actions against the decision of the licensing authority can be brought
forth in the administrative courts.

Over their entire lifetime, from the start of construction to the end of decommissioning with the
corresponding licenses, nuclear installations are subject to continuous regulatory supervision.
However, the Lander perform this supervisory procedure on behalf of the Federal Government, the
Federal Government supervises the Lander.

As in licensing, the supreme objective of the regulatory supervision of nuclear installations is to
protect the general public and the people engaged in these installations against the hazards connected
with the operation of the installation. Authority officials as well as the authorized experts working on
behalf of the supervisory authority have access to the nuclear installation at all times and are
authorized to perform necessary examinations and to demand pertinent information.

In the case of non-compliance with respect to legal provisions or to requirements of the license
permit and also if it must be suspected that the life, health or property of third parties is endangered,
the competent supervisory authority of the Land is authorized by Section 19 Atomic Energy Act to
issue orders stating:
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• that protective measures must be applied and, if so, which ones;

• that radioactive materials must be stored at a place prescribed by the authority; and

• that the handling of radioactive materials, the construction and operation of nuclear
installations must be interrupted or temporarily or - in case of a revocation of the license
- permanently be suspended.

The high safety standards already applied make it highly improbable that serious damage would
be caused by nuclear power plants. Nevertheless and with due respect to the potential magnitude of
such damage, it has always been an essential licensing prerequisite in Germany that sufficient
financial security is provided for covering possible claims for damage compensation. Current liability
regulations account for the Paris Convention on nuclear liability amended by the Brussels
Supplementary Convention. Both conventions have, in the meantime, been incorporated into the
Atomic Energy Act. The corresponding details are regulated by the Nuclear Financial Security
Ordinance. In Germany this means that the licensees are required to take out liability insurance
policies for a maximum financial sum that is specified in the individual nuclear licensing procedure.
The Federal Government and the Land issuing the license jointly carry an additional indemnity which
may be claimed by the damaged party. Currently, the maximum required financial security from
liability insurances is limited to DM 500 million and that of the additional (federal) indemnity to
twice this amount. With the pending amendment of the Atomic Act, this financial security will be
increased to € 2500 millions.

5.2. Main National Laws and Regulations

• Atomic Energy Act (Gesetz iiber die friedliche Verwendung der Kernenergie und den Schutz
gegen ihre Gefahren - Atomgesetz) of December 23, 1959, as amended and promulgated on
July 15, 1985, last amendment by the act of March 05, 2001

• Precautionary Radiation Protection Act {Gesetz zum vorsorgenden Schutz der Bevolkerung gegen
Strahlenbelastung - Strahlenschutzvorsorgegesetz) of December 19, 1986, last amendment by the
act of June 24, 1994

• Act of the Assessment of Environmental Impacts {Gesetz iiber die Umweltvertrdglichkeits-
prufung) of February 12, 1990, last amendment by the act of August 18, 1997

• Radiation Protection Ordinance {Verordnung iiber den Schutz vor Schdden durch ionisierende
Strahlen - Strahlenschutzverordnung) as promulgated on June 30, 1989, last amendment of
August 18, 1997

• Nuclear Licensing Procedure Ordinance (Verordnung fiber das Verfahren bei der Genehmigung
von Anlagen nach § 7 des Atomgesetzes - Atomrechtliche Verfahrensverordnung) of February 18,
1977, last amendment of February 3, 1995

• Nuclear Financial Security Ordinance {Verordnung iiber die Deckungsvorsorge nach dem
Atomgesetz - Atomrechtliche Deckungsvorsorge-Verordnung) of January 25, 1977, last
amendment by the act of September 25, 1990

• Repository Financing Ordinance {Verordnung iiber Vorausleistungen fiir die Einrichtung von
Anlagen des Bundes zur Sicherstellung und zur Endlagerung radioaktiver Abfdlle - Endlager-
vorausleistungsverordnung) of April 28, 1982, last amendment by the act of September 25, 1990

• Ordinance on the Verification of Trustworthiness {Verordnungfit die Uberprufung der
Zuverldssigkeit zum Schutz gegen Entwendung oder erhebliche Freisetzung radioaktiver Stoffe
nach dem Atomgesetz - Atomrechtliche Zuverldssigkeitsiiberpriifungs-Verordnung) of July 1, 1999

• Nuclear Safety Commissioneer and Reporting Ordinance {Verordnung iiber den kerntechnischen
Sicherheitsbeauftragten und die Meldung von Storfdllen und sonstigen Ereignissen -
Atomrechtliche Sicherheitsbeauftragten- und Meldeverordnung) of October 14, 1992
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• Ordinance on Nuclear Waste Transboundary Movement (Verordnung iiber die Verbringung
radioaktiver Abfdlle in das oder aus dem Bundesgebiet - Atomrechtliche Abfallverbringungs-
verordnung) of July 27, 1998

• X-ray Ordinance (Verordnung iiber den Schutz vor Schdden durch Rontgenstrahlen - Rontgen
Verordnung) of January 8, 1987, last amendment of July 20, 2000

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• NPT related safeguards agreement
INFCIRC/193

• Additional protocol
(GO V/l 998/28)

• Improved procedures for designation
of safeguards

• Agreement on privileges and
immunities; INFCIRC/9/Rev.2

Entry into force:

Signature:

Proposal rejected by
EURATOM but special
procedures agreed upon

Entry into force:

21 February 1977

22 September 1998

letter of 16 February
1989

4 August 1960

MULTILATERAL SAFEGUARDS AGREEMENTS

• Brazil/Germany
INFCIRC/237
application suspended
INFCIRC/237/Add.l

• Spain/Germany
INFCIRC/305

Entry into force:

Entry into force:

Entry into force:

26 February 1976

21 October 1999

29 September 1982

OTHER RELEVANT INTERNATIONAL TREATIES

NPT
INFCIRC/140

EURATOM

Agreement on privileges and
immunities; ENFCIRC/9/Rev.2

Convention on physical protection of
nuclear material; INFCIRC/274/Rev. 1

Convention on early notification of a
nuclear accident; INFCIRC/335

Convention on assistance in the case of

bntry into torce:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

2 May 1975

Member

4 August 1960

6 October 1991

15 October 1989

15 October 1989
a nuclear accident or radiological
emergency; INFCIRC/336

Paris convention on civil liability for
nuclear damage; INFCIRC/402

Entry into force: 30 September 1975
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• Joint protocol

• Protocol to amend the Vienna
convention for civil liability
for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety
INFCIRC/449

• Joint convention on the safety of
spent fuel management and on the
safety of radioactive waste
management

• ZANGGER Committee

• Nuclear Export Guidelines

• Acceptance of NUSS Codes

Nuclear Suppliers Group

Ratified:
Entry into force:

Entry into force

Entry into force:

National regulations are
generally consistent with
codes

13 June 2001
13 September 2001

Not signed

Not signed

20 April 1997

18 June 2001

Member

Adopted

letter of 6 March 1989

Member

BILA TERAL A GREEMENTS CONCERNING THE SAFETY OF NUCLEAR INSTALLA TIONS AND
RADIATION PROTECTION (12/2000)

Agreement with

Argentina

Austria

Belgium

Brazil

Bulgaria

China

Czechoslovakia

Denmark

Finland

Major agreement content

Exchange of information and co-operation

Mutual assistance in case of an emergency

Exchange of information

Mutual assistance in case of an emergency

Co-operation

Exchange of information and co-operation

Exchange of information

Promotion of co-operation

Co-operation

Exchange of information

Mutual information on close border nuclear
installations

Exchange of information

Mutual assistance in case of an emergency
Early notification in case of an emergency and
exchange of information

date signed

8 October 1981

23 December 1988

1 July/3 August 1993

30 November 1982

27 June 1975

10 March 1978

26 March 1993

12 April 1992

09 Mai 1984

30 May 1990

4 July 1977

13 October 1987

17 March 1988

21 December 1992

effective date

8 October 1981

1 October 1992

1 December 1994

1 May 1984

18 November 1975

10 March 1978

28 June 1993

14 June 1993

09 Mai 1984

2 August 1990

30 September 1988

1 August 1988

28 May 1993
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Agreement with

France

Hungary

Japan

Lithuania

Luxembourg

Netherlands

Norway

Poland

Russian
Federation

Spain

Sweden

Switzerland

United Kingdom

Ukraine

USA

Major agreement content

Exchange of information

Mutual assistance in case of an emergency

Exchange of information in case of an
emergency

Exchange of information

Mutual assistance in case of an emergency

Exchange of information

Mutual assistance in case of an emergency

Mutual assistance in case of an emergency

Mutual information on close border nuclear
installations

Exchange of information

Mutual assistance in case of an emergency
Exchange of information

Mutual assistance in case of an emergency

Early information in case of an emergency and
exchange of information

Mutual assistance in case of an emergency

Third party liability

Application of nuclear material

Supply of highly enriched uranium for use in
FRMII
co-operation

Early notification in case of an emergency and
exchange of information

Radiological emergency preparedness

Mutual information on close border nuclear
installations

Third party liability

Mutual assistance in case of an emergency
Exchange of information and co-operation in
drafting safety standards

Exchange of information

Exchange of information and co-operation (until
19 October 2000)

Exchange of information (until 13 December
2000)

date signed

12 January/29 March
1976

3 February 1977
28 January 1981

26 September 1990

9 June 1997

5 July/1 September 1989

15 March 1994

2 March 1978

27 Sept./28 October 1977

21 May 1981

7 June 1988

10 May 1988

10 April 1997

25 October 1988

16 December 1992

8 June 1998

2 June 1998

8 June 1998

23 Nov. 87/14 March 88

25 September 1990

31 May 78/25 July 86

10 August 1982

22 October 1986

28 November 1984

14 March/4 April 1979

10 June 1993

19 October 1995

13 December 1995

effective date

29 March 1976

1 December 1980

6 August 1981

7 February 1991

7 July 1998

1 September 1996

1 December 1981

1 March 1997

30 August 1988

7 July 1998

08 January 1990

11 July 1995

8 June 1998

2 June 1998

13 January 1999

5 December 1990

25 March 1988

19 September 1983

28 June 1988

1 December 1988

4 April 1979

5 November 1993

19 October 1995

13 December 1995
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Appendix 1

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITIES, FEDERATION AND LANDER

Bundesministerium fur Wirtschaft und
Technologie (BMWi)
D-10109 Berlin
www.bmwi.de

Bundesministerium fur Umwelt, Naturschutz
und Reaktorsicherheit (BMU)
Postfach 12 06 29
D-53048 Bonn
www.bmu.de

Bundesministerium fur Bildung und
Forschung (BMBF)
53170 Bonn

Bundesamt fur Strahlenschutz (BfS)
Postfach 10 01 49
D-38201 Salzgitter
www.bfs.de

Bundesanstalt fur Geowissenschaften und
Rohstoffe (BGR)
Postfach510153
D-30631Hannover
www.bgr.de

Physikalisch-Technische Bundesanstalt (PTB)
Postfach 33 45
D-38023 Braunschweig
www.pib.de

Wirtschaftsministerium Baden- Wiirttemberg
Theodor-Heuss-Str. 4
D-70174 Stuttgart
www.baden-wuerttejnberg.de

Ministerium fur Umwelt und Verkehr Baden-
Wiirttemberg
Kernerplatz 9
D-70182 Stuttgart
www, uvmbaden-wuerttemberg. de

Bayerisches Staatsministerium fur Wirtschaft,
Verkehr und Technologie
D-80525 Miinchen
www.stmwft.bavem.de

Bayerisches Staatsministerium fur
Landesentwicklung und Umweltfragen
Postfach 81 01 40
D-81901 Munchen
www, stnilp. bavem.de

Ministerium fur Landwirtschaft, Umweltschutz
und Raumordnung
Postfach 60 11 64
D-14411 Potsdam
www.bra.ndetiburg.de/land/mjur

Senatsverwaltung fur Stadtentwicklung,
Umweltschutz und Technologie
D-10173 Berlin
www, sensut.betlin.de

Senator fur Frauen, Gesundheit, Jugend,
Soziales und Umweltschutz der Freien
Hansestadt Bremen
Postfach 10 78 68, D-28078 Bremen
www.bremen.de

Senator fur Arbeit der Freien Hansestadt
Bremen
Contrescarpe 73
D-28195 Bremen
www.bremen.de

Umweltbehorde der Freien und Hansestadt
Hamburg
Billstr. 84
D-20539 Hamburg
www.hamburg.de/behoerden/umweltbehoerde

Hessisches Ministerium fur Umwelt,
Landwirtschaft und Forsten
Mainzer Str. 80
D-65189 Wiesbaden
www.mulf.hessen.de

Innenministerium Mecklenburg-Vorpommern
D-19048 Schwerin
WAVw.mv-vegierung.de/im
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Wirtschaftsministerium Mecklenburg-
Vorpommern
D-19048 Schwerin
w w w .wtn.m v-regi eriing, de

Niedersächsisches Umweltministerium
Postfach 41 07
D-30041Hannover
www.irm.niedersachsen.de

Ministerium für Wirtschaft und Mittelstand,
Energie und Verkehr des Landes Nordrhein-
Westfalen
D-40190 Düsseldorf
www.nrw.de

Ministerium für Umwelt und Forsten
Postfach 31 60
D-55021 Mainz
www.rhemland~pfalz.de

Ministerium für Umwelt
Postfach 10 24 61
D-66024 Saarbrücken
www.saarland.de

Sächsisches Staatsministerium für Umwelt und
Landwirtschaft
Postfach 10 05 10
D-01075 Dresden
www.sachsen.de

Ministerium für Raumordnung und Umwelt des
Landes Sachsen-Anhalt
Postfach 37 69
D-39012 Magdeburg
www.mu.sachsen-anhalt.de

Ministerium für Finanzen und Energie des
Landes Schleswig-Holstein
Postfach
D-24019 Kiel
www, schies wi g-hoistein. de

Thüringisches Ministerium für Landwirtschaft,
Naturschutz und Umwelt
Postfach 10 03
D-99021 Erfurt
www.thueringen.de/natui:

MAIN POWER UTILITIES

EnBW Energie Baden-Württemberg AG
Postfach 2349
D-76011 Karlsruhe
www.enbw.de

E.ON Energie AG
Brienner Straße 40
80333 München
www. eon-energi e .de

Hamburgische Electricitätswerke AG (HEW)
Überseering 12
D-22297 Hamburg
www.hew.de

RWE Energie AG
Opernplatz 5
D-45128 Essen
www.rwe.de

MANUFACTURER, SERVICESAND OTHER NUCLEAR ORGANIZATIONS

Advanced Nuclear Fuels GmbH (ANF)
Postfach 14 65
D-49784 Lingen

Babcock Noell Nuclear GmbH
Alfred-Nobel-Straße 20
D-97080 Würzburg
www.babcoçkborsi gpower.de

Brennelementlager Gorleben GmbH (BLG)
Lüchower Str. 8
D-29475 Gorleben

Brennelement-Zwischenlager
Ahaus GmbH (BZA)
Ammeln 59
D-48683 Ahaus

Brenk-Systemplammg
Ingenieurbüro für wissenschaftlich
technischen Umweltschutz (BS)
Heider-Hof-Weg 23
D-52080 Aachen-Verlautenheide
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Canberra-Packard GmbH
Robert-Bosch-Str. 32
D-63303 Dreieich
www.canberra.de

DBE mbH
Endlager für radioaktive Abfalle Morsleben
(ERAM)
Am Schacht 105
D-39343 Morsleben
www.dbe.de

Deutsche Gesellschaft zum Bau und Betrieb von
Endlagern für Abfallstoffe mbH (DBE)
Postfach 11 69
D-31201 Peine
www.dbe.de

Deutsche Kernreaktor-
Versicherungsgemeinschaft (DVKG)
Postfach 52 01 29
D-50959 Köln

Deutsches Atomforum e.V. (DAtF)
Tulpenfeld 10
D-53113 Bonn
www.atomforuni.de

Electrowatt Engineering Mannheim GmbH
Mallaustraße 59
D-68219 Mannheim

Fichtner GmbH & Co. KG
Postfach 10 14 54
D-70013 Stuttgart
www.fichtner.de

Framatome-ANP GmbH
Postfach 32 20
D-91050 Erlangen
www.frameatome-anp.com

Gesellschaft für Anlagen- und Reaktorsicherheit
mbH (GRS)
Society for Reactor Safety
Schwertnergasse 1
D-50667 Köln
www.grs.de

Gesellschaft zur Zwischenlagerung schwach-
und mittelradioaktiver Abfälle mbH (GZA)
Postfach 20 05 53
D-80005 München

GNB Gesellschaft für Nuklear-Behälter mbH
Postfach 10 12 53
D-45012 Essen
www.gnb-nuklearbehaelter.de

GNS Gesellschaft für Nuklear-Service mbH
Postfach 10 12 53
D-45012 Essen
www.gns.de

Hansa Projekt Anlagentechnik GmbH
Tarpenring 6
D-22419 Hamburg
www .hansa-proj ekt. de-

Kerntechnische Gesellschaft
http://hbksunl7.fzk.de:8080/KTG/

Kerntechnischer Ausschuß (KTA)
Geschäftsstelle im BfS
Postfach 10 01 49
D-38201 Salzgitter'
www.kta-gs.de

Kerntechnischer Hilfsdienst GmbH
Am Schröcker Tor 1
D-76344 Eggenstein-Leopoldshafen
www.khgmbh.de

Kernwasser Wunderland Freizeitpark GmbH
GrietherStr. 110-1120
D-47546 Kaikar
www.hospital Ity.n 1

Kraftanlagen Nukleartechnik GmbH (KNT)
Postfach 10 32 24
D-69022 Heidelberg
www.nukteartech.nik.de

Kraftwerks-Simulator-Gesellschaft mbH (KSG)
Gesellschaft für Simulatorschulung mbH (GfS)
Postfach 15 02 51
D-45242 Essen

KSB Armaturen GmbH & Co. KG
Bahnhofsplatz 1
D-91257Pegnitz
www.ksb.de

NIS Ingenieurgesellschaft mbH
Donaustr. 23
D-63452 Hanau
www.nuk.eiri.de
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NTL Nukleare Transportleistungen GmbH
Postfach 110050
D-63434 Hanau

Nuclear Cargo + Service GmbH (NCS)
Rodenbacher Chaussee 6
63434 Hanau

NUKEM Nuklear GmbH
Industriestr. 13
D-63754 Alzenau
www.nukem.de

Siemens Nuclear Power Generation (SNPG)
http://www.pg,sieme.ns.coiTi//ea/index.cfin

Siempelkamp Nukleartechnik (SNT)
Postfach 2570
D-47725 Krefeld
www.siempelkaiTLp.de

SINA Industrieservice GmbH & Co. KG
Postfach 449
D-75104 Pforzheim
www.sina.de

Steag Energie- und Kerntechnik GmbH
Rüttenscheider Straße 1-3
D-45128 Essen
www.steag.de

Sulzer Pumpen GmbH
Postfach 30 28
D-76642 Bruchsal
www.sinzer-weise.de

TÜV Nord Gruppe
Postfach 54 02 20
D-22502 Hamburg
www, tuev-nord. de

Verband der Elektrizitätswirtsschaft e.V.
(VDEW)
D-60591 Frankfurt/Main
www.strom.de

VGB Power Tech e.V.
Postfach 10 39 32
D-45039 Essen
www.vgb-power.cie

Urangesellschaft mbH (UG)
Postfach 90 04 28
D-60444 Frankfurt am Main

Urenco Deutschland GmbH
Postfach 14 11
D-52409 Jülich
www.iir.enco. com

Westinghouse Reaktor GmbH
Dudenstraße 44
68167 Mannheim
www.westirtghouse.de

Wismut GmbH
Postfach 30 03 52
D-09034 Chemnitz
www.wismut.de

Wissenschaftlich-Technische Ingenieurberatung
GmbH (WTI)
Karl-Heinz-Beckurts-Straße 8
52478 Jülich

Wiederaufarbeitungsanlage Karlsruhe (WAK)
Betriebsgesellschaft mbH
Postfach 1263
76339 Eggenstein-Leopoldshafen
www.wak-karlsruhe.de

TÜV Süddeutschland
Postfach 21 04 20
D-80674 München
www.tuevs.de

NUCLEAR RESEARCH INSTITUTES

Forschungszentrum Jülich
www.kfa-j uelich.de/

Forschungszentrum Karlsruhe GmbH
www.fzk.de/

Global High-Temperature Gas-Cooled Reactor
R&D Network (GHTRN)
www-is.ike.uni-stuttgart.de/ghtrn/

Hahn-Meitner-Institut Berlin (HMI)
www.hmi.de/
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Hermann von Helmholtz-Gemeinschaft
Deutscher Forschungszentren:
www.helmholtz. de/

OTHER RESEARCH INSTITUTES

Ångströmquelle Karlsruhe (ANKA):
www.fzk.de/anka/

Berliner Elektronenspeicherring-Gesellschaft
für Synchrotronstrahlung m.b.H. (BESSY)
www.bessy.de/

DESY (electron synchotron, Germany)
www.desy.de/

Dortmunder Elektronen Testspeicherring
Anlage (DELTA)
http ://pr ian.physik. uni-dortmund. de/

Electron Stretcher Accelerator (ELSA):

http://www.-elsa.physik.uni-bonn.de/

UNIVERSITIES

Bonn University
(Friedrich-Wilhelms-Universität)
http://www.uTii-bon.ii.de/
Dortmund University
http://www.um-dortmund.de/UmDo/

Technical University Darmstadt
Institute for Laser and Plasma Physics
http://www.physik.th-darmstadt.de/lpp/

OTHER ORGANIZATIONS

FIZ Karlsruhe
www.fiz-karlsruhe.de/

GENIOS Wirtschaftsdatenbanken

Max-Planck-Institut für Kernphysik
Heidelberg, Germany
www.mpi-hd.mpg.de/

Gesellschaft für Schwerionenforschung
(GSI, Darmstadt)
http://www.gsi.de/

Institut für Experimentelle Kernphysik
Universität Karlsruhe
http://www-ekp.physik.imi-karisrahe,de/

Max Planck Institute for Plasma Physics
Greifswald branch
http://wwvvjpp.mpg.de/ipp/greifswald.htmî

Max-Planck-Institut für Plasmaphysik Garching,
Germany
http://www.ipp.mpg.de/ipp/ipp.eng.html

University of Greifswald
Institute for Physics
http://www.physik,uni-greifswald.de/

University of Heidelberg - Faculty of Physics:
http://www.physi.uni-heidelberg.de/
University of Stuttgart
http://www.uni-stuttgart.de/

Seismograms of Nuclear Explosions
Federal Institute for Geosciences and Natural
Resources, Germany
http://www-
seismo.hannover.bgr..de/nuc|mg/nuctest.htinl

International Solar Energy Society (ISES)
htrp.7/www.ises.ofg/
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HUNGARY1

1. GENERAL INFORMATION

1.1. General overview

Hungary is a landlocked central European country. It has borders with Austria, Slovakia,
Ukraine, Romania, Yugoslavia, Croatia and Slovenia. It is strategically located astride main land
routes between Western Europe and the Balkan peninsula as well as between Ukraine and the
Mediterranean basin. Most of Hungary is a fertile, tolling plain lying east of the Danube River and
drained by the Danube and Tisza rivers. In the extreme Northwest is the Little Hungarian Plain. South
of that area is Lake Balaton (648 km2). Hungary covers an area of 93,032 square kilometres.

Hungary is a Republic. The National Assembly, consisting of 386 members elected to four-year
terms, is the legislative body. The National Assembly elects the President. At present, the
representatives of six political parties are the members of the National Assembly. The last election
was in May 1998, the next one will be in 2002.

Hungary has a continental climate with Mediterranean and Atlantic influences with humid
winters and warm summers. The average temperature in January is 2°C (28°F) and in July 23°C
(73°F).

In 2000, there lived about 10 million people in the country, in fact, as much as during the mid-
sixties, and the population density is 108 inhabitants per square kilometre. The long-term population
curve - reflecting losses of war periods and of the 1956 crisis - was increasing up to 1980, and then it
showed a downward trend. The rate of population decrease has been accelerating. The population
decreased in every region of Hungary in particular in Budapest (Table 1).

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

10.0
107
43

93.0

1970

10.3
111
49

1980

10.7
115
57

1990

10.4
111
62

1997

10.2
109
66

1998

10.1
109
64

1999

10.1
108
64

2000

10.0
107

N/A

Growth
rate (%)

1980
to

2000
-0.4

Source: IAEA Energy and Economic Database; Data & Statistics/The World Bank.

1.2. Economic Indicators

Hungary is still in the midst of a difficult transition from a centralized to a market economy. Its
economic reforms during the communist era gave a head start on this process, particularly in terms of
attracting foreign investors. Although, the privatization process has lagged. Overall, about half of
Gross Domestic Product (GDP) now originates in the private sector.

In international terms, Hungary has a relatively limited economic potential with a sensitive
foreign economy. Based on its GDP, Hungary is ranked as a relatively small unit in the world
economy; greatly dependent on international developments as well as on external development
conditions. The Hungarian economy has undergone a dramatic transformation since 1995 and as a
result the gross domestic product per employed person shows continuous improvement in the course
of the past four years. The economy began to pick up in 1997. In 1998, the economic growth was even

1 The Hungarian profile has been updated by the Secretariat, mainly by replacing the statistical information in the
Tables with EEDB and World Bank data and updating the international agreements in Section 5.3.
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higher than expected: the Gross Domestic Product (GDP) increased by 5 percent compared with 1997.
There was a dynamic growth in export and industrial production, 12.6 %, and 28.9% respectively
while unemployment rate slightly decreased (7.8 % in 1998). In 1998, the level of labour productivity
exceeded 12% that of 1997. The improvement of the equilibrium of the economy was due to the
decrease of inflation ( about 14%) and the increase of internal consumption has slowed down, as well.
This was the second year that economic revival was not accompanied by worsening of the external
financial equilibrium. In 1999, the GDP at market prices increased by 4.5 % to 48,400 million US$
(Table 2). This compares favourably with other eastern European countries, but is significantly lower
than other European countries at similar levels of development such as Greece and Portugal.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (current million US$)
GDP growth (annual %)
GDP by Sector (%):

Agriculture, value added
Industry, value added
Services, etc., value added

1995

44,700
1.49

7.06
32.29
60.65

1996

45,200
1.34

6.89
31.7

61.41

1997

45,700
4.57

6.09
33.76
60.15

1998

47,000
4.86

5.7
33.73
60.57

1999

48,400
4.49

N/A
N/A
N/A

Source: Data & Statistics/The World Bank.

1.3. Energy Situation

Hungary has various energy resources, but mainly coal and lignite (Table 3). Coal mining has
been in a critical situation for a long time. Difficult geological conditions, poor heating value and low
quality of Hungarian lignites, together with the current low prices of the other energy sources, have
resulted in a declining annual production. In recent years, Hungary produced about 20-22 million
tonnes of coal, including 5-6 million tonnes of poor quality lignite. Hungary is a producer of crude oil.
The present production of approximately 2 million tons/year covers less than a quarter of the national
demand and is decreasing. About 6 billion m3/year of natural gases are produced in Hungary, covering
roughly half of the total demand. Gas production is also decreasing. The mining of uranium began in
Hungary in the 1950s. Under a special arrangement, the total production was exported to the former
USSR and hence did not play a role in the national energy balance. Hungary has 100 m tons of
economically recoverable known reserves of hard coal, with total reserves in situ amounting to 714 m
tons. Reserves of lower-rank coal are much larger. However, the low average calorific value, the high
sulphur contents, and the high production costs limit both the extent of recovery and the specific
fields of utilization. Many mines are uneconomical and need considerable investment to exploit
deeper seams. Oil reserves are put at 58m tons. Gas reserves are estimated to be about 113 billion m3.
Hungary's only uranium ore mine, located in the south of the country, was the primary source of
Hungarian nuclear power plant. As production costs are above world prices, the mine closed down in
1997.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

49.13

Liquid

0.34

Gas

0.84

Uranium'1^

0.22

Hydro (2)

0.67

Exajoule

Total

51.20
(1) This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

The share of domestic energy resources in energy production in 1993 was 24% for nuclear,
31% for coal, 16% for oil and 29% for gas. The basic energy statistics are given in Table 4. The share
of the final energy consumption by sector in 1993 was 38.2% in industry, 34.8% in household and
26.9% in others.
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Domestic production of fuels decreased by about 6% between 1995-97. In 1997, 55% of fuels
was of import origin. Within the fuels, the share of natural gas has been increasing from about 30 %
in the early nineties to 36% in 1997. The share of crude oil and crude oil products increased up to the
mid-nineties (35-36%) then it started to decrease and it was 33% in 1997. Consumption of all kinds of
coal and other solid fuels gradually declined (from 20% to 15 % in 1997). The role of nuclear energy
did not change considerably in recent years, it covered 12% of the total energy consumption. Imported
electric energy provides 2% of the fuels.

In 1998, Hungary produced about 14.6 million tonnes of coal, including 7.6 million tonnes of
poor quality lignite. Hungary is a producer of crude oil. The production in 1998 was 1.26 million
tons/year covers 16% of the national demand and is decreasing. In 1998, about 3.87 billion m3/year of
natural gases are produced in Hungary, covering roughly a quarter of the total demand. Gas
production is also decreasing.

TABLE 4. BASIC ENERGY SITUATION

Energy consumption
- Total(1)

- Solids(2)

- Liquids
- Gases
- Primary electricity<3)

Energy production

- Total
- Solids
- Liquids
- Gases
- Primary electricity(3)

Net import (Import - Export)

- Total
- Solids
- Liquids
- Gases

1960

0.53
0.39
0.12
0.02
0.01

0.38
0.32
0.05
0.01

0.15
0.08
0.06
0.01

1970

0.94
0.52
0.26
0.13
0.03

0.64
0.43
0.09
0.12

0.27
0.09
0.17
0.01

1980

1.29
0.40
0.45
0.36
0.07

0.67
0.31
0.12
0.24

0.56
0.09
0.33
0.14

1990

1.20
0.24
0.35
0.37
0.23

0.58
0.19
0.10
0.16
0.13

0.54
0.04
0.28
0.22

1999

1.15
0.19
0.34
0.49
0.14

0.53
0.15
0.11
0.13
0.14

0.68
0.03
0.26
0.38

2000

1.17
0.18
0.34
0.51
0.14

0.52
0.15
0.11
0.12
0.14

0.74
0.03
0.27
0.44

Exajoule
Average annual
growth i
1960
to

1980

4.49
0.08
7.03

15.45
13.18

2.81
-0.07
4.10

15.66
0.88

6.96
0.84
8.64

15.64

•ate (%)
1980
to

2000

-0.48
-3.78
-1.48
1.71
3.23

-1.26
-3.57
-0.42
-3.31
27.46

1.36
-5.44
-1.11
5.91

(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2) Solid fuels include coal, lignite and commercial wood.
t3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database.

1.4. Energy Policy

The main strategic goals of the Hungarian energy policy, as of 1994, are:

i) exemption of the unilateral import-dependency of the country;

ii) restraint of the environmental damages of energetics;
iii) helping of thrift and more efficient consuming;
iv) extension of social-acceptance system;
v) flexible system-development;
vi) creating of the development sources (capital investment).
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The major Hungarian energy policy directives approved by the Parliament are the following:

• maintaining and increasing energy supply stability;
• increasing energy efficiency and the role of energy conservation thereby improving the

competitiveness of the Hungarian economy;
• establishing a market conforming organizational, economic and legal background;
• enforcing environmental protection aspects;
• promoting European integration in the energy sector.

Since its approval in 1993, certain parts of the directives and strategic objectives have already
been implemented and others are currently under way. Just to point out some of the most important
results one should mention the increase of storage capacity for oil, the construction of a new gas
transmission pipeline between Austria and Hungary, the plan for building secondary reserve capacity
in connection with our joining the electric energy system of Western Europe (UCPTE). New
relationships have set the ground for establishing the conditions for integration. Hungary joined the
OECD in 1996. It advances the efforts and provides additional means of helping the Hungarian
economy.

Based on the new government programme the Ministry of Economic Affairs has started to
elaborate a document entitled "Basic Principles of State Energy Policy and a New Business Model".
This document maintains the main objectives of the 1993 resolution but reflects on the new ownership
situation after the privatization, the EU liberalization directives, and EU accession in the near future,
and sets out practical approaches to accomplish the required adaptation, including responsibilities and
deadlines. Associated with the application process for membership of the EU, Hungary has addressed
most of the issues in the energy chapter of the EC questionnaire

2. ELECTRICITY SECTOR

2.1 Structure of the Electricity Sector

The Hungarian national utility, the Hungarian Power Company Ltd. (MVM Rt.), is owned by
State Asset Management Ltd. (AV Rt.) (99,82%) and by local municipalities 0,18%. The AV Rt. is
responsible for the long-term strategic asset administration, maintenance of the state majority (50%+1
vote) and implementation of the national asset policy guidelines (value based sale of shares). The
MVM Rt. is responsible for wholesale trading, imports/exports, the basic network, system dispatching
and system development. There are four different company groups in the ownership structure
belonging to MVM Rt., AV Rt. and the local municipalities:

- Power Plant Ltd;
- Power Plant Ltd with coal mines;
- Distribution LTD's;
- National Grid Operating Company.

The national grid is a part of the former Comecon power system, with 750 kV and 400 kV
international interconnection lines with neighbouring countries. Hungary has only limited island
operation with Austria, which is synchronized with the Western European grid of the Union for Co-
ordination Production and Transport of Electric Energy (UCPTE)

During 1999, the Hungarian government would be making a decision on the privatization of the
electricity sector which implies that the above mentioned will be subject to changes in the near future.
During the nineties a major privatization has taken place in the Hungarian electric energy sector as
well. The majority shares of the six power electric power distribution companies and six gas
distribution companies as well as two power generating companies have been sold to foreign strategic
investors. The privatization of five coal fired power generating companies has been decided while no
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final decision has been taken on the privatization of the Hungarian Power Companies Ltd. (MVM
Rt), the owner of the national long distance grid with the maintenance company (OVIT Rt.) and of
the Paks NPP.

To comply with the EU Directive 96192 for the internal market of electricity, the Hungarian
electricity market needs to undergo some more structural change if effective competition is to be
introduced. The legal environment should also be changed. As a first step the Act on Electricity of
1994 should be amended by the mid of 2000.

2.2. Decision Making Process

Based on the demand forecasts and system development plan prepared by MVM any possible
modifications made to it by the Hungarian Energy Office (MEH), the Minister of Economy submits a
power plant establishment plan to the Government and to Parliament every two years. Should there be
applicants who propose power plants in accordance with this plan the MEH can grant a preliminary
license for power plant establishment. If there are no suitable applications, MVM issues a tender in
close operation with MEH and the Minister. The winner of the bidding process is to be determined on
a competitive basis in order to ensure the new capacity is soured at least cost. According to the
legislation in force, the approval of the Government or the Parliament is needed for the establishment
of power plants above 200 MW capacity. Between 200 and 600 MW capacity, it is the right of the
Government to give the approval, while above 600 MW capacity, the Parliament has to approve it.
Nuclear power plants should be approved by the Parliament independently of their capacity.

2.3. Main Indicators

At the end of 2000, the total installed capacity was 7,020 MW(e) of which 74% fossil fired,
25% nuclear and 0.7% hydro. The nuclear share in total electric power generation was 36%, fossil
64% and hydro 0.4%. Of total electricity consumption, about 2% was imported and 1.5% provided by
autoproducers. Table 5 shows the historical electricity production and installed capacity data and
Table 6 the energy related ratios.

TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)

- Total(1)

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GWe)

-Total
- Thermal
-Hydro
- Nuclear

1960

7.62
7.52
0.09

1.47
1.45
0.02

1970

14.54
14.45
0.09

2.48
2.46
0.02

1980

23.88
23.76
0.11

4.98
4.93
0.05

1990

28.41
15.34
0.18

12.89

6.60
4.80
0.05
1.76

1999

38.17
23.92
0.16

14.10

7.02
5.22
0.05
1.76

2000

39.29
24.96

0.16
14.18

7.02
5.22
0.05
1.76

Average annual
growth i
1960
to

1980

5.88
5.92
0.88

6.31
6.33
4.52

•ate (%)

1980
to

2000

2.52
0.24
1.73

1.73
0.28
0.21

(l) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

The first Hungarian reactor was built for research purposes at Csilleberc on the outskirts of
Budapest in 1959. The reactor, of soviet origin and refurbished by Hungarian experts after 30 years of
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operation, was put into operation again by the Nuclear Energy Research Institute in 1993. In 1966, it
was decided to construct a larger nuclear power plant in Hungary. The decision taken concerned two
WWER-440 type, 230 model, reactors. The construction work started in 1968, but was interrupted in
1970 because, at that time, the oil-fired stations were considered to be more economic. The actual
construction work started after the oil crisis in 1975. The final decision included four second
generation reactors, i.e. WWERs-440/213, instead of the two 230 model reactors, all to be part of one
nuclear power plant. The plant is located about 5 km south of the town Paks, on the right bank of the
river Danube. Since 1987, these four reactors have been generating electricity to the Hungarian
electric energy system. The installed capacity of the reactors was 4 times 440 MW(e). As a result of
modifications, the electrical output was increased by 20 MW(e) at the same nominal capacity of the
reactors. At present, the total gross capacity per unit is 460 MW(e), hence the total power of the plant
is 1,840 MW(e).

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kW-h/capita)

Electricity production/Energy production (%)

Nuclear/Total electricity (%)

Ratio of external dependency (%) (1)

Load factor of electricity plants

- Total (%)
- Thermal
- Hydro
- Nuclear

1960

54

817

19

27

59
59
56

1970

91

1,598

20

29

67
67
50

1980

120

2,736

32

44

55
55
28

1990

115

3,569

43

50

45

49
36
42
84

1999

114

3,523

64

40

59

62
52
37
92

2000

116

3,584

67

39

63

64
55
38
92

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Database.

In 1986, a preliminary decision was made by the government to continue the nuclear power
programme by extending the Paks site with two further Soviet PWRs, of 1,000 MW(e) each. Under a
very different economic environment, the project was cancelled in 1989. Reasons for this cancellation
were amongst others, a lower demand growth forecast and problems in providing the funds for such a
large project.

3.2. Status and Trends of Nuclear Power

As mentioned above there is only one nuclear power plant in operation with four WWER
reactors. Both the technical as well as the economic experience with the Paks plant have been so far
very satisfactory. The plant runs in base load and sells electricity to MVM under a long-term contract.
Paks NPP continued to operate reliably throughout the year. The average load factor has remained
fairly constant for several years and is above the international average. Table 7 shows the status of the
nuclear reactors. The nuclear electricity generation was about 14.72 TW-h in 2000 and the nuclear
electricity share in electricity generation was 42.2%.

3.3. Current Policy Issues

There has not been made any decision on new power plant construction for base load mode
operation, so no provisions have been made to start a new nuclear power project in the near future. On
a long-term basis, nuclear power and, to a limited extend, domestic coal are the only alternatives for
electricity supply. As a former communist-controlled country, the public involvement in nuclear
power development has been minimal, i.e. there is not much experience with public acceptance.
Hungary is studying the experience of various western utilities. However, it is clear that Hungary
must develop its own policy, tailored to the needs of the Hungarian society, but using western
experience and support. The Paks NPP should take an active role according to the established
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traditions in other fields such as judgement of the nuclear industry, the degree of the public
acceptance; general safety upgrading efforts and implementation of new nuclear power plants.

TABLE 7. STATUS OF NUCLEAR POWER PLANTS

Station

PAKS-1
PAKS-2
PAKS-3
PAKS-4

Type

WWER
WWER
WWER
WWER

Net
Capacity

437
441
433
444

Operator

PAKS RT.
PAKS RT.
PAKS RT.
PAKS RT.

Status

Operational
Operational
Operational
Operational

Reactor
Supplier

AEE
AEE
AEE
AEE

Station

PAKS-1
PAKS-2
PAKS-3
PAKS-4

Construction
Date

Ol-Aug-74
Ol-Aug-74
Ol-Oct-79
Ol-Oct-79

Criticality
Date

14-Dec-82
26-Aug-84
15-Sept-86
09-Aug-87

Grid
Date

28-Dec-82
06-Sept-84
28-Sept-86
16-Aug-87

Commercial
Date

10-Aug-83
14-Nov-84
Ol-Dec-86
Ol-Nov-87

Shutdown
Date

Source: IAEA Power Reactor Information System as of 31 December 2000.

The future of nuclear power in Hungary remains open. There is no referendum, Government or
Parliament decision against nuclear power, hi fact, the Paks Power Plant Co. sees a future for nuclear
power in Hungary and submitted a bid in MVM's capacity tendering round in 1998. The bid proposed
three alternatives for a new nuclear power plant of around 700 MW to come into operation by 2006.
The alternatives were a Westinghouse pressurized water reactor (AP-600), a Canadian Candu-6
reactor, and a WWER-640 supplied by Atomstroexport of Russia with Siemens participation. None of
the three bids were accepted by MVM. This was partly due to that fact that they were all submitted
after the 9 October 1998 deadline.

Following a comprehensive technical and economical review in 2000, a decision has now
been taken to extend the operating licence for the four Paks units. The review concluded that there is
no technical barrier or safety limit that may restrict the operation of the Paks nuclear power plant for
up to 50 years. A preparatory project was launched in October 2001, with a view to drafting and
introducing a comprehensive lifetime management programme, and to preparing the necessary
licensing documents for the lifetime extension by year 2007. This comes on top of existing plans for
an 8% increase in total electrical output.

3.4. Organizational Chart

The structure of the Hungarian nuclear energy sector is shown in Figure 1.

4. NUCLEAR POWER INDUSTRY

The Hungarian Atomic Energy Commission (HAEC) is responsible for policy making in
nuclear energy, R&D in nuclear safety, international relations (such as IAEA), bilateral and
multilateral agreements, public information, nuclear safety inspectorate, nuclear export/import,
safeguards, accountancy of radioactive materials and co-ordination of regulatory activities. The main
responsibilities of the Hungarian Energy Office are the following:

i) licensing of the electric power production, supply and distribution;
ii) quality control of the services and the satisfaction of the consumer needs;
iii) consumer protection.

The office sets the electric energy prices and tariffs to be paid by the different consumers.
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The Hungarian Power Companies Ltd. (MVM Rt.) is responsible for the overall electricity
production. The Power Engineering and Contracting Co. (EROTERV) is the Hungarian construction
and engineering company most involved in nuclear power development in Hungary.

The Power Engineering and Contractor Co. (ETV-EROTERV Co., Budapest) works on the
field of design, construction, commissioning and operating management of nuclear facilities. Its
activities include waste management (treatment, storage and disposal).

The Institute for Electrical Power Research (VEIKI) performs all kind of research related to the
electric power production. It includes both the conventional and nuclear energy production. The
Institute performs also safety analyses of nuclear power plants, PSA and severe accidents, noise
analysis, etc.

The Institute of Isotopes is responsible for the production of radioisotope sources for industrial,
medical and research purposes. The Institute for Isotope and Surface Chemistry (MTA IKI) of the
Hungarian Academy of Sciences performs a wide variety of research related to the use of radioactive
materials and nuclear techniques, among them a research and development programme for nuclear
safeguards. They provide the expert support and the laboratory backgrounds for the HAEA.

The Central Research Institute for Physics (KFKI) operates a 10 MW(e) reactor and a critical
assembly for research purposes and is performing R&D in the field of nuclear measurement and
process control technology.

The Atomic Energy Research Institute (KFK AEKI, Budapest) of the Hungarian Academy of
Sciences operates the 1 0 MW Budapest Research Reactor. It is active in several fields of nuclear
technology such as reactor physics, thermal-hydraulics, health physics, simulator techniques, reactor
chemistry.

The Institute of Nuclear Research (ATOMKI, Debrecen) of the Hungarian Academy of
Sciences operates a 20 MV cyclotron and a 5 MV Van de Graaff accelerator, and is active on several
fields of nuclear physics and nuclear techniques.

The Technical University of Budapest is operating a nuclear training reactor.

The Frederic Joliot-Curie National Research Institute for Radiobiology and Radiohygiene
provides expert advice and technical assistance to the Ministry of Public Welfare.

Institute for Radiobiology and Radiohygiene (OSSKI, Budapest) performs a wide spectrum of
research including the biological effects of radiation and radioisotopes, radiohygiene (operational and
environmental), sterilization, detoxification etc.

The Ministry of Public Welfare is taking a role in the licensing procedure and is the agency
responsible for health protection rules in relation to nuclear power plant operations. The State Public
Health and Medical Officer Service is responsible for the collection, treatment, and storage of solid
and liquid radioactive wastes.

The Ministry for the Environmental and Regional Policy is responsible for establishing air and
water quality standards, limits in radioactive releases from nuclear facilities, as well as for controlling
the releases at the facilities to the environment.

4.1. Supply of NPPs

There are no NPP suppliers in the country, the main components of the Paks NPP were made
abroad, (i.e. in Russia and Czech Republic). The main constructor was AEE (Atomenergoexport) and
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the main architect ERBE -EROTERV (Hungary).

The main component suppliers are:

reactor system
reactor vessel
fuel
steam raising
turbine
generator

AEE/SSSR
Skoda
AEE
AEE
AEE
GANZ

The manufacture of many components of the Russian-designed WWERs was done in the
former COMECON countries under a multilateral agreement.

4.2. Operation of NPPs

The Paks NPP is owned by the Hungarian Power Companies Ltd (50%), State Asset
Management Ltd. (49%) and local municipalities (1%). Operation and maintenance is performed by
Paks Nuclear Power Ltd. (PARt). In the past, the operator's training was done in Greifswald and in
Novovoronezh, but nowadays Paks NPP has a full-scope simulator at the on-site training centre.

The four units of Paks NPP are equipped with all engineered safety systems, similar to the
Western PWRs of the same vintage, including confinement of special pressure suppression system.
Due to the conservative design, there are several safety merits of these reactors, which have been
proved by the outstanding operational records of the plant. The four units achieved a load factor
ranging from 80.4% and 94.1% in 2000. The nuclear electricity generation was 14.72 TW-h in 2000
and the nuclear electricity share in electricity generation was 42.2%.

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

4.3.1. Fuel Cycle

Hungary has 20,000 metric tons of exploitable uranium resources and 10,000 metric tons of
additional reserves. There are three areas in Hungary where uranium occurrences are known, but only
one region in Mecsek Mountains has been exploited. Hungary was mining uranium ore, which was
processed to yellowcake at Mecsek and then shipped to Russia. Fuel cycle services were guaranteed
by the former USSR when Hungary purchased Soviet reactors including the fabrication of fuel
assemblies, the shipping of the fabricated fuel assemblies to Hungary, and the return of spent fuel to
the former USSR. Hungary does not have other fuel cycle capabilities such as fuel conversion,
enrichment, and fabrication.

There are no reprocessing capabilities in Hungary, and no plans to develop any. Hungarian
spent fuel has been reprocessed in Russia and the recovered plutonium does not have to be returned
to Hungary. Hungary has at present no plans for recycling plutonium as fuel.

A new fuel management strategy was initiated in 1993 and completed in 1995. The strategy
includes the creation of the conditions for purchasing nuclear fuel from second supplier and the
preparatory work for the use of a new type of Russian fuel assembly with profiled enrichment to
allow changeover to 4 year's fuel cycle. The first Russian produced profiled fuel, with a mean
enrichment of 3.82%, was loaded into reactor 3 during 2000.

4.3.2. Spent Fuel

The Hungarian policy on spent fuel storage is to store the spent fuel in the pools at the Paks
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reactor site for 5 years and then transport the spent fuel to the former USSR under an existing
agreement. In spring 1992, the Russian parliament passed an environmental law forbidding the import
of foreign spent fuel. However, Paks was able to send a few spent fuel shipments up until February
1995.

The Hungarian Atomic Energy Commission issued a license on 4 February 1995 to the
Hungarian Power Companies Ltd. for the construction of a spent fuel interim dry storage facility at
the Paks site. The Paks NPP management has already chosen GEC Alsthom's modular dry storage
technology. In an agreement last year with the Paks local government, Paks NPP guaranteed that no
spent fuel would be placed in the dry storage facility as long as the Russians accepted the spent fuel.
The dry storage facility is designed to hold fuel for 50 years and should be commissioned in 1996.

According to the Hungarian-Soviet Inter-Governmental Agreement on Co-operation in the
Construction of the Paks Nuclear Power Plant, concluded on 28 December 1966, and the Protocol
concluded on 1 April 1994 attached to such Agreement, the Soviet and/or Russian party undertakes to
accept spent fuel elements from the Paks nuclear power plant in such a manner that the radioactive
waste materials and other by-products arising from the treatment of such fuel is not returned to
Hungary. Until 1992 return of the spent fuel elements was conducted without problems, under
conditions which were very favourable for Hungary, but which nevertheless deviated from normal
international practice. Following the collapse of the Soviet Union however, this method of returning
waste became less and less reliable. For this reason and in the interests of ensuring operation of the
power plant, it became necessary to find an interim solution (50 years) for the storage of spent fuel
units.

The Interim Storage Facility for Spent Fuel constructed at the Paks nuclear power plant is a
modular system dry-storage facility designed by the English company GEC Alsthom. The advantage
of the modular system is that the modules can be built at different times and handled separately from
one another. The first section of the facility consisting of three modules was put into operation in
1997 and has a capacity of 1350 fuel element units. This section was approximately 90% full by the
end of 1998.

Expansion of the interim storage facility is now underway, in accordance with the increased
requirements, and the expanded facility will have capacity for storage of another 1800 units. The
investment is being carried out over a two-year period (1998-1999) and will be put into operation in
2000.

4.3.3. Waste Management

Hungary producers radioactive waste from the Paks nuclear reactors - (non-disposable in the
existing off-site repository) and from medical and industrial nuclear activities (disposable in the
existing off-site repository). The strategy on LLW/ILW disposal in Hungary is that these wastes will
be buried in cemented form in steel drums in a shallow-ground disposal site, maintained for 600
years. Since 1986, ILW/LLW from the Paks nuclear power station has been stored at Paks, due to
public opposition to its continued burial at the existing disposal site at Puspokszilagy. Public
opposition also prevented disposal of Paks-generated ILW/LLW at the alternative site at Ofalu. Until
this situation is resolved, DLW/LLW generated at Paks is cemented and stored on-site at Paks.

In the past activities related to the disposal of radioactive waste were conducted within the
framework of the State budget for waste not originating from the power generation industry, while
the Paksi Atomer6mG Rt. was responsible financing the disposal of waste from the nuclear power
plant. As of 1 January 1998 the Atomic Energy Act established the Central Nuclear Financial Fund
based on the payments of parties using nuclear energy. The goal of this Fund is to attend to the
storage of radioactive waste, interim storage and final disposal of spent fuel, and to finance the
decommissioning (dismantling) of nuclear facilities.
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Pursuant to the Act on Atomic Energy, a body designated by the Government shall be
responsible for attending to the duties related to the treatment of radioactive waste and the
decommissioning of nuclear facilities. Based on the authorization of the Government, the HAEA has
established the Public Agency for Radioactive Waste Management (PURAM) for this purpose.

In accordance with the relevant Government Decree and Resolution, the Public Agency for
Radioactive Waste Management attends to the planning, construction and treatment duties associated
with the storage and disposal of radioactive waste and spent fuel elements. It is also responsible for
activities related to the decommissioning of nuclear facilities, as well as for the operation of the
Piispokszilagy Disposal Site (PDS) and the Interim Storage Facility for Spent Fuel (ISFS) located at
the Paks nuclear power plant. Its duties include preparation of the annual, intermediate and long-
range plans for the Central Nuclear Financial Fund.

In accordance with international expectations activities are underway at various levels in
Hungary in the field of the safe treatment and disposal of radioactive waste and spent fuel in the
frame of a national programme started already in 1993. The focus of this programme is the selection
of a site for the storage of low and intermediate-level radioactive waste.

4.4. Research and Development Activities

The Technical Support Organizations (TSOs) of the nuclear safety authority are the KFKI
Atomic Energy Research Institute (AEKI) and the Nuclear Power Division of the VEIKI Institute for
Electric Power Research Co. (VEIKI). The research activities of both institutes are strongly related to
nuclear safety problems. While they serve as TSO for the authority they are solving various principal
and actual problems for the Paks NPP, too.

The experimental activities of AEKI were oriented partly towards thermohydraulic
measurements on the PMK-2 integral facility (simulation of primary to secondary leak via the
collector cover, natural circulation in shut-down conditions) and partly towards severe accident
modelling at the CODEX facility (air ingress phenomena). The thermohydraulic phenomena are
interesting from the point of view of WER-type reactors, while the air ingress process is of general
interest. These experiments were carried out in various PHARE projects and a part of them was
financed by the National Commission for Technological Development.

An extensive code simulation study of diluted boron slug formation and its reactivity
consequences was finished, pointing out the very low probability of this type of accidents at the Paks
NPP. The project participants were AEA Technology, AEKI and VEIKI. In other PHARE projects
VEIKI and the Western partners dealt with severe accident consequences. AEKI completed the
development of the KIK03D and ATHLET codes for coupled neutronic and thermohydraulical safety
analysis calculations.

The Hungarian Atomic Energy Authority continued the financing of various R & D projects.
VEIKI performed a detailed precursor analysis based on Paks NPP data and developed a risk
supervisory system. AEKI continued the development of the software basis for the emergency
response centre CERTA.

Finally, it is worth to mention the very promising co-operation between the Haiden Reactor
Project, Paks NPP Co. and AEKI aiming at the development of a Critical Safety Function Monitoring
System. This system will be used in connection with the new symptom oriented EOPs. The project is
carried out as a part of the plant computer reconstruction, but the co-operation itself is organized
under the umbrella of OECD NEA.

The research institutes intend to participate in the 5th EU Framework Programme. They
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received a lot of invitation to various consortia, but it is too early to evaluate the potential Hungarian
participation in the EURATOM projects.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

A four-year safety project with a 7 million US$ budget has just started at the Paks NPP. The
project is partly funded by the US Government and the PHARE assistance programme of the
European Commission, with the IAEA providing technical assistance. The project will establish a
maintenance training centre, introduce international training techniques and help to enhance safety at
the plant.

An operator reliability experiment project is carried out with participants from the Institute for
Electrical Power Research (VEIKI), EPRI and Paks NPP. The project is supported by the US
Government.

Hungary maintains wide ranging relations with various international and national nuclear
organizations, professional bodies, institutes, nuclear power plants abroad, companies involved in the
design, manufacture and implementation of nuclear facilities and research institutes.

The Hungarian Atomic Energy Authority (Authority) is authorized counterpart of International
Atomic Energy Agency (IAEA) and of the OECD Nuclear Energy Agency (NEA) and co-ordinates
the Hungarian participation in their activity.

The Authority has signed mutual information exchange agreements with the counterpart
organization of Canada, France, Romania, United Kingdom and the United States of America. It
maintains close professional relations with the authorities of other countries operating WWER
reactors and with the authorities of Belgium and Spain. Hungary has benefited from the technical co-
operation programmes of the IAEA and from several projects of the European Union's PHARE
programme. As a result of the international assistance two major facilities have been established in
recent years: the Maintenance Training Centre of the Paks NPP and the CERTA Centre of the
Authority for emergency response, training and analysis. Both projects received assistance from the
IAEA and from the PHARE programme as well.

The Authority takes an active part in the work of the "CONCERT" group and in the Forum of
the authorities of countries operating WWER reactors.

The Paks NPP is member of the World Association of Nuclear Power Plant Operators
(WANO), the WWER-440 operator's club, the WWER user's group, the International Nuclear Safety
Programme (the so called Lisbon Initiative), NUMEX (Nuclear Maintenance Experience Exchange)
and NMAC (Nuclear Maintenance Applications Centre).

These relations serve to interchange knowledge and experience and are the main guarantee of
maintaining and increasing nuclear safety.

The fact that Hungarian experts are held internationally in high esteem is demonstrated by their
taking active role in several committees, with many of them being board members of international
organizations or invited as experts.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and Licensing Process

The Hungarian Atomic Energy Commission (HAEC) is an organization on the level of
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ministries lead by a minister without portfolio. The HAEC became independent from the Ministry of
Industry and Trade in 1990. Formerly, regulation and production functions were both under the same
Ministry authority. HAEC manages most of the nuclear aspects, which are related to international
relations, preparation for legislation, internal relations, nuclear regulatory and licensing activities.

The Nuclear Safety Inspectorate (NSI) and the Nuclear Safety Supreme Inspectorate (NSSI),
i.e., the authorities of the first and second level respectively, work under HAEC. The license holder
can appeal to NSSI against any decision of NSI.

A general development of regulation and licensing procedures is in progress. The Atomic
Energy Act and the Guides of Nuclear Regulations (GNR) give only general principles to licensing
procedures (at present these reports on nuclear regulation are being updated). The detailed licensing
procedures will be described in the Quality Assurance Manual (QAM). QAM is being developed at
present and will contain the operating rules and other activities of HAEC.

There are two types of licensing procedures. Nuclear safety licenses are required for nuclear
facilities for the following phases: selection of the site, construction, commissioning, operation,
modification and decommissioning of the facility. Nuclear safety licenses for nuclear equipment and
devices are required for their fabrication, import, installation, commissioning and operation,
modification or reconstruction, reparation and removal.

The licensing of a nuclear facility is performed step by step. It means that the whole process of
licensing consists of subsequent licensing procedures according to the mentioned phases. The
sequence of phases is fixed and the licensing procedure of a phase may not be started before
completing the previous one. The licensing procedures are similar for different nuclear facilities, but
every type of nuclear facility requires a set of special directives.

The Act on Atomic Energy defines the role of the Hungarian Atomic Energy Commission
(hereafter referred to as Commission) and the Hungarian Atomic Energy Authority (hereafter referred
to as Authority). The Commission consists of senior representatives of the ministries and
governmental organs having regulatory responsibilities in the use of atomic energy. The Commission
itself does not have regulatory function or operative tasks, its main function is co-ordination and
supervising. The President of the Commission is appointed by the Prime Minister. For the time being
the President is the Minister of Economy, who performs this task on behalf of the Government,
independently of his ministerial responsibilities.

The Hungarian Atomic Energy Authority is the nuclear safety regulatory body of the country
and the main counterpart for IAEA. The Hungarian Atomic Energy Authority is an authority and, as
such, it co-ordinates or performs the particular regulatory tasks necessary to ensure the safe
application of nuclear energy. It is an independent administrative body operating through its Nuclear
Safety Directorate, under the supervision of the Government. The Authority's scope of responsibility
covers not only nuclear safety licensing of nuclear facilities and of their systems, structures and
components, but also safety assessment and review of Licensee's reports as well as inspection
including enforcement actions, like withdrawing operational licence and it may impose penalties on
the licensee.

In addition, the Authority operates the nuclear safeguards system. It is responsible also for
recording and supervision of radioactive material, licenses the package and transport of radioactive
substances as well as gives licence for nuclear export-import activities. The General Nuclear
Directorate of the Authority is responsible for these activities.

As far as general radiation protection is concerned, the Act on Atomic Energy allocates
regulatory, official and professional administrative tasks to several ministries. The regulation of
radiation protection directly affecting humans beings is the duty of the Ministry of Health, the
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technical side of radiation protection in nuclear facilities is the task of the Hungarian Atomic Energy
Authority. The issue of releases and thus protection of the environment concerns the Ministry for
Environmental Protection, while tasks related to the radioactivity of the soil and the vegetation
belong to the scope of responsibilities of the Ministry of Agriculture and Regional Development. The
new regulation of radiation protection is under preparation, it will be based on ICRP 60.

5.2. Main National Laws and Regulations

5.2.1. List of the essential legal laws and decrees regulating nuclear power in Hungary

• Decree of the Ministry of Heavy Industry 5/1979. (111.31) on Technical Safety Questions of the
Nuclear Power Station.

The Annex of Decree contains the following:

- Technical safety regulation of the nuclear power plant;
- Quality proving regulation of the nuclear power plant;
- Technical safety regulation of the pressure vessels of the nuclear power reactors;
- Stability calculating regulation of the pressure vessels of the nuclear power reactors;
- Welding regulation of the structures of the nuclear power plant;
- Control regulation of the welding of the structures of the nuclear power plant;
- Electric and technical safety regulations of the nuclear power plant;
- Regulation of handling radioactive wastes arising in the nuclear power plant.

• The Act on Nuclear Energy, Law No. 1/1980, and its associated Executive Order was passed by
the Parliament in 1980 and established the legal basis for nuclear energy and the nuclear fuel
cycle and confirmed previous laws. The nuclear regulatory tasks are carried out under the
Ministry of Industry (formerly the Ministry of Heavy Industry) Decree 5/1979, which deals
primarily with the safety aspects of nuclear plants and delegates nuclear regulatory authority to
the state Supervisory of Energetics and Energy Safety.

The Act on Nuclear Energy provides that:

- Nuclear energy is to be used in a manner prescribed by law;
- Nuclear energy applications are subject to regular State surveillance;
- License is required for construction, commissioning, operation, alternation, and

decommissioning of nuclear power plants;
- The licensing authority is required to enforce the provision of the Act on Nuclear

Energy;
- The Act also defines that compensation payments for nuclear accident damage shall

be the responsibility of the State and voids any other legal provisions, which exclude
or limit liability.

• Law Decree No. 15 of 1987 amended the Act I.
• Governmental Decree 104/1990 (XII.15.) on the tasks and competency of the Hungarian Atomic

Energy Commission and Hungarian Atomic Energy Office. The nuclear regulatory and licensing
activity came to the authority of the Hungarian Atomic Energy Commission.

• Decree of Minister without Department 1/1990. (XII.25.) on fixing the fees of official procedures
concerning nuclear facilities

• Decree of Minister without Department in 1993 on the Safety Technical Regulation of the
nuclear facilities. It updated the decree from 1979 extending nuclear regulations to the whole
nuclear technology that is to zero power and research reactors and other nuclear facilities too.
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5.2.2. The mechanisms in place for financing decommissioning and waste disposal

No nuclear facilities in Hungary have reached the stage of decommissioning and no policy has
been decided on this topic yet. Waste management and disposal activities are mainly regulated by the
Act I. 1/1980 as amended by the Decrees of Legal Force (DLF) No.1987. Act I. 1/1980 states the
responsibilities of the various ministries involved in the regulatory and licensing processes for
nuclear facilities. The Departmental Order No. 7/1988, issued by the Ministry of Public Welfare,
contains some stipulations concerning the radiation protection requirements for the final disposal of
radioactive wastes. Some other aspects, such as the shielding and packing of radioactive materials,
transportation are also recovered by Departmental Orders. In 1990, the Hungarian Atomic Energy
Commission was charged with the responsibility for evaluating and proposing a more comprehensive
basis for nuclear legislation. This process may lead to a revised law. This law incorporate provisions
and will address such issues as financing, long-term responsibilities for waste management, siting
procedures, etc. The creation of a fund for financing the future costs of radioactive waste
management is foreseen.

The legal regime applicable to nuclear activities in Hungary was previously set down in the
Atomic Energy Act of 1980. Political, economic and social changes that took place in Hungary urged
the promulgation of a new Act on Atomic Energy to reform the regulating framework. Following
several years of preparatory work, the Hungarian Parliament approved the new Act on Atomic
Energy in December 1996 [(Act No. CXVI. of 1996 on nuclear energy), which entered into force on
1 June 19971. The aim of the Act is not only to modernize Hungarian nuclear law, but also to
harmonize Hungarian national law with ional treaties to which Hungary is a party. The main
characteristics of the Atomic Act (1996) and the changes compared to previous regulations are as
follows:

• exclusive state ownership of nuclear installations and radioactive substances was terminated;
• the authority for facility-level licensing of nuclear installations was entrusted to the HAEA;
• declaration of the priority of nuclear safety;
• definition and allocation of the tasks of ministries, national authorities and bodies of competence

in licensing and supervising procedures;
• prescription of the organizational and financial independence of the Authority;
• utilization of human resources, education and research and development;
• it defines the responsibility of the Licensee for all damage caused by the use of nuclear energy,

and the sum of indemnity in accordance with those undertaken by Hungary in the context of the
Vienna Convention;

• it entitles the Authority to impose fines should rules be broken;
• prescribes the establishment of a Central Nuclear Financial Fund for financing the final disposal

of radioactive waste, the interim storage and final disposal of irradiated fuel elements and the
decommissioning of nuclear installations;

• establishes new principles on informing the public;
• gives requirements of a new concept regarding emergency preparedness and accident prevention.

To implement the requirements of the Act, many executive orders are necessary among them 8
governmental orders and 12 ministerial decrees are already in force and are still in preparation. As a
result, a new and comprehensive regulatory framework has been developed and entered into force in
Hungary.

One of the most important governmental orders is No.10811997(V1.25.) that contains the tasks
and responsibilities of the nuclear safety authority and, as an Appendix, it contains mandatory safety
standards in five volumes as follows:

1. Regulatory procedures for NPPs;
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2. Quality assurance requirements for NPPs;
3. General requirements for the design of NPPs;
4. Operational safety requirements of NPPs;
5. Nuclear safety requirements for small reactors.

The Director General of the Authority has been entitled to issue guides concerning the actual
implementation of the safety requirements. 33 Guides have been issued so far and further 27 are
expected to come into force by the end of 1999.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• Agreement on privileges and
immunities

• NPT related agreement
INFCIRC/174

• Additional Protocol

• Agreement concerning provision of
a dose assurance service by IAEA
to irradiation facilities in its Member States

• Supplementary agreement on provision
of technical assistance by the IAEA

MAIN INTERNATIONAL TREATIES

• NPT

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

• Vienna convention on civil
liability for nuclear damage

• Paris convention on third party
liability in the field of nuclear energy

• Joint protocol relating to the
application of the Vienna and Paris
conventions

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Not applicable

Entry into force:

14 July 1967

30 March 1972

4 April 2000

4 November 1985

12 June 1989

27 May 1969

8 February 1987

10 April 1987

10 April 1987

28 October 1989

27 April 1992
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• Protocol to amend the Vienna
convention on civil liability
for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of spent
fuel management and on the safety of
radioactive waste management

Signature:

Not signed

Entry into force:

Entry into force:

29 September 1997

OTHER RELEVANT INTERNATIONAL TREATIES

Treaty banning nuclear weapon
testing in the atmosphere, in
outer space and under water

Treaty of the prohibition of the
emplacement of nuclear weapons
and other weapons of mass destruction
on the seabed and the ocean floor
and in the subsoil thereof

• Standard agreements concerning
technical assistance to Hungary

BILA TERAL A GREEMENTS

• Agreement for Co-operation in the
Peaceful Uses of Nuclear Energy
Parties: Hungary/Canada

Entry into force:

Entry into force:

ZANGGER Committee

Improved procedures for designation
of safeguards inspectors

Nuclear Export Guidelines

Acceptance of NUSS Codes

Nuclear Suppliers Group

Member

Accepted:

Adopted

Accepted

Member

Parties:

24 October 1996

18 June 2001

5 August 1963

13 August 1971

9 May 1988

United Nations Organization
International Labour Organization
Food and Agriculture Organization of the UN
International Civil Aviation Organization
World Health Organization
International Telecommunications Union
International Atomic Energy Agency

Entry into force: 27 November 1987
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• Agreement on the regulation of matters
of mutual interest related to the nuclear
facilities
Parties: Hungary/Austria

• Agreement on the regulation of matters
of mutual interest related to exchange
of information and co-operation in the field
of nuclear safety and radiation protection
Parties: Hungary/Germany

• Agreement on exchange of information and
co-operation in the field of nuclear safety
and radiation protection
Parties: Hungary/Czech Republic

• Agreement on exchange of information and
co-operation in the field of nuclear safety
and radiation protection
Parties: Hungary/Slovak Republic

• Agreement for Co-operation in the
Peaceful Uses of Nuclear Energy
Parties: Hungary/USA

• Agreement for the early exchange of
information in the event of a
radiological emergency
Parties: Hungary/Slovenia

• Agreement on early notification
of nuclear accidents
Parties: Hungary/Romania

• Agreement on early notification of nuclear
accidents, on exchange of information and
co-operation in the field of nuclear safety
and radiation protection
Parties: Hungary/Ukraine

• Agreement for the early exchange of
information in the event of a
radiological emergency
Parties: Hungary/Croatia

Entry into force:

Entry into force:

25 August 1987

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Signature:

7 February 1991

15 May 1991

15 May 1991

13 February 1992

15 February 1996

24 February 1998

25 February 1999
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES INVOLVED
IN NUCLEAR POWER RELATED ACTIVITIES

NA TIONAL A TOMIC ENERGY A UTHORITY

Hungarian Atomic Energy Authority
P.O. Box 676
H-1539 Budapest 114
Hungary

General Nuclear Directorate

Nuclear Safety Directorate

Nuclear Emergency Preparedness GC (NEP)

NUCLEAR RESEARCH INSTITUTES

Atomic Energy Research Institute of the
Hungarian Academy of Sciences
KFKIAEKI
P.O. Box 49
1525 Budapest

Institute for Isotope and Surface Chemistry
of the Hungarian Academy of Sciences
P.O. Box 77
1525 Budapest

Campus Research Institutes - Budapest (KFKI)

Institute of Nuclear Research - Debrecen
of the Hungarian Academy of Sciences

Institute for Electrical Power Research
VEIKI
P.O.Box 801251 Budapest

"Fodor Jozsef' National Public Health Centre,
"Frederic Joliot-Curie" National Research
Institute for Radiobiology and Radiohygiene
P.O.Box 101, 1775 Budapest

OTHER NUCLEAR ORGANIZATIONS

http://www.haea.gov.hii/eng1isMndex.html

Tel: (361)355 97 64
Fax: (361)375 74 02

Tel: (361) 355 05 28
Fax: (361) 355 15 91

http:/7www.bik.hu/engiish/Index.htm

Tel: (361)395-9220
Fax: (361)395-9293
http://www.kfki.hu/~aekihp/

Tel: (361)395-9220
Fax: (361)395-9274
http://www.iki.kfki.hu/

http://www.kfki.lm-'

http://wvyqv.atomk.i.hu/

Tel: (361)457-8220
Fax: (361)457-8253

Tel: (361)229-1944
Fax:(361)229-1931

3://www.osski .hu/

Paks Nuclear Power Plant
P.O. Box 71
7031 Paks

Tel: (3675)311222
Fax: (3675)
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ETV-EROTERV-RT
P.O.Box 111
1450 Budapest

Hungarian Academy of Sciences

Hungarian Nuclear Society

Roland Eotvos Physical Society

RMKI Department of Plasma Physics

UNIVERSITIES

Eotvos Lorand University of Sciences

Technical University of Budapest
Institute of Nuclear Techniques
Muegyetem Rkp. 9
1521 Budapest

OTHER ORGANIZATIONS

National Szechenyi Library
(National Library of Hungary)

National Technical Information Centre and Library

Tel: (361)215-6810
Fax: (361)218-5585

http ://www.mta. hu/

http://www.kfki.hii/~hnucsoc/'

http://ww\v.kfki.hti/~elfthp/

http://www.nnki.kfki. hu/plasma

://www.e3te. hu/

Tel: (361)463-2523
Fax: (361)463-1954
http:/Avww.bme.hu/

http://www.oszk.hit/

http://www.oinikk.hu/omikk/ciniiap.htm
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INDIA

1. GENERAL INFORMATION

1.1. General Overview

India occupies a strategic position in Asia with a distinct geographical identity. Bounded by the
Great Himalayas in the north, it stretches south wards and at Tropic of Cancer, tapers off into the
Indian Ocean between the Bay of Bengal on the east and Arabian Sea on the west. India has seven
major physiographic regions: Northern Mountains viz. the Himalayas; The Indo Gangetic Plain;
Central Highlands; Peninsular Plateau; East Coast; West Coast; Bordering Seas; and Islands. Major
part of the land surface is plateau.

There are a number of rivers flowing in the country i.e. Himalayan rivers, Peninsular rivers,
coastal rivers and rivers of Inland Basin. India gets its rains from the south west monsoon during the
months of June to September, and north west monsoon during October to December. The rainfall
varies in wide degrees in different parts of India. The tropic of cancer passes through the middle part
of India. The climate may be broadly described as tropical monsoon type. There are four seasons i.e.
(i). Winter (January-February); (ii) Hot weather summer (March-May); (iii) Rainy south west
monsoon (June-September) (iv) Post monsoon also known as north east monsoon in the southern
peninsula (October-December).

India became an independent nation on the 15th August 1947. It became a Republic on 26th

January 1950 and the Constitution of India came into force. India is a Sovereign, Socialist, Secular,
Democratic republic with a parliamentary system of Government sustained by a well-developed
electoral process. India is a federal polity with a Central Government, 28 State Governments, a
National Capital Territory and 6 Union Territories. Ever since its independence till date, the country
has achieved significant progress in various sectors such as agriculture, industry, power, science and
technology, and services.

According to 2001 census, India's population is 1027 million (provisional). The estimated
growth of population from 1991 to 2001 is at an annual rate of about 2.1% (see Table 1). The installed
power generating capacity (Utilities) as of March 2001 was 101,150 MW(e) with about 71.2%
contributed by fossil thermal power. In order to meet the growing demand for electricity, significant
electricity generation capacity addition is necessary for which various measures are being taken.

TABLE 1. POPULATION INFORMATION

Population (millions)

Population density (inh./km2)**

Urban Population as % of total

1961

439

134

18

Area (1000 km2) 3287.3

1971

548

167

20

1981

683

208

23

1991

846

257

26

1996

940

286

27.1

1997

955

291

N/A

1998

972

295

27.8

1999

998

336

28.1

2000

1000

342

28.4

2001

1027

324

N/A

Growth*
rate (%)

1991
to

2001

2.1

2.1

*Calculated approximate annual growth rate (compound)
**Calculated figures rounded off
Note: The population figures for 1961 to 2001 are by census. The population figures for 1996, 97 and 98 are estimated mid
year population (As on 1st July). The population figures for 1999 and 2000 are from World Bank Website.
Source: Statistical Abstract India 1998, Central Statistical Organization, Department of Statistics and Programme
Implementation, Government of India, Census of India 2001; Data & Statistics/The World Bank
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1.2. Economic Indicators

The GDP grew in real terms at an annual rate of about 5.3% during the period 1980 to 1993.
Due to wide ranging economic reforms the annual GDP growth in real terms were 7.8%, 7.6% and
7.8% during 1994, 95 and 96 respectively. During 1997, the real GDP growth declined to 5%.
However with a significant turnaround the growth rates of 6.8% and 6.4% were recorded during the
financial years 1998-1999 and 1999-2000 respectively. The historical GDP data are given in Table 2.

TABLE 2. GROSS DOMESTIC

GDP (1)

GDP (2)

GDP (3) per capita
GDP by sector (%):

- Agriculture
- Industry
- Services

1970

57,600
109,430

105

45
22
33

PRODUCT (GDP)

1980

172,370
146,760

251

38
26
36

1990

298,330
259,210

351

31
29
40

1996

359,720
359,030

380

27
30
43

1997

381,570
377,810

396

25
30
45

1998

383,429
N/A
391

25
30
45

1999

447,300
N/A
448.4

27.7
26.3
46.0

Growth
rate (%)

1980
to

1999
8.4
-

4.1

-1.4
0.06
1.46

( l ) Millions of current US$
(2> Millions of constant 1995 US$
(3) Current US$ per capita
Source: Data & Statistics/The World Bank)

1.3. Energy Situation

The energy resources are unevenly distributed in the country and are mainly used for power
generation. Table 3 shows the overall energy reserves and Table 4 the basic energy situation.

Based on a systematic survey carried out, the hydro electric potential in the country is estimated
at 600 BkW-h (billion kilowatt-hour) i.e. 84,044 MW(e) (at 60% L.F.). Out of the total potential
available, only about 1/4"1 has either been developed or is being developed. More than 70% of the total
hydro potential in the country is located in the northern and northeastern regions put together.

Coal, oil, natural gas and lignite are used for thermal power generation. The geological reserves
of coal are estimated to be about 205 billion tonnes and proven mineable reserves are 75 billion
tonnes. Eastern region accounts for about 70% of the coal resources. Lignite reserves suitable for
power generation are estimated at 27.45 billion tonnes and are already being exploited for this purpose
in Tamil Nadu and Gujarat. Recoverable reserves of crude oil are placed at 750 million tonnes and
natural gas at 692 billion cubic meters.

TABLE 3. ESTIMATED ENERGY RESERVES
Exajoule

Total amount in place

Total amount in place( j)

Solid

1182.02

1260

Liquid

30.74

32.13

Gas

31.51

26.6

Uranium(1)

N/A

-

Hydro (2)

254.30

84 GW<4)

Total

1498.57

-

^' This total represents essentially recoverable reserves.
(2)For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross
theoretical annual capability (World Energy Council - 1998) by a factor of 10.
(3)R.B. Grover, Nuclear Energy: Emerging Trends, Current Science, vol.78, no.10, 25 May 2000; [Calorific
Value of (i) Coal = 4,000 kcal/kg, (ii) Oil = 10,200 kcal/kg & (iii) Gas = 9,150 kcal/m3].
(4) At 60% load factor.
Source: IAEA Energy and Economic Data Base.
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Uranium reserves in the country are estimated at about 92,000 tonnes-U3O8. One of the largest
resources of thorium in the world is contained in monazite deposits in India mainly along the Indian
seacoast. The thorium deposits are estimated at about 590,000 tonnes ThO2.

The estimated potential for non-conventional renewable energy resources are 20,000 MW from
wind energy, 10,000 MW from small hydro power, 50,000 MW from ocean thermal and 17,000 MW
from bio-mass. This is in addition to potential for solar energy, biogas plants and efficient wood
stoves.

TABLE 4. ENERGY STATISTICS
Exajoule

Energy consumption

- Total(1)

- Solids<2>

- Liquids

- Gases
- Primary electricity^'

Energy production

- T o t a l

- Solids
- Liquids

- Gases

- Primary electricity*3'

Net import (import - export)
- Total
- Solids

- Liquids

- Gases

1960

1.43
1.07

0.29
N/A

0.026

1.20

1.10
0.02

N/A
0.026

0.26

-0.03

0.29
N/A

1970

4.15

3.10

0.77
0.02

0.092

3.74

3.17

0.29
0.02

0.092

0.50

-0.01
0.51

N/A

1980

6.62

4.78

1.31
0.05

0.17

5.61

4.69
0.39

0.05
0.17

0.97

0.01

0.96
N/A

1990

11.25
7.74

2.37

0.39
0.23

10.09

7.53
1.43

0.39
0.23

1.22

0.15

1.07
N/A

1999

17.30
11.01

4.20
1.14
0.93

14.21

10.54

1.60
1.14

0.93

3.19

0.56
2.62

2000<4>

18.22
11.41

4.48

1.33
0.98

14.84

10.89
1.64

1.33

0.99

3.55
0.67

2.88

2000 (5)

16.20

10.61
4.24

1.00
0.35

13.21

10.27
1.59

1.00

0.35

2.65
-

2.65
0.002

Averagt3 annual
growth rate (%)

1960
to

1980

7.94

7.75

7.91

9.65

8.03

7.51
16.36

9.65

6.76

6.57
6.17

-

1980
to

2000

5.19

4.45
6.33

17.74
3.67

4.99

4.31

7.40
17.74

3.71

6.70
25.40

5.62

-
m Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2) Solid fuels include coal, lignite and commercial wood.
w Primary electricity = Hydro + Geothermal + Nuclear + Wind.
(4) Extrapolated.
(5) Provisional) Annual Conference of Indian Nuclear Society, on "Power in the New Millennium-Plans & Strategies", 31
August - 2 September 1999, p l44 , Mumbai 400085, India.
Source: IAEA Energy and Economic Data Base.

1.4. Energy Policy

The Energy Policy of the Government of India aims at ensuring in a judicious manner adequate
energy supplies at an optimum cost, achieving self sufficiency in energy supplies and protecting the
environment from the adverse impact of utilizing energy resources. The main elements of the Energy
Policy are:
• Accelerated exploitation of domestic conventional energy sources, viz. coal, hydro, oil/gas and

nuclear power;
• Energy conservation and Management with a view to increasing energy productivity;
• Optimizing the utilization of existing capacity in the country;
• Development and exploitation of renewable sources of energy to meet the energy requirement

of rural communities;
• Intensification of research and development activities in the field of new and renewable energy

sources;
• Organization of training for the personnel engaged at various levels in the energy sector.
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2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

The structure of the electricity sector derives its character and composition from the Indian
constitution and is defined by the following Acts:

• Indian Electricity Act of 1910 legislates over the supply and use of electrical energy in India. It
regulates license procedures for electricity undertakings. It prescribes requirements for
execution of works and delivering of the supplies. It regulates relations between licensees and
consumers. The Act empowers the Government to intervene in cases where a licensee fails to
comply with safety requirements prescribed under the Act.

• Indian Electricity (Supply) Act of 1948 was enacted in order to secure a fully coordinated
development of electricity on a regional basis. This act provides for (i) rationalization of
production and supply of electricity; (ii) taking measures conducive to electrical development,
i.e., to operate as a "Grid System"; and (iii) matters incidental thereto. The Act enables
constitution of the Central Electricity Authority and semi autonomous bodies like State
Electricity Boards, to uniformly organize and develop the Grid System.

• Electricity Regulatory Commission Act, 1998 has been enacted with a view to providing for
establishment of Central Electricity Regulatory Commission and State Electricity Regulatory
Commissions, rationalization of electricity tariffs, transparent policies regarding subsidies,
promotion of efficient and environmentally benign policies and for matters connected therewith
and incidental to.

The Ministry of Power, Government of India (GOI), is responsible for the administration of the
above Acts and to undertake such amendments to these Acts, as may be necessary from time to time,
in conformity with the policy objectives of GOI.

Electricity is a concurrent subject as per the Constitution of India. The responsibility for electric
power production and supply is vested mainly in both the Central and the State Governments. The
electricity generating companies in the Central Sector are:

• The National Thermal Power Corporation (NTPC) responsible for construction and operation of
fossil thermal power plants in the various power regions under the administrative control of
Ministry of Power;

• The National Hydroelectric Power Corporation (NHPC) responsible for establishing and
operating regional hydroelectric power plants under the administrative control of Ministry of
Power;

• North Eastern Electric Power Corporation (NEEPCO) responsible for establishing and operating
thermal and hydro power plants in the North Eastern Region under the administrative control of
Ministry of Power;

• Neyveli Lignite Corporation (NLC) responsible for establishing and operating thermal power
plants based on lignite reserves at Neyveli in the Southern region, under the administrative
control of Ministry of Coal;

• Nuclear Power Corporation of India Ltd. (NPCIL) responsible for nuclear power generation
under the administrative control of the Department of Atomic Energy (DAE).

The Government of India has also taken up two joint ventures:
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• Nathpa-Jhakri Power Corporation (NJPC), responsible for the execution of the Nathpa-Jhakri
Hydroelectric Project which is being developed as a joint venture of the Central Government
and the Government of Himachal Pradesh.

• Tehri Hydro Development Corporation (THDC), a joint venture of the Central Government and
the Government of Uttar Pradesh to execute the Tehri Hydro Power Complex.

Two statutory bodies i.e. the Damodar Valley Corporation (DVC) and the Bhakra Beas
Management Board (BBMB) are also under the administrative control of Ministry of Power. The
development of non-conventional energy sources is being carried out by the Ministry of Non-
Conventional Energy Sources, GOI. There are also non-utilities with captive generating capacities.

The Rural Electrification Corporation (REC) under the administrative control of Ministry of
Power, provides financial assistance to the programmes of rural electrification. The Power Finance
Corporation (PFC) provides term finance to projects in the power sector.

State Electricity Boards (SEBs) were set up in terms of the "Electricity Supply Act-1948" for
generation, transmission, and distribution of electricity in the respective States. The State Electricity
Boards implement power generation, transmission and distribution schemes; consolidate power system
and sale of electrical energy to consumers; rationalize power supply by development of transmission
and distribution systems in the state; purchase bulk power from state generating companies and
Central Sector generating companies; and, operate the state load despatch centres securely and
economically. As a part of power sector reforms many States have restructured the activities of their
respective SEBs.

India is divided into five Electricity Regions; namely, Northern, North Eastern, Eastern,
Western and Southern. For each region, a Regional Electricity Board is constituted. This is essentially
to provide guidelines for operation of the grid, co-ordinate exchanges of power between states and
regions. The Regional Electricity Board also reviews progress of schemes and plan generation
schedule.

The Power Grid Corporation of India Limited (PGCIL) has been established by the Central
Government with the mandate to establish and operate Regional and National Power Grids to facilitate
transfer of power within and across the Regions with reliability, security and economy on sound
commercial principles. All transmission facilities originally under Central Sector organizations were
transferred to PGCIL. SEBs also set up the transmission schemes for evacuating power generated from
the Power Stations set up by them.

With the amendment in Electricity Laws, transmission activity has been given an independent
status and the concept of Central and State transmission utilities has been introduced. While PGCIL
has been notified as the Central Transmission Utility, the SEBs or their successor State Transmission
Companies would be State Transmission Utilities. These would be Government Companies. The
participation by private sector in the area of transmission is proposed to be limited to construction and
maintenance of transmission lines for operation under the supervision of Central and State
Transmission Utilities.

Since independence, development of the electricity sector has primarily been the responsibility
of the Government with a relatively small contribution from private enterprises in the form of
Licensees like the Bombay Suburban Electricity Supply Company (BSES), Tata Electric Company
(TEC), Calcutta Electric Supply Company (CESC) and Ahmedabad Electric Company, etc. However,
considering the energy shortage, projected growth and highly capital-intensive nature of power sector,
the Government formulated a policy in 1991 with the objective to encourage greater investment by
private enterprises in the electricity sector. The Electricity Supply Act-194 8 was amended in 1991 to
provide for a legal framework for facilitating the investments. The package of incentives in the policy,
which complements the amended provision in the legislation, comprehensively cover the legal,
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administrative and financial environment to make the investments in the power sector attractive. The
Investment Promotion Cell (IPC) was set up in 1991 under the Ministry of Power as a nodal agency to
provide information and assistance to prospective entrepreneurs in the electricity sector. The response
from private sector has been encouraging. Major policy initiatives have been taken to streamline the
process of project development. A number of incentives have been provided to encourage private
sector participation.

The generation of nuclear power comes under the administrative control of Department of
Atomic Energy, GOI. The generation through non-conventional renewable energy sources comes
under the administrative control of Ministry of Non-Conventional Energy Sources, GOI.

2.2. Policy and Decision Making Process

The Ministry of Power is concerned with perspective planning, policy formulation, processing
of projects for investment decision, monitoring of projects, training and manpower development. The
Central Electricity Authority (CEA) is a statutory organization constituted under the Electricity Supply
Act of 1948. In all technical, financial and economic matters the Ministry of Power is assisted by
CEA. CEA is responsible for technical co-ordination and supervision of programmes and is also
entrusted with a number of statutory functions. It interacts with State Electricity Boards, Central
generating companies and the Planning Commission to ensure consensus. CEA has the responsibility
of techno economic appraisal of power schemes of Central/State/Private sector with estimated cost
beyond specified limits notified by GOI from time to time. It also facilitates training of persons in the
generation and distribution of electricity.

Under the Atomic Energy Act, nuclear power generation schemes come under the jurisdiction of
the Atomic Energy Commission/Department of Atomic Energy. Tariffs for nuclear power generation
are notified by Department of Atomic Energy in consultation with CEA. CEA oversees contracts and
tariffs associated with private generating companies, and it is consulted in the allocation of Central
Sector power.

The demand for electricity is assessed periodically at the national level by CEA. Based on the
generation expansion planning studies, CEA prepares short, medium and long-term national power
plans. Based on this, power schemes are conceived and implemented by the different agencies.
Planning of schemes are on the basis of the national five-year plans and annual plans through the
national Planning Commission. Expert groups scrutinize the formulation of the five-year plan before it
is finalized and approved. In line with the five-year plans, annual plans are implemented.

There are different Ministries involved in the Power Sector such as Ministry of Power (being
the main), Department of Atomic Energy, State Power Ministries and SEBs, Ministry of Non-
Conventional Sources of Energy. Matching plans are prepared by these agencies for implementation in
line with the national plans. Respective Ministries/Departments exercise administrative control of the
functions relating to their areas. Individual power schemes go through the process of techno-economic
scrutiny in terms of the procedures of the administrative Ministry before it is approved for
implementation.

The Department of Atomic Energy is responsible for setting up nuclear power generation
schemes including the techno economic appraisal. Transmission schemes for nuclear power generation
are implemented by PGCIL as per schemes approved by CEA on a regional basis. The overall
integration of all the activities is achieved through the planning process in assessment of demands,
decision on the expansion planning strategies, energy policy and national five-year/annual plans.
Several policy initiatives have been taken and incentives have been provided to widen the scope of
private sector participation in the India's electricity sector.
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2.3. Main Indicators

The share of commercial energy consumption has gone up from about 26% in 1950-51 to the
level of 68% in 1996-97. Per capita generation of electricity increased from 45 kW-h to 161 kW-h
from 1960 to 1980. In 2000, the per capita generation of electricity was about 487 kW-h. The total
installed electric power capacity of only 5.58 GW(e) in 1960 has made an impressive growth to about
101.15 GW(e) in 2000. The major contribution of electricity generation during 2000 in energy terms
(from utilities and non-utilities) is from thermal power constituting about 82%, followed by hydro
about 15% and nuclear about 3%. During the period 1980 to 2000 the growth rate of electricity
generation in energy terms was more than the growth rate in capacity addition indicating improved
capacity utilization. Table 5 shows the historical electricity production and installed capacity and
Table 6 the energy related ratios.

TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW.h)

- Total0 >
- Thermal
-Hydro
- Nuclear

Capacity of electrical plants (GWe)

-Total
-Thermal
-Hydro
- Nuclear
-Wind

1960

20.12
12.28
7.85

5.58
3.73
1.85

1970

61.21
33.53
25.26

2.42

16.27
9.47
6.39
0.42

1980

119.26
69.70
46.56

3.00

33.32
20.66
11.79

0.86

1990

289.44
212.65

71.66
5.11

74.70
54.82
18.76

1.09
0.03

1999

526.13
429.96

83.10
11.45

113.00
85.64
22.87

1.90
2.60

2000(2)

557.28
454.69

86.11
14.21

121.22
89.38
23.37

2.50
5.97

2000(3)

499.45
408.21

74.35
16.90

101.15
71.91
25.22

2.72
1.27

Average; annual
growth rate (%)

1960
To

1980

9.31
9.07
9.31

9.35
8.93
9.72

1980
To

2000

8.01
9.83
3.12
8.09

6.67
7.60
3.48
5.49

(1) Electricity losses are not deducted.
(2) Extrapolated.
(3) Monthly Report, March 2001, pp3 &10, Central Electricity Authority Coordination Div., R.K. Puram, New Delhi
110066, India.
Source: IAEA Energy and Economic Data Base.

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kW.h/capita)

Electricity production/Energy production (%)

Nuclear/Total electricity (%)

Ratio of external dependency (%)(1)

Load factor of electricity plants

- Total (%)
- Thermal
-Hydro
- Nuclear

1960

3

45

16

18

41
38
49

1970

7

104

15

4

12

43
40
45
66

1980

10

161

19

3

15

41
39
45
40

1990

13

315

25

2

11

44
44
44
54

1999

17

489

33

2

18

53
57
41
69

2000(2)

18

509

33

3

20

52
58
42
65

2000 (3)

16

487 (4)

38

3

16

N/A
69

N/A
82.5

( ' Net import / Total energy consumption.
(2) Extrapolated.
(3) National Data, The year represent f inancial yea r from 1 s t Apr i l o f the yea r t o 3 1 s l M a r c h of t he next year .
(4* Nuclear Power for National Development: An Indian Perspective, p 3, DAE Publication No. PAl/2001.
Source: IAEA Energy and Economic Data Base.
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2.4. Impact of Open Electricity Market in the Nuclear Sector

In India, the Electricity Sector has so far largely been with the Central and State Governments.
In 1991, the Electricity Supply Act -1948 was amended to provide a legal framework for facilitating
greater investment by private enterprises in the Electricity Sector. Incentives have been notified by the
Government from time to time. Investment Promotion Council has also been set up. The response
from the private sector has been encouraging.

In terms of the Electricity Regulation Commission Act 1998, Central Electricity Regulatory
Commission at the national level has been set up. Setting up of State Electricity Regulatory
Commissions is under various stages of implementation. These measures will help in the
rationalization of tariffs and the matters thereto. Several State Governments have taken concrete steps
towards the power sector reforms including restructuring of the activities of SEBs. With all these
measures, developments and new initiatives, the power sector is going through a process of
transformation.

The nuclear power generation is governed by the Atomic Energy Act. The nuclear power
generation and related fuel cycle activities are under the Central Government. NPCIL, a wholly owned
company of GOI, DAE, is responsible for setting up the nuclear power projects. The other related fuel
cycle (both front-end and back end) activities are carried out by the different units of DAE, GOI. As of
now, there is no equity participation by the private sector in the area of nuclear power generation.
Possibility of joint ventures with private sector is being explored. This is essentially with a view to
attracting investment in the nuclear power sector for capacity addition. The NPPs presently in
operation are generating electricity at competitive tariffs. Measures to reduce construction period of
NPPs and standardization are being taken to strengthen the economic competitiveness of nuclear
power.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

A major step in the formulation of the Atomic Energy Programme in India was the passing of
the Atomic Energy Act in 1948 (subsequently replaced by the Atomic Energy Act of 1962). Under the
terms of the Atomic Energy Act, the Atomic Energy Commission (AEC) was constituted in 1948.
Uranium exploration and mining required for the nuclear power programme were some of the initial
activities that were undertaken.

The Department of Atomic Energy (DAE) of the Government of India (GOI) was established in
August 1954. The Department is responsible for execution of policies laid down by the AEC. It is
engaged in research, technology development and commercial operations in the areas of Nuclear
Energy, High Technologies and supports basic research.

The key policy has been self-reliance. The importance of developing a strong research and
development base for the nuclear power programme was recognized early on. Thus, a decision was
made; in 1954, to set up a separate research and development centre, now called Bhabha Atomic"
Research Centre (BARC) at Trombay. Research reactors Apsara (1956), Cirus (1960), and Zerlina
(1961) were set up at the Centre. A number of additional facilities and laboratories were built at the
Centre to support the nuclear power programme and related nuclear fuel cycle activities. The Centre
has a 100 MW(th) research reactor Dhruva (achieved first criticality in 1985) for carrying out studies
in the frontier areas of nuclear science and technology and production of radioisotopes. The Centre
extends the necessary R&D support to the nuclear power programme and associated fuel cycle.

Realizing the importance of having well trained scientists and engineers in achieving success in
the programme, a training school at BARC was established, in August 1957. During later stages when
the training needs for the operating nuclear power stations arose, the Nuclear Training Centres (NTC)
were set up by the Nuclear Power Corporation of India Limited (NPCIL). To meet the specific needs
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of Human Resource Development, Training Schools have also been set up at the Centre for Advanced
Technology, Indore and Nuclear Fuel Complex, Hyderabad. Training schools at Indore and Hyderabad
are affiliated to BARC Training School with respect to training of engineers. Thus human resource
development has been given the right importance from the early stages by the DAE.

In 1947 when India became independent, its installed capacity was only about 1500 MW(e)
(now grown to about 100,000 MW(e)). Considering the population growth, need for increasing the
share of commercial energy sources and low per capita electricity consumption, large-scale production
of electric power was necessary. By the late 1950's, AEC had worked out the economics of generating
electricity from atomic power reactors. Based on this study, the Government decided to set up a series
of nuclear power plants at locations away from coal mines and nearer to load centres. The strategy
behind the Indian nuclear power programme is to use the country's uranium and vast thorium
resources, hi line with this strategy, a three-stage programme is envisaged. The first stage is based on
setting up of pressurized heavy water reactors (PHWRs) using indigenously available natural uranium
producing electricity and plutonium. This will be followed in the second stage by plutonium fuelled
fast breeder reactors (FBRs) producing electricity and more plutonium and uranium-233 from thorium.
The third stage of reactors will be based on thorium cycle producing power and more uranium-233.

India's first nuclear power station at Tarapur consisting of two boiling water reactors (BWRs)
commenced construction in the 1960s. This was essentially to establish the technical and economic
viability of nuclear power in India and to gain valuable experience. In parallel, the work on
construction of PHWRs was also commenced. Apart from the first two B.WR units at Tarapur which
are in operation since 1969, twelve PHWR units with two units at each of the four locations
Kalpakkam (MAPS), Narora (NAPS), Kakrapar (KAPS) and Kaiga (KGS), and four units at
Rawatbhata (RAPS-1&2 and RAPS - 3&4) are in operation. These are in the unit size range of about
200-220 MW(e) (gross). During the year 2000 NPCIL's four new reactor units RAPS - 3&4 and
Kaiga- 1&2 were declared commercial. The total installed Nuclear Power Capacity in operation is
now 2720MW(e).

The technology for setting up of 540 MW(e) PHWRs has also been developed indigenously.
The first 2 X 540 MW(e) PHWR project is being setup at Tarapur (TAPP - 3&4). Construction work
is in progress. These units are scheduled for completion by year 2006/2007. Work on preparation of
Detailed Project Report (DPR) for setting up of 2 X 1000 MW(e) Russian WWERs is in progress.
Construction works for setting up of 2 X 220 MW(e) units (Kaiga -3&4) have also started. There is a
proposal to set up 2 X 220 MW(e) units at Rajasthan Atomic Power Project.

Nuclear power projects have been set up and operated directly under the Government of India
since the late 1960's, when the construction of the first nuclear power station was commenced, until
September 1987, when Nuclear Power Corporation of India Limited (NPCIL) a wholly owned
company of Government of India was formed. Formation of NPCIL was a step to give the required
degree of operational freedom and to mobilize funds from the Indian capital market to finance new
nuclear power projects. NPCIL is responsible to design, construct, commission and operate the nuclear
power plants of the first stage nuclear power programme.

The work on the second stage of the nuclear power programme is in progress at the Indira
Gandhi Centre for Atomic Research (IGCAR). The Fast Breeder Test Reactor (FBTR) 40 MW(th) at
Kalpakkam is in operation. The technology development for the first 500 MW(e) prototype fast
breeder reactor (PFBR) has also significantly progressed and pre-project activities have been taken up.
Towards building up thorium based reactors, the strides taken by DAE include setting of 30kW (th)
neutron source reactor Kamini at Kalpakkam, Tamil Nadu. The reactor has been in operation since
1997. Kamini uses uranium-233 based fuel derived from irradiated thorium. DAE's endeavour towards
developing the Advanced Heavy Water Reactor has already reached the design stage. This is a vertical
pressure tube reactor design utilizing heavy water moderator, boiling light water coolant, thorium
based fuel and incorporating passive safety systems.
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Salient Milestones of Indian Atomic Energy Programme

March. 12, 1944 :

December 19, 1945

April 15, 1948

August 10, 1948

July 29, 1949

August 03, 1954

August 01, 1955

August 04, 1956

January 20, 1957

August 19, 1957

January 30, 1959

February 19, 1960
Trombay

July 10, 1960

January 14, 1961

January 22, 1965

January 22, 1967

April 11, 1967

June 1 1967

October 04, 1967

December 31, 1968

Dr. Homi Jehangir Bhabha writes to Sir Dorabji Tata Trust for
starting Nuclear Research in India.

Tata Institute of Fundamental Research, Mumbai is inaugurated.

Atomic Energy Act is passed

Atomic Energy Commission is constituted.

Rare Minerals Survey Unit is set up. Later, this unit becomes Atomic
Minerals Division. It is renamed as Atomic Minerals Directorate for
Exploration and Research on July 29, 1998. August 18, 1950: Indian
Rare Earths Limited is set up for recovering minerals, processing of
rare earths compounds and Thorium - Uranium concentrates.

Department of Atomic Energy is created.

Thorium Plant at Trombay goes into production.

APSARA - first research reactor in Asia, attains criticality at
Trombay, Mumbai.

Atomic Energy Establishment, Trombay (AEET) is inaugurated

Atomic Energy Establishment Training School starts functioning.

Uranium Metal Plant at Trombay produces Uranium.

First lot of 10 Fuel Elements for CIRUS reactor is fabricated at

CIRUS - the 40 MW(th) research reactor, attains criticality.

Research Reactor ZERLINA attains criticality. (It is decommissioned
in 1983)

Plutonium Plant is inaugurated.

Atomic Energy Establishment Trombay (AEET) is renamed as
Bhabha Atomic Research Centre.

Electronics Corporation of India Limited (ECIL) is set up at
Hyderabad for producing electronic systems, instruments and
components.

Constitution of Power Projects Engineering Division, Mumbai, which
was subsequently converted to Nuclear Power Board on August 17,
1984.

Uranium Corporation of India Limited is set up at Jaduguda, Bihar for
mining and milling of uranium ores.

Nuclear Fuel Complex is set up at Hyderabad.
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March 12, 1969

May 01, 1969

October 28, 1969

September 06, 1970

February 18, 1971

May 18, 1972

December 16, 1973

May 18, 1974

June 16, 1977

Nov 18, 1979

November 19, 1982

November 15, 1983

January 27, 1984

February 19, 1984

March 08, 1984

May 10, 1984

March 05, 1985

August 08, 1985

October 18, 1985

September 17, 1987

December 30, 1988

March 12, 1989

Reactor Research Centre is started at Kalpakkam. It is renamed as
Indira Gandhi Centre for Atomic Research on December 18, 1985.

Heavy Water Projects is constituted. Later, it becomes Heavy Water
Board.

Tarapur Atomic Power Station starts commercial operation.

Uranium-233 is separated from irradiated thorium

Plutonium fuel for Research Reactor PURNIMA-I is fabricated at
Trombay

Research Reactor PURNIMA-I attains criticality.

Unit -1 of Rajasthan Atomic Power Station at Kota begins
commercial operation. Unit -2 commenced commercial operation on
April 1, 1981.

Peaceful underground Nuclear Experiment is conducted at Pokhran,
Rajasthan.

Variable Energy Cyclotron becomes operational at Kolkata.

Plutonium-Uranium mixed oxide fuel is fabricated at Trombay.

Power Reactor Fuel Reprocessing Plant at Tarapur is commissioned.

Atomic Energy Regulatory Board is constituted.

Madras Atomic Power Station-Unit I at Kalpakkam starts commercial
operation. Unit II goes commercial on March 21, 1986.

Centre for Advanced Technology at Indore (Madhya Pradesh) is
inaugurated.

Plutonium-Uranium mixed Carbide Fuel for Fast Breeder Test
Reactor is fabricated in BARC.

Research Reactor PURNIMA-II, a Uranium-233 fuelled homogenous
reactor, attains criticality.

Waste Immobilization Plant (WIP) at Tarapur is commissioned.

Research Reactor DHRUVA (100 MW(th)) attains criticality. It
attains full power on January 17, 1988.

Fast Breeder Test Reactor (FBTR) at Kalpakkam attains criticality.

Formation of Nuclear Power Corporation of India Limited by
converting the erstwhile Nuclear Power Board.

12 MV Pelletron Accelerator at Mumbai is inaugurated.

Narora Atomic Power Station Unit-1 attains criticality. On January 1,
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November 09, 1990

September 3, 1992

March 27, 1996

October 20, 1996

March. 31, 1997

September 17, 1997

M a y l l & 1 3 , 1998

May 27, 1998

August 10, 1998

September 15, 1998

April 22, 1999

September 24, 1999

December 24, 1999

1991 this unit commences commercial operation. Its Unit -2 attains
criticality on October 24, 1991 and commenced commercial operation
on July 1,1992.

Research Reactor PURNIMA-III, a Uranium-233 fuelled reactor,
attains criticality

Kakrapar Atomic Power Station Unit -1 attains criticality and on May
6, 1993 this unit commences commercial operation. Its Unit -2
attains criticality on January 8, 1995 and commences commercial
operation on September 1, 1995.

Kalpakkam Reprocessing Plant (KARP) is cold commissioned.

Kalpakkam Mini Reactor (KAMINI), with Uranium-233 fuel, attains
criticality at Indira Gandhi Centre for Atomic Research, Kalpakkam,
Tamilnadu.

Rajasthan Atomic Power Station Unit-1 is recommissioned after
repair of OPRD valve.

Research Reactor KAMINI attains full power level of 30 kW(th).

Five underground nuclear tests are conducted at Pokhran Range,
Rajasthan.

Rajasthan Atomic Power Station Unit-2 is recommissioned after en-
masse replacement of coolant channels.

500 KeV industrial electron accelerator developed indigenously by
the BARC is commissioned for its first phase of operation.

Kalpakkam Reprocessing Plant (KARP) is dedicated to the Nation.

450 MeV Synchrotron Radiation Source Indus-1 achieves electron
beam current of 113 milli-ampere superceding the design value of
100 milli-ampere.

Unit -2 of Kaiga Atomic Power Station attains criticality and on
March 16, 2000 this unit commences commercial operation. Its Unit-
1 attains criticality on September 26, 2000 and commences
commercial operation on November 16, 2000

Unit -3 of Rajasthan Atomic Power Station attains criticality and on
June 1, 2000 this unit commences commercial operation. Its Unit-4
attains criticality on November 3, 2000 and commences commercial
operation on December 23, 2000.

Folded Tandem Ion Accelerator (FOTIA) delivers first beam on
target.

April 21, 2000 :

January 1,2000 :

(Compiled by Publication Division, DAE : Source, Web Site with some updates)

BRIT's plant for radiation processing of spices commissioned at
Vashi, Navi Mumbai.
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3.2. Status and Trends of Nuclear Power

Figures 1 & 2 along with Tables 7 & 8 give the details of performance of nuclear power plants
in operation. At present, the nuclear share of total electricity generation is about 2.8%. Table 9 shows
the status of nuclear power plants including those under construction.

Trend of Gen. for Last Five Years (1996 to 2000) for NPCIL
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Fig. 1. Generation Trend

TABLE 7. PERFORMANCE OF NPPS IN OPERATION (GENERATION IN 106 KW-H)

Units

TAPS-1

TAPS-2

RAPS-2

MAPS-1

MAPS-2

NAPS-1

NAPS-2

KAPS-1

KAPS-2

KAIGA-2

RAPS-3

KAIGA-1

RAPS-4

Total NPCEL

Present
Capacity
(MWe)

160

160

200

170

170

220

220

220

220

220

220

220

220

2620

Calendar Years

1996

454

407

-

703

1210

1302

1381

1489

1500

-

-

-

-

8446

1997

1078

867

-

1026

1091

1755

1736

1039

1227

-

-

-

-

9819

1998

1284

974

599

803

1258

1665

1476

1239

1476

-

-

-

-

10774

1999

944

1219

1361

1356

994

1271

1580

1592

1704

25*

-

-

-

12046

2000

1296

1122

1628

765

1439

1556

1487

1850

1674

1215®

1024*

224$

73X

15353

Notes:
1. RAPS-1 (100 MW(e)) is not included
2. RAPS-2 was under long capital maintenance outage for en-masse replacement of coolant channels, from

August 1, 1994 to 6th June 1998.
3. Kaiga-2, RAPS-3, Kaiga-1 and RAPS-4 commenced commercial operation in March 2000, June 2000,

November 2000 and December 2000 respectively.
# includes Infirm Power Generation
@ includes 99 MUs Infirm Power Generation
* includes 129 MUs Infirm Power Generation
$ includes 31 MUs Infirm Power Generation
X includes 48 MUs Infirm Power Generation
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Trend of CF for Last Five Years (1996 to 2000) for NPCIL
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FIG. 2. Capacity Factor Trend

TABLE 8. PERFORMANCE OF NPPS IN OPERATION (CAPACITY FACTORS %)

Units

TAPS-1

TAPS-2

RAPS-2

MAPS-1

MAPS-2

NAPS-1

NAPS-2

KAPS-1

KAPS-2

KAIGA-2

RAPS-3

KAIGA-1

RAPS-4

Total NPCIL

Present
Capacity
(MWe)

160

160

200

170

170

220

220

220

220

220

220

220

220

2620

Calendar Years

1996

32

29

-

47

81

67

71

77

78

-

-

-

-

62

1997

77

62

-

69

73

91

90

54

64

-

-

-

-

73

1998

92

69

60

54

84

86

77

64

77

-

-

-

-

74

1999

67

87

78

91

67

66

82

83

88

-

-

-

-

79

2000

92

80

93

51

96

81

77

96

87

73

79

73

89

82

Notes:
1. RAPS-1 (100 MW(e)) is not included.
2. RAPS-2 was under long capital maintenance outage for en-masse replacement of coolant channels, from

August 1, 1994 to 6th June 1998.
3. Kaiga-2, RAPS-3, Kaiga-1 and RAPS-4 commenced commercial operation in March 2000, June 2000,

November 2000 and December 2000 respectively.

3.3. Current Policy Issues

The nuclear power technology in India has matured as is evident from the good performance of
the indigenously constructed plants of the first stage nuclear power programme. The performance of
these units has seen progressive improvements in the past years. The current emphasis is on
accelerating the growth of nuclear capacity addition. The factors receiving attention are:
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TABLE 9. STATUS OF NUCLEAR POWER PLANTS

Station

KAIGA-1

KAIGA-2

KAJPLAPAR-1

KAKRAPAR-2

KALPAKKAM-1

K^PAKKAM-2

NARORA-1

NARORA-2

RAJASTHAN-1

RAJASTHAN-2;

RAJASTHAN-3

RAJASTHAN-4

TARAPUR-1

TARAPUR-2

TARAPUR-3

TARAPUR-4

KAIGA-3

KAIGA-4

KAIGA-5

KAIGA-6

RAJASTHAN-5

RAJASTHAN-6

RAJASTHAN-7

RAJASTHAN-8

KUDANKULAM-1(2)

KUDANKULAM-2(2)

Type

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

BWR

BWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

PHWR

WWER

WWER

Net
Capacity
(MWe)

202

202

202

202

155

155

202

202

90

187

202

202

150

150

450

450

202

202

202

202

450

450

450

450

905

905

Status

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Under Construction

Under Construction

Planned0'

Planned0'

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Planned

Operator

NPCIL

NPCIL

NPCIL

NPCIL

NPCIL

NPCIL

NPCIL

NPCIL

NPCDL

NPCIL

NPCEL

NPCIL

NPCIL

NPCIL

NPCEL

NPCIL

NPCIL

NPCIL

NPCIL

NPCIL

NPCIL

NPCBL

NPCIL

NPCIL

NPCIL

NPCIL

Reactor
Supplier

NPCIL

FRAM

NPCIL

FRAM

NPCIL

NPCIL

NPCIL

NPCIL

AECL

AECL/DAE

NPCBL

NPCIL

GE

GE

NPCIL

NPCIL

NPCIL

NPCIL

NPCIL

NPCIL

NPCIL

NPCIL

NPCIL

NPCIL

ASE

ASE

Construction
Start

Ol-Sep-89

Ol-Dec-89

Ol-Dec-84

01-Apr-85

Ol-Jan-71

Ol-Oct-72

Ol-Dec-75

Ol-Nov-77

Ol-Aug-65

Ol-Apr-68

Ol-Feb-90

01-Oct:90

Ol-Oct-64

Ol-Oct-64

08-Mar-00

12-May-00

Criticality
Date

26-Sep-00

24-Sep-99

03-Sep-92

08-Jan-95

02-JU1-83

12-Aug-85

12-Mar-89

24-Oct-91

ll-Aug-72

08-Oct-80

24-Dec-99

03:Npv-00

Ol-Feb-69

28-Feb-69

31-Jul-06

31-Oct-05

Grid
Connection

12-Oct-00

02-Dec-99

24-Nov-92

04-Mar-95

23-Jul-83

20-Sep-85

29-Jul-89

05-Jan-92

30-Nov-72

qi-Noy-80

10-Mar-OO

17:Npv-0p

Ol-Apr-69

05-May-69

30-Nov-06

30-Dec-05

Commercial
Operation

16-Nov-00

16-Mar-00

06-May-93

qi-Sep-95
27-Jan-84

21-Mar:86

Ol-Jan-91

Ol-Jul-92

16-Dec-73

01-Apr-81

qi-Jun:00

23:Dec:0p

28-Oct-69

28-Oct-69

31-Jan-07

30-Apr-06

Shutdown
Date

U)
(2) Country information.
Source: IAEA Power Reactor Information System as of 31 December 2000.
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• Speedy construction of the projects by standardization, higher level of mechanization in
construction and strengthening measures for project management;

• Finding financial resources for capacity addition. NPCIL's current operating base is small to
generate sufficient internal surpluses to finance significant capacity addition. In addition to
financial resources through borrowing from the capital market, budgetary support from
Government and internal resources through the operating stations, strategies such as joint
ventures are being explored;

• Focus on further enhancement of performance and safety of NPPs in operation by adapting front
line information technology, improved techniques for predictive maintenance, in-service
inspection and component replacement;

• Achieving an installed capacity of 20,000 MW(e) by 2020. Strategies are being worked out on
the possibility of achieving this objective. Additional capacities are envisaged through PHWRs
and FBRs based on indigenous technology and Advanced Light Water Reactors (ALWRs)
based on imported technology.

3.4. Organizational Chart

The Indian Atomic Energy Organizational Structure is shown in Figure 3. Development of
nuclear power and related nuclear fuel cycle and research and development activities have been
separately organised under the AEC/DAE due to the special requirements and close interaction needed
between the production and R&D units. The organizational framework is broadly divided into research
and development sector, industrial sector, public sector, services and support sector.

i. Atomic Energy Regulatory Board (AERB) comes directly under the Atomic Energy
Commission as the independent Regulatory Authority.

ii. Research and development sector includes Bhabha Atomic Research Centre (BARC), Indira
Gandhi Centre for Atomic Research (IGCAR), Atomic Minerals Directorate for Exploration and
Research (AMD), Centre for Advanced Research (CAT), Variable Energy Cyclotron Centre
(VECC), and fully aided research institutions like Tata Institute of Fundamental Research
(TIFR), Institute for Plasma Research (IPR) and others.

iii. Industrial sector includes Government owned units Heavy Water Board (HWB) manufacturing
heavy water, Nuclear Fuel Complex (NFC) manufacturing nuclear fuel, zircaloy components
and stainless steel tubes, and Board of Radiation & Isotope Technology (BRIT) for
radioisotopes.

iv. Public Sector Enterprises under the control of DAE are as follows:

• Nuclear Power Corporation of India Limited (NPCIL) is responsible for design,
construction, commissioning and operating the nuclear power plants;

• Uranium Corporation of India Limited (UCIL) is responsible for mining, milling and
processing of uranium ore;

• Indian Rare Earths Limited (IRE) is responsible for mining and processing mineral sands
containing thorium and rare earth minerals and produces minerals such as ilmenite, rutile,
monazite, zircon and garnet;

• Electronics Corporation of India Limited (ECIL) supplies commercial electronics, reactor
control and instrumentation equipment related to atomic energy.

v. Directorate of Construction Services and Estate Management is responsible for construction and
maintenance of residential housing/office buildings and other related facilities; Directorate of
Purchase and Stores is responsible for centralized purchases and stores.
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ATOMIC ENERGY COMMISSION

DEPARTMENT OF ATOMIC ENERGY
ATOMIC ENERGY

REGULATORY BOARD

R&D
ORGANISATIONS

» Bhabha Atomic Research
Centre, Mumbai

> Indira Gandhi Centre for Atomic
Research, Kalpakkam

< Centre for Advanced
Technology, Indore

i Variable Energy Cyclotron
Centre, Kolkata

> Atomic Minerals Directorate for
Exploration and Research,
Hyderabad

PUBLIC SECTOR
UNDERTAKINGS

• Nuclear Power Corp. of India
Ltd., Mumbai

• Electronic Corp. of India Ltd.,
Hyderabad

> Indian Rare Earths Ltd., Mumbai
• Uranium Corporation of India

Ltd., Jaduguda

INDUSTRIAL
ORGANISATIONS

• Heavy Water Board, Mumbai
• Nuclear Fuel Complex,

Hyderabad
• Board of Radiation & Isotope

Technology, Mumbai

FULLY AIDED INSTITUTIONS

SERVICES & SUPPORT
ORGANISATIONS

> Directorate of Purchase &
Stores, Mumbai

> Directorate of Construction,
Services & Estate Management,
Mumbai

> General Services Organization,
Kalpakkam

Board of Research in
Nuclear Sciences

National Board for
Higher Mathematics

Tata Institute of Fundamental
Research, Mumbai

Tata Memorial Centre, Mumbai

Saha Institute of Nuclear
Physics, Kolkata

Institute of Physics,
Bhubaneshwar

Harish Chandra Research
Institute, Allahabad

Institute of Mathematical
Sciences, Chennai

Atomic Energy Education
Society, Mumbai

Institute for Plasma Research,
Allahabad

FIG. 3. Organizational Structure

4. NUCLEAR POWER INDUSTRY

The requirements of electricity demand at the national level are assessed by the Central
Electricity Authority (CEA) in the Ministry of Power, GOI. The electricity generation expansion-
planning studies are carried out by the CEA. The capacity addition programme for all the sources of
electricity is planned through Five-Year Plans and Annual Plans by the Planning Commission, GOI.
The nuclear power generation comes under the AEC/DAE, GOI. Development of nuclear power and
related activities has been separately organized in the DAE, GOI, due to the special requirements and
R&D support needed for the programme. NPCIL, a public sector enterprise of the Department of
Atomic Energy is responsible for design, construction, commissioning and operation of the nuclear
power stations. It is supported by the different units of the Department for R&D, supply of fuel, heavy
water, etc. Power generated from the nuclear power stations is sold to State Electricity Boards through
the power purchase agreements. The power supplied is shared by the States in the respective
Electricity Region in which the nuclear power plant is located. The laying of transmission lines for
evacuation of power from the nuclear power plants is carried out by the Power Grid Corporation of
India Limited (PGCIL), a public sector enterprise of Ministry of Power, GOI. This is based on the
transmission scheme approved by CEA on a regional basis. The tariffs for generation of electricity
generated by the nuclear power stations are fixed based on the applicable norms and notified by the
DAE in consultation with the CEA. AERB is the Competent Authority for the regulation on the safety
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aspects of nuclear power. Environmental clearances for the nuclear power plant sites are also to be
obtained from the Ministry Of Environment and Forests, GOI apart from the clearance of AERB.

4.1. Supply of Nuclear Power Plants

India's first nuclear power station, Tarapur, was constructed by the International General
Electric Co., USA based on a turnkey contract. The second nuclear power station at Rajasthan was
built as a collaborative venture with AECL Canada. For all subsequent nuclear power stations,
DAE/NPCIL assumed total responsibility for design, manufacture, construction, commissioning and
operation. The organizational structure of NPCIL is shown in Figure 4. NPCIL carries out the nuclear
design. Balance of plant engineering is done by Indian Consulting Engineering firms (employed by
NPCIL) who have expertise in the fossil thermal power plant engineering.

BOARD OF DIRECTORS

CMD, NPCIL

Managemen! Committee
All Sr. EDsVEDs.,

Directors and Company Secretary

Technical, Personnel,
Public Awareness and

Supporting Staff

Drector
PC)

Company
Secretary

Director
(Personnel)

Director
(Mcjlance)

Director
( Q A )

Executive Director (F) Sr. Executive Director
(Tech. S Projects)

Director
(CF)

Sr. Executive Director
(OP&TT)

Executive Drector Executive Director
(CP-HSE)

Director
(Engg.)

Director
(Proc.)

Director
( C M ! )

Drector
(RSD)

Project Drector
(TAPP-3&4)

Executive Director (0) Drector
(Simu.&TT)

Drector
(KK-LWR)

Drector
(HSE)

Director
(OPS)

Station Drector,
TAPS

Station Director,
RAPS

Station Director,

Station Drector,
NAPS

Station Drector,
KAPS

Station Drector,

CF
C&MM
CP-HSE

E&C
F
KAPS
KK
KK-LWR
MAPS
NAPS
O
OP&TT
OPS
Proc.
QA
RAPS

LEGENDS

: Corporate Finance
: Contracts & Material Management
: Corporate Planning - Health Safety &
Environment

: Engineering & Construction
: Finance
: Kakrapar Atomic Power Station
: Kudankulam
: Kudankulam -Light Water Reactor
: Madras Atomic Power Station
: Narora Atomic Power Station
: Operations
: Operations & Tech. Transfer
: Operating Stations
: Procurement
: Quality Assurance
: Rajasthan Atomic Power Station

Simu. &TT : Simulation & Technology Transfer
TAPP
TAPS

: Tarapur Atomic Power Project
: Tarapur Atomic Power Station

FIG. 4. Organization - Nuclear Power Corporation of India Ltd. (NPCIL)

Manufacturing of most of the materials, components and equipment required for nuclear power
plants has been organized indigenously. India has heavy engineering plants in both public and private
sectors, manufacturing large steam generators, turbines, electrical equipment, heat exchangers, pumps,
pressure vessels and other industrial equipment. The Indian Nuclear Power Programme utilizes these
facilities for manufacture of nuclear and conventional equipment. In the early stage of the programme
these facilities were augmented, whenever necessary, with balancing machinery and technical inputs
to meet nuclear quality assurance requirements. Quality surveillance representatives of NPCIL are
posted at the major manufacturer's shops for this purpose.
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NPCIL integrates all the activities relating to setting up the nuclear power plant. It plays the role
similar to that of a turnkey supplier. Fuel, heavy water, zircaloy components, reactor control
equipment, are supplied by the units of DAE from the facilities set up for this purpose.

4.2. Operation of Nuclear Power Plants

NPCIL operates and maintains the NPPs in operation. Each station has operation, maintenance,
Technical, Training Groups. These functions are carried out by specially trained and qualified
operating and maintenance personnel at each nuclear power station. The NPPs include reactor
components and process systems, turbine generators, electrical system equipment, instrumentation and
control systems (I&C), cooling water intake and out fall structures, heavy water upgrading plant (at
PHWR stations), waste management facilities and the like, to be operated and maintained. Whenever
required, the services of equipment suppliers are availed through contracts for major maintenance and
overhaul. Three groups of technical and scientific personnel are required for the nuclear power
programme: qualified professionals, i.e., engineers and scientists who later become senior engineers
and managers; semi-professionals having engineering diplomas or advanced trade certificates who
constitute the supervisory personnel; and, technicians like operators and maintainers with high school
education and trade certificates.

Professionals get inducted into the Atomic Energy Organization by completing one-year
training course at the BARC training school in Trombay or its affiliates at Indore, Hyderabad & NTCs
of NPCIL. Separate training programmes at different levels are conducted at the NPCIL's Nuclear
Training Centres of operating stations for qualifying and licensing of operating personnel, as per the
regulatory requirements.

Technology, tools and procedures have been successfully developed and deployed based on
indigenous efforts for in-service inspection, complex in-core maintenance and major refurbishment
work. Plant life extension work is also in progress at TAPS. The replacement of coolant channel and
up-gradation work of RAPS-2 was completed based on indigenously developed tools and technology
and the unit was put back in service. The repair of Over Pressure Relief Device (OPRD) at RAPS -1
was successfully carried out based on indigenously developed tools and technology and the unit has
commenced service. Similarly tools for In-service Inspection of Coolant Channels and Garter Spring
relocation have also been indigenously developed.

NPCIL is a member of World Association of Nuclear Operators (WANO). WANO Peer Review
of the nuclear power plants at Kakrapar and Narora have been completed and a WANO Peer Review
of Kaiga NPP is planned in January 2002. NPCIL is also a member of Candu Owners Group (COG).

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

Fuel cycle and waste management services are provided by various units of the Department of
Atomic Energy (DAE). Uranium Corporation of India Ltd., (UCIL), a public sector company of DAE,
carries out mining and processing of uranium deposits surveyed by the Atomic Minerals Directorate of
Exploration & Research (AMD) of DAE. Nuclear Fuel Complex (NFC), an industrial unit of DAE,
utilizes the uranium concentrates supplied by UCIL to fabricate PHWR's nuclear fuel assemblies. For
the BWR's in Tarapur, NFC manufactures the fuel assemblies from imported UF6. NFC also supplies
the required zircaloy components. Heavy water required for the initial charge and subsequent make-up
requirements of the nuclear power plants are supplied by the Heavy Water Board of DAE.

Spent fuel from the PHWRs is reprocessed to extract the plutonium contained in it. Plutonium
base is vital for development of the second stage of the Indian nuclear power programme consisting of
fast breeder reactors. The fuel reprocessing plants are set up by the BARC based on the technology
developed by it. Power Reactor Fuel Reprocessing Plants at Tarapur and Kalpakkam are operational.

Processes for treating reactor produced wastes have been established and plants meeting
regulatory requirements have been in operation during the past several decades. This is also the case
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with waste generated from fuel reprocessing plants. The first waste immobilization plant at Tarapur is
in service and the process of immobilization of high level wastes has also been developed. A Waste
Immobilisation Plant (WIP) has been installed at Trombay and another WIP is under construction at
Kalpakkam. R&D work for ultimate disposal of high level and alpha bearing wastes in a repository is
in progress.

4.4. Research and Development Activities

The research and development activities relating to nuclear power are mainly centered at
BARC, IGCAR, CAT and (for exploration and prospecting) AMD.

• BARC, is the national research centre for multidisciplinary R&D work in nuclear sciences,
research reactors, nuclear fuel, control and instrumentation, reactor safety, engineering
laboratories, radioactive isotopes, spent fuel reprocessing and radioactive waste management,
etc. The Centre supports R&D activities of the nuclear power programme including nuclear fuel
cycle. R&D work on development of the AHWR is in progress at this Centre and the prototype
unit is expected to be launched in a few years (see also Section 3.1). Development works on
plant life extension, ageing and in-service inspection are given due importance.

• IGCAR is responsible for R&D related to development of FBR technology. Technology
development for the first 500 MW(e) PFBR has significantly progressed and construction of the
reactor will commence at Kalpakkam shortly.

• Atomic Mineral Directorate for Exploration and Research (AMD) at Hyderabad, is responsible
for research on survey, exploration and prospecting of atomic minerals, etc.

• The other R&D institutions of the DAE are carrying out advanced research work in hi-tech
areas such as accelerators, lasers, physics, mathematics, etc.

• Academic Institutions and Universities also extend R&D support in specific areas as per needs.
• The Board of Research in Nuclear Sciences (BRNS) and the National Board of Higher

Mathematics(NBHM) support research activities in national institutes and universitites in the
fields of nuclear technology and mathematics.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

International co-operation is through multilateral mechanism with IAEA as well as through
bilateral mechanisms. Under the above, India has trained a number of personnel, particularly from the
developing countries. India has also hosted a number of workshops, seminars and training courses
under the auspices of IAEA. The expertise of India's scientists and engineers is made available to
other countries through IAEA.

NPCIL is a member of WANO Tokyo Centre, WANO Atlanta Centre and Candu Owners
Group (COG). Many Indian Professional have participated in the workshops/seminars/training courses
conducted by these organisation. Also many Indian professional have participated as Reviewer / Lead
Reviewer in the WANO Peer Review of International Plants. NPCIL team has also visited other NPPs
outside India under the Technical Exchange Visit (TEV) of WANO. Similarly NPCIL plants have also
received TEV team from other NPPs worldwide.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

Enforcement of safety related regulation at all nuclear facilities lies with the Atomic Energy
Regulatory Board (AERB), empowered by the Government of India. The regulatory organization is
shown in Figure 5. No activity related to atomic energy can be carried out by any agency or utility
without authorization by the AERB. Before granting authorizations, the AERB conducts an in-depth
review so that no undue radiological risk to the public and plant personnel is introduced by the nuclear
facilities. The review process is shown in Figure-6. The authorization process involves various major
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activities like site approval, construction, commissioning, operation and decommissioning. The
authorization process is an ongoing process starting with site selection and feasibility study,
continuing through the construction and operation of the facility until the decommissioning of the
plant. The applicant is required to provide all relevant information, such as safety principle, analysis,
criteria and standards proposed for each major stages, and quality assurance demonstrating that the
plant will not pose any undue radiological risks to site personnel and for the public.
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Institute
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\

\

/
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FIG. 5. ORGANISATION CHART ATOMIC ENERGY REGULATORY BOARD
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FIG. 6. AERB Regulatory Review Process for Authorisation
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AERB has advisory committees for site selection, design review and authorization, and licenses
for commissioning. The advisory committees are assisted by unit level safety committees, which
undertake detailed safety assessments at the design and commissioning stages of nuclear facilities.
AERB then issues its authorization based on the recommendations of the advisory committee. Safety
assessments during plant operation are done by the Safety Committee for Operating Plants
(SARCOP). Authorization is granted only for a limited period and further authorization is required
beyond that period. Authorization also includes explicit conditions that the applicant must adhere to.
AERB also ensures that all the nuclear facilities have put in place an emergency preparedness
procedure and organization.

5.2. Main National Laws and Regulations

The Atomic Energy Regulatory Board (AERB) was formed in November 1983 by the
Government of India in exercise of the powers conferred by the Atomic Energy Act of 1962, to carry
out regulatory and safety functions as envisaged in the Act. As per its constitution, AERB has the
power of the Competent Authority to enforce rules and regulations framed under the Atomic Energy
Act for radiation safety in the country. AERB also has the authority to administer the provisions of the
Factories Act, for industrial safety of the units of DAE. AERB has been delegated with powers to
enforce some of the provisions of the Environmental Protection Act, at DAE installations. Prior to
setting up of AERB, the Department of Atomic Energy Safety Review Committee (DAESRC) was
carrying out these functions. DAE SRC was supported by the Unit level Safety Committees. The
Central Government, through DAE, has framed rules and other provisions of the Act as, for instance:

• Radiation Protection Rules, 1971;

• Atomic Energy (arbitration procedure) Rules, 1983;

• Atomic Energy (working of mines, minerals and handling of prescribed substances) Rules,
1984;

• Atomic Energy (safe disposal of radioactive waste) Rules, 1987;

• Atomic Energy (factories) Rules, 1996;

• Atomic Energy (control of irradiation of foods) Rules, 1996.

The main legislation regulating nuclear power in the country is the Atomic Energy Act of 1962,
under which the independent AERB has been created to regulate the nuclear installations. A number of
rules, codes, and regulations covering the entire nuclear fuel cycle have been defined by AERB as well
as DAE under the Atomic Energy Act of 1962.
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5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• Amendment to the Article VI of the IAEA
Statue

• Amendment to the Article XIV of the IAEA
Statue

• Agreement on privileges and immunities

• Additional protocol

• Supplementary agreement on provision of
technical assistance by the IAEA

• RCA

• The Agency's assistance in furthering
projects by the supply of materials

MULTILATERAL SAFEGUARDS AGREEMENTS

• Safeguards transfer relating to the bilateral
agreement with the United States of America

• Safeguards transfer relating to the bilateral
agreement with Canada; INFCIRC/211

• Application of safeguards in connection with
the supply of heavy water from the Soviet
Union; INFCIRC/260

• Application of safeguards in connection with
the supply of a nuclear power station from
the USSR; INFCIRC/360

• Application of safeguards in connection with
the supply of nuclear material form France
INFCIRC/374

• Agreement for the application of safeguards
to all nuclear material subject to Agency
Safeguards under INFCIRC/154, Part 1
INFCIRC/433
INFCIRC/433/Mod. 1

• Improved procedures for designation of
safeguards inspectors

Entry into force:

Not ratified

Entry into force:

Not signed

Non-Party; Text of
agreement handed over
to authorities by ADG-
ADEX on:
Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

28 December 1989

10 March 1961

6 Oct. 1993
6 July 1987

9 December 1966

27 January 1971

30 September 1971

17 November 1977

27 September 1988

11 October 1989

Accepted on:

1 March 1994
12 September 1994

9 January 1989
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MAIN TREA TIES OR A GREEMENTS

NPT Non Party

• Convention on physical protection of nuclear Non Party
material

• Convention on early notification of a nuclear Entry into force:
accident

• Convention on assistance in the case of a Entry into force:
nuclear accident or radiological emergency

• Vienna convention on civil liability for nuclear Non Party
damage

• Paris convention on civil liability for nuclear N.A.
damage

28 February 1988

28 February 1988

Joint protocol Non Party

Protocol to amend the Vienna convention on Not signed
civil liability

Convention on supplementary compensation Not signed
for nuclear damage

Convention on nuclear safety Signature:

Joint convention on the safety of spent fuel Not signed
management and the safety of radioactive
waste management

20 September 1994

Agreement establishing the Asian Regional
Co-operative Project on Food Irradiation

Entry into force: 23 May 1980

Memorandum of Understanding between the IAEA and the Department of May 2000
Atomic Energy, Government of India, concerning strengthening of Co-
operation in connection with the Agency's regional and inter-regional
training events, individual and group fellowship programmes carried out
as part of the Technical Co-operation Activities of the IAEA

OTHER RELEVANT INTERNATIONAL TREATIES etc.

Zangger Committee

Nuclear Export Guidelines

Acceptance of NUSS Codes regulatory

N.A.

Export control system in place since 1948
when the Atomic Energy Act was passed by
the Constituent Assembly

Summary: Valuable guidance for national
requirements. Useful reference in safety
assessments. India's regulatory requirements
are generally consistent with codes. Aims to
meet requirements although they are not
binding. Letter of: 17 June 1988
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BILATERAL AGREEMENTS

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Setting up of an Isotope Afghanistan
Dispensation Unit at Kabul University

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Co-operation agreement concerning peaceful
uses of nuclear energy

• Co-operation agreement concerning peaceful
uses of nuclear energy

Egypt

Belgium

Afghanistan

Czech Republic

Germany

Iraq

Poland

Russian Federation

Syria

Indonesia

Cuba

Viet Nam

Algeria

Philippines

Peru

10 July 1962

30 January 1965

14 May 1966

9 November 1966

5 October 1971

28 March 1974

9 September 1977

22 January 1979

1 May 1980

9 January 1981

18 May 1985

25 May 1986

25 September 1990

29 April 1991

12 February 1992
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY A UTHORITY

Atomic Energy Commission
Anushakti Bhavan
Mumbai 400 039, India
Department of Atomic Energy (DAE)

NUCLEAR RESEARCH INSTITUTES

Bhabha Atomic Research Centre (BARC)
Mumbai

Institute Of Physics, Bhubaneswar

Indira Gandhi Centre for Atomic Research
(IGCAR), Kalpakkam

Saha Institute of Nuclear Physics, Kolkata

Tata Institute of Fundamental Research
Mumbai

Institute for Plasma Research, Ganhinagar

HIGH ENERGY RESEARCH INSTITUTES

Centre for Advanced Technology (CAT), Indore:

Variable Energy Cyclotron Centre (VECC), Kolkata

Nuclear Science Centre, New Delhi

NUCLEAR POWER PLANTS

Kakrapar Atomic Power Station

Kaiga Generating Station

Madras Atomic Power Station

Narora Atomic Power Station

Rajasthan Atomic Power Station

Tarapur Nuclear Power Station

Tel: 91 22 202 2543
Fax: 91 22 204 8476

http://www.dae.gov.in/

Tel.: 91 22 550 5050
Fax: 91 22 550 5151 or 551 9613
http://www.barc.ernet.in/

http://www.iopb.res.in/

http://www.igcar.ernet.in/

http://www.saha.ernet.in/

http://www.tilT.res.in/

http://www.plasnia.eniet.ia/

http://www.cat.ernet.ln/

http://veccal.veccal.ernet.in/

http://www.dae.gov.in/kapp.htm

http://www.dae.gov.in/maps.htm.

http://www.dae.gov.in/naps.htai

http://www.dae.gpy.in/raps.htm

http://www.dae.gov.iiL/taps.htm
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OTHER ORGANIZATIONS

Nuclear Power Corporation of India Limited (NPCIL)

Electronics Corporation of India Ltd (ECIL)

Heavy Water Board, Mumbai

Indian Rare Earths Ltd.

Nuclear Fuel Complex, Hyderabad

Uranium Corporation of India Ltd.

Board of Radiation & Isotope Technology, Mumbai

Harish-Chandra Research Institute(HCRI), Allahabad

Tata Memorial Centre:Mumbai

The Institute of Mathematical Sciences
Chennai

Central Power Research Institute (CPRI)
Bangalore

http://www.npcil.org/

http://iis.stph.net/ecil/

http://www.dae.gov.irt/hwp.htm

http://www.dae.gov.iadre.htm

http://www.dae.gov.in/nfc.htin

http://www.dae.gov.in/mine.htm

http://www.tataniemorialcentre.com/

http://www.imsc.emet.iri/

http://powe.rsearch.cpri.fes.in/
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ISLAMIC REPUBLIC OF IRAN

1. GENERAL INFORMATION

1.1. General Overview

The Islamic Republic of Iran is situated in the Middle East and has an area of 1,648,195 square
kilometres with a population of about 63 million, which has doubled over the last three decades
(Table 1). It is bordered by Armenia, Azerbaijan and Turkmenistan Republics and Caspian Sea in the
north, Afghanistan and Pakistan in the east, Turkey and Iraq in the west and Kuwait, Persian Gulf and
Gulf of Oman in the south. Mountain chains like Zagros and many other mountains make Iran's
feature a mountainous country.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population (% of total)(I)

Area (1000 km2)

1960

21.7
13.2

1,648

1970

28.8
17.5

1980

39.1
23.7

1990

58.4
35.5

1998

65.8
39.9
60.6

1999

69.2
42.0
61.1

2000

70.3
42.7
N/A

Growth
rate (%)

1980
to

2000

3.0
3.0

(1) World Bank
Source: IAEA Energy and Economic Database; Data & Statistics/The World Bank.

From north to the south of the country, climate and temperature change abruptly (-20°C,
+50°C). Central and Southern Iran is dry and hot with low precipitation. On the whole, it has four
distinct seasons. The southern part, nearby Persian Gulf, where Bushehr Nuclear Power Plant is
situated has long, hot and humid summers and moderate winters. It has a fairly high seismic activity.

It is one of the world's main oil producers. The country holds large reserves and has many
potential reservoirs. Within Iran there are three geographic areas of oil production (north, central,
southwest) and one of gas (southeast) but geologically most of the country's vast oil and gas reserves
are located along the fold and thrust belt of the Zagros Mountains. These mountains rise in southeast
Turkey and run along the entire length of Iran until they terminate in the southeast at the Gulf of
Oman at a distance of almost 1,800 km. The country has also coal and Uranium resources.

1.2. Economic Indicators

Table 2 shows the Gross Domestic Product (GDP) statistic.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP ( ' at market prices
GDP growth (annual %)
GDP/capita(2)

GDP by Sector (value added, % of GDP):
Agriculture
Industry
Services, etc.

1995

87.4
2.88

1,481

22.17
35.76
42.07

1996

105
5.52
1753

20.28
36.25
43.48

1997

116
3.39

1,905

20.1
33.07
46.83

1998

113
2.24

1,826

22.03
29.74
48.23

1999

111
2.52

1,762

20.88
31.19
47.94

(1) Thousand mil l ions of current U S $ .
(2) Current U S $ per capita.
Source: Data & Statistics/The Wor ld Bank.
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1.3. Energy Situation

On the supply side, more than 98% of primary energy is derived from oil and gas resources and
only less than 2% is in from of hydro, coal and non-commercial energies. Likewise, in electrical
sector, more than 92% of the present installed capacity (26,000 MW(e)) is based on oil and gas fired
turbines and less than 8% of it (about 2,000 MW(e)) is hydro power (Table 3 shows the energy
reserves according to EEDB).

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Total amount in place<3)

Solid

5.9

6.0

Liquid

616.3

1,105.6

Gas

893.9

1,626.6

Uranium< 1 )

1.5

1.5

Hydro< 2 )

17.0

17.0

Exajoule

Total

1,534.6

2,756.7
(1) This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
(3) National data.
Source: IAEA Energy and Economic Data Base; National data [ 1 ] .

According to the latest statistics issued by Ministry of Power, the proven and exploitable
reserves of oil are about 89.7 billion barrels. Despite of the rapid expansion of the gas sector, in recent
years, oil still plays a very important role in energy system as well as economy of the country.
Petroleum products constitute more than 55% of the Iran's primary energy supply. The share of oil
sector in GDP is about 20% and more than 80% of the country's foreign exchange earnings comes
from export of this commodity.

The proven and exploitable gas reserves of Iran are estimated to be 35.4 and 24.5 trillion cubic
meters, respectively (about 222 and 154 billion barrels of oil equivalent). These reserves theoretically
give Iran a lead-time of more than 400 years to exploit them at the existing production level.

The proven reserves of coal in Iran are estimated to be approximately 13.1 milliard tons. But in
regard to the existing technologies, only 10 percent of these resources are exploitable and at much
higher cost than that of the international level. That is why coal plays only a minor role in Iran's
energy supply mix and it is not regarded a viable option in foreseeable future.

Theoretically, the whole potentials of hydro power in Iran is estimated to be approximately
42,000 MW(e). According to the latest information released by Ministry of Power, the practical hydro
potential of the country is projected to be only 23,000 MW(e). Up to now around 2,000 MW(e) has
been exploited and another 9,000 MW(e) is in process of execution, about 1,700 MW(e) is under
consideration and more than 7,000 MW(e) is at the sage of recognition.

Uranium resources of Iran are not considered a rich one. The results of the Atomic Energy
Organization of Iran (AEOI) exploration activities have shown proven reserves of about 3,000 tons of
Uranium so far. According to the discovered indices (more than 350 anomalies) and the results of the
field discoveries, the expected resources of Iran could be at the range of 20,000-30,000 tons of U3O8,
throughout the country. Therefore Iran's domestic reserves might be sufficient enough to supply the
raw material for needed nuclear power plants in future.

According to all the surveys performed in power sector of Iran, nuclear option is the most
competitive to fossil alternatives if the existing low domestic fuel prices are gradually increased to its
opportunity costs at the level of international prices.

There are ample potentials of renewable energies in Iran. The annually average daily solar
radiation is about 2,000 kW-h per m2. There are also good potentials of wind and geothermal energies
in some parts of the country. However, because of the limitation of the existing technologies for
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steady and reliable supply of energy and much higher unit cost of electricity generated by these
resources, it is not expected that renewable play a major role in Iran's electricity system in near future.

Due to a very cheap price of primary energy and the increase in population, the final energy
consumption has increased more than 7% annually and electricity production has risen 10% per year
in the last two decades.

In another words, while the size of population is nearly doubled, the final energy consumption
is quadrupled and electricity production is more than six folded to meet the existing demand. These
figures show a very high level of consumption and an incremental trend of energy intensity. Historical
energy statistics are shown in Tables 4a and 4b.

TABLE 4a. NATIONAL ENERGY STATISTICS
Exajoule

Energy consumption
- Total(1)

- Solids<2)

- Liquids
- Gases
- Primary electricity(3)

Energy production
-Total
- Solids
- Liquids
-Gases
- Primary electricity<3)

Net import (import-export)
- Total
- Solid
- Liquids
- Gases

1996

3.97
0.07
2.25
1.58
0.07

9.49
0.06
7.78
1.58
0.07

-5.45
N/A
-5.45
N/A

1998

5.06
0.07
2.56
2.36
0.06

10.57
0.06
8.10
2.34
0.06

-5.22
0.05
-5.26

0

1999

5.43
0.08
2.66
2.64
0.06

10.94
0.06
8.20
2.61
0.06

-4.88
0.31
-5.19

0

Average annual
growth

1960
to

1980

7.6
10.7
6.8
10.4

-

2.1
10.5
1.6
10.6

-

0.0
-

0.0
-

rate (%)

1980
to

1999

10.0
2.1
4.7
12.7
0.4

6.3
1.4
5.3
12.5
0.4

5.2
31.0
5.6
-9.0

1.4. Energy Policy

Iran's government has given priority to hydropower in the first and second 5 years development
plans. This policy will continue in future development programmes. But due to the limitations of
hydro potentials and the rapid growth of electricity demand, other options are also need to be
considered for diversification purpose.

The policy of the government is to use different energy potentials for conservation measures at
present time. To improve the situation the government has decided to increase gradually the price of
energy carriers to their opportunity costs within 10-15 years from the beginning of the second
development plan (1995).

Moreover, some conservation and energy management measures have been implemented to
control growth of demand in recent years. In supply side, the government has seriously launched a
programme for substitution of gas by oil as well as more exploitation of hydro power in electricity
system of the country. Completion of Bushehr nuclear power project and implementation of a project
to install 100 MW(e) from wind turbine is regarded to be a part of this diversification programme.
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TABLE 4b. EEDB ENERGY STATISTICS
Exajoule

Energy consumption
- Total( l )

- Solids (2)

- Liquids
- Gases
- Primary electricity(3)

Energy production
- Total
- Solids
- Liquids
-Gases
- Primary electricity(3)

Net import (Import - Export)
- Total
- Solids
- Liquids
- Gases

I960

0.35
0.01
0.30
0.04

2.28
0.01
2.24
0.04

-1.85

-1.85

1970

0.90
0.03
0.43
0.42
0.02

8.54
0.03
8.04
0.45
0.02

-7.41
0.00

-7.37
-0.03

1980

1.50
0.05
1.12
0.27
0.05

3.46
0.05
3.08
0.28
0.05

-1.86
0.00

-1.85
-0.01

1990

3.00
0.07
1.98
0.88
0.06

7.80
0.06
6.74
0.94
0.06

-4.46
0.02

-4.42
-0.06

1999

4.68
0.05
2.39
2.17
0.07

9.99
0.04
7.82
2.07
0.07

-4.39
0.06

-4.79
0.35

2000

4.91
0.05
2.40
2.39
0.07

10.17
0.04
7.82
2.24
0.07

-2.89
0.12

-4.64
. 1.63

Average
growth

1960
To

1980

7.57
10.65
6.75

10.39

2.10
10.45

1.60
10.56

0.02

0.01

i annual
rate (%)

1980
to

2000

6.11
-0.08
3.88

11.52
1.01

5.54
-1.48
4.78

10.99
0.98

2.24
23.18
4.71

-30.00
(1) Energy consumption = Primary energy consumption + Net import (Import-Export) of secondary energy.
<2> Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

The main producer of electricity in Iran is the Ministry of Power. The electricity system of Iran
(production, transmission and distribution) is centralized and owned by the government. Recently, the
government has started to study about the privatization in small-scale to assess its benefits and
outcomes for future programmes.

2.2. Decision-making process

The Ministry of Power is responsible for the development of power sector based on the energy
programmes, and concepts, which are approved by the Government of the Islamic Republic of Iran in
its 5 years development programmes.

2.3. Main Indicators

In 1999, the maximum exploitable power was 23,592 MW(e) with 54.5% share of steam power
plants, 13.5% share of gas power plants, 21.5% share of combined cycle power plants, 8.5% share of
hydro power plants and 2% for diesel power plants (Table 5). Table 6 shows the historical electricity
production and installed capacity and Table 7 the energy related ratios.
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TABLE 5. PRODUCTION CAPACITY AND PRODUCED POWER IN THE POWER
PLANTS OF THE MINISTRY OF POWER IN 1999.

Power Plants
Group

Steam
Combined Cycle&Gas

Diesel
Hydro
Total

Nominal
Power

13,115
9,565
593

1,999
25,272

Practical Power
Maximum

12,862
8,651
478

1,998
23,989

Minimum

12,822
7,420
427

1,998
22,667

Average

12,842
8,035.5
452.5
1,998

23,328

Maximum
Exploited Power

12,862
8,261
471

1,998
23,592

Source: Country Information.

TABLE 6. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW.h)

- Total(1)

- Thermal
- Hydro

Capacity of electrical plants (GWe)

- Total
- Thermal
- Hydro

1970

6.76
5.09
1.67

2.20
1.68
0.52

1980

22.38
16.76
5.62

11.23
9.42
1.80

1990

59.10
53.02

6.08

17.95
16.00

1.95

1999

109.59
102.68

6.92

32.22
30.21

2.01

2000

116.79
109.96

6.83

33.83
31.81
2.03

Average annual
growth rate (%)
1960
to

1980

53.98

40.53

1980
to

2000

8.61
9.86
0.98

5.67
6.27
0.58

'^ Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

2.4. Impact of Open Electricity Market in the Nuclear Sector

At the present time, there is no privatization in the field of electricity and nuclear sector. But
the Government of the Islamic Republic of Iran is considering new plans and programmes in this
respect. In the beginning and as a starting point, the programmes will be launched in other industries
to assess the results, advantages and disadvantages in the whole economy system of the country. By
means of these achievements, the idea of privatization might be expanded to other branches such as
electricity and nuclear sector.

TABLE 7. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kW.h/capita)

Electricity production/Energy production (%)

Nuclear/Total electricity (%)

Ratio of external dependency (%) (1)

Load factor of electricity plants

- Total (%)
- Thermal
- Hydro
- Nuclear

1960

16

-531

1970

32

230

1

-824

35
35
37

1980

38

550

6

-124

23
20
36

1990

51

962

7

-149

38
38
36

1999

68

1,515

10

-94

39
39
39

2000

70

1,591

11

-59

39
39
39

(1)Net import/Total energy consumption
Source: IAEA Energy and Economic Database.
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3. NUCLEAR POWER SITUATION

3.1. Historical Development

In the mid 1970s, a major nuclear power programme was planned and construction of two
nuclear power plants, two 1,200 MW(e) PWR units started at Bushehr by KWU. In 1979, this nuclear
power plant construction programme was suspended and construction activities halted, at a fairly
advanced stage of the civil work for the two units.

The Islamic Republic of Iran resumed the nuclear power programme in 1991 with a bilateral
agreement with China for the supply of two 300 MW(e) PWR units of Chinese design, similar to the
Qinshan power plant. The agreement was confirmed in 1993 (but never realized).

In 1994, the Ministry of Atomic Energy of the Russian Federation (MFNATOM) and the
Atomic Energy Organization of Iran (AEOI) agreed on the scope of work for completing the Bushehr
nuclear power plant unit 1 (BNPP-1) with a 1000 MW(e) PWR unit of WWER-1000 type. The
contract was signed in 1995. The Russian designed reactor will be constructed using mostly the
infrastructure already in place.

3.2. Status and Trends of Nuclear Power

Completion of Bushehr Nuclear Power Plant is the only on-going nuclear power plant project in
Iran, which will provide 1000 MW(e) to the national electrical grid. In fact, it will share about 4% in
the total national electricity generation (Table 8). Besides the completion of BNPP-1, work-plan of
Unit number 2 is being envisaged.

TABLE 8. STATUS OF NUCLEAR POWER PLANTS

Station

BUSHEHR-1
BUSHEHR-2
BUSHER 3
BUSHER4

Type

PWR
PWR
PWR
PWR

Net
Capacity

920

410
410

Description

Under Construction
Suspended since 1979

Planned
Planned

Operator

AEOI
AEOI
AEOI
AEOI

Reactor
Supplier

ASE

ASE
ASE

Station

BUSHEHR-1
BUSHEHR-2

Construction
Date

Ol-May-75

Criticality
Date

Ol-Jun-02

Grid Connection
Date

Ol-Jul-02

Commercial
Date

03-Jan-03

Shutdown Date

Source: IAEA Power Reactor Information System as of 31 December 2000.

3.3. Current Policy Issues

Pursuant to the Agreements signed between the Government of the Islamic Republic of Iran and
the Government of the Russian Federation on co-operation in the field of peaceful applications of
nuclear energy, dated 24 August 1992, and co-operation in the field of construction of nuclear power
plants in Iran dated 25 August 1992, the contract was made on a turnkey basis and signed on January
1995. The contractor (Russians) with the conditions of the partly completed unit 1 and the scope of
works required for its completion, will use the equipment and the technology of WWER-1000 model
V-392 type to fulfil the tasks.

3.4. Organizational Chart

The National Nuclear Safety Department (NNSD) accomplishes the regulatory tasks of nuclear
facilities in Iran. The up-dated organizational chart of NNSD is shown in Figure 1.
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Codes & Standards
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Site
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& Preparedness

Design, Construction,
Commissioning, Operation
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Radiation Protection
& Waste Management
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National Nuclear Safety Dept.

Computer Services
&

Document Center
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Licensing Division
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Quality Assurance
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Radiation Protection
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FIG. I. Organizational Structure ofNNSA.
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4. NUCLEAR POWER INDUSTRY

4.1. Supply of Nuclear Power Plants

The contractor (Russians) will deliver all supplies and services necessary to complete and
operate the BNPP-1 on a turnkey basis.

4.2. Operation of Nuclear Power Plants

Performance of the unit commissioning (initial fuel loading, initial criticality, low power tests;
power generating start up; and trial operation) and performance of the training of the AEOI's
personnel (to such an extent that they will be able to operate the unit safely, properly, efficiently,
reliably and economically) will be the responsibility of contractor (Russians).

The responsibility for the management and the operation of the unit will be passed on to the
AEOI on provisional acceptance of the unit.

Upon request by the AEOI, the contractor will make available and keep at the unit site, for a
period and conditions to be agreed upon, a number of specialists to assist the unit operation personnel.
For a period of two years, beginning on the date of provisional acceptance of the unit, the contractor
(Russians) will make available to the AEOI maintenance specialists who will assist the unit operation
personnel in all maintenance work for the unit. The said period may be extended (upon AEOI
request). Furthermore, during the period of provisional acceptance until final acceptance of the unit,
the contractor may provide additional specialists for additional maintenance and repair services for
the unit if it is needed.

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

The Uranium Conversion Facility (UCF) is a complex for production of some stages of nuclear
fuel materials, which can be utilized for nuclear power and research reactors. At present, the facility is
under construction.

The transfer of spent fuel to Russia or storage at the unit site, is discussed between the Principal
and the Contractor.

Waste management services are under the responsibility of the AEOI. The international
practice is envisaged for supply of such services. Relevant measures for storage of wastes are to be
considered in the unit design.

4.4. Research and Development Activities

The AEOI is the main institute in Iran for research and development activities in the field of
nuclear technology.

4.5. International Co-operation in the field of Nuclear Power Development and Implementation

Iran has been participating in some conferences, technical committee meetings, general
meetings, advisory group meetings, training and fellowship programmes under the sponsorship of the
IAEA or in the frame-work of its Technical Co-operation projects.

The International Atomic Energy Agency enhances the peaceful use of nuclear energy in Iran
by means of the following Technical Co-operation projects:
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• Developing Technetium-99m Labeled Radio pharmaceutical Kits Based on Monoclonal
Antibodies and Peptides (IRA/2/006) (new);

• Treatment of Low & Intermediate Level Radioactive Wastes (IRA/4/028) (continuation);

• Strengthening Owner's Functions for BNPP Project (IRA/4/029) (extension);

• Cyclotron Production of Palladium-103 and Cobalt-57 (IRA/4/032) (new);

• Development of National Waste Management Strategy (IRA/4/033) (new);

• Preparation of Elisa Kits for Diagnosis of Foot and Mouth Disease (IRA/5/012)
(continuation);

• Improvement of Clinical Brachytherapy for Cancer Management (IRA/6/007) (new);

• Radiation Processing of Polymeric Materials by Electron Beam (IRA/8/015) (new- Model
Project);

• Regulatory Infrastructure for Licensing of BNPP Project (IRA/9/015) (extension- Model
Project);

• Feasibility of Upgrading the Research Reactor (IRA/9/016) (new).

To improve better implementation of these projects, the AEOI has organized some workshops,
meetings and regional training courses through IAEA missions and assistance in Iran.

5. REGULATORY FRAMEWORK

According to the Atomic Energy Act of the Islamic Republic of Iran a License is required for
construction, commissioning, operation and decommissioning of nuclear facilities in Iran.

The National Nuclear Safety Department (NNSD) of Iranian Nuclear Regulatory Authority
(ENRA) has prepared and issued nuclear safety standards for regulating activities to assure safety in
nuclear power plants since 1975. The NNSD of BMRA issues the regulations, in particular to ensure
that the facility is designed in accordance with the latest state-of the art and technology, and there
shall be adequate assurance that the erection and operation of the facility will be accomplished
without undue risk to the health and safety of the general public and personnel.

With the conclusion of a turnkey contract between Nuclear Power Plant Department of Atomic
Energy Organization of Iran (NPPD-AEOI) and ZAO Atomstroyexport of Russian Federation to
complete BNPP-1, utilizing the existing structures and equipment at BNPP-1 to the extent feasible
and safe, it has become necessary that a specific licensing procedure be developed by the NNSD for
Unit completion.

In the licensing procedure, the specific regulatory process is provided for granting license and
permits for activities related to the reconstruction of BNPP-1. In preparing this procedure, due
account has been given for Iranian regulatory requirements, international recommendations such as
those issued by the IAEA, and of safety standards prevalent in the Russian Federation. In addition,
specific features of the design and operating characteristics, unusual or novel design measures, and
principal safety considerations of the BNPP-1 have been considered. In the said document, special
attention has been paid to the existing equipment and structures and their associated quality and
performance requirements for completion of the BNPP-1.

This document governs licenses and permits for all activities affecting safety in BNPP-1. It is
mandatory for all organizations involved in the safety concerned activities in BNPP-1 completion to
comply with the relevant provisions of requirements licensing procedure. The NNSD will supervise
the implementation of the requirements of the said document.
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5.1. Safety Authority and Licensing Process

5.1.1. The Iranian Nuclear Regulatory Authority

The Iranian Nuclear Regulatory Authority (ENRA) of AEOI is an independent national body
authorized for issuing rules and regulations and conducting the licensing and supervisory processes
for issuing licenses and thereby regulating nuclear and radiation safety for siting, design,
manufacturing, construction, operation, and decommissioning of the nuclear industry facilities or
specific aspects thereof. The ENRA is also responsible for national radiation protection and national
system of accountancy and control of nuclear materials (safeguards).

5.1.2. National Nuclear Safety Department (NNSD)

The regulatory and supervisory functions of the INRA for BNPP-1 are performed by NNSD,
which is a subdivision of INRA.

5.2. Main National Laws and Regulations

• Atomic Energy Act of Iran

In 1974 the Atomic Energy Act of Iran was promulgated. The Act covers the activities for
which the Atomic Energy Organization of Iran was established at that period. These activities
included using atomic energy and radiation in industry, agriculture and service industries, setting up
atomic power stations and desalination factories, producing source materials needed in atomic
industries, creating the scientific and technical infrastructure required for carrying out the said
projects, as well as co-ordinating and supervising all matters pertaining to atomic energy in the
country.

After final decision of the government to start completion activities at Unit 1 of Bushehr
Nuclear Power Plant, this Act could not cover and satisfy the new requirements. Since 1998, AEOI
has started to up-grade this Act, which is at the stage of the final draft.

• Radiation Protection Act of Iran

In view of the ever increasing development of radiation applications in different areas and
protection of workers, public, future generations, and environment against harmful effects of
radiation, the Radiation Protection Act of Iran was ratified in public session of April 9, 1989 by the
Parliament and was approved by the Council of Law-Guardians on April 19, 1989.

Provisions of this Act govern all the affairs related to radiation protection in the country
including the following:

1. Radiation sources.
2. Working with radiation.
3. Construction, establishment, commissioning, operation, decommissioning and being in charge of

any unit in which, work with radiation is carried out.
4. Any activity connected with radiation sources including imports and exports, customs clearance,

distribution, procurement, production, manufacturing, possession, acquirement, exploration,
mining, transportation, transactions, contracting, transfer, application and /or waste management.

5. Protection of workers, public and future generation in general and the environment against the
harmful effects of radiation.

Financing for decommissioning and waste disposal is the responsibility of the Government of
the Islamic Republic of Iran.
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5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

IAEA Statute

Amendments to Articles VI and XIV
of the Agency Statute

Signature:
Ratified:

Ratified

26 October 1956
16 May 1958

• Agreement on privileges and immunities

• NPT related agreement
INFCIRCNo:214

• Additional Protocol

• Project related safeguards agreement
INFCIRC No: 97

• Other multilateral safeguards agreement
IRAN/USA; INFCIRC No: 127

• Supplementary agreement on provision
of technical assistance by the IAEA

MAIN INTERNATIONAL TREATIES

• NPT

• Convention on the physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the case
of a nuclear accident or radiological
emergency

• Vienna convention on civil liability
for nuclear damage

• Paris convention on third party liability
in the field of nuclear energy

• Joint protocol relating to the application
of Vienna and Paris conventions

• Protocol to amend the Vienna convention
on civil liability for nuclear damage

Entry into force:

Entry into force:

Not signed

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Non-Parry

Entry into force:

Entry into force:

Non-Party

N.A.

Non-Party

Not signed

21 May 1974

15 May 1974

10 May 1967

20 August 1969

12 February 1990

2 February 1970

9 November 2000

9 November 2000
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• Convention on supplementary Not signed
compensation for nuclear damage

• Convention on nuclear safety Non-Party

• Joint convention on the safety of spent Not signed
fuel management and on the safety
of radioactive waste management

OTHER RELEVANT INTERNATIONAL TREATIES

• Improved procedures for designation
of safeguards inspectors

• Partial nuclear test ban treaty (PTBT)

• Treaty on prohibition of the emplacement
of nuclear weapons and other weapon of
mass destruction on the sea bed and ocean
floor and in the subsoil thereof

• CTBT

• ZANGGER Committee

• Nuclear suppliers group

• Nuclear Export Guidelines

• Acceptance of NUSS Codes

BILATERAL AGREEMENTS

Accepted on:

Signature:
Ratified:

Signature:
Ratified:

24 August 1991

9 August 1963
23 December 1963

11 February 1971
6 June 1971

Signature:

Non Member

Non Member

Not adopted

No reply

Agreement between the Islamic Republic of Iran and the Russian
Federation in the peaceful uses of nuclear energy

Agreement between the Islamic Republic of Iran and the People's
Republic of China for co-operation in the peaceful uses of
nuclear energy

24 September 1996

1992

1993
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITIES

Atomic Energy Organisation of Iran (AEOI)
End of North Karegar Ave
P.O.Box : 14155-1339 Tehran

Iranian Nuclear Regulatory Authority (INRA)
End of North Karegar Ave
P.O.Box: 14155-1339 Tehran

National Nuclear Safety Department (NNSD)
End of North Karegar Ave
P.O.Box : 14155-1339 Tehran

Nuclear Energy Plant
Bushehr

UNIVERSITIES

Amirkabir University of Technology

Bouali-Sina University

Guilan University

Isfahan University

Khajeh-Nasir-Toosi University of Technology

Shiraz University

Shiraz University of Medical Sciences

Tehran University

University of Mashhad
(Ferdowsi University)

Iran University of Science
and Technology

Tel: (+98 21) 8003590
Fax: (+98 21) 8003590
http://mvw.iratibooks.com/atomener.htm

Tel: (+98 21) 8020905
Fax: (+98 21) 8009298

Tel: (+98 21) 8008948
Fax: (+98 21) 8009379

http ://w ww. sedona.net/pahlavi/atomi c .html

http://www.aku.ac.ir/

://www.basu.ac.ir/

http://1cadons.gu.ac.ir/

http://www.iut.ac.ir/

http://www.kntu.ac.tr/

http://www.shirazu.ac.ir/

http://pearl.sums.ac.ir/

http://www.ut.ac.ir

http://www.um.ac.ir/

http://www.itist.ac.ir/IUSTEntTv/Defauit.asp
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ITALY

1. GENERAL INFORMATION

1.1. General Overview

A republic of Southern Europe, Italy is a peninsula set in the Mediterranean Sea. It extends
from the Alps, its northern border, southward for 960 kilometres; it has a maximum width of 240
kilometres. To the east lays the Adriatic Sea, to the south the Ionian Sea and to the west the
Tyrrhenian and Ligurian seas. Starting from northwest and moving to northeast, Italy is bounded by
France, Switzerland, Austria and the Republic of Slovenia. The Apennines, a recent mountain chain,
created by the collision of the African and European plates, subject to frequent earthquakes, extends
the length of the peninsula. There are few large catchment basins and only the Po basin is suitable site
for modern nuclear power plants.

The peninsula comprises much of Italy and includes the independent republic of San Marino as
well as the Vatican City. In addition to the continental part there are two big islands, Sicily and
Sardinia. The total area is 301,260 square kilometres.

Italy is located in the temperate zone, the mainland climate varies from the north to the south;
summer temperatures are relatively uniform in most cities and range on average between 23°C and
28°C, while winter temperatures range between 12°C and 17°C. The annual average rainfall,
generally, does not exceed 1,000 mm.

In 2000, the population of Italy was about 58 million with the density of 192 people per square
kilometre. Table 1 gives the statistical data until 2000. The capital and largest city is Rome which had
a population of 2,693,383 in 1991. The country is composed of 20 regions, which are subdivided into
104 provinces.

TABLE 1. POPULATION INFORMATION

Population (millions)(1)

Population density (inhabitants/km2)

Urban population as percent of total

Area (1000 km2)
(1) Mid year
<2) Provisional

1960

50.2

166.6

59

301.3

1970

53.8

178.6

64

1980

56.4

187.3

67

1990

56.7

188.2

67

1996

57.4

190.5

67

1997

57.5

190.9

67

1998

57.6

191.1

67

1999

57.6

191.3

67

2000(2)

57.8

191.7

NA

An. growth
rate (%)

1980

to

2000

0.1

0.1

Source: ISTAT

1.2. Economic Indicators

Table 2 shows the historical GDP data.

1.3. Energy Situation

Italy is poor in natural resources and depends heavily on imported energy supply. In 2000,
about 83% of Italy's energy was imported. Natural gas is Italy's largest domestic source of energy
with proven reserves of 9.1 EJ in 1996 (Table 3).

Italy's total primary energy consumption was 184.8 Mtoe in 2000, of which solid fuels
accounted for 12.8 Mtoe, oil 91.3 Mtoe, natural gas 58.1 Mtoe, renewable sources (hydro, geo, wind,
solar, biomasses) 12.8 Mtoe, and electricity net imports 9.8 Mtoe. Historical data are given in Table 4.
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TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP (l)

GDP (2)

GDP (3) per capita

GDP by sector (%):

-Agriculture

-Industry

-Services

- (+)Ind. taxes (-)bank services

1970

107.7

577.5

2,001

5

33

56

5

1980

448.8

823.5

7,953

4

31

58

7

1990

1,102.4

1,030.0

19,437

3

29

62

7

1996

1,232.8

1,109.2

21,480

3

28

63

7

1997

1,166.8

1,1317

20,288

3
28

62

7

1998

1,196.5

1,152.2

20,777

3

28

63

7

1999

1,180.2

1,170.7

20,473

3

27

62

7

2000 (4)

1,077.1

1,204.9

18,646

3

27

62

7

Growth rate
(%/year)

1980/2000

4.5

1.9

4.4

-1.4

-0.6

0.4

0.0
(1) Billions of current USS
(2) Billions of constant 1995 USS

TABLE 3. ESTIMATED ENERGY RESERVES

(3) Current USS per capita
(4> Provisional

Total amount in place

Solid

0.84

Liquid

2.18

Gas

9.12

Uranium (1)

2.62

Hydro (2)

32.78

Exajoule

Total

47.54
(1) This total represents essentially recoverable reserves.
<2' For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base; Country Information.

TABLE 4. ENERGY STATISTICS
(Exajoule)

Energy consumption

- Total

- Solids

- Liquids

- Gases

- Primary electricity^

Energy production

- Total

- Solids

- Liquids

- Gases

- Primary electricity'1'

Net import (import-export)

- Total

- Solids

- Liquids

-Gases

- Electricity

1960

2.11

0.45

1.00

0.22

0.44

0.88

0.13

0.09

0.22

0.44

1.29

0.32

0.97

0.00

0.00

1970

5.02

0.46

3.65

0.45

0.46

1.03

0.08

0.06

0.46

0.43

4.14

0.39

3.72

0.00

0.03

1980

6.13

0.53

4.14

0.95

0.52

1.02

0.05

0.08

0.43

0.46

5.13

0.48

4.10

0.50

0.06

1990

6.81

0.66

3.87

1.64

0.64

1.16

0.05

0.20

0.59

0.32

5.73

0.58

3.77

1.06

0.32

1996

7.19

0.53

3.95

1.94

0.77

1.40

0.06

0.23

0.69

0.42

5.85

0.49

3.73

1.28

0.34

1997

7.30

0.55

3.97

2.00

0.78

1.40

0.06

0.25

0.67

0.42

5.86

0.46

3.69

1.35

0.36

1998

7.50

0.58

3.97

2.16

0.80

1.38

0.07

0.24

0.66

0.42

6.11

0.50

3.76

1.47

0.38

1999

7.65

0.59

3.87

2.34

0.85

1.35

0.08

0.21

0.60

0.46

6.26

0.51

3.66

1.71

0.39

2000(2)

7.74

0.62

3.82

2.43

0.87

1.29

0.08

0.19

0.56

0.46

6.66

0.56

3.70

1.98

0.41

Growth rate (%/year)

•60/'80

5.5

0.8

7.4

7.6

0.8

0.8

-4.7

-0.6

3.4

0.2

7.1

2.0
7.5

'80/'00

1.2

0.8

-0.4

4.8

2.6

1.2

2.6

4.6

1.3

-0.1

1.3

0.8

-0.5

7.2

10.5
(1) 2200 kcal/kW-h. Net of generation from hydro pumping plants
(2) Provisional

Source: Ministry of Industry, Italian National Energy Balances
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1.4. Energy Policy

The last Energy Plan approved by the Government dates back to August 1998. It focused on a
set of actions capable of yielding substantial results in terms of energy conservation, environmental
protection, development of domestic energy sources, diversification of imported energy sources and
their origins, and safeguarding the competitiveness of the production system. Since 1988, the Italian
Government has issued no further comprehensive energy documents. A five-years nuclear
moratorium, following a popular referendum, which took place in 1987, officially expired in
December 1993, nevertheless the Government remains steadfast in excluding nuclear energy.
Recently, a new State owned Company (SOGIN) got the assets constituted by the closed existing
power stations (about 1,400 MW) and will take care of their decommissioning. A return to nuclear
power, in Italy, is for the moment not foreseeable.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

In 1962, the electric sector was nationalized by Law 1643 of 6 December 1962. ENEL (Ente
Nazionale per I'Energia Elettrica, Italian Electricity Generating Board) was established to be wholly
responsible for electricity production and transmission, and partially responsible for distribution of
electric energy.

Over the following three decades, the structure of the Italian electricity sector - in terms of
production, transmission and distribution - was organized along the following model: a large, nation
wide company: ENEL; a number of municipal utilities, namely in the large cities like Rome, Milan,
Turin; and a large number of industrial autoproducers.

Starting from the early '90s, many changes have been developed in the Italian electricity sector
and the consequences begin to appear.

By Decree No. 333 of 11 July 1992, the Government decided to privatize some state-owned
industrial and commercial companies. The new companies issued shares for a total value equal to the
net fixed assets given in the last balance sheet. The shares have been allocated to the Treasury and the
revenue obtained by their sale will be used to reduce the national debt and to balance the
Government's books. Thus, in August 1992, ENEL became a joint-stock company (ENEL S.p.A.)
with its shares in the hands of the Treasury. In November 1995 the law setting up the Independent
regulatory Authority has been approved, and the Authority has been operational since the beginning
of 1997. In December 1995 The Ministry of Industry issued the new concession to Enel SpA.

In March 1999, a legislative Decree ("Bersani" Decree) was issued, for the restructuring and
liberalization of the Italian electricity sector: the purpose of the Decree is both to reach a sufficiently
large liberalization and to guarantee such general economic interest as, for instance, a universal
service, tariff equalization, the development of renewable sources.

According to the mentioned decree, Enel SpA begun a process of complete reorganization: now
Enel is an holding, where five stock companies exist for generation, two for distribution (one for the
captive market and one for the free market), and one owning the transmission grid. Many others stock
companies exist in Enel group for other business such as engineering, telecommunications, lighting,
water management, and other for different industrial services.

Li November 1999, ENEL completed an initial public offering of shares representing about
32% of the company.
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According to the "Bersani" Decree, two different markets should coexist in the future: the free
and the captive market.

2.2. Decision Making Process

New generation capacity will be built according to the licensing procedure: producers wanting
to operate on the free market will apply for the authorization. In order to encourage the use of
renewable sources, operators producing more than 100 GW-h/year (coming from non renewable
sources) will be obliged as of 2001 to insert a quota of energy into the grid produced with renewable
sources equal to 2% of the amount exceeding 100 GW-h.

From January 2003, no producer or operator will be allowed to generate or import more than
50% of the total electric power generated and imported in Italy. By this date, Enel shall sell at least
15,000 MW of its generating capacity (three of the five companies have been created for this
purpose). The sale process is already ongoing.

The management of the grid will be assured by the Independent System Operator (ISO): a joint
stock company, owned by the Ministry of Treasure and totally independent from the electricity
industry. ISO will have the task of dispatching energy and operating the national network, that mainly
consists of the HV grid of Enel and HV lines of other operators.

2.3. Main Indicators

Italy's total gross output capacity of electricity generating plants in 2000 amounted to 78,331
MW: thermal plants 56,700 MW, hydroelectric 20,600 MW, geothermal 631 MW and 400 MW
renewable sources (Table 5). Total gross electricity production in 2000 was 275.94.7 TW-h., and
renewables for 0.5 TW-h. High voltage transmission lines, connecting power plants with the
distribution system, are mainly based on 380 kV lines and 220 kV lines.

In 2000, the electricity demand on the national grid was 297.7 TW-h with a per capita demand
of 5,154 kWh. In 2000, electricity's share in gross domestic energy demand was 35.4%. Energy
related ratios are given in Table 6.

TABLE 5. ELECTRICITY PRODUCTION AND CAPACITY

Gross electricity production (TW-h)

- Total

- Thermal(1)

- Hydro

- Nuclear

- Geothermal

-Wind(2>

Gross maximum output capacity (GW)

-Total

- Thermal(1)

- Hydro

- Nuclear

- Geothermal

-Wind(2)

1960

56.240

8.030

46.106

0.000

2.104

0.000

16.311

4.56

11.47

0.00

0.29

0.00

1970

117.423

70.222

41.300

3.176

2.725

0.000

31.331

16.96

13.41

0.58

0.39

0.00

1980

185.741

133.350

47.511

2.208

2.672

0.000

48.469

30.65

15.90

1.47

0.44

0.00

1990

216.891

178.590

35.079

0.000

3.222

0.000

58.596

39.12

18.97

0.00

0.51

0.00

1998

259.786

207.970

47.365

0.000

4.214

0.237

74.955

53.95

20.26

0.00

0.58

0.17

1999

265.657

209.068

51.777

0.000

4.403

0.409

76.230

54.81

20.56

0.00

0.62

0.24

2000(3)

275.881

219.800

50.925

0.000

4.705

0.451

78.331

56.70

20.60

0.00

0.63

0.40

Growth rate
(%/year)

'60/'80

6.2

15.1

0.2

1.2

5.6

10.0

1.6

2.2

WOO

2.0

2.5

0.3

2.9

2.4

3.1

1.3

1.8

(1) Including biomass
(2) Including solar

(3) Provisional
Sources: ENEL, GRTN
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TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kWh/capita)

Electricity penetration (%)

Nuclear/total electricity (%)

Dependence on imported energy sources (%)(1)

Load factor of electricity plants (%)(2)

- Total

- Thermal

-Hydro

- Nuclear

1960

42

1091

24.7

0

58.5

39

20

46

1970

93

2137

22.3

3

79.5

43

47

35

63

1980

109

3181

28.3

1

83.4

44

50

34

17

1990

120

4145

32.9

0

83.0

42

52

21

1996

125

4580

34.2

0

80.6

39

44

27

1997

127

4719

34.4

0

80.9

39

44

26

1998

130

4850

34.5

0

81.6

40

44

27

1999

133

4959

34.6

0

82.3

40

44

29

2000(3)

134

5154

35.4

0

83.4

40

44

28

(1) 100 - (indigenous production/total demand)* 100
(2) Rough evaluation referring to gross generation and gross maximum output capacity

(3) Provisional

3. NUCLEAR POWER SITUATION

3.1. Historical Development
Italy was among the first countries in the world to use nuclear technology for civil power

generation purposes only. The Italian history of nuclear technology development can be split into
three major periods:

i) pioneering period from 1946 to 1965 during which the private industry played a fundamental role;
ii) planning period from 1966 to 1987, during which the Government planned nuclear development;
iii) post referenda period from 1988 onward, which is characterized by the efforts to abandon nuclear

energy production.

3.1.1. Pioneering Period

In November 1946, CISE (Centro Informazioni, Studi ed Esperienze) was founded, with the
participation of the elite post-war Italian industries (Edison, Montecatini, FIAT) and some of the most
prominent Italian nuclear scientists. Early on, the purpose of CISE was to lay down the foundations of
civil nuclear engineering and, later on, to design a natural uranium fuelled, heavy water moderated
test nuclear reactor.

In June 1952, the Government established CNRN (Comitato Nazionale per le Ricerche
Nucleari), an agency in charge of developing and promoting nuclear technology. In August 1960, the
agency was reorganized and renamed CNEN (Comitato Nazionale per I'Energia Nucleare).

In October 1958, the construction of the country's first nuclear power plant, Latina, began. This
200 MW(e) gas-graphite reactor (Magnox, from magnesium alloy used in the fuel cans) was
connected to the electric grid in May 1963. It was ordered by SEVIEA, an ENI1 (Ente Nazionale
Idrocarburi) subsidiary, and contracted from the Nuclear Power Plant Company (NPPC) of the UK.
The United Kingdom's Atomic Energy Authority was to offer support for the safety aspects.

In November 1959, construction work for the Garigliano nuclear power plant began. A Boiling
Water Reactor prototype was ordered by SENN (Societa Elettro Nucleare Nazionale) from the
International General Electric. In January 1964, Garigliano 150 MW(e) reactor started operation.

The Trino Vercellese nuclear power plant, a Westinghouse PWR with two separate turbine
systems, was ordered by SELNI (Societa Elettro Nucleare Italiana), a subsidiary of the Edison group.

Italian Hydrocarbons Board
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Construction for the 260 MW(e) Trino Vercellese began in August 1961. It entered commercial
operation in October 1964.

A general rule, Law 1860, to regulate peaceful use of atomic energy was issued for the first
time in December 1962. This law assigned CNEN the role of the nuclear Regulatory Body and
foresaw the issuance of a subsequent law for radioactive protection of population and workers.

In February 1964, the Italian Government issued a complete set of Regulations (D.P.R. 230) to
cover into details the different aspects of nuclear safety and radiation protection. CNEN was
confirmed as the official Regulatory Body. However, this responsibility created an inherent conflict of
interests between its role as a public promoter of nuclear technology and as a Regulator. The safety
criteria during the period were adopted from countries exporting nuclear technology (mainly the UK
and the USA).

In 1962, after a long political struggle, the electric sector was nationalized and ENEL was
established as the sole utility. In 1964, the ownership of Latina nuclear power plant was transferred to
ENEL, and, in 1966, also the Garigliano and Trino units were transferred to ENEL, hence closing the
first period of the Italian nuclear history.

3.1.2. Planning Period

In December 1966, ENEL announced a huge nuclear programme forecasting 12,000 MW of
nuclear power by 1980. A year later, in 1967, CIPE2 (Comitato Interministeriale per la
Programmazione Economica) - a Committee in charge of co-ordinating the activities of Ministries
involved in the country's economic planning and of defining the nuclear programme of ENEL -
reorganized the nuclear sector. Among the most important actors (all state-owned companies) were:

i) ENEL, which maintained its position as the sole utility;
ii) ENI, which was in charge of nuclear fuel;
iii) ANSALDO, which was in charge of collaborating with foreign supplier(s) and later became the

Italian nuclear components supplier.

In 1967, an agreement was signed by CNEN and ENEL for developing an Italian version of the
Canadian CANDU. This reactor type, called CIRENE, was designed to use heavy water as moderator
and boiling water as coolant. In 1972, ANSALDO got an order to build a 40 MW(e) prototype close
to the Latina nuclear power plant. CISE actively participated in the design and construction of the
CIRENE reactor, which, however, never became operational due to technical problems and the lack of
economic resources. Its construction was finalized only in 1988.

In 1969, ENEL decided to build a BWR (G.E. BWR 4, Mark 2) on the site of Caorso; one year
later ANSALDO, in a joint venture with G.E., officially received the order. The Caorso site
construction began in 1970. After several delays in implementing improvements in the suppression
pool and bolstering thermal fuel performance, this 860 MW(e) unit finally started commercial
operation in 1981.

In 1974, following the Yom Kippur War and the consequent oil crisis, the Ministry of Industry,
Commerce and Crafts (hereafter referred to as Ministry of Industry) approved a National Energy Plan
that foresaw the construction of 20 nuclear power plants in order to reduce the contribution of oil on
the Italian energy balance. The main effort during that period was to achieve a certain level of
technological independence from the American licenser(s). Political indecision led the industry to
spread technical and economic resources over five different reactor types; namely, the BWR of
General Electric, the PWR of Westinghouse and Babcock types, the CANDU of AECL, and the
indigenous CIRENE.

2 Interministerial Committee for Economic Planning
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To attain the goals of the new energy plan, the Italian government in 1973, joined the
EURODIF consortium. AGIP Nucleare, a subsidiary of ENI, and CNEN were in charge of providing
the country with enriched uranium for fuel fabrication. Meanwhile, in 1972, ANSALDO -in a joint
venture with G.E.- completed the Fabbricazioni Nucleari (Bosco Marengo) to manufacture the fuel
elements for the future BWR's. The plant can produce 100 tons of fuel annually. It entered in
operation in 1976 and has produced more than 500 tons of fuel for the Italian nuclear power stations
and Leibstadt nuclear power station in Switzerland.

Later, in December 1973, three major European utilities signed an agreement to build a
Superphenix, 1200 MW(e) fast breeder reactor in France. A second smaller station was planned in
Federal Republic of Germany. The three original partners were Electricite de France (EdF), ENEL
and Rheinisch Westfalisches Elektrizitatswerk (RWE). Subsequently RWE was substituted by
Schnell-Bruter Kernkraftwerkgesellschaft (SBK), a joint enterprise of RWE, Belgian and Dutch
utilities and, to a lesser extent, the British Central Electricity Generating Board (CEGB). Under the
terms of this agreement the NERSA company was created in 1974 to undertake the construction of the
Creys-Malville station. EdF's share of NERSA was 51%, ENEL had 33% and SBK 16%. Preliminary
work on the Creys-Malville site started in December 1974. The fist concrete was laid in December
1976. The reactor began operation in January 1986. Earlier, in 1983, construction had began for PEC
(Prova Elementi di Combustible) for testing fast breeder fuel elements. This was intended to
strengthen Italy's participation in the Superphenix venture.

In 1976, Montalto di Castro was selected as the site for two new BWR's (G.E. BWR 4,
Mark 3). The site permit was issued in 1979, exactly one month before the Three Mile Island incident.
This along with the active opposition of the environmental movements, delayed the implementation of
the energy plan. Moreover, ENEL faced increasing difficulties with its nuclear power stations and
conventional power plants with the construction of transmission system. During the 1980's, the
nuclear option became one of the major political issues, almost completely halting all nuclear
activities, despite the commitments of several energy plans.

The new National Energy Plan of 1982 reflected mixed attitudes. It called for two nuclear units
at Montalto di Castro and six other units on three different sites (Piemonte, Lombardia and Puglia).
The plan also identified the development of the so-called PUN3 (Progetto Unificato Nazionale), a
Westinghouse pressurized water reactor as the final reactor type for the country. The most important
characteristic of PUN design was to standardize nuclear plant design and construction. ENEA4 (Ente
Nazionale per la ricerca e lo sviluppo dell'energia nucleare e delle Energie Alternative), formerly
CNEN, was split into two major branches: ENEA responsible for research and promotion of nuclear
technology; and, ENEA/DISP5, an independently acting nuclear Regulatory Body.

In 1986, a few months before the Chernobyl nuclear disaster, CEPE reaffirmed its commitment
for the two BWR units at Montalto di Castro and for the six PUN type pressurized water reactors.
However, the impact of the Chernobyl disaster on public opinion was enormous and a general debate
on the implications of the use of nuclear energy inflamed the contest in the political arena. In
November 1987, three referenda were passed essentially stopping any activity in the nuclear sector.

3.1.3. Disengagement Period

In December 1987, CIPE halted construction of the Montalto di Castro and Piemonte plants.
These were the only two sites where construction work was effectively in progress. A nuclear
moratorium period of five years became effective.

3 Standard Nuclear Plant Project.
4 Italian Commission for research and Development of Nuclear and Alternative Energy Resources, set up under

Act No. 84 of 5 March 1982 to reorganise CNEN.
' Directorate for Nuclear Safety and Health Protection.
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In June 1988, the Government, by Decree Nos. 230 and 324, ended all nuclear construction.
The Caorso reactor, which was shut down in October 1986 for the annual refuelling remained in cold
shut down for a complete safety review and assessment. In 1989, an OSART (Operational Safety
Assessment Review Team, under the aegis of IAEA) inspection of the Caorso plant was conducted;
but, despite of positive results of both reviews, CIPE decided, in July 1990, to close down the plant.
At the same time Trino nuclear power plant was closed. The remaining units of Garigliano and Latina
had already been closed down in August 1978 and November 1986, respectively.

At the same time ENEA decided to close down a number of facilities relevant to the fuel cycle:
IFEC (Impianto di Fabbricazione Elementi di Combustibile), EUREX (Enriched Uranium Extraction),
ITREC (Impianto di Trattamento e Rifabbricazione Elementi di Combustibile) and the plutonium
plant at its Casaccia Centre. In effect, Italy is currently inactive in the nuclear energy sector.

In the context of the privatization and of the liberalization of the electric energy market, and
accordingly to a legislative Decree (Decreto legislativo n° 79 , 16 March 1999) all Enel's liabilities
and assets (and all capabilities and resources) connected to nuclear power have been assigned to a
newly established company, named SO.G.I.N. (Societa Gestione Impianti Nucleari, hereafter Sogin);
Sogin is operational since November 1st, 1999; its shares have been transferred in 2000 to the Ministry
of Treasure; nevertheless, Sogin will act accordingly to guidelines issued by the Ministry of Industry.

The mission of Sogin covers:

• the decommissioning of the NPPs in Italy: as it is well known, all nuclear generation plants in
Italy have been definitely shutdown; furthermore, Sogin has been allowed to act with joint
ventures or similar co-operative initiatives in order to dismantle any other nuclear related
structure in Italy: for this reason on 12 December 2000, Sogin entered into a Consortium with
ENEA and Fabbricazioni nucleari (FN). The aim of the Consortium is to dismantle all plants
related to the fuel cycle (fabrication and research plants: no installation for the back end of the
cycle exist in Italy), which are property of ENEA and FN;

• the management of the back end of the related fuel cycle;

• the valorization of the assets such as sites, components, resources;

• providing engineering and consultancy services in the nuclear field within the domestic and the
international market.

3.2. Status and Trends of Nuclear Power

TABLE 7. STATUS OF NUCLEAR POWER PLANTS

Station

CAORSO
ENRICO FERMI (TRINO)
GARIGLIANO
LATINA

Type

BWR
PWR
BWR
GCR

Capacity

860
260
150
153

Operator

Sogin1

Sogin1

Sogin1

Sogin1

Status

Shut Down
Shut Down
Shut Down
Shut Down

Reactor
Supplier

AMN/GETS
WEST

GE
TNPG

Station

CAORSO
ENRICO FERMI (TRINO)
GARIGLIANO
LATINA

Construction
Date

Ol-Jan-70
Ol-Jul-61
Ol-Nov-59
Ol-Nov-58

Criticality
Date

31-Dec-77
21-Jun-64
05-Jun-63
27-Dec-62

Grid
Date

23-May-78
22-Oct-64
Ol-Jan-64
12-May-63

Commercial
Date

Ol-Dec-81
01-Jan-65
Ol-Jun-64
Ol-Jan-64

Shutdown
Date

Ol-Jul-90
Ol-Jul-90

Ol-Mar-82
Ol-Dec-87

Source: IAEA Power Reactor Information System as of 31 December 2000; Sogin.
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3.3. Current Policy Issues

At the present time, electric demand is being met with increased uses of gas-fired units and
imported energy. The future of the nuclear sector remains uncertain pending development and
acceptance of the new generation of enhanced safety reactors.

Main nuclear policy issues relate to the decommissioning and waste disposal facilities. The
ultimate strategic goal, for the former, is unrestricted site release.

On 14 December 1999, the Italian Government, with an announcement of the Ministry of
Industry, has outlined strategic choices and plans to manage the problems connected with the closure
of all nuclear activities in the country. These guidelines have been submitted to the Parliament, even if
a wide consensus both on political and technical bodies has raised and a high level of confidence
about their confirmation should be considered.

The ministry statement outlines three main goals:

• treatment and conditioning, within a 10 year period, of all liquid and solid radwaste currently in
on-site storage, mostly issued from the operation of the plants, with a view to subsequent
transport to a national waste repository;

• Site selection and construction of a national repository for low and intermediate level wastes, also
within 10 years; the same site would be used for temporary storage of high level long lived
wastes, particularly spent fuel and wastes resulting from reprocessing: the final selection of a site
for waste disposal facilities has not been made yet;

• Decommissioning of the nuclear plants in about 20 years, proceeding directly to the dismantling
stage in order to reach the site release with no radiological constraints.

It is worth mentioning that this announcement brings a new approach for the decommissioning:
in fact, also as a consequence of the National Conference on Energy and Environment in the autumn
of 1998, the deferred decommissioning strategy (Safe Store) was up to this moment the adopted and
agreed strategy by Enel with the Government.

Nevertheless, during 1999 also representatives of ANPA (the Safety National Authority) have
asked for the possibility of an acceleration, considering "prompt decommissioning" option to be
preferred, as well taking into account dose constraints as the need of taking advantage of the reactor
operational staff still available on the nuclear sites.

Sogin is therefore now being reconsidering the planning of activities in view of the DECON
(prompt dismantling) strategy, in order to meet the Ministry requirements; this also considering that
an adequate financing procedure has been defined by the Government in order to face consequent
additional costs: in fact, following the separation of Sogin from Enel, a funding mechanism has been
defined to provide resources for additional costs deriving from the different economic conditions
(new interest rates and taxes), from the management costs for the new company, and from the change
in strategy (from Safe Store to DECON). A Decree of the Ministry of the Industry issued on 26
January 2000, states that above mentioned extra costs for Sogin shall be financed on a levy on the
price of the sold kW-h. Every year, Sogin shall present the programme of future activities, with
associated costs: on this basis, the national Authority for Electric Energy and Gas (the National body
which defines tariff politics) shall re-evaluate the amount of the price of the kW-h due to Sogin for the
next three years; this re-evaluation will take into account economic efficiency criteria.

The same procedure is foreseen by the Decree in the framework of the Consortium agreement
in order to provide Sogin with additional funds for financing the dismantling of nuclear related
installations now property of ENEA and FN.
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4. NUCLEAR POWER INDUSTRY

4.1. Supply of Nuclear Power Plants

Due to the historical development of nuclear technology in Italy, it was not possible to develop
separate organizations for the roles of architect engineer and nuclear steam systems supplier. For
PUN, it was foreseen that ENEL would have covered the role of architect engineering, and
ANSALDO would have been the nuclear supplier. For the other reactors, both activities were
performed mainly by foreign companies. For example, for Caorso nuclear power plant the supplier
was a joint venture of ANSALDO and G.E. (AMN/GETS), while the architect engineering services
were provided by Gibbs & Hill of the U.S.

At present, ANSALDO participates in a joint venture with AECL for construction of five
CANDU reactors in Cernovoda, Romania.

Sogin is also present in the international market offering mainly engineering and consultancy
services for refurbishing of power plants, for on site assistance programmes and for decommissioning
activities. At present, Sogin is participating in PHARE and TACIS programmes: it is since 1997
leader in the On Site Assistance project of the Medzamor plant (Armenia); as a partner of EDF it is
operating for safety improvements of Aktau (Kazakistan) and Beloyarsk (Russia) fast breeder
reactors; other services have been granted in other eastern countries and in the field of training.

4.2. Operation of Nuclear Power Plants

Since 1962, ENEL has been the only utility owning and operating nuclear power reactors.
ENEL has also acted as a maintenance company with several other private or state-owned companies
(ANSALDO, Carlo Gavazzi, Fochi, Belleli, FIAT, etc.). For instance, half of the outage services at
Caorso NPP are performed by the plant personnel and other half by external contractors. For training
nuclear operators, ENEL established, in the 1980's, a training centre in Piacenza equipped with a full
scale BWR simulator.

Now Sogin cares about post operation activities of NPPs to be decommissioned

4.3. Fuel Cycle and Waste Management Service Supply

4.3.1. Uranium enrichment and fuel fabrication

In Italy, there are no facilities for enriching Uranium. Several installations have the capability
to manufacture fuel elements. However, at the present time all are closed.

4.3.2. Fuel transportation

Radioactive material can be transported only by authorized carriers. The authority responsible
for issuing freight licences is the Ministry of Industry, after ANPA (Agenzia Nazionale per la
Protezione dell'Ambiente, see section 5.1) has given its technical assessment. The rules regulating
transport of radioactive material come from IAEA's Safety Series No. 6, and are in accordance with
international regulations enacted by ICAO, ADR, RED and EVIO.

4.3.3. Spent fuel disposal and storage

Some irradiated fuel removed from ENEL power plants has been reprocessed in the United
Kingdom. The remainder is stored at ENEL and at Avogadro (Saluggia- Fiat Avio )storage.

In the middle of the 90ties, Enel has decided to terminate nuclear fuel reprocessing, on the basis
of an economical and technical evaluation, and to proceed with interim dry storage of the remaining

398 ITALY



spent fuel of light water reactors. It was in fact recognized that, in the light of the Italian situation,
reprocessing would not have brought important advantages in term of final disposal, since VHLW
would have to be disposed anyway together with other reprocessing generated wastes; moreover, the
waste form would not have implied specific advantages in term of final disposal, where only
geological barriers could be credited.

For the temporary on site storage of irradiated fuel, among the various available technologies,
the dry storage, inside dual-purpose metallic containers ("cask"), has been chosen.

Sogin is actively carrying on a project for an interim storage facility on the sites of Trino and
Caorso NPPs where residual spent fuel of these plants can be kept safely for several decades pending
the governmental decision on final disposal.

4.3.4. Waste management and disposal

The sources of radioactive waste in Italy include the power plants formerly operated by ENEL,
the fuel cycle plants: operated by Fabbricazioni Nucleari S.p.A., ENEA research laboratories and
experimental facilities, and non-energy applications (e.g., biomedical and other uses).

It is a governmental commitment the definition of guidelines and of a regulatory framework for
the management of radioactive wastes: in this view a National Operator is to be created and appointed
for the management of all existing and future wastes; in the meantime, a procedure has been initiated
by the government in order to select the site for the final repository for the second category wastes
(see below): the repository is at present scheduled to be operating early in 2009. A specific task force
of ENEA is now working on the siting of the repository. Waiting for the constitution of the national
operator, Sogin and ENEA have provided strategies for the temporary storage on their sites of the
produced wastes; NUCLECO (an ENI and ENEA joint company, established in 1981) has the
responsibility for non-energy applications produced wastes. ANPA is responsible for licensing
aspects.

The criteria applicable to the classification, treatment and disposal of radioactive waste are set
forth in ENEA/DISP's Technical Guide No. 26, issued in May 1988 and updated in 1997. These rules
allow above ground disposal of treated low-level waste (Categories I and 11) and prescribe suitable
final disposal solutions (such as deep disposal) for high-level waste (Category HE).

As for categories I and II, solid low-level waste is to be super-compacted and cemented. Liquid
low-level waste is to be cemented in containers suitable for above ground storage.

At the present time, high-level and most low-level waste is stored at production sites (ENEL
power plants and ENEA facilities). The quantities of energy related waste currently stored in Italy are
the follows:

• about 5,300 cubic meters solid and 40 cubic meters liquid low level waste (Categories I and II);
• cubic meters solid high-level waste (Category III). This figure includes alpha-emitting waste, 120

cubic meters liquid waste. About 290 tHM of spent fuel have to be added.

Vitrification and cementation treatments are under consideration for liquid high-level waste,
and cementation for solid high-level waste in category III containers for deep storage.

4.4. Research and Development Activities

Nuclear research is conducted by several agencies, institutions and universities. Every three
years two governmental bodies (Consiglio Nazionale della Scienza e della Tecnologia and CIPE)
issue the "Triennial Research Plan" in order to co-ordinate the whole research sector. The leading
agency for applied nuclear research is ENEA with its Energy Research Centre (CRE) at Casaccia,

ITALY 399



near Rome. To a lesser extent, research activities are also performed by ENEL. Theoretical research
in the nuclear field is performed mainly under the aegis of CNR6 (Consiglio Nazionale delle Ricerche)
and ESfFN7 (Institute Nazionale di Fisica Nucleare) in its four main laboratories - Laboratori Nazionali
di Frascati, Laboratori Nazionali di Legnano, Laboratori Nazionali del Sud and the new Laboratori
Nazionali del Gran Sasso.

hi nuclear engineering, the universities with degree programmes are the Universita di Roma
(power plant engineering), the Universita di Pisa (safety assessments), and the Politecnico di Milano
(plant engineering and probabilistic safety studies).

Some research activities, experiments and studies, mainly in connection with the above
universities and agencies, are still performed at the facilities equipped with research reactors as shown
in Table 8.

TABLE 8. RESEARCH REACTOR FACILITIES

SITE

Bologna
Palermo

Roma
Roma
Pavia

POWER

100 We
20 We

1MW
5kW
250 kW

OPERATOR

ENEA/RB3
University of
Palermo
ENEA/TRIGA
ENEA/TAPIRO
University of Pavia

STATUS

not operating
in operation

in operation
not operating
in operation

Source: Country Information.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

Italy participates in several international co-operative projects developed under the aegis of the
European Community, NEA/OECD and the International Atomic Energy Agency. In this setting two
important research centres must be pointed out: the Joint Research Centre of Ispra8 and the
International Centre for Theoretical Physics in Trieste, a branch of IAEA. ANPA is participating in
the PHARE and TACIS programmes of assistance to Central Europe and CIS countries. Sogin is also
deeply involved in these programmes

In the area of nuclear safety and environmental protection, bilateral agreements have been
signed with NRC (USA), Nil (UK), CSN (Spain), N.N.S.A.(China), and D.S.I.N (France).

Some noteworthy activities in progress are: nuclear fuel research conducted with the Halden
reactor; participation in the international EPRI-DOE programme on new generation reactors; and, in
nuclear fusion field, participation in the Joint European Torus project.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

In Italy, the general framework of nuclear activities is given by Basic Act No. 1860 of 31
December 1962, on the peaceful uses of nuclear energy (G.U. No. 27, 30 Gennaio 1963). Licensing
and operation of nuclear installations are governed by recent Legislative Decree No. 230 of March
1995 (G.U. No. 136, 13 Giugno 1995) on the safety of nuclear plants and the protection of workers
and the population against the risks of ionizing radiation, amended by Legislative Decree n 241 of
May 25, 2000. These Decrees replace and update the previous Decree No. 230/1964, incorporating

6 Italian National Research Council
7 Italian National Institute for Nuclear Physics
8 Reactor Safety, Fusion Technology (with the European Tritium Handling Laboratory) and Advanced Materials
are only some of the activities performed in the Centre. Another European research centre, in which Italy has a
quota of 28%, is CERN (Consiglio Europeo per la Ricerca Nucleare) in Switzerland.
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several Directives of EURATOM (n. 80/836, 84/467, 84/466. 89/618, 90/641, 92/3) and introducing a
specific licensing procedure for decommissioning nuclear plants (Art. 55, 56, 57). Both of these
general Acts are complemented by several Decrees regulating specific aspects.

In accordance with Act No. 1860 and with Decree No. 230, the administrative authority
responsible for licensing is the Minister for Industry, Commerce and Crafts. It grants the nuclear
power plant construction permit and the operating license.

The National Agency for the Environmental Protection (ANPA), established by Act No. 61 of
21 January 1994, is entrusted with safety reviews, regulatory inspections and other technical tasks.
Before the establishment of ANPA, these activities were performed by ENEA/DISP, a Directorate
embodied in ENEA. In the main steps of the licensing procedure, ANPA makes use of consultative
advice from the Advisory Committee (Commissione Tecnica) made up of experts appointed by the
Ministries involved.

In addition to the provisions of Presidential Decree No. 230, ANPA publishes Technical
Guides, which outline the safety criteria and license application formats. These guides are prepared
for nuclear operators and are informational in nature. Their purpose is to provide a better
understanding of the controls exercised by ANPA in matters of safety and health protection.

5.2. Main National Laws and Regulations

According to Article six of the Law 1860, any organization that intends to operate a nuclear
installation has to be licensed by the Ministry of Industry, as advised by the Regulatory Body.

The Act No. 393 of 23 August 1975, outlines a construction licensing procedure, which is
broken into two main stages: a study of the site in relation to the basic design principles of the power
plant in question; and, a study of the preliminary project of the planned power plant. Act No. 393 on
the NPP site selection instituted the co-operation of national authorities with regional and local
authorities to take due account of the administrative decentralization implemented in legislation.

In accordance with the established procedure, CIPE authorizes the areas where nuclear power
plants can be constructed. In order to facilitate this phase, the Regulatory Body drew up a "National
Sites Map", which indicates the areas where the nuclear power plants can be built. The CIPE's
decision is taken after a consultation with ENEA and in agreement with the Inter-regional Advisory
Commission made up of the presidents of the regional governments. In the first phase, each region
concerned has to indicate, within 150 days following the CIPE deliberations, at least two areas in its
territory where nuclear power plants could be constructed.

Once the areas have been selected, the utility is given permission by the Ministry of Industry to
proceed with all investigations that are needed to determine whether the areas selected are technically
suitable and to decide which area it would propose for the installation. Within 12 months, the utility
has to submit a detailed report on the proposed site to the Minister of Industry, to the regions
concerned and to the Regulatory Body. The report contains a detailed analysis of nuclear safety and
health protection issues in accordance with the procedures laid down in D.P.R. No. 230, as relates to
the siting of the location. Under the terms of Act No. 393, ANPA has to consult all concerned, e.g.,
Ministries of Interior, Employment, Public Works, Health. The Ministries are required to reply within
sixty days of being consulted. The outcome of the investigation is referred to the Advisory Committee
by the Regulatory Body and ultimately forwarded to the Ministry of Industry.

This technical phase is followed by a decision making phase culminating in a final choice of the
site by the region in agreement with the municipality concerned. The region's decision must be
communicated to the Ministry of Industry within two months.
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Once the site has been approved, the Ministry of Industry authorizes the utility to begin
preliminary site preparation under the control of the Regulatory Body. From this point on the
licensing procedure continues along the lines set out in D.P.R. 230. This consists of the issuance of
the construction permit and the operating license.

Before the final authorization is granted, nuclear power plants and facilities for the disposal of
radioactive waste must undergo an environmental impact assessment, in accordance with Decree 377
of 1988.

Filing of application:

The utility submits the general design (site and plant) and the preliminary Safety Report to the
Ministry of Industry and to the Regulatory Body. The documents supplied must also include a
Preliminary Study on the treatment and disposal of radioactive waste.

The Regulatory Body draws up a technical report for nuclear safety and health protection
evaluation of the installation. It also makes a critical appraisal of the preliminary safety report and the
preliminary study on the treatment and disposal of radioactive waste determining whether these
comply with the conditions laid down during site selection.

The Regulatory Body's technical report is forwarded to the Ministry of Industry, which then
sends it to the Ministries of the Interior, Employment, Public Works, and Public Health for their
comments. The comments should be forwarded to the Regulatory Body within sixty days. Having
considered the assessment of the Advisory Committee, the Regulatory Body gives the Ministry of
Industry its final evaluation. The construction license is granted by Decree from the Minister.

The Regulatory Body, on the advice of the Advisory Committee, establishes a list of the parts
of the installation that involve nuclear safety and health protection. A detailed plan for each part of
the installation included in the list has to be approved by the Regulatory Body, on the assessment of
the Advisory Committee, prior to the construction. The study on treatment and disposal of radioactive
waste must be handed to the Commission of the European Communities in accordance with section 37
of the EURATOM Treaty.

Two series of tests -non nuclear and nuclear- must be carried out and successfully performed
before an operator can apply for a license to commission the installation. The results of non-nuclear
tests are submitted to ANPA for approval The test can be carried out only with its permission and
under its supervision. Depending on the reports produced by the operator and the results of the checks
made during these tests, the Regulatory Body issues a certificate stating that from the safety viewpoint
the installation is ready to be loaded with the nuclear fuel.

Nuclear tests may not be carried out until the operator has submitted the Final Safety Report
(with Operating Rules, Operating Manual, Structure of Operating Organization, Proposal of Technical
Specifications) and obtained the Regulatory Body's approval on the general test programme, after the
Advisory Committee has given its assessment. The approval is subject to the Ministry of the Interior's
receipt of the emergency scheme for safety measures in case of an accident. Before beginning nuclear
tests, the Regulatory Body also has to approve the maximum discharge levels for the radioactive
effluents. The Operator must give the Regulatory Body a report on each nuclear test in order to get
certified.

The operating license is granted in successive stages, depending on the results of the nuclear
tests within the limits, conditions and technical specifications with which the operator must comply.
A specific license is required for the reactor operators, reactor senior operators and plant supervisors.
The operating license is granted by Decree of the Ministry of Industry and includes the technical
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requirements specified by the Regulatory Body. As a rule, the operating license is granted
indefinitely. However, a general review of the installation's safety condition is usually undertaken
after ten years.

The period within which a safety review is carried out also depends on the operational life and on the
status of the specific plant. Any modification to the initial design must be approved by the Ministry of
Industry, which takes its decision after consulting the Regulatory Body.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

Amendments to Articles VI & XIV
of the Agency statute

Agreement on privileges
and immunities

NPT related agreement
INFCIRC/193

Additional Protocol
(GO V/l 998/28)

Not ratified

Entry into force:

Entry into force:

Signature:

Supplementary agreement on provision Not Applicable
of technical assistance by the IAEA

• EURATOM

MAIN INTERNATIONAL TREATIES etc.

• NPT

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

• Vienna convention on civil liability for
nuclear damage

• Paris convention on third party liability
in the field of nuclear energy

• Joint protocol relating to the application
of Vienna and Paris conventions

• Protocol to amend the Vienna
convention on civil liability for

Member

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Not applicable

Entry into force:

Entry into force:

Signature:

20 June 1985

21 February 1977

22 September 1998

2 May 1975

6 October 1991

11 March 1990

25 November 1990

17 September 1975

27 April 1992

26 January 1998
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nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of
spent fuel management and on
the safety of radioactive waste
management

OTHER RELEVANT INTERNATIONAL TREATIES AND UNDERTAKINGS

Not signed

Entry into force:

Signature

14 July 1998

26 January 1998

• Improved procedures for designation
of safeguards inspectors

• ZANGGER Committee

• Nuclear Export Guidelines

• Acceptance of NUSS Codes

Nuclear Suppliers Group

Establishment of CERN
with 12 other European Countries

Halden Boiling Water Reactor project
Italian representative: ENEA

Joint European Torus Undertaking Brussels
Italian representatives: ENEA and CNR

Rejected but agreed to special
procedures

Member

Adopted

Summary: National
regulations are in conformity
with revised codes. Codes are
sound international safety
standards which should be
made obligatory in all states
operating NPPs. Letter:

Member

Paris

27 December 1989

July 1953

June 1958

May 1978

404 ITALY



REFERENCES

[1] II regime giuridico dell'impiego pacifico dell'energia nucleare, Vol. I, II and III, ENEA, Roma,
(1986) (Volumes II and III present the whole set of international agreements in which Italy
participates).

[2] II Nucleare in Italia, special edition of Professione Ingegnere, Anno 5, N.I 9/20, Luglio-Dicembre,
(1992).

[3] Energia, ambiente, innovazione dal CNRN all'ENEA, a cura di G. Paoloni, Laterza; Bari, (1992).

[4] La questione energetica: dieci anni perduti 1963-1973, F. Ippolito, F. Simen, Feltrinelli; Milano,
(1974).

[5] II ruolo dell'organizzazione industriale nello sviluppo nucleare, P. Berra, A. Ninni, S. Vacca,
Economia delle fonti di energia, XXXIII, N. 42, (1990).

[6] Data & Statistics, The World Bank, www.worldbank.org/data.

[7] IAEA Energy and Economic Data Base (EEDB).

[8] IAEA Power Reactor Information System (PRIS).

[9] IEA, Beyond 20/20.

ITALY 405



Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY A UTHORITY

Ministry for Industry, Commerce and
Handicrafts (MICA)

Via Vittorio Veneto, 33
1-00187 Rome, Italy

Italian Agency for New Technology,
Energy and the Environment (ENEA)

Lungotevere Thaon di Revel, 76
1-00196 Rome
Italy

NATIONAL REGULATORY BODY

Italian Agency for Environmental
Protection (ANPA)
Via Vitaliano Brancati, 48
1-00144 Rome, Italy

OTHER NUCLEAR ORGANIZATIONS

Italian Forum for Nuclear Energy (FIEN)
Via Flavia, 104
00187 Rome, Italy

National Association for Nuclear
Engineering (ANDIN)

Via Flavia, 104
00187 Rome, Italy

NUCLEAR INDUSTRY

Supply of Nuclear Power Plants

ANSALDO S.p.A. Nuclear Division
Via Corso Perrone 25
16161 Genova.

Operation of Nuclear Power Plants

SO.G.I.N p.a.
Via Torino 6
00184 Roma

Fuel Fabrication

FN S.p.A. Nuove Tecnologie e Servizi Avanzati
S.S. 35bisdeiGioviKml5
15062 Bosco Marengo - Alessandria

Tel: +39 6 470 51
Fax: +39 6 470 528 44
Telex: 616315 MICA

Tel: +39 6 3627 1
Fax: +39 6 3627 2591/2214
Telex: 610183 ENEA
http://www.enea.it/

Tel: +39 6 500 71
Fax: +39 6 500 729 16/722 19
http://www.sinanet.anpa.it/

Tel: +39 6 486415
Fax: +39 6 4744397

Tel: +39 6 486415
Fax: +39 6 4744397

Tel: +39 10 6551

Tel: +39 06 85091

Tel: +39 131 2971
Fax: +39 131297250

406 ITALY



Transport

Air carrier:

Land Carriers:

Rail Carrier:

Marine Carrier:

Alitalia
Via della Magliana 806
Roma

Borghi Nucleare
V. le Liegi 33
Roma

MIT Nucleare
Via dell'Artigianato 12
Carugate (Mi)

Ferrovie dello Stato
Piazza della Croce Rossa 1
Roma

Lloyd Triestino S.p.A.
Piazza Unita dTtalia 1
Trieste

Several other carriers are licensed for radioactive and
from ANPA or from the Ministry of Industry.

Spent fuel

Waste Management

COMPES
Via Cuneo 21
Torino

NUCLECO
Via Anguillarese 301
Roma

Tel: +39 6 65629133
http://vvww.alitalia.it

Tel: +39 6 8546104
Fax +39 6 8543798

Tel: +392921591
Fax +39 2 92150244

Tel: +39 6 47305700

Tel: +39 40 3180111

fissile materials, their addresses are available

Tel: +39 1126001
Fax: +39 11 850642

NUCLEAR RESEARCH INSTITUTES

ENEA/CRE
Via Anguillarese 301
S.M. di Galeria (RM)

CNR
le A. Moro 7
Roma

National Institute for Research
in Nuclear and Subnuclear Physics (INFN)
Piazza dei Caprettari 70
Roma

Abdus Salam International Centre
for Theoretical Physics (ICTP)

European Centre for Theoretical Studies
in Nuclear Physics and Related Areas (ECT)

Tel: +39 6 30481
Fax +39 6 30494203
http://www.casaccia.enea.it/

Tel: +39 6 49931
Fax +39 6 4461954
http://www.cnr.it/

Fax: +39 6 68307924
http://www.infn.it/

http://www.ictp.ttieste.it/

http: // w w w. ect. it/
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HIGH ENERGY INSTITUTES

Elettra Synchrotron Light Source http://www.elettra.trieste.it/

Frascati National Laboratory (LNF) http://www.lnf.infh,it/

ENEA (Frascati, Italy) http://www.frascati.enea.it/FTU/

OTHER ORGANIZATIONS

Ministry for University based Science
and Technology http://www.mixir.it/

International Centre for Genetic Engineering

and Biotechnology (ICGEB) http://www.icgeb.trieste.it/

International School for Advanced Studies (SISSA) http://www.sissa,it/

Department of Electrical and Automation Research http://www.pea.enel.it/

The Journal of High Energy Physics (JHEP) http://ihep.sissa.it/

Architecture and Engineering Virtual Library http://wwvv.miiromal.it/cQbai/i3ibvirt/statt.htm
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1. GENERAL INFORMATION

1.1. General Overview

Situated in the far east of Asia, Japan is subject to a monsoon climate in the Temperate Zones.
Japan has four distinct seasons, which affect changes in the demand for energy or electric power. The
annual fluctuation of Japan's electric power demand has two peak periods, the highest being the
summer peak based on air-conditioning, and the winter peak based on heating. Figure 1 shows Japan's
annual power demand fluctuations. Table 1 shows Japan's total population, its density and rate of
increase.

(inl06kw)

(Month)

Composite Sum of 10 Power Companies
Source: Nuclear Power Charts 2000 Edition, Federation of Electric Power Companies

FIG. 1. Trend of Annual Power Demand

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

94.1
249.1
63.5
377.8

1970

104.3
276.2
72.2

1980

116.8
309.2
76.2

1990

123.5
327.0
77.4

1996

125.8
332.9
78.2

1997

126.3
334.3
78.4

1998

126.6
335.1
78.5

1999

126.6
335.0
78.7

2000

126.8
335.7
N/A

Growth
rate (%)

1980
to

2000

0.4
0.4

Source: IAEA Energy and Economic Database and Country Information; Data & Statistics/The World Bank.

1.2. Economic Indicators

Table 2.1 shows Japan's total GDP and its GDP per capita and Table 2.2 GDP by sector figures
and the growth rate.
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TABLE 2.1. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (current billion US$)

GDP growth (annual %)

GDP by Sector (% of GDP):

Agriculture, value added

Industry, value added
Services, etc., value added

1995

5,140

1.47

1.94

38.16

59.9

1996

4,600
5.05

1.88

37.8
60.32

1997

4,210

1.59

1.7
37.32

60.98

1998

3,810

-2.51

1.73

35.98

62.29

1999

4,350
0.2

N/A

N/A

N/A
Source: Data and Statistics, the World Bank..

TABLE 2.2. GDP BY SECTOR
Item

Agriculture, Forestry and Fishery

Mining

Manufacturing

Construction

Electricity, Gas & Water Supplies

Wholesale and Retail

Finance and Insurance

Real Estate

Transportation and Communication

Others

Total

1995

1.8

0.2

22.1

7.9

2.6

14.6

5.7

11.5

6.8

26.7

100.0

1996

1.8

0.2

22.1

7.7

2.6

14.6

5.5

11.6

6.6

27.3

100.0

1997

1.5

0.1

22.0

7.6

2.6

14.8

5.6

11.6

6.5

27.5

100.0

(%) (At current prices^

1998

1.5

0.1

21.1

7.4

2.7

14.4

5.5

11.9

6.4

28.9

100.0

1999

1.4

0.1

20.7

7.3

2.7

13.9

6.0

12.2

6.4

29.2

100

Source: Annual Report on National Accounts 1999: Economic Planning Agency

1.3. Energy Situation

A key feature of Japan's energy consumption is that the industrial sector accounts for the bulk
of the total spent with 48.4% (in FY1998) compared with private sector at 26.4% and transportation
sector at 25.2%. Japan's total primary energy supply (in FY1998) was 22,811 PJ crude oil equivalent.
Japan is still heavily dependent on oil even though Japan has experienced a dramatic decline in its
dependency from 77.4% in 1973 to present 52.4%. The above-mentioned decline in oil dependency
can be mainly attributed to Japanese industries' efforts in energy conservation and Japan's
development of alternative energy resources. In 1996, Japan imported 99.7% of the oil consumed in
Japan (82.5% of crude oil was imported from Middle Eastern countries).

Table 3 shows the estimated energy reserves in Japan. Figures 2.1 and 2.2 presents the primary
energy supply and energy consumption. Table 4.1 shows Japan's basic energy situation and Table 4.2
the trend of energy consumption by sector.

1.4. Energy Policy

The outlook states that energy consumption in 2010 FY will remain almost unchanged
compared with that of 1996 as a result of the following measures: (1) following up on Keidanren's
voluntary action plan, (2) improving efficiency of energy-consuming equipment by introducing "the
top-runner method" (the Revised Law Concerning the Rational Use of Energy), and (3) changing
people's lifestyles to have a greater emphasis on energy conservation. Meanwhile, on the supply side,
Japan will make maximum efforts to introduce non-fossil fuel energy sources, and will tenaciously
promote the development of nuclear power as a leading part of non-fossil fuels with thoroughly
ensuring its safety. Because of economic restrictions, new energy sources cannot immediately replace
existing forms of energy supply. However, Japan must endeavour to expand the introduction of new
energy sources as much as possible through the improvement of their performance and cost reduction.
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TABLE 3. ENERGY RESERVES
Exajoule

Total amount in place

Estimated energy reserves

Solid

19.23

Liquid

0.29

Gas

1.31

U r a n i u m " '

3.60

Hydro ( 2 )

69.22

Total

93.65
(1) This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base; Country Information.

13. 7°/i
12. 3°/ NJCI ear Fbv\er

16.4°/

52. 4°/

I\bt ur al Gfes

h^droel ectri c Fbvver

ethers

FIG. 2.1. Proportions of Primary Energy Supplies (1998)

1.0°/ 10.3°/

22.0°/

0.1°/

• oi

B ectri c Rwer

Qhers
66.6°/

FIG. 2.2. Proportions of Total Final Energy Consumption (1998)

The two oil shocks in 1973 and 1979 had direct impact on Japan's vulnerable energy structure
and inflicted considerable damage to Japan's economy. Because of the first oil crisis, the Japanese
government introduced the following emergency measures: Approval of Oil Emergency Measures
(1973), Enactment of Two Emergency Laws (1973), Participation in IEA (1974), Enactment of the
Petroleum Stockpiling Law (1975). The first oil crisis prompted the Japanese government not only to
formulate various emergency measures as stated above, but also to change the basic philosophy of its
energy policy. In 1975, the Advisory Committee for Energy, an advisory council for Minister of
International Trade and Industry, submitted a report suggesting that developing a stable supply of
energy should be regarded as the first priority. On the basis of this report, the following five policy
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pillars were set up: reducing oil dependency, diversification of non-oil energy supplies, securing a
stable supply of oil through petroleum reserves oil, exploration and development by Japanese
companies, etc, promotion of energy conservation, promotion of new energy R&D. In order to
strengthen energy conservation, "The Law Concerning Rational Use of Energy" was enacted in 1979.
In 1974, the Sunshine Project was implemented to promote the development of new energy
technologies such as solar energy, geothermal energy, coal liquefaction, coal gasification and
hydrogen energy. Various alternative energy policy measures were introduced after the second oil
crisis. In 1980, "The Law Concerning the Promotion of Development and Introduction of Alternative
Energy" was enacted.

TABLE 4.1. ENERGY STATISTICS

Energy consumption
- Total(1)

- Solids(2)

- Liquids
- Gases
- Primary electricity(3)

Energy production

-Total
- Solids
- Liquids
- Gases
- Primary electricity(3)

Net import (Import - Export)

-Total
- Solids
- Liquids
- Gases

1960

2.00
1.40

0.03
0.56

2.13
1.51
0.02
0.03
0.56

-0.01
0.00

-0.01

1970

2.05
1.15

0.16
0.82

2.14
1.17
0.03
0.11
0.82

0.44
0.00
0.39
0.04

1980

14.63
2.52
9.45
0.97
1.69

2.27
0.47
0.02
0.09
1.69

13.06
1.98

10.19
0.89

1990

18.12
3.37

10.00
2.01
2.74

3.06
0.22
0.02
0.08
2.74

15.36
3.13

10.28
1.94

1999

20.92
3.89

10.12
2.88
4.03

4.23
0.08
0.03
0.09
4.03

16.92
3.82

10.31
2.79

2000

21.04
3.94
9.98
3.01
4.11

4.30
0.07
0.03
0.10
4.11

16.92
3.90

10.10
2.92

Exajoule
Average annual
growth rate (%)
1960
to

1980

10.46
2.97

47.86
18.53
5.66

0.33
-5.65
0.10
4.93
5.66

-44.59
-47.79
-43.55

1980
to

2000

1.83
2.27
0.28
5.80
4.53

3.23
-9.30
0.67
0.59
4.53

1.30
3.44

-0.04
6.12

; Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2> Solid fuels include coal, lignite and commercial wood.
<3> Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database.

TABLE 4.2. TREND OF END-USE ENERGY CONSUMPTION
(in 100 million kilo liter of crude oil equivalent)

(fiscal year)

End-Use Energy Consumption

Industry

Commerce and Residence

Transportation

1973

2.85

1.87

0.52

0.47

1979

3.01

1.78

0.63

0.60

1986

2.94

1.56

0.72

0.66

1992

3.60

1.81

0.93

0.86

1995

3.88

1.92

1.02

0.94

1996

3.93

1.95

1.02

0.96

1997

3.96

1.95

1.03

0.98

1998

3.92

1.90

1.03

0.99

1999

4.02

1.97

1.05

1.00

Source: Natural Resources and Energy 1999/2000Edition, Agency of Natural Resources and Energy (METI)

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

Japan is divided into nine zones by nine electric power companies. These are private enterprises
who specialize only in electric utility operations and are the main power suppliers in each zone. Apart
from these, there is also the Okinawa Electric Power Company, a smaller electric utility company,
operating in Okinawa Prefecture comprised of many small islands. These power companies run their
own facilities from power generation to transmission and distribution as an integrated business
operation.
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The Electric Power Development Company which has its own thermal and hydro electric power
stations, and the Japan Atomic Power Company which has its own nuclear power stations are other
private enterprises that produce electric power and act as wholesalers to the nine electric power
companies. However, in relation to Japan's total installed capacity, their installed capacity is relatively
small.

Table 5.1 shows the historical electricity production and the installed capacity and Tables 5.2
and 5.3 show the installed capacity of, and the actual energy generated by, the installers or owners of
power plants.

2.2. Policy and Decision Making Process

The Electric Power Industry Advisory Council (Supply and Demand Working Committee),
comprised of non-governmental professionals and experts including those from electric power
companies, provide advice and recommendations to the Minister of International Trade and Industry,
on a regular basis, regarding the basic national policies on regional network operations for the stable
supply of power, promotion of demand-oriented energy saving measures, promotion of load levelling,
further development of electric power, etc. Based on this advice, the Ministry of International Trade
and Industry together with related Ministries and Agencies confer regularly with individual power
companies to review the up-to-date demand and supply performances and to evaluate the power
supply programme for the future.

TABLE 5.1. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW.h)

- Total(1)

- Thermal
- Hydro
- Nuclear
- Geothermal

Capacity of electrical plants (GWe)

- Total
- Thermal
- Hydro
- Nuclear
- Geothermal
-Wind

1960

67.36
8.88

58.48

14.89
2.21

12.68

1970

132.00
47.08
80.09
4.58
0.24

30.01
8.65

19.99
1.34
0.03

1980

577.52
401.75

92.09
82.59

1.09

143.70
98.07
29.78
15.69
0.16

1990

857.27
573.27

95.84
186.42

1.74

194.73
125.74
37.83
30.89

0.27

1999

1067.88
649.43
111.06
303.26

4.11

250.86
161.16
45.62
43.49

0.58
0.01

2000

1088.35
662.24
116.82
304.87

4.40

256.32
166.04
46.18
43.49

0.60
0.01

Average annual
growth rate (%)
1960
to

1980

11.34
21.00

2.30

12.00
20.87
4.36

1980
to

2000

3.22
2.53
1.20
6.75
7.23

2.94
2.67
2.22
5.23
6.78

(1) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

2.3. Main Indicators

Table 6 shows the trends in various energy and electricity ratios. Table 7 and Figure 3 show the
trends of installed generation capacity and energy generated in Japan.

2.4. Impact of Open Electricity Markets in the Nuclear Sector

The systems are being reformed as below. Retail sale of electricity to large consumers shall be
enabled by suppliers other than the power companies. Rules shall also be established to enable new
suppliers other than the power companies to use the transmission and distribution lines owned by the
power companies. These new systems are scheduled to start in March 2000.
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TABLE 5.2. POWER GENERATION CAPACITY OF
Owner Name

Hokkaido Electric Power Co.
Tohoku Electric Power Co.
Tokyo Electric Power Co.
Chubu Electric Power Co.
Hokuriku Electric Power Co.
Kansai Electric Power Co.
Chugoku Electric Power Co.
Shikoku Electric Power Co.
Kyushu Electric Power Co.
Japan Atomic Power Co.
Electric Power Development Co.
Others
Total

EACH PLANT OWNER (for electric utility) (as of March 2000) (MWe)
Nuclear Power

Power Generation
1,158
1,349

17,308
3,617
540

9,768
1,280
2,022
5,258
2,783

45,083

Proportion
19.5
8.9
29.9
11.4
8.7

25.8
10.7
32.0
27.7
100.0

20.1

Hydroelectric Power
Power Generation

1,278
2,431
8,103
5,211
1,806
8,107
2,893
1,123
2,370

8,261
2,817

44,399

Proportion
21.5
16.0
14.0
16.4
29.1
21.4
24.2
17.8
12.5

59.4
19.9
19.8

Thermal Power*
Power Generation

3,500
11,430
32,434
22,941
3,862
19,921
7,765
3,171
11,327

5,655
11,358

134,809

Proportion
59.0
75.1
56.1
72.2
62.2
52.7
65.0
50.2
59.8

40.6
80.1
58.8

Total
Power Generation

5,936
15,209
57,846
31,769
6,209
37,796
11,938
6,316
18,955
2,783
13,915
14,175

224,291

Proportion
100
100
100
100
100
100
100
100
100
100
100
100
100

Source: Summary of Thermal Power Facilities the Federation of Electric Power Companies
* : Thermal Power includes Geothermal Power.

TABLE 5.3. ENERGY GENERATION OF EACH PLANT OWNER (for electric utility) (in fiscal
Owner Name

Hokkaido Electric Power Co.
Tohoku Electric Power Co.
Tokyo Electric Power Co.
Chubu Electric Power Co.
Hokuriku Electric Power Co.
Kansai Electric Power Co.
Chugoku Electric Power Co.
Shikoku Electric Power Co.
Kyushu Electric Power Co.
Japan Atomic Power Co.
Electric Power Development Co.
Others
Total

Nuclear Power
Energy Generation

9.2
9.9

128.3
25.1
3.6

70.4

10.1
14.7
38.8
6.1
0.0
0.0

315.9

Proportion
31.6
13.1
48.5
20.8
14.1
54.3
20.6
50.8
53.8
100.0
0.0
0.9
34.3

Hydroelectric Power
Energy Generation

4.0
9.1
13.0
8.8

L 6.0
13.9
3.5
2.3
4.6
—

12.6
10.5
88.3

Proportion
13.8
12.1
4.9
7.3
23.4
10.7
7.2
8.1
6.3
—

28.0
14.9
9.6

1999) (TWh)
Thermal Power*

Energy Generation
15.8
56.3
123.1
86.5
15.9
45.3
35.2
11.9
28.7
—

32.4
60.4
516.9

Proportion
54.6
74.8
46.6
71.9
62.5
35.0
72.2
41.2
39.8
—

72.0
85.1
56.1

Total
Energy Generation

29.0
75.2

264.3
120.4
25.4
129.6
48.8
28.9
72.0
6.1

45.0
70.9
921.1

Proportion
100
100
100
100
100
100
100
100
100
100
100
100
100

Source: Summary of Thermal Power Facilities the Federation of Electric Power Companies
* : Thermal Power includes Geothermal Power
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TABLE 6. ENERGY AND ELECTRICITY RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(1)

Load factor of electricity plants
- Total (%)
- Thermal
- Hydro
- Nuclear

1960

42
1,227

57
0

40

56
59
53

1970

119
3,447

162
1

85

60
67
46
39

1980

136
4,945
218
14
84

46
47
35
60

1990

158
6,941
231
24
83

50
51
29
73

1996

176
8,023
218
30
81

49
48
23
81

1997

177
8,218
211
31
80

49
46
26
81

1998

165
7,812
227
31
81

49
46
26
81

1999

165
7,958
229
30
81

49
46
28
80

2000

166
8,095
230
30
80

48
46
29
80

^ Net import / Total energy consumption
Source: IAEA Energy and Economic Database and Country Information.

TABLE 7. POWER PLANT CAPACITY OUTLOOK FOR ELECTRIC UTILITIES
(104kW)

Source of supply

Oil

Nuclear Power

Coal

LNG

Others

Hydroelectric Power

Total

1980

5,948

1,551

526

1,971

73

2,867

12,936

1985

5,526

2,452

1,034

2,855

238

3,319

15,425

1988

5,463

2,870

1,112

3,306

118

3,613

16,482

1991

5,428

3,324

1,362

3,949

124

3,773

17,960

1992

5,442

3,442

1,467

4,095

124

3,815

18,384

1993

5,450

3,838

1,597

4,173

126

3,859

19,043

1996

5,243

4,255

2.028

4,914

52

4,297

20,788

1999

5270

4492

2488

5677

52

4433

22410

2010

5010

5970

3784

6651

54

4810

26259

ncfkw
30,000
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Source: Interim Report, Demand/Supply Subcommittee, Electric Utility Industry Council (June 2001)

FIG. 3. Electric Power Plant Capacity Outlook (for Electric Utilities)

The safety restrictions for electrical installations are being examined considering the self
responsibility of each corporation, thereby minimizing the national involvement. Nuclear power
generation facilities are, however, excluded.
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3. NUCLEAR POWER SITUATION

3.1. Historical Development

Enactment of the Atomic Energy Law (1955) introduced the promotion of atomic energy
development and utilization toward peaceful objectives in compliance with the three basic principles
of Democratic Management, Voluntary and Open Information. Inauguration of the Atomic Energy
Commission (1956) established an advisory board for the Prime Minister on matters regarding
promotion of atomic energy development and utilization.

Long-term planning for atomic power development began in 1956. Today, it is the basic programme
for the nation on nuclear power development and utilization. The plan is revised and updated every
five years. The Ministry of International Trade and Industry was reorganized in 1966 to accommodate
its increasing workload. This change provided additional rules and regulations for the introduction of
the commercial light water reactors in Japan after 1966.

In 1974, three basic laws for the promotion of electric power development were made into law;
namely, the "Law for the Adjustment of Areas Adjacent to Power Generating Facilities", the "Electric
Power Development Promotion Tax Law", and the "Special Account Law for Electric Power
Promotion". These laws also advanced the siting of nuclear power stations.

In 1978, the Nuclear Safety Commission was formed as a separate entity from the Atomic
Energy Commission. Safety assurance measures were enhanced in 1980 to reflect the lessons learned
from the TMI-2 Accident (1979) and, later, the Chernobyl No. 4 Accident in 1986.

The overall appraisal of the Vision of Nuclear Power in 1986 provided long range prospects of
energy availability and electric power requirements through 2030, programme for enhancement of
safety, called "Safety 21" which further reinforced safety assurance measures. In 1990, Japan revised
its supply targets to include alternative energy sources due to its growing demand for oil and its
contribution to the greenhouse effect on the Earth.

3.2. Status and Trends of Nuclear Power

Table 8 and Figure 4 provide lists and locations of the nuclear power plants in operation, under
construction and firmly planned together with those out of service in Japan. At the end of 2000,
Japan's total installed capacity of nuclear power plants was 45,082 MW. The total installed capability
of nuclear power plant under construction and in the plan are 4,792 MWe (5 plants) and 7,164
MWe(6 plants) respectively.

Table 9 lists future nuclear power plants to be either built at new sites or at existing sites in
Japan.

418 JAPAN



TABLE 8. STATUS OF NUCLEAR POWER PLANTS
Station

FUGEN ATR

FUKUSHIMA-DAIICHI-1
FUKUSHIMA-DAIICHI-2
FUKUSHIMA-DAIICHI-3
FUKUSHIMA-DAIICHI-4
FUKUSHIMA-DAIICHI-5
FUKUSHIMA-DAIICHI-6
FUKUSHIMA-DAINI-1
FUKUSHIMA-DAINI-2
FUKUSHIMA-DAINI-3
FUKUSHIMA-DAINI-4
GENKAI-1
GENKAI-2
GENKAI-3
GENKAI-4
HAMAOKA-1
HAMAOKA-2
HAMAOKA-3
HAMAOKA-4
IKATA-I
IKATA-2
IKATA-3
KASHIWAZAKI KARIWA-1
KASHIWAZAKI KARIWA-2
KASHIWAZAKI KARIWA-3
KASHIWAZAKI KARIWA-4
KASHIWAZAKI KARIWA-5
KASHIWAZAKI KARIWA-6
KASHIWAZAKI KARIWA-7
MIHAMA-1
MIHAMA-2
MIHAMA-3

Type

HWLWR

BWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
PWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
PWR
PWR
PWR

Capacity (Net)
(MWe)

148

439
760
760
760
760
1067
1067
1067
1067
1067
529
529
1127
1127
515
806
1056
1092
538
538
846
1067
1067
1067
1067
1067
1315
1315
320
470
780

Operator

PNC

TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO

KYUSHU
KYUSHU
KYUSHU
KYUSHU
CHUBU
CHUBU
CHUBU
CHUBU

SHIKOKU
SHIKOKU
SHIKOKU

TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
KEPCO
KEPCO
KEPCO

Status

Operational

Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational

Reactor
Supplier

HITACHI

GE
GE/TOSHIBA
TOSHIBA
HITACHI
TOSHIBA
GE/TOSHIBA
TOSHIBA
HITACHI
TOSHIBA
HITACHI
MHI
MHI
MHI
MHI
TOSHIBA
TOSHIBA
TOSHIBA
TOSHIBA
MHI
MHI
MHI
TOSHIBA
TOSHIBA
TOSHIBA
HITACHI
HITACHI
TOSHIBA/GE
HITACHI/GE
WH
WH/MHI
MHI

Construction
Date

Ol-Apr-72

25-Jun-67
09-Jun-69
28-Dec-70
12-Feb-73
22-May-72
26-Oct-73
16-Mar-76
25-May-79
23-Mar-81
28-May-81
15-Sep-71
Ol-Feb-77
01-Jun-88
15-Jul-92
10-Jun-71
14-Jun-74
18-Apr-83
13-Oct-89
15-Jun-73
21-Feb-78
Ol-Nov-86
05-Jun-80
18-Nov-85
20-Jun-85
07-Mar-89
05-Mar-90
03-Nov-92
Ol-Jul-93
Ol-Feb-67
29-May-68
07-Aug-72

Criticaliry
Date

20-Mar-78

10-Oct-70
10-May-73
06-Sep-74
28-Jan-78
26-Aug-77
09-Mar-79
17-Jun-81
26-Apr-83
18-Oct-84
24-Oct-86
28-Jan-75
21-May-80
28-May-93
23-Oct-96
20-Jun-74
28-Mar-78
21-Nov-86
02-Dec-92
29-Jan-77
31-Jul-81
23-Feb-94
12-Dec-84
30-Nov-89
19-Oct-92
Ol-Nov-93
20-Jul-89
18-Dec-95
Ol-Nov-96
29-Jul-70
10-Apr-72
28-Jan-76

Grid
Date

29-Jul-78

17-Nov-70
24-Dec-73
26-Oct-74
24-Feb-78
22-Sep-77
04-May-79
31-Jul-81
23-Jun-83
14-Dec-84
17-Dec-86
14-Feb-75
03-Jun-80
15-Jun-93
12-Nov-96
13-Aug-74
04-May-78
20-Jan-87
27-Jan-93
17-Feb-77
19-Aug-81
29-Mar-94
13-Feb-85
08-Feb-90
08-Dec-92
21-Dec-93
12-Sep-89
29-Jan-96
17-Dec-96
08-Aug-70
21-Apr-72
19-Feb-76

Commercial
Date

20-Mar-79

26-Mar-71
18-Jul-74
27-Mar-76
12-Oct-78
18-Apr-78
24-Oct-79
20-Apr-82
03-Feb-84
21-Jun-85
25-Aug-87
15-Oct-75
30-Mar-81
18-Mar-94
25-Jul-97
17-Mar-76
29-Nov-78
28-Aug-87
03-Sep-93
30-Sep-77
19-Mar-82
15-Dec-94
18-Sep-85
28-Sep-90
1 l-Aug-93
ll-Aug-94
10-Apr-90
07-Dec-96
02-Jul-97
28-Nov-70
25-Jul-72
Ol-Dec-76

Shutdown
Date

Source: IAEA Power Reactor Information System as of 31 December 2000; Nuclear Power Plants In The World 2000, Japan Atomic Industrial Forum.
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TABLE 8. STATUS OF NUCLEAR POWER PLANTS (Continued)

Station

MONJU
OHI-1
OHI-2
OHI-3
OHI-4
ONAGAWA-1
ONAGAWA-2
SENDAI-1
SENDAI-2
SHIKA-1
SHIMANE-1
SHIMANE-2
TAKAHAMA-1
TAKAHAMA-2
TAKAHAMA-3
TAKAHAMA-4
TOKAI-2
TOMARI-1
TOMARI-2
TSURUGA-1
TSURUGA-2
ONAGAWA 3
HIGASHI DORI 1
MAKI
SHIKA-2 ( "
HAMAOKA-5
OMA (1)

KAMINOSEKI-1 (1)

KAMINOSEKI-2(!)

TOMARI-3 (1)

SIMANE-3 (1)

JPDR-II
TOKAI-1

Type

FBR
PWR
PWR
PWR
PWR
BWR
BWR
PWR
PWR
BWR
BWR
BWR
PWR
PWR
PWR
PWR
BWR
PWR
PWR
BWR
PWR
BWR
BWR
BWR

ABWR
ABWR
ABWR
ABWR
ABWR
PWR

ABWR
BWR
GCR

Capacity
(Net)

(Mwe)
246
1120
1120
1127
1127
498
796
846
846
505
439
789
780
780
830
830
1056
550
550
341
1115
796
1067
796
1304
1325

1383(Gross)
1373
1373
866

1373(Gross)
13

159

Operator

PNC
KEPCO
KEPCO
KEPCO
KEPCO
TOHOKU
TOHOKU
KYUSHU
KYUSHU
HOKURIKU
CHUGOKU
CHUGOKU
KEPCO
KEPCO
KEPCO
KEPCO
JAPCO
HEPCO
HEPCO
JAPCO
JAPCO
TOHUKU
TOHUKU
TOHOKU
HOKURIKU
CHUBU
EPD
CHUGOKU
CHUGOKU
HEPCO
CHUGOKU
JAERI
JAPCO

Status

Under Construction
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Under Construction
Under Construction
Planned
Under Construction
Under Construction
Planned
Planned
Planned
Planned
Planned
Shut Down
Shut Down

Reactor
Supplier

MHI
WH
WH
MHI
MHI
TOSHIBA
TOSHIBA
MHI
MHI
HITACHI
HITACHI
HITACHI
WH
MHI
MHI
MHI
GE
MHI
MHI
GE
MHI
TOSHIBA
TOSHIBA

HITACHI
TOSHIBA

GE
GEC

Construction
Date

10-May-86
26-Oct-72
08-Dec-72
03-Oct-87
13-Jun-88
08-Jul-80
12-Apr-91
15-Dec-79
12-Oct-81
01-Jul-89
02-Jul-70
02-Feb-85
25-Apr-70
09-Mar-71
12-Dec-80
19-Mar-81
03-Oct-73
02-Jul-85
05-Aug-86
24-Nov-66
06-Nov-82
23-Jan-98
7-Nov-00
Ol-Jan-02
Jul-01
12-Jul-00
Mar-02
2007
2010
2003
2003
Ol-Dec-60
Ol-Mar-61

Critical ity
Date

05-Apr-94
02-Dec-77
14-Sep-78
17-May-91
28-May-92
18-Oct-83
02-Nov-94
25-Aug-83
18-Mar-85
20-Nov-92
Ol-Jun-73
25-May-88
14-Mar-74
20-Dec-74
17-Apr-84
ll-Oct-84
18-Jan-78
16-Nov-88
25-Jul-90
03-Oct-69
28-May-86

22-Aug-63
04-May-65

Grid
Date

29-Aug-94
23-Dec-77
ll-Oct-78
07-Jun-91
19-Jun-92
18-Nov-83
23-Dec-94
16-Sep-83
05-Apr-85
12-Jan-93
02-Dec-73
ll-Jul-88
27-Mar-74
17-Jan-75
09-May-84
Ol-Nov-84
13-Mar-78
06-Dec-88
27-Aug-90
16-Nov-69
19-Jun-86

26-Oct-63
lO-Nov-65

Commercial
Date

27-Mar-79
05-Dec-79
18-Dec-91
02-Feb-93
Ol-Jun-84
28-Jul-95
04-Jul-84
28-Nov-85
30-Jul-93
29-Mar-74
10-Feb-89
14-Nov-74
U-Nov-75
17-Jan-85
05-Jun-85
28-Nov-78
22-Jun-89
12-Apr-91
14-Mar-70
17-Feb-87
Jan-02
Jul-05
2012
01-Mar-06
Ol-Aug-05
Jul-07
2012
2015
2008
2010
26-Oct-63
25-M-66

Shutdown
Date

06-Dec-82
31-Mar-98

( ' Country infonnation.
Source: IAEA Power Reactor Infonnation System as as of 31 December 2000; Nuclear Power Plants In The World 2000, Japan Atomic Industrial Forum.
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TABLE 9. EXPANSION OF NPPS IN FUTURE
Power Plant Name

NamieKodaka
Higashi-Dori
Fukushima Daiichi-7
Fukushima Daiichi-8
Higashi-Dori-1
Higashi-Dori-2
SUZU-1
SUZU-2
TSURUGA-3
TSURUGA-4
Total 10 Power Plants

Owner Name

TOHOKU
TOHOKU
TEPCO
TEPCO
TEPCO
TEPCO
HOKURIKU
HOKURIKU
JAPCO
JAPCO

Gross Capacity
MW

825
1385
1380
1380
1380
1380
1350
1350
1538
1538

13,506

Construction Start
(FY)
2005
2003

2003 - 4
2003 - 4

2002
2002
2004
2004
2004
2004

Commissioning
(FY)
2012
2011

2007 -10
2008 -10

2010
2010
2012
2012
2009
2010

Note

BWR
BWR

PWR
PWR

Source: Outlook of Electric Power Supply Plan, MITI (March 2001, FY)

3.3. Current Policy Issues

Since the first Long-Term Programme for Research, Development and Utilization of Nuclear
Energy (Long-Term Programme) was published in Japan in 1956, the Atomic Energy Commission
(AEC) has formulated a total of eight Long-Term Programmes, one approximately every five years. In
November 2000, the AEC formulated a new Long-Term Programme. This programme plays a key role
in the systematic implementation of research, development and utilization of nuclear energy in Japan.
The Long-Term Programme consists of two parts. Part I includes messages to the Japanese people and
the international community, and Part II includes specific description information on promoting
nuclear research, development and utilization, including research and development of innovative
nuclear reactors with high economic efficiency and safety, suitable for diversified energy supply
applications such as heat utilization, and for other wider reactor uses as well. This programme was
released to the Japanese people, the international community, and all those employed in the nuclear
power industry in Japan to have better understanding of these issues.

3.4. Organizational Chart

Figure 5 shows Japan's organization chart in nuclear power, comprising government regulatory
authorities, electric power companies and contracting engineers/suppliers.

The Japanese Government made administrative reform in January 2001. The AEC and Nuclear
Safety Commission (NSC) of the Cabinet Office should give high-level independent and proper
directions to other ministries and agencies.

The Ministry of Education, Culture, Sports, Science and Technology (MEXT) was created
through a merger between the Former Ministry of Education, Science, Sports and Culture (MOE) and
the Science and Technology Agency (STA). In MEXT, three Bureaus and four Divisions are in charge
of nuclear energy. MEXT is responsible for the administration of nuclear energy for science and
technology. It's key roles are nuclear research and development (including nuclear fuel cycle, fbr,
quantum research, fusion, and accelerator), utilization of radiation and radioiso topes, nuclear liability,,
safety regulation and disaster prevention for nuclear reactors for testing and research, use of nuclear
fuel material and regulation for ensuring peaceful use and safeguards. It is also responsible for
supervision of the National Institute of Radiological Science, the Japan Atomic Energy Research
Institute (JAERI) and the Japan Nuclear Cycle Development Institute (JNC).

The Ministry of Economy, Trade and Industry (METI) will be in charge not only of those areas
that it had been involved in previously - as the Ministry of International Trade and Industry (MITI) -
or taken over from STA - on nuclear fuel cycle business (refining, enrichment, fabrication,
reprocessing and waste disposal) -, but also regulation of nuclear reactors including Monju and Fugen,
that are in the research and development stage for use in generating electricity. Nuclear power related
issues would continue to be the responsibility of the Agency of Natural Resources and Energy. In
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addition, the Agency for Nuclear and Industrial Safety (ANIS) with its seven sections related to
nuclear energy was added as a special institution, to take a central role in safety regulations for
industrialized nuclear power. ANIS is responsible for regulating nuclear safety. The drafting of safety
regulations and the licensing of milling and refining, nuclear fuel fabrication, spent nuclear fuel
reprocessing and storage, disposal of radioactive waste and decommissioning of nuclear power plant,
are now carried out by the ANIS. Double check system of safety review to nuclear facilities by the
NSC and the AN'IS or the MEXT is adopted continuously.
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Legend to Figure 5:

AEC: Atomic Energy Commission
NSC: Nuclear Safety Commission
METI: Ministry of Economy, Trade and Industry
ANRE: Agency of Natural Resources and Energy
NISA: Nuclear and Industrial Safety Agency
MEXT: Ministry of Education, Culture, Sports, Science and Technology
JAERI: Japan Atomic Energy Research Institute
JNC: Japan Nuclear Cycle Development Institute
FEPCO: Federation of Electric Power Companies
HEPCO: Hokkaido Electric Power Co.
TOHOKU: Tohoku Electric Power Co.
TEPCO: Tokyo Electric Power Co.
CHUBU: Chubu Electric Power Co.
HOKURIKU: Hokuriku Electric Power Co.
KEPCO: Kansai Electric Power Co.
CHUGOKU: Chugoku Electric Power Co.
SHIKOKU: Shikoku Electric Power Co.
KYUSHU: Kyushu Electric Power Co.
JAPCO: The Japan Atomic Power Co.
TOSHIBA: Toshiba Corporation
HITACHI: Hitachi Ltd.
MHT. Mitsubishi Heavy Industries Ltd.
GE: General Electric Co.
GEC: The General Electric Co. Ltd.
WH: Westinghouse Electric Corporation
EBASCO: Ebasco Services Incorporated
GILBERT: Gilbert/Commonwealth International
GETSCO: General Electric Technical Services Co.

4. NUCLEAR POWER INDUSTRY

The development of light water reactors in Japan began with PWRs from Westinghouse and
BWRs from G.E. As nuclear power technologies are incorporated by the domestic industry,
successive expansion projects of nuclear power plants are of Japanese design and construction.
Today, Toshiba, Hitachi and Mitsubishi Heavy Industries have emerged as Japan's representative
suppliers of nuclear steam supply systems (NSSS). Construction of nuclear power plants is made
possible by an industrial system with one or more of the above-mentioned three companies acting as
prime contractors, forming a joint venture with contract engineers or construction companies as
subcontractors.

The development of the Advanced Boiling Water Reactor (ABWR) started in 1978 as an
international co-operation between five BWR vendors. The resulting conceptual design was received
favourably by TEPCO and other Japanese utilities, and as a result, the ABWR was included in the
third standardization programme of Japan from 1981. Preliminary design and numerous development
and verification tests were carried out by Toshiba, Hitachi and GE together with six Japanese utilities
and the Japanese Government. Two ABWRs, the Kashiwazaki-Kariwa units 6 and 7 were
subsequently ordered by TEPCO and have been successfully taken into commercial operation in
November 1996 and July 1997 respectively. Two more ABWRs are under construction at Hamaoka-5
and Shika-2, one is under licensing review at Ohma-1, and eight more ABWRs are in the planning
stage. Expectations are that future ABWRs will achieve a significant reduction in generation cost
relative to the first ABWRs. The means for achieving this cost reduction include standardization,
design changes and improvement of project management, with all areas building on the experience of
the ABWRs currently in operation.
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4.1. Supply of Nuclear Power Plants

In Japan, five companies have supplied nuclear steam supply : for BWRs these were Toshiba,
Hitachi, G.E., and G.E. and Toshiba jointly, while for PWRs these were Mitsubishi, Westinghouse,
and Westinghouse and Mitsubishi jointly.

Many companies are capable of supplying equipment and services to Japan's nuclear power
industry. These range from the suppliers of the major equipment and machinery to those supplying
ordinary equipment or offering engineering services. They also include firms related to the nuclear
fuel cycle or nuclear fuel recycling.

4.2. Operation of Nuclear Power Plants

Figure 5 includes the nine electric power companies, which operate commercial light water
reactors, and one company, which is a producer and wholesaler of electricity from nuclear power in
Japan.

Regarding nuclear power plant operator training in Japan, both the BWR and PWR groups have
their own training centres. These were financed, built and utilized jointly by the member companies
of each group, comprised of electric power companies and contract engineering firms. In addition,
each electric power company has its own training facility. Engineering qualification tests for operator
certification are conducted at the training centres jointly operated by the member companies.

The representative suppliers of Japan's maintenance services are Toshiba, Hitachi and
Mitsubishi. The electric power companies contract with these maintenance service companies. Efforts
are made to enable the contractors to assume responsibility for repair and maintenance services for
their nuclear power plants.

4.3. Fuel Cycle and Waste Management Service Supply

The fuel cycle activities in Japan comprise enrichment, conversion, fuel fabrication, zircaloy
cladding, reprocessing and radioactive waste activities. Figure 6 shows the affiliated enterprises.

4.4. Research and Development Activities

The Atomic Energy Commission (AEC), amongst other responsibilities, advises on R&D. The
long-term programme for the development and use of nuclear energy is revised by the AEC every five
years; the latest revision was November 2000. Government responsibilities for R&D are shared
between the Ministry of Education, Culture, Sports, Science and Technology (MEXT) and the
Ministry of Economy, Trade and Industry (METI). The MEXT is responsible for the planning and
administration of nuclear energy for science and technology. It has three bureaux each with several
divisions. The MEXT plays key role for nuclear research and development, including nuclear fuel
cycle, FBR, fusion research and accelerator. The MEXT supervises the work of the Japan Nuclear
Cycle Development Institute (JNC), established in 1998, and also of the Japan Atomic Energy
Research Institute (JAERI), established in 1956. JNC is the main channel for the development of
advanced reactors and the establishment of the fuel cycle. In both there is close collaboration with the
private sector including shared funding on some projects. Since 1985, the Nuclear Ship Research and
Development Agency has been integrated in JAERI. The Agency of Natural Resources and Energy
carries out activities, which include studies of improvements in reactor design and approval of design
modifications proposed by utilities, and decommissioning.
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In addition to the LWRs for power production, Japan is active in developing other reactor
types, such as LWRs for ship propulsion and HTGRs and FBRs. JAERI is developing an extension of
the MRX ship reactor design, which is an integral design of up to 300 MW(th) for small gird
electricity generation, heat supply and desalination. The Toshiba Corporation and the Tokyo Institute
of Technology are developing a long operating cycle, natural circulation simplified LSBWR with
passive safety systems. The power level is in the 100 - 300 MWe range with a target 15-year core life.

HTGR development focuses also on construction and operation of a test reactor. The principle
focus of Japan's HTGR development programme is the High Temperature Engineering Test Reactor
(HTTR) at JAERI site in Oarai, Japan. Initial criticality of the HTTR was achieved in November
1998. This 30 MW(th) helium-cooled reactor is being utilized to establish and upgrade the technology
for advanced HTGR development, and to demonstrate the effectiveness of selected high temperature
heat utilization systems. The reactor continued power ascension operation during 2001, achieving 20
MWth in February and projecting to reach full power later in the year. Also, a project has been
initiated to develop a 600 MWth gas turbine HTGR design for electricity production.

JNC is conducting research and development (R&D) on FBRs and nuclear fuel reprocessing
technology to establish the economical nuclear fuel cycle. The experimental fast reactor (JOYO) has
been operated from 1982 to 2000 with MK-II core (100 MWt). The reactor and its cooling system is
currently being upgraded to the MK-III core (140 MWt). The initial criticality of the MK-III core is
scheduled in 2002. The prototype LMFR MONJU with the capacity of 280 MW(e) reached initial
criticality in April 1994 and was connected to the grid in August 1995. Reactor operation was
interrupted in December 1995 due to a leak in the non-radioactive secondary cooling system. The
legal application on improvement of the MONJU plant mainly for countermeasures against sodium
leakage has been launched in June 2001. The MONJU reactor is considered to be a corner stone for
R&D activities and considerable effort is made to resume its operation, hi addition to this main stream
of development work, a Feasibility Study on Commercialized Fast Reactor Cycle Systems is in
progress with the objective of presenting an optimal commercialization vision of LMFR technologies
and a research and development programme.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

4.5.1. Implementation of Cooperation under Bilateral Nuclear Power Agreements

Bilateral nuclear power cooperation agreements have been concluded for the purpose of
promoting peaceful use of nuclear power while assuring nuclear power equipment and materials,
including nuclear materials, for solely peaceful applications. Japan has concluded such bilateral
nuclear power cooperation treaties with 6 nations, United States, Britain, France, Canada, Australia
and People's Republic of China. Under these agreements, the parties exchange expertise and
information on the peaceful use of nuclear power, and provide and receive nuclear equipment,
materials and services.

4.5.2. Cooperation with Neighbouring Asian States and Developing Countries

Japan cooperates with Asian and developing nations through the International Conference for
Nuclear Cooperation in Asia, under the framework of Regional Cooperative Agreement for Research,
Development & Training Related to Nuclear Science and Technology, and under various bilateral
cooperation agreements.

4.5.3. Cooperation with ex-USSR Nations, Middle and Eastern European Nations

Japan provides, together with western world nations, safety technology assistance to ex-USSR
nations, Middle and Eastern Europe nations under bilateral or multilateral frameworks.
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4.5.4. Implementation of Research and Development by International Cooperation

• Cooperation in the activities of international organizations
- Activities with IAEA: Japan has contributed to IAEA projects such as NUSS programme by

dispatching Nuclear Safety Commission members who were experts of related fields.
Regarding the Convention on Nuclear Safety, Japan has dispatched experts from the draft
planning stage. Japan has also participated in the review activities after submitting the National
Reports.

- Activities with OECD/NEA: Japan has dispatched representatives to the committees such as
CSNI, CRPPH, RWMC, CNRA since their establishment.

• Multilateral co-operation
- Bilateral co-operation based on the agreement, conferences are held regularly to exchange

opinions related to safety. Especially, international co-operation research such as the JAERI's
ROSA project and projects using the NSRR's facility were sponsored by Japan in co-operation
with the USA, Germany, and France, etc. Japan has also participated in many other
international co-operation research endeavours including the Halden Reactor Project and
LACE.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the licensing Procedures

Figure 7 shows the process of approval or permission of nuclear power plant in Japan.

5.2. Main National Laws and Regulations

Figure 8 show the main laws controlling nuclear power plants in Japan.

It is Japan's fundamental policy to dismantle and remove decommissioned nuclear power
generation facilities which have completed their service life, while assuring complete safety in that
process. Based on this fundamental policy, the standard procedure (standard work schedule) is one of
'safe storage plus disassembly/removal'. It is appropriate to choose a safe storage period of five to ten
years and a disassembly/removal period of three to four years.

The estimated cost of reactor decommissioning in Japan (referring to precedents in other
countries), is approximately 30 billion yen (1984 prices) for a 1 100 MW class nuclear power plant,
when its safe storage period is 5 years. The Agency of Natural Resources and Energy is implementing
verification tests of reactor decommissioning technology such as techniques of decommissioning
waste processing, technique of reactor remote dismantling, which are important in assuring better
safety and reliability. For the installation of a commercial nuclear power plant, it is necessary to go
through licensing procedures based on more than 30 laws. Many of the laws also apply to general
industrial facilities.

Main nuclear-related laws and regulations are respectively systematized according to
organizations, research and development, regulations and compensation based on the Atomic Energy
Laws, shown in Fig. 7. Among them, laws concerning the safety regulations reactors are the law for
Regulations of Nuclear Source Materials, Nuclear Fuel materials and Reactors (hereafter called LRNR)
and the Electricity Utilities Industry Law (hereafter called EUIL). The purpose of LRNR is to enforce
regulations based on the potential danger of nuclear reactors and nuclear substances, whereas EUIL aims
to make a good supply of electricity, assuring the safety of hydroelectric power plants, thermoelectric
power plants and power transmission lines as well as nuclear power plants with a view to a stable supply
of electricity. Thus, the two laws stand on different viewpoints.
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The main nuclear-related laws and regulations are as follows:

1. The Atomic Energy Basic Law (1955.12.19 - Publications)

The research, development and use of nuclear energy shall be limited only for the peaceful
purposes aiming at safety assurance. The Act prescribes a principal of three parts:

1) Under a democratic management;
2) Voluntarily;
3) Opens information.

Nuclear-related laws and regulations are enacted based on the spirit of the Act.

2. The Law for the Regulations of Nuclear Source Material, Nuclear Fuel Material and Reactors
(1957.6.10-Publications)

The Law, usually abbreviated as LRNR, prescribes regulations necessary for the installation and
operation of reactors, refining, processing, work for disposal of nuclear wastes. Following are the
main regulations concerning the installation and operation of reactors:

• Permission for reactor installation (basic design);
• Permission for a construction plan (detailed design);
• Pre-use inspection;
• Notification of an operation plan;
• Measures taken for safety;
• Approval of safety regulations;
• Appointment of Chief Reactor Engineer;
• Periodical inspection, etc.

LRNR excludes permission for a construction plan, pre-use inspection and periodical inspection,
which the Electricity Utilities Industry Law applies to.

3. The Electricity Utilities Industry Law (1964.7.11 - Publications)

The Law intends to protect benefits, assure safety and facilitate sound development of electricity
utilities for users of electricity:

• Main regulations for nuclear power plant;
• Permission for a construction plan (detailed design);
• Pre-use inspection;
• Periodical inspection;
• Appointment of Chief Electric Engineer and Boiler and Turbine Engineer;
• Decree for conformity with technical standard (It has subordinate rules specifying technical

standards).

4. The Law concerning Prevention from Radiation Hazards due to Radioisotopes, Etc. (1957.6.10 -
Publications)

The Law intends to prevent radiation hazard by regulating the use and disposal of radioisotopes
and the use of radiation producers. In a nuclear power plant, the Law applies when neutron
sources are used or radioisotopes are employed for calibration of equipment.
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5. The special Law for Nuclear Disaster Measures (1999.12.17-Publications)

• Taking quick initial action and ensuring organic coorperation from the governments of the
nation, prefectures and municipalities

• Strengthening national emergency preparedness system in response to specialty of nuclear
disasters.

• Clarification of undertaker's role in preventing nuclear disasters.

6 The Law on Compensation for Nuclear Damage (1961.6.17- Publication)

Nuclear energy enterprises (electric power companies) owe no-fault liability for compensation to
the injured when nuclear damage is caused by the operation of nuclear reactors and the like. In
such cases, liability focus on the concerned nuclear energy enterprises.

Nuclear energy enterprises are compelled to deposit a constant amount of money (30 billion yen at
maximum) for the measures taken for the firm fulfilment of the compensation for damage:

• To make an insurance contract for compensation for damage with private insurers;
• To execute an indemnity contract with the Government.

When damage is more than the deposit amount for compensation, the Government assists if
necessary.

7. Electric Power Development Promotion Laws:
(1974.6.6-Publications)

• Electric Power Development Promotion Tax Law;
• Special Account Law for Electric Power Development Promotion;
• Law for the Adjustment of Areas Adjacent to Power Generating Facilities;
• Law on Special Measures Concerning Promotion of the Development of Nuclear Power

sited Regions.

Those Laws intend to promote the electric power development by returning benefits to the whole
country obtained from a stable supply of electricity through the siting of a power plant, to the local
area.

The Electric Power Development Promotion Tax Law is for collecting the tax of the promotion
for the Electric Power Development (according to electric power sold), the Special Account Law
for Electric Power Development Promotion is for clarifying the Government accounts of the
undertakings performed by the tax revenue, the Law for the Adjustment of Areas Adjacent to
Power Generating Facilities is setting up smoothly Generating Facility by the promotion of
completing public institution, and the Law on special Account Law for Electric Power
Development Promotion is to promote the development of nuclear power sited regions by giving
financial assistance and so on, especially considering protection against enlargement of nuclear
accident.

8. Specified Radioactive Waste Final Disposal Act (2000.6.7 - Publications)

The law prescribes a funding system for final disposal, the establishment of an entity to
implement final disposal and the designation of an entity to manage the fund.
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5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• Amendments to Articles VI & XIV
Of the Agency Statute

• Agreement on privileges
and immunities

• NPT related safeguards agreement
INFCIRC/255

• Additional Protocol

• Multilateral safeguards agreement
Japan/France
INFCIRC/171

• Regional Cooperative Agreement for
Research, Development and Training
Related Nuclear Science and Technology
(RCA)

Ratified:

Entry into force:

Entry into force:

Entry into force:

(The application of which
has not yet been suspended)
Entry into force:

Entry into force:

31 May 2000

18 April 1963

2 December 1977

16 December 1999

22 September 1972

11 September 1992

MAIN INTERNATIONAL TREATIES

• Non-Proliferation Treaty

• Convention on physical
protection of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

• Vienna convention on civil liability
for nuclear damage

• Protocol to amend the Vienna
convention on civil liability
for nuclear damage

• Convention on supplementary
compensation for nuclear damage

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Non-Party

Not signed

Not signed

8 June 1976

27 November 1988

10 July 1987

10 July 1987

Convention on nuclear safety Entry into force: 24 October 1996
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Joint convention on the safety of
spent fuel management and on the
safety of radioactive waste management

Not signed

OTHER RELEVANT INTERNATIONAL TREATIES

• Improved procedures for
designation of safeguards inspectors

• ZANGGER Committee

• Nuclear Suppliers Group

• Nuclear Export Guidelines

• Acceptance of NUSS Codes

BRA TERAL A GREEMENTS'

• Agreement for:
(i) provision of information;
(ii) provision of nuclear materials,

facilities and equipment;
(iii) transfer of patent rights;
(iv) use of facilities and equipment;
(v) provision of technical aid and services.

(The above content is an example
only. Other forms of co-operation
are not to be neglected.)

• Agreement for:
(i) provision and exchange of information;
(ii) provision of nuclear materials,

facilities and equipment;
(iii) provision of services,
(iv) other means

• Agreement for:
(i) exchange of experts;
(ii) exchange of information;
(iii) provision of nuclear materials,

facilities and secrecy technologies;
(iv) provision of services;
(v) cooperation in mining and the

exploitation and use of mines;
(vi) other means.

Prefers present system

Member

Member

Adopted

Japanese measures, legislation
and regulations basically
consistent with Codes. Letter of: 19 April 1989

Canada
Effective Date:
Agreement Revised:
(valid for 10 years,
terminated thereafter by
notice 6 months prior to
the said termination)

27 July 1960
2 September 1980

United Kingdom
Effective Date:
Agreement Revised
(valid for 30 years)

France
Agreement Revised
(valid for 45 years starting on
the effective date of the current
Japan-France Agreement.
Terminated thereafter by notice
6 months prior to the said
termination date.)

15 October 1968
12 October 1998

19 July 1990

Source: Nuclear Power Pocket Book 1994, Japan Atomic Industrial Forum, Inc.
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• Agreement for:
(i) exchange of experts
(ii) provision and exchange of information
(iii) provision of nuclear materials, facilities

and secrecy technologies
(iv) provision of services
(v) other means

• Agreement for:
(i) exchange of experts
(ii) provision and exchange of information
(iii) provision of nuclear materials,

facilities and secrecy technologies
(iv) provision of services
(v) other means

• Agreement for:
(i) exchange of experts
(ii) provision and exchange of information
(iii) provision of nuclear materials

and facilities
(iv) provision of services
(v) other means

Australia
Effective date:
(Valid for 30 years, terminated
thereafter by notice 6 months prior
to the said termination date.)

China
Effective date:
(Valid for 15 years, automatically
extended thereafter for 5 years
unless notice is provided 6 months
prior to the termination date)

USA
Effective date:
(Valid for 30 years, terminated
thereafter by notice 6 months prior
to the said termination date.)

17 August 1982

10 July 1986

17 July 1988

Table 10 shows Japan's the co-operation with major international organisations.

TABLE 10. CO-OPERATION WITH INTERNATIONAL ORGANIZATIONS

Organization

IAEA

OECD/NEA

Assistance to G7 for
nuclear safety

Nuclear Safety
Assistance Co-
ordination to G24

Outline of cooperation

Promotion of peaceful uses of atomic energy (safety related co-operation, technical aid to developing
countries and R&D), and provision of safeguards to ensure that nuclear activities are not transferred for
military purposes.
Japan participates positively in INSAG (International Nuclear Safety Advisory group), NUSSAC
(Nuclear Safety Standard Advisory Committee), ASSET (Assessment of Safety Significant Event
Team), OS ART and special safety evaluation studies of former USSR reactors.
Japan has Extrabudgetary Contribution to the IAEA for 1) the Expanded programme of public
understanding of nuclear energy (EPPUNE), 2) Nuclear Safety and 3) Waste Management and
Disposal.

The purpose is to provide useful information to member countries through technological study and
mutual cooperation regarding problems common in nuclear energy use in the advanced countries.
Japan participates positively in CNRA (Committee for Nuclear Regulatory Activities), CSNI
(Committee for Safety of Nuclear Installation), RWMC (Radioactive Waste Management Committee)
and NDC (Committee for Technical and Economic Studies on Nuclear Energy Development and the
Fuel Cycle).

Participation for the improved safety of former USSR reactors was proposed at the Munich Summit in
1992. Japan has played a positive role along the theme of the declaration. Currently, the major problem
is the closing of the Chernobyl Power Plant.

G24 mandate was extended to the former USSR area to adjust multi-national or bilateral support
activities in the former USSR and central and eastern Europe. The G24 Nuclear Safety Support
Adjustment Committee was established to carry out the related activities.
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY A UTHORITY

Atomic Energy Commission (AEC)
c/o Cabinet Office
Central Government Building No.4 7F
3-1-1 Kasumigaseki, Chiyoda-ku
Tokyo, Japan

GOVERNMENT ORGANIZATIONS

Ministry of Education, Culture, Sports,
Science and Technology (MEXT)
2-2-1 Kasumigaseki, Chiyoda-ku
Tokyo, Japan

Ministry of Economy, Trade
and Industry (METI)
1-3-1 Kasumigaseki, Chiyoda-ku
Tokyo,Japan

Tel.: +81-3 3581 6690
Fax: +81-3 3581 9827
http://aec.jst.go.jp/

Tel.: +81-3 5253 4160
Fax: +81-3 5253 4162
http://wvvw.mext.go.ip/

Tel.: +81-3 3501 1991
Fax: +81-3 3508 8447
http://www.nieti.go.jp/

CORPORATIONS RELATED TO NUCLEAR POWER

Japan Atomic Energy Research Institute (JAERI)
Office of Planning
2-2, Uchisaiwaicho 2-Chome
Chiyoda-ku, Tokyo

Tel: 03-3592-2100
Fax: 03-3592-2119
http://www.jari.go.jp/genkeii/

Japan Nuclear Cycle Development Institute (JNC)
Executive Office for Policy Planning and Administration
4-49, Muramatsu Tel: 029-282-1122
Tokai-Mura Fax: 029-282-4917
Naka-Gun, Ibaragi Prefecture http://www.inc.go.jp/

Nuclear Power Engineering Corporation (NUPEC)
Safety Information Research Center
17-1, Toranomon 3-Chome
Minato-ku, Tokyo

Japan Atomic Industrial Forum Inc. (JAJJF)
Department of Information & Research
1-13, Shinbashi 1-Chome
Minato-ku, Tokyo

SUPPLIERS OFNPPS

Toshiba Corporation (TOSHIBA)
General Planning Department,
Nuclear Energy Systems & Services Division
Power Systems & Services Company
4-6, Kanda-surugadai
Chiyoda,Tokyo

Tel: 03-3435-3406
Fax: 03-3435-3410
http://www.mipec.or.jp/

Tel: 03-3508-2411
Fax: 03-3508-2094
http: //www, j a.i f. or.\pi

Tel: 03-3457-3717
Fax: 03-5444-9191
http://www.toshiba.co.jp/
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Hitachi Ltd. (HITACHI)
Nuclear Systems Tokyo Division,
Power & Industrial Systems
1-13, Shinbashi 1-Chome
Chiyoda-ku, Tokyo

Mitsubishi Heavy Industries Ltd. (MHI)
Nuclear Energy Systems Department
5-1, Marunouchi 2-Chome
Chiyodaku, Tokyo

OWNERS/OPERATORS

The Federal of Electric Power Companies (FEPCO)
Nuclear Power Department
9-4, Otemachi 1-Chome
Chiyoda-ku, Tokyo

Hokkaido Electric Power Co., Inc. (HEPCO)
Higashi 1-Chome, Ohdori
Chuoku, Sapporo

Tohoku Electric Power Co., Inc. (TOHOKU)
7-l,Ichibancho 3-Chome
Aoba-ku, Sendai

Tokyo Electric Power Co., Inc. (TEPCO)
1-3, Uchisaiwai-cho
1-Chome, Chiyoda-ku, Tokyo

Chubu Electric Power Co., Inc. (CHUBU)
Ichibanchi Toshin-Cho,
Higashi-ku, Nagoya

Tel: 03-5295-5394
Fax: 03-3258-2348

Tel: 03-3212-3111
Fax: 03-3214-9857,9858
http://www.inhi xo.jp/index.html

Tel: 03-3279-2187
Fax: 03-3241-1780
http://wwvv.fepc.co.jp/

Tel: 011-251-1111
http:/V'www.hepco,co,jp/

Tel: 022-225-2111
http://www.tohokti-6pco.eo.jp/

Tel: 03-3501-8111
fattp ://www .tepco. co ,jp/

Tel: 052-951-8211
http://www.chitderi.co.ip/

Hokuriku Electric Power Co., Inc. (HOKURIKU) Tel: 076-441 -2511
15-1, Ushijima, Toyama

Kansai Electric Power Co., Inc. (KEPCO)
3-22, Nakanoshima 3-chome
Kita-ku, Osaka

Chugoku Electric Power Co., Inc. (CHUGOKU)
4-33, Komachi
Naka-ku, Hiroshima

Shikoku Electric Power Co., Inc. (SHKOKU)
2-5, Marunouchi,
Takamatsu

Kyushu Electric Power Co., Inc. (KYUSHU)
2-1-82, Watanabe-Dori,
Chuo-ku, Fukuoka

http://www.rikudert.co.jp/

Tel: 06-441-8821
http://www.kepco.co.ip/

Tel: 082-241-0211
http://www.enetgia.co.jp/

Tel: 087-821-5061
http://www.yonden.co.jp/

Tel: 092-761-3031
http://www.kyuden.co.jp
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Japan Atomic Power Co., Inc. (JAPCO)
6-1, 1-Chome, Ohtemachi,
Chiyoda-ku, Tokyo

Central Research Institute
of Electric Power Industry (CRJEPI)

Tel: 03-3201-6631
http://www.fapc.co.jp/

http://cfiepi.denken.or.jp/

World Association of Nuclear Operators (WANO) http://www. wano-tc.or.jp/

FUEL CYCLE

Japan Nuclear Cycle Development Institute, (JNC)
4-49, Muramatsu, Tokai-Mura, Naka-Gun,
Ibaragi Prefecture

Japan Nuclear Fuel, Ltd.
2-2-2 Uchisaiwai-cho, Chiyoda-Ku, Tokyo

Mitsubishi Nuclear Fuel, Inc.
1-6-1 Otemachi, Chiyoda-Ku, Tokyo

Japan Nuclear Fuels, Inc.
2-3-1 Uchikawa, Yokosuka City
Kanagawa Prefecture

Nuclear Fuel Industries, Inc.
3-13, Toranomon 4-Chome
Minato-ku, Tokyo

Sumitomo Metal Industries, hie.
1-1-3 Otemachi
Chiyoda-Ku, Tokyo

Kobelco, Inc.
1-3-18 Wakihama-Cho
Chuo-Ku, Kobe City, Hyogo Prefecture

Mitsubishi Materials, Inc.
1-5-1 Otemachi
Chiyoda-Ku, Tokyo

UNIVERSITIES

Hiroshima University

Hokkaido University

Kyushu University

Musachi Institute of Technology

Nagoya University

Osaka University

Tel: 029-282-1122
http://www.jnc.go.jp/

Tel: 03-3581-8831
http://www.inf.co.ip/coip/mainiitiiil

Tel: 03-3214-0051
http://www.mnf.co.jp

Tel: 0468-33-2323
http://www.jnf.c-o.ip/corp/main.htm1

Tel: 03-3433-1093
http://www.nfi.co.jp/

Tel: 03-3282-6111
http://www.smm.co.jp/main.htinl/

Tel: 03-3586-3311
http://www.kobelco.co.jp/

Tel: 03-5252-5200
http://iwww.mmc.co.jp/english./top e.htmj

http://www.liiroshima-u.ac.jp/index.html

http://www.hokuckii-ac.jp/

http://www.kyushu-u.ac.jp/

http://www.rnusashi-tech.ac.jp/

http://www.osaka-u.ac.ip/
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Ritsumeikan University http://www.ritsumei.ac.jp/index-e.htm1

Tohoku University htfp://www,fohoku.ac.jp/

Tokai University tittp://www.u-tokai.ac.jp/

Tokyo Institute of Technology (TITECH) http://www.titech.ac.jp/

University of Tokyo http://www.u-tokyo.ac.ip/

OTHER ORGANIZATIONS

Atomic Energy Society of Japan http://wwwsoc.nacsis.ac.jp/aesj/index-e.html
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KAZAKHSTAN

1. GENERAL INFORMATION

1.1. General Overview

Kazakhstan is a newly independent Euro-Asian republic, created in 1991 with the dissolution of
the former USSR. The total length of its borders is more than 15,000 kilometres and it has an area of
2.7 million square kilometres. To the west of the country is Eastern Europe. To the east and to the
southeast are the Altai and Tyan Shyan mountains. Kazakhstan borders with China in the southeast,
with Ural and Siberia regions of Russia in the north, and with Central Asian countries, Uzbekistan,
Kyrgyzstan and Turkmenistan, in the south. It has a coastline of 2 320 kilometres on the Caspian Sea.
The climate is strongly continental, but with wide variations throughout the territory. Average
temperatures in January range from -18°C in the north to -3°C in the south; July averages are 19°C in
the north and 30°C in the south. Levels of precipitation are equally varied with average annual rainfall
in mountainous regions reaching 1,600 mm and central desert areas less than 100 mm.

Kazakhstan's population is 14.9 million from more than 100 nationalities (Figure 1), but mainly
Kazakh and Russian. In 2000, the population growth rate was about - 1 % . The population density is
estimated at 5.59 people per square kilometre (Table 1). The government moved in December 1998
from Almaty to Astana.

H Kazahhstan 48%

® Russia 34%

D Ukraine 5%

D Germany 3%

m Uzbekistan 2%

D Tatar 2%

M Korea 1%

H Other 5%

FIG. 1. Composition of Kazakh population

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inh./km2)
Urban population as % of total

Area (1000 km2)

1960

10.0
3.7

2,670

1970

13.1
4.9

1980

14.9
5.6

1990

16.7
6.3

N/A

1995

15.7
5.8
56

1996

15.5
5.7
56

1997

15.2
5.6
56

1998

15.0
5.5
56

1999

14.9
5.5
56

2000

14.9
5.5
56

Growth
rate (%)

1990

to

2000

-1.1
-1.1

Source: Country Information; Data & Statistics/The World Bank.

1.2. Economic Indicators

The break-up of the USSR in December 1991 and the collapse of demand for Kazakhstan's
traditional heavy industry products resulted in a short-term contraction of the economy, with the
steepest annual decline occurring in 1994. In 1995-97, the pace of the government programme of
economic reform and privatization quickened, resulting in a substantial shifting of assets into the
private sector. The Caspian Pipeline Consortium agreement to build a new pipeline from western
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Kazakhstan's Tengiz oil field to the Black Sea increases prospects for substantially larger oil exports
in several years. Kazakhstan's economy again turned downward in 1998 with a 2% decline in GDP
due to slumping oil prices and the August financial crisis in Russia. The recovery of international oil
prices in 1999, combined with a well-timed tenge devaluation and a bumper grain harvest, pulled the
economy out of recession in 2000. The government has embarked upon an industrial policy designed
to diversify the economy away from over dependence on the oil sector by developing light industry.
Historical Gross Domestic Product (GDP) data are given in Table 2.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP <1J

GDP (2) per capita
GDP by sector (%):

-Agriculture
-Industry
-Services

1990

40,304
2,465

N/A
N/A
N/A

1991

31,765
1,931

N/A
N/A
N/A

1992

27,409
1,659

27
45
29

1993

25,810
1,566

18
39
43

1994

19,788
1,214

15
40
45

1995

19,925
1,240

13
32
55

1996

21,036
1,321

13
27
60

1997

22,165
1,403

12
27
61

1998

21,029
1,339

10
27
63

1999

21,597
N/A

11
32
57

Growth
rate (%)

1990
to

1999
-7.8
-7.3

-15.3*
-8.2*
13.8*

(1) Millions o f current USS.
(2) Current U S S per capita.
Source: I A E A Energy and Economic Data; Data & Statistics/The W o r d Bank.

1.3. Energy Situation

Kazakhstan, the second largest of the former Soviet republics in territory, possesses enormous
fossil fuel reserves (see Table 3) as well as plentiful supplies of other minerals and metals. It also is a
large agricultural - livestock and grain - producer. Kazakhstan's industrial sector rests on the
extraction and processing of these natural resources and also on a growing machine-building sector
specializing in construction equipment, tractors, agricultural machinery, and some defence items.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place
Solid

942.20
Liquid

31.16
Gas

66.28
Uranium'!)

328.31

Exajoule
Hydro(2)

10.60
Total
1378.55

(I) This total represents essentially recoverable reserves.
<2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross
theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

Power plants fuelled with coal and black oil are the basis of Kazakhstan's electrical energy.
Coal is the country's largest industry, with planned further development if corresponding investments
are secured. Coal reserves are estimated at 64 billion tons. Annual hard coal production is about 111.8
million metric tons, brown coal production is estimated at 4.6 million metric tons. Kazakhstan also
has a well developed oil and gas industry. More than 1 600 oil and gas fields have been located in
Tengiz and Karachaganak containing more than 2.9 billion tons of conditional fuel. Natural gas
production was estimated at 5 416 million cubic metres in 1993. Kazakhstan has begun building a
major oil pipeline, 1 200 kilometres from the west to the east. Construction of three new oil refineries
is planned. Every year, about 25 million tons of liquid hydrocarbons and seven billion cubic meters of
natural gas are extracted. About 20% of the world's uranium reserves are in Kazakhstan. Table 4
shows the energy statistics.
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TABLE 4. ENERGY STATISTICS
Exajoule

Energy consumption
- Total ( I )

- Solids(2)

- Liquids
- Gases
- Primary electricity'3 '

Energy production

-Total
- Solids
- Liquids
-Gases
- Primary electricity^'

Net import (Import - Export)

-Total
- Solids
- Liquids
-Gases

1999

1.60
0.83
0.37
0.32
0.08

2.77
1.21
1.16
0.35
0.05

-1.24
-0.39
-0.85
0.00

2000

1.46
0.75
0.36
0.29
0.06

2.82
1.13
1.25
0.39
0.05

-1.46
-0.40
-1.03
-0.02

(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
(2) Solid fuels include coal, lignite and commercial wood.
<3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Data Base.

1.4. Energy Policy

The energy policy of Kazakhstan aims to achieve energy independence through electric power
production with maximum use of its cheap, low-grade coal. Figure 2 shows the production of coal and
oil in the last four years.

Domestic Coal and Oil production

mln
tonnes jCoal

1996 1997 1998 1999

Year

FIG. 2. Domestic Coal and Oil Production

2. ELECTRICITY SECTOR

The structure of the energy sector of the Republic is shown in Figure 3. The total length of
electric lines of all voltages is 460,000 kilometres. The first section of the international Siberia-
Kazakhstan-Ural transmission line (1,900 kilometres) has been placed in operation. This line is
expanded to the south to connect north and south Kazakhstan and the power grids in Central and
Middle Asian countries. Electricity data are given in Tables 5 and 6 and the energy related ratios in
Table7.

KAZAKHSTAN 445



President

Government

Ministry
of Energy and Mineral

Resources
Ministry of Finance

Kazakhstan Electricity
Company

Power Plants Import of Energy
(Russia, Middle Asia)

1
Regional Electricity

Companies

I
Consumers

FIG. 3. Structure and management of the energy sector

The biggest producers of electricity in Kazakhstan are - the "Euro-Asian Power Corporation"
(in 1998 14% from total power production), the Joint-stock Company "GRES-2" Pavlodar Region
(8.9%), the "Kazakhmis Corporation" (8.5%), the Closed Joint-stock Company "Almaty Power
Consolidated" (7.8%), the Open Joint-stock Company "Ispat-Karmet" (6,8%), Ltd. "Karaganda
Power" (4.4%) and the Joint-stock Company "Aluminium of Kazakhstan" (3.9%).

TABLE 5. ELECTRIC POWER BALANCE

Electric energy, TW-h

Total Production

Consumption

Export

Import

1995

66.7

73.5

19.5

12.0

1996

57.8

64.0

11.3

4.58

1997

52.3

56.0

5.61

1.32

1998

49.1

53.1

4.63

0.68

1999

47.5

50.3

5.68

2.98

Source: Country Information
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TABLE 6. INSTALLED CAPACITY OF ELECTRICAL PLANTS (1999)

Source
Thermal, ( coal - 79%; gas, black oil - 21%)
Hydro
Nuclear
Total

GW(e)
16.31
2.27
0.07
18.65

Source: Country Information

TABLE 7. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kW-h/capita)

Electricity production/energy production (%)

Nuclear/Total electricity (%)

Ratio of external dependency (%) ( I )

Load factor of electricity plants

- Total (%)
- Thermal
-Hydro

1999

98
2,603

14
N/A
-77

28
27
30

2000

90
2,342

12
N/A
-99

25
25
27

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Data Base.

a

3. NUCLEAR POWER SITUATION

3.1. Historical Development

The nuclear scientific industrial complex in Kazakhstan was established as a unified part of
atomic industry and science in the former Soviet Union.

Kazakhstan's uranium industry consists of uranium prospecting firms, a number of natural
mines using mining and underground leaching techniques, two U3O8 production plants at Aktau and
Stepnogorsk, and a metallurgical plant producing metaloceramic fuel pellets for RBMK and VVER
reactor fuel assemblies. The power plant at Aktau (MAEK) has been shut down in June 1999 and
defuelling took place in October 2000. It consisted of natural gas units and a nuclear unit. The latter
unit is a BN-350 fast neutron reactor with sodium coolant.

On the territory of the former Semipalatinsk Nuclear Test Site, three research reactors are
engaged in testing and development of nuclear space engines and safe nuclear power plants. In 1992,
the National Nuclear Centre was created (based on Semipalatinsk reactors) along with the Institute of
Nuclear Physics in Almaty.

3.2. Status and Trends of Nuclear Power

3.2.1. Nuclear reactor

Type:
Location:

Operator:
Units:
Total capacity:
Start of operation:
Fuel:
Status:

BN-350, sodium-cooled fast breeder reactor
Aktau (former Shevchenko) at the coast of the Caspian Sea, in western part of
Kazakhstan
Mangyshlak Power Generation Company (MAEK)
One
520 MW (thermal)
1972
Uranium enriched to 17%, 21%, and 26%
The plant is shutdown since June 1999 and defuelling took place in October 2000.

Source: Country Information
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The BN-350 reactor has been shutdown in June 1999, after a decision by the Government of the
Republic of Kazakhstan had been taken in April 1999, to decommission the BN-350. An International
Workshop on Decommissioning Planning had been held in Kazakhstan in May 1999. A plan of high-
priority nuclear safety measures had been developed prior to a safe storage period. Preparation works
for sodium cleaning and draining are going ahead (technologies, documentation, etc.). Activities on
spent fuel management under a US - Kazakhstan agreement (packaging, stabilization etc.) are
continued.

3.2.2. Research reactors

Type:
Location:
Operator:

WWR-K, water cooled, moderated and reflected tank-type reactor
Alatau, near Almaty
Owned by the National Nuclear Centre (NNC) and operated by the Institute of Atomic
Energy (IAE)

Total capacity:
First criticality:
Fuel:
Type:

Location:
Operator:

Start operation:
Fuel:
Heat release:
Neutron flux:

10 MW
1967
U-Al fuel with a U-235 enrichment of 36%
IGR, impulse homogeneous uranium-graphite thermal neutron reactor with graphite
reflector
Baical Test Facility, Kurchatov (former Semipalatinsk-21)
Owned by the National Nuclear Centre and operated by its Institute of Atomic Energy
(IAE)
1961
Enriched to over 90% U
Maximum 5,2 Gjoules (1 GJ in a pulse)
Maximum thermal 0.7xl017cm"2 s"1

Type:

Location:
Operator:
Total capacity:
First criticality:
Fuel:
Neutron flux:

EWG-1M, thermal light water heterogeneous vessel reactor with light water moderator
and coolant, beryllium reflector
Kurchatov (former Semipalatinsk-21)
Owned by NNC and operated by IAE
60 MW (thermal)
1972
U-Zr fuel with U-235 enrichment of 90%
1.7-3.4xl014cm"V

Type:

Location:
Operator:
Total capacity:
First criticality
Fuel:
Neutron flux:

RA thermal neutron high temperature gas heterogeneous reactor with air coolant,
zirconium hydride moderator, beryllium reflector
Kurchatov
Owned by NNC and operated by IAE
up to 0.4 MW
1986
Ampoule bodies with 90%U-235 enrichment
Upto5xl012cm"2s']

Source: Country Information

3.3. Current Policy Issues

The current policy in the field of atomic energy emphasizes:

i) maintenance of existing facilities in accordance with international safety standards;
ii) support of scientific, technical, design and construction connections with Russian Federation

and other CIS countries and establishing contacts with international organizations;
iii) creation of state system of accountancy and control of nuclear materials in accordance with

Non-Proliferation Treaty obligations and Agreement on Safeguards that is expected to be
ratified by Presidential Decree in the near future;

iv) improvement of regulations for congruence with other CIS regulations;
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v) liquidation of results of nuclear explosions;
vi) creation of a radioactive waste storage and disposal system.

3.4. Organizational Chart

Figure 4 shows the institutional organization of the nuclear industry in Kazakhstan

MAEK
BN-350

President

Government

Ministry
of Energy Mineral

Resources

KAZATOMPROM

National
nuclear centre

Uranium mining,
fuel fabrication

Nuclear research
institutes

FIG. 4. Institutional Organization of the Nuclear Industry in Kazakhstan

4. NUCLEAR POWER INDUSTRY

4.1. Supply of Nuclear Power Plants

A joint resolution on nuclear safety and technical support for nuclear energy facilities in
Kazakhstan was signed between KAEA and Russian Federation's Ministry of Atomic Energy.

The BN-350 reactor was designed and constructed by organizations of the former Soviet Union,
under the supervision of the Ministry of Atomic Energy (MINATOM). The chief scientific supervisor
is the Institute of Physics and Power engineering (EPPE, Obninsk). The chief designer is the
Experimental Design Bureau on Machinery Building (OKBM-N, Novgorod), and main constructor is
the All Russian Scientific Research and Design Institute for Power Technologies (VNIIPIET,
Moscow). The plant is operated by the Mangyshlak Power Generation Company (MAEK). At the
present, the regulatory body supervising the plant safety is the Kazakhstan Atomic Energy Committee
(KAEC).

4.2. Operation of Nuclear Power Plants

The BN-350 reactor is owned by the National Joint-Stock Company KATEP and operated by
Mangyshlak Power Generation Company. About 500 people are working at the power plant,
organized to two sections: the Operations Section with shift teams and technical division; and, the
Maintenance Section divided into seven divisions. MAEK nuclear power plant has six shifts, each
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shift containing 24 people (radioprotection not included). Sixteen of these shift workers are for
surveillance and early maintenance. The required qualifications for each person are specified.
Periodic (every one to three years) examinations to confirm the competence of the personnel,
including the plant management, are administered by KAEA. Examinations for reactor operators are
given by a plant committee. The plant is shutdown as mentioned earlier.

Special training for each new staff member includes classroom instruction, on the job training,
and examinations at appropriate intervals. Nuclear plant procedures are prepared in written form for
all normal operations and for foreseeable accidents. These procedures are revised every three years.
There is no simulator at BN-350.

4.3. Fuel Cycle and Waste Management Service Supply

Kazakhstan has more than 50 uranium deposits in six provinces: the Kokshetau province in the
north and the Pribalkhashsky province in the south have endogenetic type uranium deposits; Iliskay,
Chu-Sarusu, Sur-Darya, and Prikaspiy provinces have endogenic type deposits. Deposits in Chu-
Sarusu and Sur-Durya provinces are located in sand penetrating sediments and are useful for in-situ
leaching processes.

Waste from uranium mining and milling constitutes more than 90% of all radioactive waste in
Kazakhstan. Therefore, implementation of the Republic's Concept on the radioactive waste
management is the main task.

The Ulba Metallurgical Plant (UMZ) started production of UO2 fuel pellets in 1976. Physical
and chemical technologies are used at all stages of production, from treatment of UF6 material, to
conversion into UO2, production of UO2 pellets, and sintering of the pellets. Quality control is
maintained during all process stages. The design capacity of the plant is 2,000 tons of pellets per year.
Fuel assemblies from UMZ are used at nuclear power plants in Russia, the Ukraine, and other
countries. The U235 content is 1.6-4.4%. UMZ also produces rare earth metal products and super
conducting materials.

4.4. Research and Development Activities

Kazakhstan has four research reactors at the National Nuclear Centre where the following
research is carried out:

i) radiation material science; study of the interaction between construction materials and
coolants; investigation of fission produced emission from fuel rods, its precipitation and
filtration under different conditions;

ii) safety of nuclear power plants; fuel assemblies and rod tests at transition and break-down
modes of operation; simulation of reactor core fragment melting and interaction of
melted material with coolant;

iii) development and implementation of nuclear physics methods and technologies;
production of isotopes for different applications, for example, thallium-201 chloride for
early diagnostics of heart decease.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

In 2000-2002, Kazakhstan has activities in two the national project "Nuclear Power Siting"
(KAZ/9/006).

Also, there are efforts under the Co-ordinated Plan of Technical Support of the Republic
Kazakhstan to establish a national system for nuclear materials accountancy, control and physical
protection as detailed by the International Atomic Energy Agency.
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5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

The Kazakhstan Atomic Energy Committee (KAEC) is the Nuclear Regulatory Body of the
Republic of Kazakhstan. The following laws and regulations determine the procedure for licensing:

• Law on licensing;
• Law on use of nuclear energy;
• Regulations on licensing of the activity connected with atomic energy use.

The licensing stages for nuclear installations can be briefly represented as follows:

• License demand (submission of application documents);
• KAEC decision on the demand control;
• Analysis of substantiating materials of demand;
• Inspection at the nuclear installation;
• Conclusion on substantiating materials examination;
• Conclusion on nuclear installation inspection;
• General conclusion on obtaining license;
• License.

5.2. Main National Laws and Regulations

The following laws are relevant for nuclear energy:

• Law on the use of nuclear energy;
• Law on radiation protection of the Kazakh population;
• Law on licensing;
• Regulations on licensing of activity connected with atomic energy use;
• Regulation on the Atomic Energy Committee of the Republic of Kazakhstan.

All regulating documents have been compiled into a "List of main technical documents of the
Republic of Kazakhstan in the field of atomic energy use". The programme of developing atomic
legislation implies two basic laws:

• Law on radioactive waste management;
• Law on export-import control (new version).

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• NPT related agreement Entry into force: 11 August 1995
INFCIRC/504

• Additional protocol Not signed

• Supplementary agreement on provision Entry into force: 25 March 1997
of technical assistance by the IAEA
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• Agreement on privileges and immunities Entry into force: 9 April 1998

OTHER RELEVANT INTERNATIONAL TREATIES etc.

• NPT

• Convention on physical protection
of nuclear material

• Convention on early notification of a
nuclear accident

Entry into force:

Non Party

Non Party

14 February 1994

• Convention on assistance in the case of a
nuclear accident or radiological emergency

• Vienna convention on civil liability
for nuclear damage

• Joint protocol

• Convention on nuclear safety

• Joint convention on the safety of spent
fuel management and on the safety of
radioactive waste management

• ZANGGER Committee

• Nuclear Export Guidelines

• Acceptance of NUSS Codes

Non Party

Non Party

Non Party

Signed

Signed

Non Member

Not adopted

Not accepted

20 September 1996

29 September 1997

BILATERAL AGREEMENTS

• The Agreement between the Russian Federation and the Republic of Kazakhstan on the Peaceful
use of Atomic Energy.

• The Agreement between the Russian Federation and the Republic of Kazakhstan on Transportation
of fission materials.

• Agreement of KAEA and GAEN of the Russian Federation on co-operation in the field of nuclear
safety.

• Agreement of KAEA and NRC of the USA on technical information exchange and co-operation in
the field of nuclear safety.

• The Agreement for Co-operation between the United States of America and the Republic of
Kazakhstan concerning Peaceful uses of nuclear energy.

• The Agreement for co-operation between European Atomic Energy Community and the Republic
of Kazakhstan in the field of nuclear safety
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES INVOLVED IN
NUCLEAR POWER RELATED ACTIVITIES

NA TIONAL A TOMIC ENERGY A UTHORITIES

Atomic Energy Committee
of the Ministry of Energy and Mineral
Resources of the Republic of Kazakhstan

Lisa Chaikinoi St. 4
Almaty, 480020

Nuclear Technology Safety Centre
Lisa Chaikinoi St. 4
Almaty, 480020

OTHER RELEVANT ORGANIZATIONS

Institute of Radiation Safety and Ecology
of the National Nuclear Centre

Krasnoarmejskaya St. 4
Vostochno-Kazakhstanskaya oblast,490021

Institute of Atomic Energy
of the National Nuclear Centre

Krasnoarmejskaya St. 10
Vostochno-Kazakhstanskaya oblast,490021

Institute of Nuclear Physics
of the National Nuclear Centre

Ibragimova St. 1
Almaty, 480082

Republican State Enterprise
Mangyshlak Atomic Energy Complex
Aktau
Mangistauskaya oblast', 466210

Scientific Research Institute
of Experimental and Theoretical Physics

Tole bi St. 1
Almaty, 480082

State Corporation for Atomic Energy
and Industry "KATEP"

Vogenbaj Batyra St. 168
Almaty, 480012

Joint Stock Company
"KAZATOMPROM"
Vogenbaj Batyra St. 168
Almaty, 480012

Joint Stock Company
"ULBA"
AbaiSt. 102
Ust-Kamenogorsk, 492026

Tel: 7 3272 646 701
Fax: 7 3272 633 356
Email: adm@atom.al1natv.k2

Tel: 7 3272 646 801
Fax: 7 3272 646 803

Tel: 7 3225 123 858
Fax: 7 3272 338 585

Tel: 7 3272 546 467
Fax: 7 3272 546 417

Tel: 7 3292 334 364
Fax: 7 3292 334 364

Tel: 7 3272 691 917
Fax: 7 3272 506 288

Tel: 7 3272 675306
Fax: 7 3272 503541
http://wwvv.ka zatomprom.kz/

Tel: 7 3232 407 707
Fax: 7 3232 473 642
http://www.pjsc-ulba.cQm/eng/inclex.htin
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REPUBLIC OF KOREA

1. GENERAL INFORMATION

1.1. General Overview

The Korean Peninsula is located on the eastern edge of the Asian continent and is covered by
mountains over 70% of its land area. The Peninsula has been divided in two since 1945, the Republic
of Korea, commonly referred to as South Korea and the Democratic People's Republic of Korea, also
called North Korea. The Korean Peninsula is 222,154 km2, while the administrative area of South
Korea is 99,260 km2. The Republic of Korea (ROK) lies on the southern part of the Korean peninsula
neighboring China. The terrain is mostly rugged and mountainous with only 21% of the land being
arable.

Located in the East Asian Monsoon belt, Korea has a temperate climate with four distinct
seasons. Winter is bitterly cold and is influenced primarily by the Siberian air mass. Summer is hot
and humid due to the maritime Pacific High. The transition seasons, spring and fall, are sunny and
generally dry. Annual precipitation is about 1,500mm in the southern region and about 1,300mm in the
central region. More than a half of the total rainfall is concentrated in the summer season, while the
winter precipitation constitutes less than 10% of the total.

Korea has its own language, called Hangul, which belongs to the Ural-Altaic language group, a
group which includes such languages as Mongolian, Hungarian and Finnish.

As of 2000, the Republic of Korea had a population of 47.3 million inhabitants (Table 1).

Korea is an energy resource-poor country. Consequently, energy security is one of prime
concerns of the Korean government. There are no significant oil or gas resources and only limited
anthracite coal deposits. Uranium deposits identified are low grade and no development of these have
taken place.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

25.0
252
28

9.260

1970

31.9
322
41

1980

38.1
385
57

1990

42.9
433
74

1996

45.5
461.3
78.9

1999

46.9
474.6
81.2

2000

47.3
478.8
81.9

Growth
rate (%)

1980
to

2000

1.09
1.09
1.83

Source: IAEA Energy and Economic Database; National Statistical Office in Korea; Data & Statistics/The World Bank.

1.2. Economic Indicators

The Korean economy has over the last thirty years been through a remarkable period of growth.'
Over the period 1980 to 2000 Korea's Gross Domestic Product (GDP) growth rate has averaged nearly
10.4% per year and in 2000 GDP reached 457.2 billion US$.

However, by the onset of 1998, Korea had successfully starved off total catastrophe in the
foreign exchange market. The negative growth of-1% for the year of 1998 was inevitable due to the
doldrums in investment and domestic demand.

Amidst the foreign exchange turmoil in Korea, the government immediately tackled the
situation and overcame the crisis far more quickly than expected. The GDP growth rate leapt a
remarkable 10.9 percent in 1999 from the minus 6.7 percent a year earlier. In 2000, the GDP growth
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boomed another 8.8 percent, despite slowing considerably in the fourth quarter. Despite fears that such
expansion would stoke inflation, it posted just 0.8 and 2.3 percent increases, respectively, through
1999 and 2000.

While the immediate task of subduing the crisis is completed, the administration's economic
policy mandate is to transform the fundamentals of the Korean economy so that an open, transparent,
and full-fledged market mechanism can operate to global standards. Ambitious reform plans have been
launched to restructure all segments of the Korean economy. In many areas, the effort has surpassed
expectations. Table 2 shows the historical GDP & GNI statistics and Table 3 the GDP Per Sector for
1999.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP) & GROSS NATIONAL INCOME (GNI)

GDP <J)

GNI ( 1 )

GNI<2) per capita

GDP by sector (%):

- Agriculture

- Industry

- Services

1970

8.9

64.3
280

27

29

44

1980

62.3

133.7
1,647

14.8

39.9
45.3

1990

252.5
318.2

5,886

8.5

43.1
48.4

1996

520.2

517.6

11,380

6

43
51

1999

406.0

400.7

8,551

5.1

42.5
52.4

2000

457.2

455.2

9,628

4.6

42.7

52.7

Growth
rate (%)

1980
to

2000
10.4

-

8.8

(1) Billions of current US$
(2) Current US$
Source: IAEA Energy and Economic Database; National Statistical Office in Korea; Data & Statistics/The World Bank.

TABLE 3. GROSS DOMESTIC PRODUCT (GDP) PER SECTOR IN 1999
AT 1995 CONSTANT PRICES

billion Won

Sector

Agriculture
Mining and Quarrying
Manufacturing
Construction
Electricity
Wholesale & Retail Trade, Restaurants, Hotel
Finance & Insurance, Estate and Business Service
Transport, Storage and Communication
Services
Others
Total

GDP

24,666.1
1407.7

142,185.2
37,890.4
10,769.9
52,951.7
80,075.1
35,866.3
76,236.4
45,777.2

483,777.8
Source: Country Information.

1.3. Energy Situation

The primary objective of Korea's energy policy has been to secure an economical and stable
supply of energy. At present, environment-friendly energy policies gained ground due largely to a
progress in Climate Change Convention negotiations. The impact of the two oil crises in the 1970s on
the Korean economy was severe, hi response, the government tried to limit the annual increase in
energy consumption to about 7-8%. By the 1990s, however, consumption was growing at more than
10% annually.
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Table 4 shows the Korean energy reserves and Tables 5 and 6 the primary and final energy
consumption, respectively In Korea, as in many other countries that are not endowed with fossil fuel
reserves, nuclear power is considered to be the most reliable energy source capable of meeting the
soaring energy demand necessary for economic development (i.e. an economic growth rate of some
10% per year). Korea has, consequently, chosen nuclear power as one of its major energy sources in
the future. Under the government's Power Development Programme, nuclear power is to become the
major energy source by 2015 with the construction of 12 nuclear power plants, supplying about forty
percent of the nation's total electrical power.

TABLE 4. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

1.53

Liquid

N/A

Gas

N/A

Uranium (1)

16.93

Hydro(2)

6.94

Exajoule
Total

25.40

^ This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council -1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

TABLE 5. PRIMARY ENERGY CONSUMPTION
1000 toe

Coal
Petroleum
LNG
Hydro
Nuclear
Others

Total
- Domestic production
- Imports

Per capita (toe)

1970

5,829
9,293
N/A
305

0
4,251

19,678
10,333
9,345

0.61

1975

8,075
15,637
N/A
421

0
3,420

27,553
11,397
16,156

0.78

1980

13,199
26,830
N/A
496
869

2,517

43,911
12,491
31,420

1.15

1985

22,022
27,142

N/A
915

4,186
2,031

56,296
17,579
38,717

1.38

1990

24,385
50,175
3,023
1,590

13,222
797

93,192
25,520
68,673

2.17

1995

28,092
93,955
9,213
1,369

16,697
1,051

150,437
21,593
128,844

3.34

1999

38,155
97,270
16,847
1,517

25,766
1,806

181,363
30,800
150,563

3.87

Source: Country Information.

TABLE 6. FINAL ENERGY CONSUMPTION
1000 toe

Total
-Coal
- Petroleum
- Town gas
- Electricity
- Others

Growth rate (%)

Per capita (toe)

1970

17,882
5,593
7,373

666
4,250

12.3

0.55

1975

23,424
7,566
11,004

4
1,430
3,420

3.1

0.66

1980

37,597
12,426
19,824

15
2,815
2,517

1.7

0.99

1985

46,998
17,940
22,580

84
4,363
2,031

4.4

1.15

1990

75,107
19,855
45,252
1,011
8,117
872

14

1.75

1995

121,962
17,758
82,876
5,594
14,041
1,692

8.7

2.70

1999

143,060
18,498
92,821
10,513
18,422
2,806

8.3

Source: Country Information.

1.4. Energy Policy

The key objectives of Korea's general energy policies can broadly be described under four main
headings:

• Korea has a high level of dependency on energy imports and particularly oil. Thus, one of the
main aims of Korea's energy policies has been to improve the country's energy security;

• A second concern has been the desire to ensure that the Korean energy sector is managed in
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such a way as to provide low cost energy supplies to encourage and sustain economic
development and growth;

• Energy conservation is seen as a tool for improving energy security, and is now receiving
increasing attention from the government. However, in a number of cases the increased
government focus on conservation has yet to be reflected in the thinking within government
controlled energy corporations;

• The fourth major aspect of Korea's energy policies is the development and implementation of
comprehensive environmental and safety protection policies.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

The ministries chiefly responsible for developing electricity policy in Korea are the Ministry of
Commerce, Industry and Energy (MOCIE) in consultation and close co-operation with the Ministry of
Planning and Budget (MPB) and the Korea Electric Power Corporation (KEPCO) among others. With
energy being regarded as a key component of Korea's rapid economic development, the government
has maintained a strong presence in the sector.

MOCIE, through the direct or indirect government ownership of energy companies, utilities and
several energy research institutes, has maintained a high degree of control in all aspects of energy
policy development and implementation.

In July 1998, in order to enhance economic efficiency, to improve the quality of public services,
and to reduce the extent and level of the government's direct involvement in economic activities, the
Korean government announced a privatization plan for state-owned enterprises (SOEs) including the
KEPCO, HANJUNG (Korea Heavy Industries and Construction Co.), and KEPCO's subsidiaries
(KOPEC, KPS, etc.).

Following the plan, the government announced the "Basic Plan for Restructuring of the
Electricity Supply Industry" to introduce competition into the electricity supply industry in January
1999, as a precondition to the privatization, and sold a 5% stake of KEPCO to overseas investors in
March 1999. According the restructuring plan, KEPCO's power generation sector has been split-up in
April 2001, into six generation companies (GENCOs), i.e. five non-nuclear GENCOs which will be
privatized step-by-step, and one hydro-nuclear GENCO, which is called KHNP, Korea Hydro &
Nuclear Power Co., Ltd and will remain as a subsidiary of KEPCO in consideration of the importance
of nuclear safety.

In the long-run, as the restructuring plan shows, KEPCO will undergo a split-up of the power
distribution sector into several power distribution companies thereby introducing competition in the
wholesale and retail sectors, and opening-up of the transmission network to guarantee open access for
private enterprises, thereby creating a fair competitive environment. Figure 1 shows the electricity
restructuring plan.

While most of South Korea's generating capacity is controlled by the subsidiaries of KEPCO, a'
few independent power producers (EPPs) exist. LG Power, owned by the LG Group, operates a 540-
megawatt (MW) independent power plant at Bugok near Asan Bay. The facility began operation in
April 2001. LG Power purchased the existing Anyang and Puchon plants in June 2000, with a
combined capacity of 950 MW, from KEPCO after a competitive tender. Tractebel is also investing in
a new 519-MW IPP plant in Yulchon in partnership with Hyundai. In another significant development,
South Korea's original IPP, Hanwha Energy was spun off from the Hanwha Group in June 2000, in a
deal in which El Paso Energy acquired a 50% stake. Hanwha Energy operates a 1,800-MW plant at
Inchon.
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FIG. 1. Electricity Industry Restructuring Plan

2.2. Main Indicators

The total installed capacity in 2000 was 48,451 MW(e), which accounts for an additional 27,340
MW(e) per year since 1991. The share of oil-fired power plants rapidly deereased from 65.5% in 1970
to 10.0% in 2000. Instead, nuclear energy became one of the largest electric power sources in Korea,
with a 28.3% share. The LNG, as a peak source, increased to 26.2%. This fuel mix shows a
remarkable improvement in fuel diversity compared with the heavy reliance on oil that prevailed until
the early 1980s. Figure 2 shows the Long Term Power Development Plan.

The total power generation in 2000 increased from 184,661 GW-h in 1995 to 266,400 GW-h.
This breaks down to 108,964 GW-h (40.9%) from nuclear power plants, 97,538 GW-h (36.6%) from
coal-fired power plants, 26,142 GW-h (9.8%) from oil-fired power plants, 28,146 GW-h (10.6%) from
LNG combined power plants, and 5,610 GW-h (2.1%) from hydro power plants. The latter are also
shown in Figure 3. Table 7 gives the historical electricity production and installed capacities. The
energy and electricity related ratios are given in Table 8.

v Long Term Power Development Plan

79,056MW

2000 2015

FIG. 2. Long Term Power Development Plan
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TABLE 7. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity Production (TW-h)
- Total
- Thermal
- Hydro
- Nuclear

Capacity of Electricity Plants (GWe)
- Total
- Thermal
-Hydro
- Nuclear

1961

1.77
1.12
0.65

-

0.37
0.224
0.143

-

1970

9.17
7.95
1.22

-

2.51
2.18
0.33

-

1980

37.24
31.78

1.98
3.48

9.39
7.65
1.16
0.59

1990

107.67
48.42

6.36
52.89

21.02
11.07
2.34
7.62

1995

184.66
112.15

5.48
67.03

32.18
20.48
3.09
8.62

2000

266.40
151.83

5.61
108.96

48.45
31.59

3.15
13.72

Avg. annual
growth
1961
to

1980

16.45
18.21
5.73

-

17.55
19.31
11.03

-

rate(%)
1980
to

2000

10.34
8.13
5.35

18.79

8.55
7.35
5.12

17.04
Source: Country Information.

TABLE 8. ENERGY RELATED RATIOS

Energy consumption per capita (Toe/capita-yr)
Electricity per capita (kWh/capita-yr)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(I)

Capacity factor of power plants
- Total (%)
- Thermal
- Hydro
- Nuclear

1970

0.61
288

19
-

47.5

43
58

42.3
-

1980

1.15
859
71
9.3

73.5

45
56
20
67

1990

2.17
2,202

120
45.0
87.9

58
54
30
79

1995

3.35
3,640

244
36.3
96.8

66
75
23
87

2000

4.08
5,055

40.9
97.3

62
75
17

90.4
1 ' Net import / Total energy consumption

Source: IAEA Energy and Economic Database; Source: Country Information.

3. NUCLEAR ENERGY PROGRAMME

3.1. Historical Development
Nuclear activities in Korea were initiated in 1957 when Korea became a member of IAEA. In

1959, the Office of Atomic Energy was established as a government organization in conformity with
the global trend toward developing peaceful uses of atomic energy. The Atomic Energy Law was
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promulgated in the preceding year.

The Republic of Korea has carried out a very ambitious nuclear power programme since the
1970's in parallel with the nation's industrialization policy, and has maintained a strong commitment
to nuclear power development as an integral part of the national energy policy aimed at reducing
external vulnerability and insuring against global fossil fuel shortage. Currently, Korea has one of the
most dynamic nuclear power programmes in the world.

During the early years of nuclear power development, power plants were constructed mostly
through "Turn-Key" contracts, providing little opportunity for domestic industries to participate in the
construction. Since then, however, domestic participation in overall construction management, design,
equipment supply, and civil construction has continuously increased through the adoption of the "Non
Turn-Key" approach. Recently, a high degree of technological self-reliance is being achieved through
the construction of Yonggwang Nuclear Units (YGN) 3 and 4 in various fields of the nuclear industry.
At present, nuclear power plant technology and related fuel cycle technologies are maturing.

The first domestic reactor was a 1000 MW(e) PWR built at Ulchin, which entered commercial
operation in 1998, so called Korea Standard Nuclear Power Plant(KSNP). The Ulchin units 3 and 4 are
considered as the reference reactor for future construction. Four more of these domestic PWRs are
being built at Yonggwang and Ulchin.

3.2. Status and Trends of Nuclear Power

Since the first commercial operation of Kori unit 1 in 1978, nuclear energy has been an
important energy in Korea, hi spite of the slowdown of the nuclear energy industry in the U.S. and
Europe, the Korean government is steadily promoting the nuclear power generation business in
response to Korea's increasing electricity demand, seeking new sites for nuclear power plants and
supporting the development of commercial technology.

As of March 2001, a total of 16 nuclear power units are in operation, and twelve units are under
construction as shown in Table 9. Korea has about 13 GW of nuclear power capacity, which accounts
for 28.0% of its total electric power capacity. The volume of nuclear power generation in 2000 was
around 109 TW-h, accounting for 41% of total power generation. Korea also has a high availability
ratio of its nuclear units, which was 90.2% in 1998, 88.2% in 1999 and 90.4% in 2000, as shown in
Table 10.

TABLE 10. THE AVERAGE CAPACITY FACTOR OF THE KOREAN
NUCLEAR POWER PLANTS

Capacity Factor

1980

67.4

1985

78.7

1990

79.3

1995

87.3

1996

87.5

1997

87.6

1998

90.2

1999

88.2

2000

90.4

Source : Country Information

According to the "Fifth Long-term Plan for Electric Power Demand and Supply", which was
finalized by MOCIE in January 2000, 12 new nuclear power units will be constructed by 2015,
including the eight units that are currently under construction or decided to be constructed. The share
of nuclear power capacity and nuclear power generation will be increased to 33% and 44.5%,
respectively by 2015 as shown in Figure 2.

To enhance the safety and to cut the costs of nuclear power plants, Korea has developed an
advanced power reactor with a capacity of l,400MWe, called APR 1400, on the basis of technological
self-reliance of the l,000MWe Korea Standard Nuclear Power Plant (KSNP) in 1995.
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TABLE 9. STATUS OF NUCLEAR POWER PLANTS

Station

KORI-1

KORI-2

KORI-3

KORI-4

ULCHIN-1

ULCHIN-2

ULCHIN-3

ULCHIN-4

WOLSONG-1

W0LS0NG-2

W0LS0NG-3

WOLSONG-4

YONGGWANG-1

YONGGWANG-2

YONGGWANG-3

YONGGWANG-4

ULCHIN-5

ULCHIN-6

YONGGWANG-5

YONGGWANG-6

SHIN-KORI-1 (a)

SHIN-KORI-2 (a)

SHIN-KORI-3 (a)

SHIN-KORI-4<a)

SHIN-WOLSONG-1 (o)

SHIN-WOLSONG-2 (a)

Type

PWR

PWR

PWR

PWR
PWR
PWR

PWR

PWR

PHWR

PHWR

PHWR

PHWR

PWR

PWR

PWR

PWR

PWR

PWR

PWR

PWR

PWR

PWR

APR
APR
PWR

PWR

Net El.
Capacity

556

605

895

895

920

920

960

960

629

650

650

650

900

900

950

950

960

960

950

950

950

950

1330

1330

950

950

Description

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Operational

Under Construction

Under Construction

Under Construction

Under Construction

Under Construction

Under Construction

Under Construction

Under Construction

Under Construction

Under Construction

Operator

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.

KEPCO.
KEPCO

KEPCO

KEPCO

KEPCO

KEPCO

KEPCO

Reactor
Supplier

WEST

WEST

WEST

WEST

FRAM

FRAM

KHIKAECE

KHIKAECE

AECL

AECL/KHI

AECL/KHI

AECL/KHI

WEST

WEST

KHIKAECE

KHIKAECE

DOOSAN(b)

DOOSAN

DOOSAN

DOOSAN

DOOSAN

DOOSAN

DOOSAN

DOOSAN

DOOSAN

DOOSAN

Construction
Date

Ol-Aug-72

23-Dec-77

Ol-Oct-79

01-Apr-80

26-Jan-83

05-Jul-83

21-Jul-93

Ol-Nov-93

30-Oct-77

25-Sep-92

17-Mar-94

22-Jul-94

04-Jun-81

01-Dec-81

23-Dec-89

26-May-90

Ol-Oct-99

Ol-Oct-99

29-Jun-97

20-Nov-97

Criticality
Date

19-Jun-77

09-Apr-83

01-Jan-85

26-Oct-85

25-Feb-88

25-Feb-89

21-Dec-97

14-Dec-98

21-Nov-82

29-Jan-97

19-Feb-98

10-Apr-99

31-Jan-86

15-Oct-86

13-Oct-94

07-Jul-95

Grid
Date

26-Jun-77

22-Apr-83

22-Jan-85

15-Nov-85

07-Apr-88

14-Apr-89

06-Jan-98

28-Dec-98

31-Dec-82

Ol-Apr-97

25-Mar-98

21-May-99

05-Mar-86

ll-Nov-86

30-Oct-94

18-Jul-95

Commercial
Date

29-Apr-78

25-Jul-83

30-Sep-85

29-Apr-86

10-Sep-88

30-Sep-89

ll-Aug-98

31-Dec-99

22-Apr-83

Ol-Jul-97

Ol-Jul-98

Ol-Oct-99

25-Aug-86

10-Jun-87

31-Mar-95

Ol-Jan-96

30-Jun-03

30-Jun-04

30-Apr-02

31-Dec-02

Sept-08

Sept-09

Sept-10

Sept-11

Sept-09

Sept-10

Shutdown
Date

(a) Country information.
Source: IAEA Power Reactor Information System as of 31 December 2000;

(b) Formerly HANJUNG.
Country information.
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The APR1400 is an improved version of a light water reactor. It is expected to be ten times safer
than the KSNP. In terms of economic benefits, it will normally be more competitive than existing units
or coal power generation. Its basic design was already completed and now design optimization for
standard design certificate from regulatory authority is in progress. The first unit of APR1400 is
expected to be in service by 2010.

3.3. Current Nuclear Energy Policy

Of the 16 nuclear power plants in the country, nine units have been in operation for more than ten
years as of the end of 2000. In compliance with the Article of the Convention on Nuclear Safety, the
necessity of the Periodic Safety Review (PSR) was reviewed by the Nuclear Safety Commission for
legislation in order to maintain the safety of nuclear power plants in operation at current safety
standards and practices.

The Nuclear Safety Commission had decided to adopt the Periodic Safety Review as a safety
evaluation process during the lifetime of operating nuclear power plants. The Commission requested
that the regulatory body and operators to prepare a comprehensive plan necessary to implement the
PSR, such as work scopes to be conducted by each institution, selection of an applicable power plant,
legislative processes, and schedule of future performance, etc.

In 1994, the Korean government established long-term nuclear policy directions through 2030
to demonstrate long-term national vision and basic policy directions regarding nuclear energy and its
utilization. The objectives secured in this policy are:

i) To enhance stable energy supply by establishing nuclear energy as a major energy source in
national electric power generation;

ii) To establish self-supporting nuclear reactor technology and non-proliferating nuclear fuel cycle
technology through systematic research and development of nuclear energy;

iii) To promote nuclear technology as an export industry through upgrading nuclear industrial
technology on the basis of civil creativity and participation;

iv) To develop nuclear technology for a leading role in fostering national welfare and creative
science and technology by expanding the uses of nuclear energy in agriculture, engineering,
medical science, and industrial applications.

In order to achieve the objectives of the long-term nuclear energy policy, the government
established a legal basis to formulate the "Comprehensive Nuclear Energy Promotion Plan (CNEPP)"
every five years through the amendment to the Atomic Energy Act in January 1995. The CNEPP
includes long-term nuclear policy objectives and basic directions, sector-by-sector objectives, budget
and investment plan etc.

The Atomic Energy Act stipulates that the Minister of Science and Technology and the heads of
the concerned ministries shall formulate sector-by-sector implementation plans for those areas under
their jurisdiction every five years in accordance with the CNEPP and shall establish and implement
annual action plans according to the sector-by-sector implementation plans.

The first CNEPP was formulated in June 1997. As of June 2001, the Korean government has
formulated the second CNEPP, which included a direction to nuclear energy policy towards the year
of 2015. The CNEPP identified 10 promotion areas which are as follows:

• Nuclear Safety and Radiation Protection;
• Nuclear Electricity Generation and Reactor Development;
• Nuclear Fuel Cycle;
• Radioactive Waste Management;
• Utilization of Radiation and Radioisotopes;
• Fostering and Promotion of Nuclear Industry;
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• Basic and Fundamental Nuclear Research and Development;
• Training of Nuclear Manpower;
• Enhancement of Public Understanding and Site Acquisition;
• Nuclear Diplomacy and International Cooperation.

4. NUCLEAR POWER INDUSTRY

4.1. Supply of Nuclear Power Plants

In 1985, the Korean government made a milestone decision to implement the national self-
reliance policy and divided the role among domestic nuclear organizations. After Korea had achieved
an overall self-reliance level of 95% at the end of 1995, in December 1996, according to the
Government's policy of streamlining the nuclear power industry, the industries were restructured as
follows:

- Total Project Management KHNP
- Architectural Engineering and NSSS Design KOPEC
- Research & Development KAERI
- Maintenance Services KPS
- NSSS, Turbine and Generator Manufacturing DOOSAN (formerly HANJUNG)
- Nuclear Fuel Design and Fabrication KNFC

DOOSAN is taking part in power plant construction in Korea by virtue of its capability to
supply heavy industrial construction equipment and machinery built to precise standards. KOPEC was
established in 1975 to foster the nation's self-reliance in power technologies, particularly in nuclear
power engineering for pressurized water reactors. As such, KOPEC carries out the prime architect
engineer's responsibility for PWR's in Korea. KOPEC is collaborating with Canada to obtain also
PHWR engineering experience. KPS provides maintenance services for all the power stations
including NPP's under operation or under start-up. KNFC was established in November 1982 by the
joint investment of KEPCO and KAERI to localize the nuclear fuel fabrication for pressurized water
reactors.

The self-reliance strategy has been applied since construction of the Yonggwang 3&4 project.
Domestic nuclear industries were the project's prime contractors with supporting technology transfer
from foreign subcontractors.

As of March 2001, HANJUNG was already privatized through share offering. Most of its share,
held mainly by the Korea Development Bank (43.8%) and KEPCO (40.5%), was sold to the public
(24%) in September 2000, and to the Doosan Consortium (36%) through competitive bidding in
December 2000. Recently, HANJUNG has changed its name to the "Doosan Heavy Industries and
Construction".

Regarding KOPEC and KPS which are KEPCO subsidiaries, in February 2001, their ordinary
shares owned by KEPCO were put to a competitive public tender for sale to Korean or foreign legal
entities, and their sale contracts are scheduled to be concluded in the latter half of 2001.

4.2. Operation of Nuclear Power Plants

KEPCO has been the sole electricity generator in Korea. As mentioned in Section 2.1,
KEPCO's generation sector has been split early 2001 into five non-nuclear GENCOs and one hydro-
nuclear GENCO: KHNP. KHNP is the sole entity in Korea responsible for long-term planning,
development and generation of nuclear and hydropower. It has implemented a comprehensive
programme for improving the NPP's capacity factor leading to a steadily improvement of the Korean
NPP's operation.
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4.3. Fuel Cycle and Waste Management Service Supply

Korea's demand for Uranium and nuclear fuel cycle service has continuously increased with the
expansion of its nuclear power capacity. The demand is expected to account for more than 5% of the
world's demand from the year 2000. Korea imports Uranium concentrates from Australia, Canada, the
U.K, France, Russia, the U.S. and South Africa. In 1999, Korea imported a total of 4.5 million pounds
of Uranium.

KHNP, the sole consumer of nuclear fuel in Korea, has a basic guideline to ensure the nuclear
fuel supply and to pursues the economic efficiency at the same time by applying an international open
bid. For Uranium concentrates, KHNP has tried to maintain the optimal contract condition through
both long-term contracts and spot-market purchase. Whereas conversion and enrichment services
come from the U.S., the U.K., France, Canada, and Russia by long-term contracts. Fuel fabrication
services are fully localized to meet domestic needs.

The Nuclear Environment Technology Institute (NETEC) of KHNP was established as the
responsible organization for management of low-level radwaste and spent fuels in the nation. In order
to carryout Korea's radioactive waste management programme more successfully, the government
promulgated a law relating to the promotion of radioactive waste management programmes with
support to neighbouring local support programmes, such as improvements in the standard of living,
public works and education.

There are plans to build an Away From Reactor interim storage facility for spent fuel and a
low/intermediate level radwaste disposal facility.

A new radioactive management plan was proposed by MOCIE and approved by the Atomic
Energy Commission in September 1998. According to the plan, a low-and-intermediate-level
radioactive waste (LELW) repository will be constructed by 2008 and spent fuels will be stored at each
nuclear power plant site until interim storage facilities are constructed in 2016.

In order to secure the repository site of 2 million m3, open selection, soliciting rural autonomy,
having direct access to the sea, for the proposal of sites, has started in June 2000, and was extended to
the end of June 2001 with no proposal from local autonomy as of March 2001.

4.4. Research and Development Activities

The Atomic Energy Act stipulates that the Minister of Science and Technology shall formulate
the National Nuclear R&D Programme according to the sector-by-sector implementation plan.

The Nuclear R&D Programme, otherwise called the "National Medium-and-Long-term Nuclear
R&D Programme", is implemented mainly by KAERI, KCCH and KINS. Besides, an industry-led
R&D Programme is implemented by KHNP, KOPEC, KPS and KNFC etc.

Originally, the "National Medium-and-Long-term Nuclear R&D Programme" was launched in
June 1992 as a 10-year (1992-2001) programme. It was modified into a new R&D programme to be
implemented for 1997-2006 term, to take account of major changes in national and international
situations. There are 28 major projects that are being carried out currently and are funded by both the
government and the Nuclear R&D Endowment fund.

The R&D Programme covers six fields as follows; O nuclear reactor & nuclear fuel, © nuclear
safety, ©radioactive waste management, 0 radiation/ radioisotopes application & radiation
protection, © current issues related to the NPP, and © basic nuclear technology.

With respect to nuclear reactor R&D, a conceptual design of a fast-breeder reactor, the 330
MW(e) Kalimer plant is under development to be ready by 2002 and a basic design by 2006.
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Construction is foreseen soon after 2010. An ADS HYPER concept development roadmap will be
finished in 2001 and the conceptual design will be completed by 2007.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Procedures

5.1.1. Safety Authority

The assurance of nuclear safety is the highest priority in the use and development of nuclear
energy in Korea. The goal is to protect plant personnel and neighbouring inhabitants by keeping
radiation effects as low as possible.

Nuclear regulatory organizations are mainly composed of MOST as a regulatory authority, the
Nuclear Safety Commission (NSC), and Korea Institute of Nuclear Safety (KINS) as an technical
expert body. The NSC's function is to deliberate and decide on important issues related to nuclear
safety. The NSC is independent of the Atomic Energy Commission.

MOST has the overall responsibility for ensuring the protection of public health and safety
through regulatory control and safety inspections, based on the provisions of the Atomic Energy Act.
KINS entrusted with the regulatory works by MOST, carries out technical assessments according to
the licensing documents prepared by the utility and conducts safety inspections on all nuclear
facilities. The basic concept of nuclear safety is not only to protect the public health and safety from
radiation hazards, but also to protect the environment from any subsequent harmful effects.

In September 1994, the MOST issued the "Nuclear Safety Policy Statement" containing five
regulatory principles of nuclear safety: "Independence, Openness, Clarity, Efficiency, and Reliability"
in order to secure consistency, adequacy, and rationality of regulatory activities. The Nuclear Safety
Policy Statement declares that securing safety is a prerequisite to the development and utilization of
nuclear energy, and that all workers engaged in nuclear activities must adhere to the principle of
"priority to safety". It emphasizes the importance of developing the nuclear safety culture that the
International Atomic Energy Agency (IAEA) has referred to.

It also prescribes that the ultimate responsibility for nuclear safety rests with the operating
organizations of nuclear installations, and is in no way diluted by the separate activities and
responsibilities of designers, suppliers, constructors, or regulators. Finally, it prescribes that the
government shall fulfil its overall responsibility to protect the public and the environment from
radiation hazards that might accompany the development and utilization of nuclear energy.

5.1.2. Licensing Procedures

Regulation and licensing procedures for nuclear power plants in Korea are divided into three
stages:

• In the site selection stage, the conceptual design is examined to determine the appropriateness of
the proposed site. The safety requirements of the site have been previously reviewed from
standpoints of the design, the construction, and the operation of the plant;

• For the construction permit, the utility submits a Preliminary Safety Analysis Report (PSAR)
and an overall quality assurance programme for the Project along with the reference design of
the plant. Additionally, the utility is required to prepare an environmental impact statement;

• When the utility requests an operating license, MOST must confirm that the as-built plant
conforms to the submitted design. In this stage, operational technical specification, and
emergency plans and procedures against radiation hazards are submitted.

Regulatory inspections of NPPs under construction or in operation are implemented according
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to the procedure of a pre-operational inspection of the nuclear installation, a periodic inspection of the
operating nuclear installations, a quality assurance audit, a daily inspection by resident inspectors, and
a special inspection.

The Korean government is continually improving its nuclear control system as the amount of
domestic nuclear material increases in parallel with the growth of the nuclear industry. The
government established a State System for the Accounting and Control of nuclear materials (SSAC)
within MOST. In order to develop nuclear control technology and to technically assist the government,
the Technology Center for Nuclear Control (TCNC) at the Korea Atomic Energy Research Institute
(KAERI) was established in 1994.

5.1.3. Radiation Protection Policy

The Atomic Energy Act prescribes the basic matters on radiation protection to be applied to
nuclear installations, as follows:

• provisions on protective measures against radiation hazards that keep the radioactive material
release and the occupational radiation exposure as low as reasonably achievable (ALARA),

• provisions on safety measures relating to operations stipulating the necessary actions to be taken
for protecting human life, materials, and the environment from radiation hazards which may
accompany the operation of nuclear installations,

• performance criteria for the personnel dosimetry service for radiation workers or persons having
access to nuclear installations, and

• training requirements for the workforce involving radiation exposure.

The Enforcement Decree and Regulation of the Atomic Energy Act specifies the details
necessary for implementing the basic matters referred to in the Act. The Notice of the Minister of
Science and Technology (titled "Radiation Protection Standards") prescribes technical requirements on
radiation protection such as the conditions of radioactive effluent release and dose limits.

The safety regulatory activities for radiation protection are classified into safety reviews,
regulatory inspections, and the development of technical standards. In the safety review, items are
examined concerning ALARA assurance of radiation exposure to workers, source term assessment,
characteristics of radiation protection design, dose assessment, health physics programme, and the
appropriateness of equipment.

The regulatory inspection confirms whether or not the radiation monitoring system in nuclear
installations is properly operated. It also confirms that any personal exposure to radiation is
maintained as low as reasonably achievable (ALARA) by checking the health physics programme, the
procedures for the radiation exposure control, the ALARA programme, and radiation work
management.

Korea is now developing the Information System on Integrated Radiation Safety (ISIRS). This
system can easily trace and monitor all processes related to the use of radioactive sources from
production and importation to final disposal through the Internet. ISIRS can provide a more accurate'
and extensive information on radiation safety on a real time basis to the general public and to all other
related organizations.

As of December 1999, the number of licensed organizations for radiation utilization in Korea is
1,571, which consists of industrial firms 49.4%, educational and research institutes 24.3%, hospitals
7.6%, N.D.T. companies 2.3%, and sales companies 1.8%.

5.1.4. National Environmental Radiation Monitoring Network

KINS, entrusted by MOST, installs and operates the nation-wide environment radiation
monitoring network in addition to the above safety regulatory activities. KINS measures the
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radioactivity in airborne dust, fallout, rainwater, livestock products, farm products, soil, drinking
water, and background radiation levels throughout the nation. This enables KINS to quickly detect and
properly respond to any abnormal situations or symptoms in environmental radioactivity.

The nationwide environmental radiation monitoring network, as shown in Figure 4, consists of
an environmental radiation monitoring center in KINS, local monitoring stations situated at ten cities
of large population, monitoring posts located in Ulnongdo and Baekryongdo, monitoring posts around
four nuclear installation sites, and a monitoring network connected with a military monitoring post.

5.2. Main National Laws and Regulations

The Korean government promulgated the Atomic Energy Act as a fundamental legislation to
regulate the nuclear activities in Korea. The regulatory organizations and functions are also described
in the Act. MOST has ultimate responsibility for the protection of the public and environment, while
the prime responsibility rests with the utilities.

The legislative system of Atomic Energy law has several levels according to origination and
applicability, i.e., the Atomic Energy Act, Enforcement Decree, Enforcement Regulation, Notice of
the Minister of MOST, and Technical Specification which is a part of the safety analysis reports. The
regulatory authority for regulating nuclear industry activities is based on the Atomic Energy Act. In
conformity with the atomic energy laws, the licensee submits to MOST various documents
demonstrating the adequacy of the proposed design.

There are two major legislative instruments regarding civil nuclear third party liability, namely
the "Act on Compensation for Nuclear Damage" (so-called Compensation Act) and the "Act on
Indemnification Agreements for Nuclear Liability" (so-called Indemnity Agreement Act).

Reflecting developments in related international conventions, the Compensation Act was
amended in December 2000 and will enter into force on January 1, 2002. Highlights of amendment are
as follows:

• Expansion of applicable scope not only to nuclear incidents in the territory but also in the EEZ
(Exclusive Economic Zone);

• Increase of compulsory insurance amount to 300 million SDRs;
• Extension and clarification of the definition for "nuclear damage" according to the 1997

Protocol to Amend the Vienna Convention;
• Exclusion of a grave natural disaster from exonerations;
• Extension of prescription period for personal injury to 30 years.

According to the amended Compensation Act, the Indemnity Agreement Act will be revised in
the year 2001.

A Nuclear Damage Compensation Deliberation Committee within MOST co-ordinates extra-
judicial settlement of claims for nuclear damage compensation and surveys and evaluates nuclear
damage.

In 1999, the Atomic Energy Act was amended to reflect the reorganization of the government,
deregulation, and the rearrangement of the legal system. The relevant lower level enactment was
completed in the first half of 2000. Subsequently, the Atomic Energy Act was amended again in 2000
to take into account the strengthening of nuclear safety as follows:

• Increase of NSC members to guarantee more participation of specialists in the policy and
decision-making process;

• Introduction of the Periodic Safety Review (PSR) to ensure that the safety of operating NPPs is
maintained at current safety standards and practices;

• Introduction of the Standard Design Certificate to streamline the licensing process for the
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construction of NPPs with same design.
• Introduction of the ICRP Pub. 60 on a step-by-step basis with full implementation starting in

January 2003.

5.3. International, Multilateral and Bilateral Agreements

Since Korea became an IAEA member in 1957, Korea have been assisted in training nuclear
manpower through IAEA's technical cooperation projects. The experience and technological
independency that Korea has acquired so far can certainly enable to help other members' manpower
training. Following the signing of the Memorandum of Understanding (MOU) with IAEA in 1998,
Korea has expanded its nuclear education and training programmes for developing countries, and is
also planning to strengthen the activities and programmes of international training and education
center.

In addition, Korea has proposed in 2000 to host the regional office of the RCA (Regional
Cooperative Agreement for Research, Development and Training Related to Nuclear Science and
Technology in Asia and Pacific Region) to strengthen technical cooperation and to facilitate
technology transfer among Member States.

Korea has been actively participating in joint research projects of OECD/NEA (Nuclear Energy
Agency) such as Halden Reactor Project, RASPLAV Projects, ISOE (International System on
Occupational Exposure) Project, and International Co-operative Decommission Programme, since
joining the NEA in 1993.

Korea also joined international conventions under IAEA Auspices, such as the Convention on
Early Notification of a Nuclear Accident in 1996, the Convention on Assistance in the Case of a
Nuclear Accident or Radiological Emergency in 1990, the Convention on Physical Protection of
Nuclear Material, and the Convention on Nuclear Safety as well as the Convention on the Prevention
of Marine Pollution by Dumping of Wastes and Other Matter in 1994. Korea is now in process to
ratify the Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive
Waste Management.

As of March 2001, the Korean government has concluded 16 bilateral agreements on
cooperation in the peaceful uses of nuclear energy with the governments of the USA, Canada, Spain,
Australia, Belgium, France, Germany, Japan (arrangement), the UK, China, Argentina, Vietnam,
Turkey, Russia, Brazil, and Czech Republic.

Korea regularly holds bilateral talks with the USA, Canada, Australia, the UK, France, Japan,
Russia and China. In 2000, Korea held joint meetings with USA, Japan, Canada, Australia, China, and
Russia. Korea is planning to hold bilateral meetings with the USA, France, the UK, Canada, Russia,
China and Australia in 2001.

Korea also engages in talks on bilateral agreements with developing countries, which have
programmes for the peaceful uses of nuclear energy. Through the conclusion of such an agreement,
technology transfer and the safety of nuclear installations can be facilitated.

AGREEMENTS WITH THE IAEA

• Amendments to Articles VI and XIV of the Not Ratified
Agency Statute

• Agreement on privileges and immunities Entry into force: 17 January 1962

• NPT related agreement Entry into force: 14 November 1975
INFCIRC/236
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Additional protocol

Supplementary agreement on provision
of technical assistance by the IAEA

Signature:

Entry into force:

OTHER MULTILATERAL SAFEGUARDS AGREEMENTS

Entry into force:• Korea/USA
INFCIRC/111

• Korea/France
INFCIRC/233

Entry into force:

• RCA Entry into force:

OTHER RELEVANT INTERNATIONAL TREATIES etc.

• NPT

Convention on physical protection
of nuclear material

Convention on early notification
of a nuclear accident

Convention on assistance in the case of a
nuclear accident or radiological emergency

Vienna convention on civil liability for
nuclear damage

• Protocol to amend the Vienna convention
on civil liability for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the
safety of spent fuel management
and on the safety of
radioactive waste management

OTHER UNDERTAKINGS

• Improved procedures for designation
of safeguards inspectors

• ZANGGER Committee

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Not signed

Joint protocol relating to the application of Not signed
Vienna and Paris conventions

Not signed

Not signed

Entry into force:

Signature:

Not yet accepted

Member

21 June 1999

21 January 1980

5 January 1968

22 September 1975

4 December 1992

23 April 1975

8 February 1987

9 July 1990

9 July 1990

24 October 1996

29 September 1997
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• Nuclear Suppliers Group Member

• Acceptance of NUSS Codes No reply

• Partial Test-Ban Treaty Entry into force: 24 July 1964

BILATERAL AGREEMENTS

• Agreement for Co-operation between the ROK and the USA concerning Civil Uses of Atomic
Energy, in effect since 1956.

• Agreement, on Technical Co-operation between Korea and France; in effect since 1974.

• Agreement between Korea and France for the Peaceful Uses of Nuclear Energy, signed in April
1981.

• Agreement between Korea and Canada for Co-operation in the Peaceful Uses of Atomic Energy, in
effect since 1976.

• Agreement between Korea and Australia concerning Co-operation in Peaceful Uses of Nuclear
Energy and the Transfer of Nuclear Materials, in effect since 1979.

• Notes between Korea and Japan for co-operation in the field of peaceful uses of nuclear energy,
exchanged in May 1990.

• Protocol on co-operation in the field of peaceful uses of nuclear energy between the Ministry of
Science and Technology of the ROK and the Ministry of Atomic Power and Industry of the USSR,
in effect since December 1990.

• Agreement between the ROK and the UK for co-operation in the peaceful use of nuclear energy,
signed in November 1991.
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES INVOLVED
IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY A UTHORITY

Atomic Energy Commission (AEC)
Government Complex-Gwacheon City
Gyeonggi-do 427-760, Republic of Korea

Ministry of Science and Technology (MOST)
Government Complex-Gwacheon City
Gyeonggi-do 427-760, Republic of Korea

Ministry of Commerce, Industry & Energy (MOCIE)
Government Complex-Gwacheon City
Chungang-dong, Gyeonggi-do 427-760
Republic of Korea

NUCLEAR INDUSTRY

Korea Atomic Energy Research Institute (KAERI)
150, Dukjin-dong
Yusong-gu
Daejon 305-353, Republic of Korea

Korea Institute of Nuclear Safety (KINS)
19, Kusong-dong
Yusong-gu
Daejon 305-338, Republic of Korea

Korea Cancer Center Hospital(KCCH)
215-4, Gongneung-dong
Nowon-gu
Seoul 139-706, Republic of Korea

Korea Electric Power Corporation (KEPCO)
167, Samseong-dong
Gangnam-gu
Seoul 135-791, Republic of Korea

Korea Hydro & Nuclear Power Co., LTD (KHNP)
167, Samseong-dong
Gangnam-gu
Seoul, Republic of Korea

Doosan Heavy Industries and Construction Co.
555, Guygok-dong
Changwon
Kyungnam 641-792, Republic of Korea

Korea Power Engineering Co., Inc. (KOPEC)
360-9, Mabuk-ri, Guseong-eup,
Yongin-si
Geonggi-do 449-910, Republic of Korea

Tel: +82-2-503-7646
Fax: +82-2-503-7673

Tel: +82-2-503-7600
Fax: +82-2-504-7636
http://mvw.most.go.kr

Tel: +82-2-503-7171
Fax: +82-2-503-9603
http://www.mocie.go.kr

Tel: +82-42-868-2000
Fax: +82-42-868-9161
http://www.kaeri.re.kr

Tel: +82-42-868-0014
Fax: +82-42-861-1700
http://www.kins.re.kr

Tel: +82-2-974-2501
Fax: +82-2-978-2005
http://www.kcch.re.kr

Tel: +82-2-3456-3511
Fax: +82-2-3456-3599
http://vvww.kepco.co.ia

Tel: +82-2-3456-2212
Fax: +82-2-3456-2219
http://www.khnp.co.kr
135-791

Tel:+82-55-278-6114
Fax: +82-55-264-5551
http://www.doosan.heavy.co.kr

Tel: +82-31-289-3114
Fax: +82-31-283-6215

?://www.kopee.co.kf
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Korea Nuclear Fuel Co., Ltd. (KNFC)
493, Deokjin-dong
Yuseong-gu
Daejon 305-353, Republic of Korea

Korea Plant Services and Engineering Co., Ltd.
196, Bundang-gu Geumgok-dong
Seongnam-si

Geonggi-do 463-480, Republic of Korea

ENERGY RESEARCH INSTITUTES

Korea Basic Science Institute

Korean Superconducting Tokamak
Advanced Research (KSTAR)

Korea Institute of Energy Research (KIER)

Korea Advanced Institute of Science
and Technology (KAIST)

Pohang University of Science and Technology

Pohang Accelerator Laboratory (PAL)

OTHER ORGANIZATIONS

Korean Nuclear Society

Korea Nuclear Information System (KORNIS)

Organization for Korea Atomic
Energy Awareness (OKAEA)

Korea Atomic Industrial Forum

(KPS)

Tel: +82-42-868-1000
Fax: +82-42-861-2380
http://www.knfc.co.kr

Tel: +82-31-710-4114
Fax: +82-31-710-4115
http://www.kps.co.kr

http://comp.kbsi.re.kt7

http://www.kier.re.kr/indexe.htm

http://www.kaist.ac.kr/

htrp://www.postech.ac.kf/'e/

http://pal.postech.ac.kr/docs/english%dex.htni

http://www.nuciear.or.kf/

http://kornis.kaeri.re.kr

http://okaea.or.kr/eaglish/index.php

http://www.kaif.of.kr/
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LITHUANIA

1. GENERAL INFORMATION

1.1. General Overview

The Republic of Lithuania is situated on the eastern coast of the Baltic sea, in central Europe.
Lithuania is bordered by Latvia in the north, Belarus in the east, Poland in the south, Kaliningrad
Region of the Russian Federation in the southwest and the Baltic sea in the west.

Lithuania is situated in a temperate climate zone. The average annual air temperature in
Lithuania is 5.5°C, with 17.8°C in June and -6.5°C in January. The absolute maximum-recorded
temperature is 36°C and the absolute minimum -40°C. There are noticeable east-west weather
variations. The western part, mostly influenced by the Baltic Sea, is characterized by the smallest
temperature variations. The eastern part, where the Ignalina nuclear power plant is situated, has colder
and longer winters and warmer but shorter summers. Western and southwestern winds predominate.

The average annual amount of precipitation is 638 mm. About 70% of the precipitation takes
place during the warm period of the year (April - October). The minimum relative humidity (53-63%)
is in June and the maximum (exceeding 90%) in January.

The steady growth of the population (about 0.9% a year) in the period 1970 to 1990, primarily
caused by influx of people from other Soviet republics, was abruptly stopped in 1991 and a period of
slow decrease, caused mostly by the outflow, followed. The population slightly exceeded 3.7 million
in 2000 (Table 1).

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

2.7
41
38

65.2

1970

3.1
47.8
49.9

1980

3.4
52.2
60

1990

3.7
56.8
68.1

1998

3.7
56.7
68.2

1999

3.7
56.8
68

2000

3.7
56.7
68

Growth
rate (%)

1980
to

2000

0.4
0.4

Source: IAEA Energy and Economic Database; Country Information.

1.2. Economic Indicators

Lithuanian Gross Domestic Product (GDP) increased on average by 4.6% per year from 1980 to
1989. However, because of Lithuania's export oriented economy and the shortage of domestic mineral
and energy resources, Lithuania suffered from a very steep decline in production during the transition
to a market economy. A slow decrease of 5% in GDP in 1990 was followed by a much more serious
recession during the period 1991 to 1993. The situation gradually stabilized in 1994 with preliminary
data on GDP of the same level as in 1993. Steady growth during 1995-1997 was followed by
slowdown in 1998 because of the influence of the financial crisis in Russia. The Lithuanian market
stabilized in 1999-2000 and is growing steadily. The historical GDP data are shown in Table 2.

1.3. Energy Situation

Lithuania's energy resources are not substantial and have not been thoroughly explored. The
country has limited oil and gas reserves. There is no information about resources of uranium. There is
a potential of about 400 MW(e) of hydro power, of which 100 MW(e) has been developed.

LITHUANIA 479



TABLE 2. GROSS

GDP (a)

GDP ^ per capita
GDP by sector (%):

-Agriculture
-Industry
-Services
-Construction

and Utilities

DOMESTIC PRODUCT

1990

0.034
0.009

26.4
20.3
43.6
9.7

1991

0.104
0.028

16.4
44.4
33.8
5.4

1992

0.851
0.227

13.8
37.5
44.8
3.9

1993

2.897
0.775

14.2
34.2
46.5

5.1

1994

4.226
1.135

10.7
27.0
55.1
7.2

1995

6.026
1.621

11.8
26.1
55.0
7.1

1996

7.892
2.126

12.3
25.8
54.8
7.1

1997

9.585
2.586

11.7
25.2
55.4
7.7

1998

10.692
2.887

9.9
23.7
58.5
7.9

1999

10.664
2.774

8.4
22.9
57.5
11.2

2000

11.233
2.866

7.6
26.2
56.8
9.4

Growth
rate (%)

1990
to

1998
105.21
105.72

-11.54
1.95
3.74
-2.53

(a) Mill ions o f current US$ .
(b) Current U S $ per capita.
Source: IAEA Energy and Economic Data Base; Country Information.

Table 3 shows the historical energy statistics, Fig. 1 shows the share of the primary energy
sources in the corresponding energy consumption and Fig. 2 the share of the various sectors in final
energy demand. Table 4 shows the historical energy balance and Fig. 3 the share of the primary
energy sources in the 2000 energy production.

TABLE 3. BASIC ENERGY SITUATION
Exajoule

Energy consumption
- Total(1)

- Solids(2)

- Liquids
- Gases
- Primary electricity<3)

Energy production
- Total
- Solids
- Liquids
- Gases
- Primary electricity'3'

Net import (import - export)
- Total
- Solids
- Liquids
- Gases

1970

0 3?
0.09
0.17
0.05
0.00

0.04
0.04
0.00
0.00
0.00

0.27
0.05
0.17
0.05

1980

0.52
0.06
0.34
0.11
0.00

0.02
0.02
0.00
0.00
0.00

0.49
0.04
0.34
0.11

1990

0.69
0.05
0.26
0.2

0.19

0.2
0.01
0.00
0.00
0.19

0.49
0.04
0.25
0.2

1991

0 77
0.04
0.34
0.20
0.19

0.20
0.02
0.00
0.00
0.19

0.57
0.03
0.34
0.20

1992

0.50
0.03
0.19
0.12
0.16

0.17
0.01
0.00
0.00
0.16

0.32
0.01
0.19
0.12

1993

0.39
0.03
0.16
0.06
0.14

0.16
0.02
0.00
0.00
0.14

0.23
0.01
0.16
0.06

1994

0.34
0.03
0.15
0.07
0.09

0.11
0.02
0.00
0.00
0.09

0.23
0.01
0.15
0.07

1995

0.38
0.03
0.13
0.09
0.13

0.16
0.02
0.01
0.00
0.13

0.22
0.01
0.12
0.09

1996

0 41
0.03
0.14
0.09
0.15

0.18
0.02
0.01
0.00
0.15

0.23
0.01
0.13
0.09

1997

0.38
0.03
0.14
0.08
0.13

0.16
0.02
0.01
0.00
0.13

0.22
0.01
0.13
0.08

1998

0.41
0.03
0.16
0.07
0.15

0.18
0.02
0.01
0.00
0.15

0.23
0.01
0.15
0.07

1999

0.34
0.03
0.12
0.08
0.11

0.14
0.02
0.01
0.00
0.11

0.20
0.01
0.11
0.08

2000

0 30
0.03
0.09
0.09
0.09

0.12
0.02
0.01
0.00
0.09

0.18
0.01
0.08
0.09

Average
annual

growth rate

1970
to

1980

50
-4.0
7.2
8.2
.

-6.7
-6.7

_

0.00

6.1
-2.2
7.2
8.2

1980
to

1998

-1 3
-3.8
-4.1
-2.5

-

13.0
0.00

_
-

0.00

-4.1
-7.4
-4.4
-2.5

(!) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2) Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database; Country Information.

1.4. Energy Policy

The highest body of state power in the Republic of Lithuania is the Seimas (Parliament).
Parliament has a number of standing committees on most sectors such as science, culture and
education, but there is no specific committee for energy. According to the Energy Law of the
Republic of Lithuania (Lietuvos Respublikos energetikos istatymas) adopted by Parliament in March
1995, the Ministry of Economy is responsible for preparing the National Energy Strategy covering a
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period of not less than 20 years, and updating it every five years. The Strategy is approved by
Parliament. Parliament is also entitled to approve the list of State energy sector enterprises.

The Government is responsible for establishment of rules for the use of energy and energy
resources. It is also responsible for establishing procedures for new state or privately owned
enterprises, joint ventures and foreign owned companies in the power sector.

0.8

0.7-1

0.6

0.5

0.4

0.3-1

0.2

0.1

0
1970 1980 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

D Primary electricity
D Gases

1 Solids

FIG. 1. Energy consumption (EJ)

• Other Sectors

1970 1980 1990 1992 1993 1994 1995 1996 1997 1998 1999 2000

FIG. 2. Final Energy Demand (PJ)

Primary
electricity

70°/.

Liquids
20%

M Primary electricity

M Solids

• Liquids

Solids
10%

FIG. 3. Energy production in 2000
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TABLE 4. ENERGY BALANCE
PJ

Indigenous Production
Import (+)
Export (-)
Stock Changes (±)
Primary Energy Supply
Net Transformation Input
Energy Sector Own Use
Energy Losses
Non-Energy Use
Final Energy Demand
Industry
Transport
Other Sectors
Primary Energy Supply
Final Energy Use

1970

42.6
281.6

12.9
4.1

315.3
48.2

1.8
5.2

12.4
247.7

84.4
53.5

109.7
100
79

1980

21.9
495.2

0.4
1.6

515.1
79.8
14.0
11.2
36.7

373.5
131.7
73.3

168.0
138

109

1990

202.9
628.5
166.0
20.9

686.4
200.0
38.1
13.5
39.5

395.4
122.2
72.7

200.4
184

106

1992

177.9
320.3
42.2
15.5

471.5
131.5
23.7
13.0
19.3

284.1
93.9
48.0

142.2
125
76

1993

154.3
295.6

71.3
3.6

382.3
100.7
37.5
15.6
9.0

219.5
55.3
47 A

117.1
102

58

1994

110.1
317.3

95.2
14.6

346.8
84.9
18.5
20.3
15.2

207.9
47.0
48.5

112.4
93
56

1995

157.1
317.6

83.1
-22.2
369.4
107.3
15.6
23.9
22.0

200.6
45.5
49.0

106.1
99
54

1996

182.8
333.7
118.2

-4.0
394.3
129.3

17.2
27.8
25.2

194.9
44.1
50.0

100.8
106
53

1997

163.6
352.4
150.7

3.0
368.3
107.9

19.9
27.2
24.5

188.8
41.8
51.7
95.3

99
51

1998

185.8
396.3
194.8

1.1
388.4
124.5
23.4
26.5
27.5

186.5
41.7
54.0
90.8
105
50

1999

145.8
283.3
107.5

7.3
328.9

92.4
17.1
21.7
27.0

170.7
35.4
49.3
86.0

89
46

2000

133.7
307.4
151.4

8.6
298.3
77.8
18.3
16.2
27.5

158.5
33.4
44.0
81.1

81
43

Source: Country Information.

TABLE 5. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

0.00

Liquid

0.08

Gas

0.00

Uranium(1)

0.00

Hydro (2)

0.48

Exajoule
Total

0.57
(1) This total represents essentially recoverable reserves.
<2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1996) by a factor of 10.
Source: IAEA Energy and Economic Data Base; Country Information.

In accordance with the Law on Energy, the National Energy Strategy was updated and approved
by the Parliament on 5 October 1999. The following objectives of the National Energy Strategy have
been formulated with the assessment of principal factors that determine the energy policy:

• Reliable and safe energy supply with least costs;
• Increase of energy efficiency;
• Improvement of the energy sector management and implementation of market principles in

the energy sector;
• Reduction of the negative impact upon environment; assurance of nuclear safety

requirements;
• Integration of the Lithuanian energy sector into energy systems of the EU;
• Regional co-operation and collaboration.

Limited indigenous energy resources available and, the in-efficient use and conservation of
energy resources are the basic conditions for the National Energy Strategy. Improvement of energy
efficiency is therefore of utmost importance. The main directions for implementation of the National
Energy Efficiency Programme, which is constantly up-dated, are the following:

• improvement of legal and normative basis;
• introduction of modern technologies and energy conservation measures;
• introduction of a pricing system stimulating energy conservation;
• creation of favourable conditions for investments into the energy conservation field;
• development of scientific, informational and educational activities.
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2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

Generation of electric power in Lithuania is provided by the Joint Stock Company "Lietuvos
Energija" (LE), CHP plants belonging to municipalities and the Ignalina Nuclear Power Plant. All
power generated at Ignalina is sold to LE. LE is a specific Joint Stock with responsibility for
production and transmission of power nation-wide. Earlier responsibility of LE for supplying heat was
transferred to municipalities. There are plans for further changes in responsibility of LE. In the future
LE will sell power to four regional network utilities, who, in turn, will distribute and sell it to the end
users.

The national transmission system in Lithuania comprises 330 kV and 110 kV grids, which
connect all power stations to the load centres throughout Lithuania. Electricity export
interconnections already exist with Latvia, Belarus and Kaliningrad.

Although Lithuania is continuing talks with Poland on possible transmission of electricity to
western countries across Poland, currently there is no definite electricity export market for Lithuania.
In any case, Lithuania is considering building additional transmission lines from the Kruonis hydro
pumped storage unit, through Alytus, to the border with Poland.

2.2. Policy and Decision Making Process

Tariffs and other activities in the power sector are examined and controlled by the State
Commission. The State Commission is proposed by the Government and approved by the President
for a period of five years.

The regulatory bodies of the energy sector are the ministries and the municipalities. The main
body is the Ministry of Economy (State Power Inspection was established in January 1995 subject to
the Ministry of Economy) although several other ministries, such as Ministry of Finance and Ministry
of Environment, are involved to some degree in the regulation of energy supply and consumption.

The electricity market of Lithuania is expected to change over the forthcoming years, which
will have major implications on the conditions for operation of Ignalina NPP. Free connection to the
national electricity grid of the new independent electricity producers provided by the Energy Law
together with the establishment of free electricity market as a result of the anticipated future
integration with EU energy market will inevitably lead to the appearance of a new decentralized
generating capacities, especially for the combined heat and power generation.

With closure of the first unit at the Ignalina NPP, the existing capacities would meet the
national demand by 2020 in all forecasted scenarios of internal energy demand growth only when the
Lithuanian Thermal Power Plant (TPP) is maintained and upgraded. In this case, the balance of
generation and demand in 2020 would be positive, ensuring an export potential of 3-5 TWh. Possible
modernization of available thermal power plants and construction of new one would further increase
this potential.

In addition to the Ignalina NPP, Vilnius CHP-3, Kaunas CHP (combined cycle operation) and
the existing hydro power plants would be operated. With only one unit of the Ignalina NPP in
operation, and with limited profitable export available the Lithuanian TPP will serve only as a reserve
capacity and for the meeting demands of maneuver capacity. It is also expedient to keep the Kruonis
HPSP besides the day regulation in a regime of weekly regulation. However, its role in the Lithuanian
power sector will depend on the course of implementation of other international projects (the Baltic
Ring, electricity transmission line to Poland, etc.) and the volume of electricity export.
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Performed technical-economic analysis shows that if new capacities should be required, CCGT
CHP, small CHP with gas-fired internal combustion engines or gas turbines and a new combined
cycle gas turbine (CCGT) would be the second most attractive sources of electricity generation after
the refurbishment of available thermal power plants. Depending on the situation in fossil fuel market
the construction of the eventual cascade of hydro power plants on the Neris river and on the middle
track of the Nemunas could be justified. However, environmental, land ownership, monument
protection and other requirements will restrict the possibility of constructing these power plants. In
addition to that, the total capacity of these hydro power plants is only 170 MW, therefore, their impact
on the power balance is not significant.

The Lithuanian TPP is designed to burn various kinds of fuel (gas, heavy fuel oil and partially
orimulsion, which is a bitumen-in-water emulsion), and it does not depend on any single source.
Consequently, the Lithuanian TPP in the nearest 10 years will serve as a reliable source of half-peak
energy, capacity reserve and in the future as a source of basic energy too. The final choice for
replacement for the first unit of Ignalina NPP will depend on further least cost analysis and feasibility
studies, including other economic, financial and environmental aspects.

Integration of Lithuania into the EU, a closer co-operation with other Baltic, Western and
Northern European states require changes in the structure of the national electricity grid, especially in
developing systems of dispatch monitoring and modern departmental communications. It will be
relevant to prepare for common efforts of the three Baltic States in a new scheme of the high voltage
grid and to provide a sequence of actions and financing sources.

2.3. Main Indicators

Tables 6, 7, 8 and 9 show the historical statistics of the electricity balance, installed capacities
and energy related ratios respectively.

The two 1 500 MW(e) RBMK units of Ignalina, downrated to about 1 250 MW(e) for safety
reasons, are supplying about 70% of the electricity consumption of Lithuania and allow export of
electricity to Latvia and Belarus. In fact, the thermal capacity of the Ignalina units is downrated from
4 800 MW(th) to 4 200 MW(th), so the maximum electrical output depends on the cooling conditions.

TABLE 6. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)
- Total(1)

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GW(e))
- Total
- Thermal
- Hydro
- Nuclear

1960

1.12
0.75
0.37
0.00

0.4
0.3
0.1

0.00

1970

7.36
6.93
0.43
0.00

1.4
1.3
0.1

0.00

1980

11.7
11.2
0.47
0.00

2.4
2.3
0.1
0.00

1990

28.4
11.0
0.4
17.0

5.7
2.6
0.1
3.0

1991

29.4
12.1
0.3
17.0

5.7
2.6
0.1
3.0

1992

18.7
3.6
0.5
14.6

6.1
2.6
0.5
3.0

1993

14.1
1.2
0.6
12.3

6.1
2.6
0.5
3.0

1994

10.0
1.6
0.7
7.7

6.3
2.6
0.5
3.0

1995

13.9
1.3
0.8
11.8

6.3
2.6
0.7
3.0

1996

16.8
2.0
0.9
13.9

6.3
2.6
0.7
3.0

1997

14.9
2.1
0.8
12.0

6.3
2.6
0.7
3.0

1998

17.6
3.2
0.9
13.5

6.5
2.6
0.9
3.0

1999

13.5
2.8
0.9
9.8

6.5
2.6
0.9
3.0

2000

11.4
2.4
0.6
8.4

6.5
2.6
0.9
3.0

(l) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database; Country Information.
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TABLE 7. ELECTRICITY BALANCE
TW-h

1960 1970 1980 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Gross Production
Import - Export (±)

Gross Consumption
Own Use of Power Plants
Hydro Pumped Storage
Net Production
Losses in Network
Net Consumption
Electricity per capita, kWh/cap
Gross Production
Gross Consumption
Net Consumption

1.12
0.01

1.13
0.01
0.00
1.10
0.11
1.01

403
406
363

7.36
-2.18

5.18
0.43
0.00
6.93
0.64
4.11

2337
1644
1308

11.67 28.41
-0.11

29.36

9712
11.56
0.66
0.00
11.01
1.37
9.53

3402
3370
2778

11.
16.44
2.11
0.00

26.
1.55

12.78

3027

.75
16.61
2.22
0.00

.15
1.71
12.69

7637
4419
3435

7850
4441
3393

18.71
-5.30

13.41
1.75
0.24
16.72
1.69
9.73

4976
3566
2588

14.11
-2.73

11.38
1.55
0.28
12.28
1.91
7.64

3765
3033
2037

10.02
1.10

11.12
1.56
0.39
8.47
1.98
7.19

2693
2988
1932

13.90
-2.68

11.22
1.52
0.54
12.38
2.01
7.15

3742
3020
1925

16.79
-5.16

11.63
1.67
0.77
15.12
1.78
7.41

4526
3135
1997

14.86
-3.53

11.34
1.55
0.66
13.31
1.59
7.54

4010
3060
2035

17.63
-6.08

11.55
1.68
0.65
15.95
1.52
7.69

4762
3120
2077

13.54
-2.68

10.85
1.59
0.62
11.95
1.33
7.32

3660
2932
1978

11.42
-1.34

10.09
1.38
0.43
10.04
1.28
7.00

3086
2727
1892

Source: Country Information

TABLE 8. INSTALLED CAPACITY OF THE POWER PLANTS
MW(e)

Ihermal Power Plants
Electricity only Plant
Combined Heat and Power Plants
Nuclear Power Plant
Hydro Power Plants
Hydro Pumped Storage

TOTAL

1960

308
0.00
308
0.00
104
0.00

412

1970

1375
1200
175
0.00
9$

0.00

1473

1980

2293
1800
493
0.00
107
0.00

2400

1990

2655
1800
855
3000
106
0.00

5761

1991

2633
1800
833

3000
106
0.00

5739

1992

2633
1800
833

3000
106
400

6139

1993

2633
1800
833

3000
106
400

6139

1994

2628
1800
828
3000
107
600

6335

1995

2628
1800
828.

3000
107
600

6335

1996

2628
1800
828
3000
107
600

6335

1997

2628
1800
828
3000
108
600

6336

1998

2628
1800
828
3000
109
800

6537

1999

2628
1800
828

3000
110
800

6538

2000

2653
1800
853
3000
112
800

6565

Source: Country Information

TABLE 9. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (MW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(1)

Load factor of electricity plants
- Total (%)
- Thermal
-Hydro
- Nuclear

1960

63
403
18
0

50

94
94
75
-

1970

100
2.337

158
0
86

95
95
86
-

1980

138
3.402
468

0
96

96
96
94
-

1990

184

7.637
139
60
71

85
83
82
87

1996

111

4.526
92
83
54

30
11
14
67

1997

103
4.010

90
81
56

N/A
N/A
N/A
65

1998

111
4.762

94
77
52

N/A
N/A
N/A
70

1999

92

3.660
89
73
57

N/A
N/A
N/A
58

2000

82

3.086
82
74
56

N/A
N/A
N/A
50

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Database; Country Information.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

The decision to build a nuclear power plant in the Baltic region for electricity supply to the
Baltic States, Belarus and Kaliningrad was made by the former government of the Soviet Union at the
beginning of the seventies. After the formal agreement of the Lithuanian Government, the site on the
shore of Druksiai lake near the borders of Lithuania, Latvia and Belarus was selected. Construction of
the first unit of the Ignalina Nuclear Power Plant (INPP) commenced in April 1978, the second unit
followed in April 1980, and the third unit in 1985. The town of Visaginas (formerly named Snieckus)
was built for the workers of the INPP. The first unit was commissioned in December 1983 and the
second in August 1987. In August 1988, the former USSR Council of Ministers suspended the
construction of the third unit. In November 1993, after Western experts expressed the opinion that
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Unit 3 was not suitable for installation of a safer nuclear reactor, the Lithuanian Government decided
to abandon the construction of Unit 3 and dismantle the existing structure.

3.2. Status and Trends of Nuclear Power

Table 10 shows the status of the nuclear power reactors. Both units of Ignalina Nuclear Power
Plant were operating steadily during the last few years. Nevertheless, the plant did not have good
performance indicators because of the decreased demand for electricity (Table 11). Even though the
share of electricity produced by nuclear means was constantly growing due to the high prices of
organic fuel, the units were shut down for four weeks in the summer of 1994, when Russia proposed
to repay its debts back by electricity. During 1995-2000 production of electricity did depend strongly
on the volume of export. Table 12 and Figure 4 show the contribution of nuclear power to the total
electricity generation.

On 5 October 1999, the Parliament of Lithuania updated and approved the National Energy
Strategy, which states that unit 1 of the Ignalina NPP should be closed before the year 2005.

3.3. Current Policy Issues

Apart from the short period of regaining independence, when the slogan "down with all Soviet
time monsters" was popular, there have been no strong antinuclear movements in Lithuania. The
current sentiment of the public can be explained not by lack of awareness of the risks involved by the
utilization of nuclear energy, but, in the face of the difficult economic conditions, by the considerably
lower price of "nuclear electricity" which outweighs its possible risks.

Until December 1994, Ignalina Nuclear Power Plant had a status of State Enterprise for Special
Purpose with some restrictions on privatization issues, after which it was excluded from the list of
Special Purpose enterprises. There are strong opinions against its partial privatization in the
Parliament so this issue will be undecided for some time.

TABLE 10. STATUS OF NUCLEAR POWER PLANTS

Station

IGNALINA-1
IGNALINA-2

Type

LWGR
LWGR

Capacity

1185
1185

Operator

INPP
INPP

Status

Operational
Operational

Reactor
Supplier

MAEP
MAEP

Station

IGNALINA-1
IGNALINA-2

Construction
Date

Ol-May-77
Ol-Jan-78

Criticality
Date

04-Oct-83
Ol-Dec-86

Grid
Date

31-Dec-83
20-Aug-87

Commercial
Date

Ol-May-84
20-Aug-87

Shutdown
Date

before 2005

Source: IAEA Power Reactor Information System as of 3 l-Dec-2000.

TABLE 11. ENERGY AVAILABILITY FACTOR

Energy availability factor (%)

Year

# 1

35.19

1993

# 2

38.22

Year 1994

# 1

33.34

#2

30.51

Year 1995

# 1

48.42

# 2

54.05

Year

# 1

55.36

1996

#2

66.65

Year

# 1

42.38

1997

# 2

62.17

Year

# 1

39.62

1998

#2

78.75

Source: IAEA Power Reactor Information System

TABLE 12. NUCLEAR POWER AND TOTAL ELECTRICITY GENERATION
TWh

Year

Nuclear
Total
Nuclear (%)

1985

9.48
20.96
45.2

1989

16.65
29.16

57.1

1990

17.03
28.40

60.0

1991

17.0
29.39

57.8

1992

14.64
18.72
78.2

1993

12.27
14.10
87.0

1994

7.71
10.02
77.0

1995

11.8
13.9
84.9

1996

12.7
15.2
83.4

1997

12.0
14.9
80.9

1998

13.6
17.6
76.9

1999

9.86
13.5
72.9

2000

8.42
11.4
73.7
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FIG. 4. Nuclear Power and Total Electricity Generation

The safety level of the Ignalina Nuclear Power Plant during the times of very limited financial
resources was one of the main concerns of the Lithuanian Government. In 1993, after numerous
consultations with Western, Russian and Lithuanian experts, the Ignalina Safety Enhancement
Programme was developed. Main safety issues were ranked in order of importance. A Grant
Agreement between the European Bank for Reconstruction and Development and the Government of
Lithuania, signed in February 1994, was very helpful in the resolution of most urgent safety issues, hi
the frame of this agreement, during 1995-1996 the first comprehensive Safety Analysis Report (SAR)
for RBMK type reactors was prepared for Units 1 and 2 of INPP. Several generic safety issues for
RBMKs were also defined. The SAR-2 for Unit 2 is under preparation and will be compleated in
2003. On the basis of SAR conclusions Ignalina NPP started new Safety Improvement Programme
(SIP)-2 in April, 1997. SIP-2 consisted of almost 160 positions and most of them are completed. On
January 2000 SIP-2 was revised and 33 additional positions were added. One of the biggest and most
important items is "Second Independent Diverse Shut-Down System", which is planned to be installed
and commissioned by the end of 2003. Actively seeking Western assistance in the form of bilateral
assistance programmes, Lithuania took an equivalent effort to take part in multilateral efforts where
experts from the East were actively involved. Possibly because of this policy of transparency, Ignalina
Unit 2, together with Unit 3 of Smolensk NPP, was selected as representative models of second and
third generation RBMKs for analysis of the generic safety issues and specific safety features in the
framework of the IAEA Extrabudgetary Programme.

Lithuania will completely fulfil all recommendations of the earlier developed Safety Analysis
Report, its Independent Review and international Ignalina Safety Panel. Ignalina NPP has already
implemented these recommendations and in July 1999 the VATESI issued a license corresponding
with international requirements, which allows operating Unit 1 until July 2004. Government of
Lithuania is committed to continue operating and safety upgrading Ignalina NPP according to
Western European tradition and guidelines.

Cost of electricity generated at the Ignalina NPP is presently lower than at the other existing
plants (except of hydro power plants) as well as potential new power plants that could be built in
Lithuania. Uncertainties on the future investments needed for safety upgrade of Ignalina NPP, a
predicted relatively slow growth rate of national energy demand and limited opportunities for
profitable power-export, however, complicate an efficient use of the full capacity of Ignalina NPP in
the future.

Based on comprehensive assessment of technical, economical and political influencing
parameters, Parliament has set an agreement to close the Unit 1 of the Ignalina NPP before the year
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2005, taking into consideration long-term substantial financial assistance from countries of European
Union, G7 group, other countries and international financial institutions.

On 16 May 2001, the Draft Law on Decommissioning Fund for Ignalina NPP was approved by
the Government and passed to the Parliament. This Law determines the structure of the fund, the
principles of its administration and defines the methods for provision and collection of the resources
to cover the historical costs, related to radioactive waste generated earlier, as well as to cover the cost
of spent nuclear fuel in process of dismantling Unit 1 of Ignalina NPP. On 19 February 2001
Government adopted the Decommissioning programme for Unit 1. As for its implementation, on 25
April 2001, the Ministry of Economy adopted the list of technical-environmental and social-economic
implementation measures, laid down relevant timetable as well as indicated the responsible
organizations and financing sources. The list of measures is an integral part of National Energy
Strategy Action Plan, which was adopted by the Government on 25 May 2001.

The conditions and date of the closure of Unit 2 of Ignalina NPP will depend in a large degree
on the experience with the preparation for decommissioning of Unit 1 and amount of assistance
provided. It shall be decided upon in the next National Energy Strategy (2004), when detailed
information on the operational conditions of Unit 2 will be available. At that time the results of a new
safety assessment (SAR-2) will be known and the new safety improvement program (SIP-3) will be
implemented, and the future electricity market will be clarified.

To determine the conditions for further operation of the second unit of the Ignalina NPP and the
final decision on its closure, it will be necessary:

• to prepare a new safety investment programme;
• to carry out new safety analysis;
• to issue new license for operation according to Western European tradition;
• to update based on development of the national and international energy marked, as well as

operation and decommissioning costs of the second Unit;
• to develop infrastructure (administrative, supervision, scientific-technical support, staff

training) for safe and economic operation of the Ignalina NPP.

During preparation of this strategy a preliminary analysis of Ignalina NPP closure and
decommissioning costs, the cost of replacing Ignalina NPP in the power supply and macroeconomics
impact was evaluated.

The impact of the final closure of Unit 1 and management of all waste are evaluated at
approximately 10.4 billion Lt. The costs of management, storage and disposal of waste and spent fuel
accumulated by 1999 (about 8 billion Lt.) should be proposed to be covered by the international
grants and the costs from 2000 to be covered by increasing electricity tariffs and improving efficiency
of the whole power sector.

Investments into modernization of the power sector related to closure of Unit 1 up to 2020
amount to approximately 2.8 billion Lt. Financing of this should be investigated through international
loans and discharged from the revenues from energy.

Financing for spent fuel and radioactive waste storage and funding for decommissioning of
Nuclear Power Plant is partially resolved. Decommissioning Fund was approved in 1995 from income
received for sold power. The price of sold power includes the expenses of spent fuel and radioactive
waste management. An interim storage for spent fuel in CASTOR and CONSTOR type containers
was built and commissioned in 1999 on the site of INPP. However, there are plans to build a less
expensive modular type interim storage using new construction technologies and more local labour.

488 LITHUANIA



3.4. Organizational Chart

See Fig. 5 of interaction between governmental and regulatory bodies and Ignalina Nuclear
Power Plant.

Nuclear Safety

Advisory Committee

Government

Department of
Fire Protection

Radiation
Protection Center

Lithuanian
Energy
Institute

Nuclear
Power Safety
Inspectorate

Joint-Stock Company
"Lietuvos Energija"

consulting interaction
administrative interaction
interaction by supervision
interaction by contact

FIG. 5. Organizational Chart of Nuclear Power

4. NUCLEAR POWER INDUSTRY

4.1. Supply of Nuclear Power Plants

Both units of the Ignalina Nuclear Power Plant are of the RBMK type reactors, designed and
constructed by the former USSR's Ministry for Nuclear Power Industry. Only these two units of the
new design RBMK-1500 were built, representing the most powerful nuclear units in the territory of
the former USSR. An overview of the various institutions responsible for the design and construction
of the RBMK type reactors is shown in Figure 6.

The All-Union Research and Development Institute for Energy Technology (NIKIET) of
Moscow, Russia, as the main designer, carried out the development of the Ignalina Nuclear Power
Plant project. The institute originated the design of the reactor internals and other primary system
components. The Accident Confinement System was designed by the Institute's Sverdlovsk branch in
Ekaterinburg, Russia. Metal structures of the main building were designed by the Main Design Office
"Leningrad Steel Design" ("Leningradstalkonstrukcija") of St. Petersburg, Russia. The turbine hall,
the open distributive system, and auxiliary facilities were developed by the Kiev branch of the Atomic
Energy Design Institute ("Atomenergoproekt") of Kiev, Ukraine.

The scientific supervisor of the RBMK-1500 project was the Kurchatov Atomic Energy
Institute (often referred to as the Russian Research Centre "Kurchatov Institute") in Moscow, Russia.
The main designer of the nuclear steam supply system was the Research and Development Institute of
Power Engineering (NIKIET) in Moscow, Russia. Russia is also the main supplier of spare parts to
the Ignalina Nuclear Power Plant.
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FIG. 6. Scope of responsibility for the RBMK-type reactor projects

4.2. Operation of Nuclear Power Plants

The Ignalina Nuclear Power Plant is owned by the Republic of Lithuania through the Ministry
of Economy. At the present time, INPP entitles the rights as operator of a nuclear installation. For
other purposes, such as liability to foreign countries, the State is assumed to be the operator. The
Ignalina nuclear power plant management was substantially reorganized during 1995-1997.

The electricity produced by Ignalina Nuclear Power Plant is sold to the Joint Stock Company
"Lietuvos Energija" on a contractual basis. The contract limits the production level of Ignalina NPP.
This is necessary because of the existing surplus in generating capacity.

4.3. Fuel Cycle and Waste Management Service Supply

Lithuania has no fuel cycle industry. All the nuclear fuel is supplied by Russia till now.
Originally, spent nuclear fuel from Ignalina was to be managed by central Soviet agencies for reprocessing and
final disposal of the radioactive waste. The recovered uranium and plutonium were to be retained by the central
agencies in the Soviet Union. However, with the disintegration of the Soviet Union, Lithuania was obliged to find
other solutions. Operational radioactive waste from INPP is managed by INPP itself now. There are facilities for
processing and storage of liquid and solid waste. As an interim measure, in November 1993, Lithuanian
Government approved temporary storage of spent fuel in containers for forty to fifty years until more permanent
solutions for final conditioning and disposal are found. Interim storage for spent fuel was built in 1999 on the site
of INPP. Containers for storage were produced by GNB, Germany. However, there are plans to built one more
interim storage using new construction technology. The Law on the Management of Radioactive Waste stipulates
creation of specialized Radioactive Waste Management Agency.

4.4. Research and Development Activities

Apart from the Lithuanian Energy Institute (LEI) in Kaunas (including Nuclear Installation
Safety Laboratory) and the Institute of Physics in Vilnius, there are some independent groups of
persons in the research and educational institutions, who are acting as technical support organizations.
As the first step to develop better technical support, the Centre for Non-Destructive Testing at Kaunas
University of Technology and the Laboratory of Welding and Material Analysis at Vilnius Technical
University were created. With the aid of the European Commission, these facilities were equipped
with modern instrumentation.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

Lithuania has or had multilateral and bilateral projects, mostly concerning safety of nuclear
power plants, with several highly developed Western countries, including Sweden, Germany, the
USA, the UK, France, Belgium, Italy, Switzerland, Denmark, Canada, Finland and Japan.
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The main multilateral projects were the TACIS founded International RBMK Safety Review
Consortium, Lord Marshall's Users Group for Soviet Designed Reactors and the IAEA extra
budgetary programme on RBMK reactors. One of the most important projects for Lithuania was the
international project "Safety of Design Solutions and Operation of NPP's with RBMK Reactors"
covering a broad range of safety related topics with Unit 2 of the Ignalina NPP used as a reference
plant.

In December 1994 an agreement was signed between European Bank for Reconstruction and
Development (EBRD) and the Republic of Lithuania for safety improvement at Ignalina NPP. Nuclear
Safety Project for Ignalina Units 1 and 2 (RBMK 1500) was dedicated to reduce the seriousness of
operational and design deficiencies. First comprehensive Safety Analysis Report (SAR) -
investigation and analysis of factors that could limit a safe operation of the plant - was prepared as a
part of a Grant Agreement. Based on the recommendations of the SAR Ignalina NPP has developed
extensive Safety Improvement Programme.

On 5 April 2001, a Framework Agreement was signed between the Republic of Lithuania and
the European Bank for Reconstruction and Development relating to the activities of the Ignalina
international decommissioning Support Fund in Lithuania for the decommissioning of Unit 1 of INPP.
The European Commission (EC) supported the project "Assistance in the enhancement of Lithuanian
Technical Safety Organizations Capability to Support Nuclear Safety Regulatory Authority", which
enables future development of the Metal Control Laboratory.

International Atomic Energy Agency (IAEA) offers a lot of courses for nuclear specialists'
training. One of the most important national Technical Co-operation projects - Systematic approach to
training (SAT) for NPP personnel, completed in 2000, helped to strengthen safety and reliability of
the Ignalina NPP.

Sweden is a very active partner of Lithuania. Three phases of the joint Lithuanian-Swedish-
Russian project "Barselina", level 1 and 2 probabilistic safety analysis of the Ignalina Unit 2, have
been completed. This project provides a unified basis for the assessment of severe accident risks for
RBMK type reactors and the preparation of remedial measures. Some of the improvements
highlighted by PSA have already been implemented at the Ignalina Nuclear Power Plant. Another
project of the Lithuanian-Swedish bilateral programme is the application of modern non-destructive
testing (NDT) systems for in-service inspection of the pressure boundary system. One other project is
the preparation of an "Overall Plan for Radioactive Waste Management" in Lithuania by Swedish
Nuclear Fuel and Waste Management Co., SKB. Project "Fire and flooding protection" helped to
improve the whole fire protection system at Ignalina NPP.

There are a number of projects with the USA financed by the Department of Energy and
USAID framework of Nuclear Safety Assistance Programme for Lithuania. The Ignalina Source
Book was prepared and printed in 1994 in close co-operation with the University of Maryland.
Brookhaven National Laboratory (BNL) and Science Application International Corporation (SAIC)
from the USA together with Nuclear Installation Safety Laboratory have developed the RELAP5
model for the Ignalina Nuclear Power Plant. BNL also assisted with the development of the Ignalina
Nuclear Plant Analyser, and the University of Maryland is conducting an assessment of the Accident
Confinement System using the software code CONTAIN. Other project with USA will help to
develop western style Configuration Management programme for INPP and will provide plant staff
technical support. New Project will provide Ignalina NPP with DC Power Supply System consisting
of safety class batteries, battery racks and switch board. One of projects, "Symptom-Based
Emergency Operating Instructions (SBEOI) Support", in Nuclear Safety Assistance Programme with
US is very useful for bringing safety level of INPP to internationally approved standards.

Co-operation in nuclear safety improvement at the Ignalina NPP with Japan specialists started
in 1944. In the frame of the Agreement of Co-operation for Safety Improvement at the Ignalina NPP
signed in 1996, Science and Technology Agency of Japan started two big projects: "Co-operation on
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plant operation management" and "Co-operation on fuel channel integrity". In November 1998
Japanese experts installed at INPP a data server system as result of the first project. The second
project includes problems of inspection equipment for oxidized layer thickness of fuel channel and
investigation of corrosion of fuel channel.

GRS (Germany) and Nuclear Installation Safety Laboratory are involved in the co-operative
project of Analysis of Safety Aspects of Ignalina NPP, including the studies of neutron dynamics and
thermal hydraulics. A compact simulator for operator training of normal and accident scenarios was
developed by CORYS (France) and TRACTEBEL (Belgium). Canada mainly provides educational
and training courses in the formation of organizations, safety design, waste management, maintenance
and inspection of NPP's. The Lithuanian-Italian co-operative project of seismic evaluation of the
Ignalina Nuclear Power Plant is in progress. A seismic network is to be placed in and 30 km around
the plant. The British authority AEA has launched two Ignalina specific programs: checking the
reliability of the Ignalina ultrasonic inspection devices on British mock-ups during the plant operation
and a leak before break analysis, including the use of a code treating a transition weld. A Swiss
consortium of independent engineers evaluated the design concepts for interim storage of spent fuel
elements. Finland, in association with Sweden, is working on radiation control at the Ignalina Nuclear
Power Plant.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the licensing Procedures

In 1991, just after Lithuania regained independence, the national regulatory authority - State
Nuclear Power Safety Inspectorate (VATESI) - was created and in October 1992, the Government
approved the statute of VATESI. Most of the existing Soviet laws and rules, as well as earlier
decisions, were accepted as valid in Lithuania. So until 1994 VATESI was not directly involved in
the licensing of nuclear power plants. In autumn of 1994, VATESI, aided by Swedish experts, started
the first licensing activity - licensing of spent fuel storage at the Ignalina Nuclear Power Plant site.
Later, in 1999 using close co-operation with the experts of international Licensing Assistance Project
VATESI issued the license for the operation of Ignalina NPP Unit 1 for 5 years.

According to the Nuclear Energy Law, VATESI is responsible for licensing design,
construction, reconstruction and operation of nuclear power plants, storage and disposal of radioactive
waste, and purchase and transportation of nuclear materials. Currently VATESI has a new task - to
control and supervise the safe decommissioning of INPP unit 1 and to assess the safety of the projects.
In April 2001 Government increased the number of VATESI employees till 48.

The Ministry of Health is responsible for licensing of purchases and transportation of
radioactive materials, and the Ministry of Economy for export, import and transportation of nuclear
and radioactive materials and equipment. In June 1995, the Nuclear Safety Advisory Committee
consisting of Lithuanian and foreign specialists proposed the creation of a Board of Governors to
control the activities of VATESI. Such Board was created by the Government of the Republic of
Lithuania on 4 July, 1997.

5.2. Main National Laws and Regulations

• Nuclear Energy, adopted by Seimas on 14 November 1996.
• Energy Law of Republic of Lithuania, adopted by Seimas on 28 March 1995.
• Law on the Enforcement of Application of the Vienna Convention on Civil Liability for

Nuclear Damage of 21 May 1963 and the Joint Protocol Relating to the Application of the
Vienna Convention and the Paris Convention of 21 September 1988, adopted by Seimas 30
November 1993. The Law gives the main articles of Vienna Convention and Joint Protocol
the validity of the law with direct applicability before the courts.
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• Decree of Lithuanian Government No. 1403 of November 2, 1995 defines regulation rules
of Ignalina NPP decommissioning fund. Decree No. 964 of July 31, 1998 provides for
deduction of 6% of internal electricity cost for that fund.

• Law on the amendments and supplements to the Law on taxes on profit of legal persons,
adopted by Seimas on April 11, 1995. Item 10, allowing the inclusion of other expenses
associated to the Ignalina NPP, provided by Government decrees, is added to the earlier
Law. Corresponding Government decrees on the deductions for the management of
radioactive waste and increasing the rate of deductions for decommissioning fund were
adopted by Government in 1995.

• Law Concerning Control of Import, Transit and Export of Strategic Goods and
Technologies, adopted by Seimas on 05 July 1995.

• Civil Protection Law, adopted by Seimas on 15 December 1998.
• Law on Radiation Protection, adopted by Seimas on 12 January 1999.
• Law on Management of Radioactive Waste, adopted by Seimas on 20 May 1999.
• Resolution on State Accounting and Control of Nuclear Material, adopted by Seimas on 08

September 1997.
• Regulation on Licensing of Nuclear Power Related Activities adopted by Seimas on 27

January 1998.
• Law on the Decommissioning of Unit 1 at the State Enterprise of Ignalina NPP, adopted by

Seimas on 2 May 2000.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• Membership in IAEA

• NPT related agreement
MFCffi.C/413

• Additional Protocol

• Improved procedures for designation
of safeguards inspectors

• Supplementary agreement on provision
of technical assistance by the IAEA

Entry into force:

Entry into force:

Entry into force:

• Agreement on privileges and immunities Entry into force:

OTHER RELEVANT INTERNATIONAL TREATIES

• NPT Entry into force:

Entry into force:• Convention on the physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the case
of a nuclear accident or radiological
emergency

Entry into force:

Entry into force:

18 November 1993

15 October 1992

5 July 2000

Accepted

22 February 1995

28 February 2001

23 September 1991

6 January 1994

17 December 1994

22 October 2000
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• Agreement for the application of
Safeguards in connection with the
Treaty on the Non-proliferation of
Nuclear Weapons

• Vienna convention on civil
liability for nuclear damage

• Joint protocol relating to the
application of the Vienna convention
and the Paris convention

• Protocol to amend the Vienna
convention on civil liability
for nuclear damage.

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of
spent fuel management and on the
safety of radioactive waste management

• ZANGGER Committee

• Nuclear Export Guidelines

• Acceptance of NUSS Codes

BRA TERAL A GREEMENTS

Entry into force: 15 October 1992

Entry into force:

Entry into force:

Signature:

Signature:

Entry into force:

Signature:

15 December 1992

20 December 1993

30 September 1997

30 September 1997

24 October 1996

30 September 1997

Non-Member

Not Adopted

Accepted

Agreement between the Government of the Kingdom of Denmark 16 March 1993
and the Government of the Republic of Lithuania concerning
information exchange and co-operation in the fields of nuclear safety
and radiation protection
Agreement between the Government of Republic of Lithuania 17 November 199^
and the Government of Canada for the co-operation in the peaceful
uses of nuclear energy
Agreement between Commissariat a l'Energie Atomique de France 26 April 1994
and Ministry of Energy of Lithuania on the co-operation in the peaceful
use of nuclear energy
Agreement between the Government of the Republic of Lithuania and 13 February 1995
the Government of the Kingdom of Norway on early notification of
nuclear accidents and on the exchange of information on nuclear facilities
Agreement between the Government of the Republic of Lithuania 2 June 1995
and the Government of the Republic Poland on early notification
of a nuclear accidents, and on co-operation in the field of nuclear safety
and radiation protection
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY A UTHORITY

Ministry of Economy
Gedimino pr. 38/2, 2600 Vilnius

Ministry of Environment
4/9 A.Jaksto, 2694 Vilnius

NATIONAL REGULATORY AUTHORITY

State Nuclear Power Safety Inspectorate
VATESI
3 Sermuksniu, 2600 Vilnius

MAIN POWER UTILITY

State Enterprise Ignalina Nuclear Power Plant
Visaginas
4761 Ignalina

OTHER ORGANIZATIONS

Lithuanian Energy Institute
3 Breslaujos, 3035 Kaunas

Joint-Stock Company "Lietuvos Energija"
14 Zveju, 2748 Vilnius

Radiation Protection Centre
153 Kalvariju, 2042 Vilnius

Kaunas University of Technology

Lithuanian University of Agriculture

Vilnius Gediminas Technical University

Vilnius University

Vytautas Magnus University

Tel. 370 2 61 88 96
Fax. 370 2 62 39 74
http://www.ekm.it/

Tel. 370 2 61 05 58
Fax. 370 2 22 08 47
http://www.gamta.lt

Tel. 370 2 66 16 20
Fax. 370 2 6144 87

s://www.vatesi.It

Tel. 370 66 28 350
Fax. 370 66 29 350
http://ww w. i ae.lt/

Tel. 370 7 35 14 03
Fax. 370 7 35 12 71

Tel. 370 2 75 07 93
Fax. 370 2 22 67 36
http://www.lpc.lt

Tel. 370 2 76 36 33
Fax. 370 2 75 46 92
http://www.rsc.lt

http://www.ktu.lt/lt/

http://www.lzua.lt/

http://www.vtu.lt/

http://www.vu.it/

http://www.vdu.lt/
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MEXICO1

1. GENERAL INFORMATION

1.1. General Overview

Mexico is located in the southern part of the North American continent. In the north it has a
common boundary with the United Sates, in the south with Guatemala and Belize, to the east lies the
Gulf of Mexico and the Caribbean sea, and to the west the Pacific Ocean. Its extreme latitudes are
32°43rN in the north and 14°33'N in the south. Its extreme longitudes are 86°46' West of Greenwich in
the east and 117°08' West of Greenwich in the west. The total surface of Mexico is 1,958,200 km2.

Two main features have to be taken into account regarding the climate of Mexico, in the first
place the existence of two mountain ranges, one following the pacific coast and the other the Gulf of
Mexico coast with a high plateau between the two ranges and, in the second place, the fact that the
country is divided into two by the Tropic of Cancer. In a very broad sense, the climate south of the
Tropic of Cancer is warm with an average temperature around 22°C, when the altitude above sea level
is below 1,000m, and the climate is temperate with an average temperature around 15°C, above
1,000m where the altitude prevails, with a broad daily oscillation. North of the Tropic of Cancer the
climate is warm during the summer and cold during the winter, with occasional snowfalls. The four
traditional seasons are only felt in some parts in the north of the country. The rest divides the year in
two periods: the rainy season, that goes from April to September and the dry season embracing the
rest of the year.

The Laguna Verde Nuclear Power Plant is located in the coast of the Gulf of Mexico at a
latitude of 19°43'30" North and a longitude of 96°23'15" West. The climate is warm and humid, with
rain during the summer and with little precipitation during winter. The annual average humidity is
80%, during the year the temperature oscillates between a minimum of 8°C and a maximum of 39°C.
The prevailing winds, especially during summer, blow from the Northeast; during winter the site is
affected by winds coming from the north with velocities between 70 and 90 km. per hour. The
seawater, which is used as cooling water, has an average annual temperature of 26°C, with a
maximum during summer of 32°C and a minimum in winter of 21°C.

In 1993, the Mexican population reached almost 90 millions inhabitants (see Table 1) and it
was estimated to grow with 1.6 million in absolute terms in 1994. The population growth rate in 1993
was 2 per cent and the population density 46 inhabitants per square kilometre.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

36.9
18.9

51
1,958.2

1970

50.6
25.8

59

1980

67.6
34.5

66

1990

83.2
42.5

73

1997

94.3
48
74

1998

95.4
49
74

1999

97.4
49.7

74

2000

98.9
50.5
N/A

Growth
rate (%)

1980
to

2000

1.9

Source: IAEA Energy and Economic Data Base (EEDB); Data & Statistics/The World Bank.

1.2. Economic Indicators

The total Gross Domestic Product (GDP) in 1999 was 346 billion constant 1990 US$ and its
annual growth rate over the last 5 years was about 5 per cent (Table 2).

1 The Mexican profile has been updated by the Secretariat, mainly by replacing the statistical information in the
Tables with EEDB and World Bank data and updating the international agreements in Section 5.3.
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TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (billion current US$)

GDP growth (annual %)

GDP by sector (%):

Agriculture, value added

Industry, value added

Services, etc., value added

1995

286
-6.17

5.47

27.93

66.59

1996

332

5.15

6.09

28.42

65.5

1997

401

6.77

5.54

28.6

65.86

1998

416

4.95

5.22

28.48

66.3

1999

484

3.51

4.97
28.21

66.82

Source: Data & Statistics/The World Bank.

1.3. Energy Situation

Mexico has abundant oil, gas, coal and hydro resources (Table 3). The total proven reserves of
hydrocarbons amount to 63,220 millions barrels, equivalent to 48 years of the present production.
Mexico is not only energy self sufficient, but is also a net exporter of energy.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

23.8

Liquid

277.5

Gas

64.1

Uranium(1)

0.93

Hydro (2)

14.9

Exajoule
Total

381.2
(1> This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base and Country Information.

Mexico depends heavily on hydrocarbons, during 1993 the primary energy production came
72.3% from crude oil and condensates, 17.4% from natural gas, 4.4% from biomass, 3.1% from
hydro, 1.5% from coal, 0.7% from geothermal fields and 0.6% from nuclear energy. Roughly half of
the crude oil production is exported and half used to satisfy the internal needs. Discounting the energy
resources exported, which are mainly oil and a little bit of coal and electricity, and taking into account
the energy resources imported, consisting of some hydrocarbon products and some coal, the internal
energy offer is divided in the following way: 56.7% crude oil and condensates, 26.4% natural gas,
7.0% biomass, 4.9% hydro, 3.0% coal, 1.1% geothermal energy and 0.9% nuclear energy. Some of
this energy goes directly into final consumption, this is the case of biomass, about 10% goes into non
energy uses and the rest is transformed into electricity and secondary energy products as gasoline, fuel
oil, etc.

The final energy consumption in 1993 was divided in the following way: 39.9% in
transportation, 33.7% in industry, 23.8% in commercial and residential uses and 2.6% in agriculture.
Table 4 shows the historical energy statistics.

1.4. Energy Policy

The government's energy policy is based on four main strategies:
• Structural reform of the sector, in order to promote competitiveness and the diversification of

primary energy sources;
• Modernization of public utilities, to improve efficiency in operation, support a results-oriented

administration that guarantees profitability over the long-term and include new technologies;
• Environmental Protection, through a fuel policy that ensures a long term sustainable energy

supply, compatible with Mexican environmental protection regulations, and
• Conservation, through the implementation of programmes that promote the rational and

efficient use of energy.
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Specific actions that have been implemented to achieve this include the production of less
contaminant fuels, like unleaded gasoline and sulphur free diesel, and the diversification of primary
energy sources, since the country relies too heavily on hydrocarbons.

Diversification has been promoted especially in the electricity sector, with the inclusion of
geothermal energy, nuclear energy, some solar energy in rural areas isolated from the electrical grid
and recently with the addition of some wind energy.

TABLE 4. BASIC ENERGY

Energy consumption
- Total<!)

- Solids(2)

- Liquids
-Gases
- Primary electricity(3)

Energy production

- Total
- Solids
- Liquids
- Gases
- Primary electricity<3)

Net import (Import - Export)

- Total
- Solids
- Liquids
- Gases

SITUATION

1960

0.83
0.04
0.61
0.13
0.05

0.87
0.04
0.63
0.16
0.05

-0.04
0.00

-0.01
-0.03

1970

1.73
0.17
0.99
0.42
0.15

1.74
0.16
0.98
0.45
0.14

-0.07
0.01

-0.06
-0.03

1980

3.94
0.23
2.60
0.93
0.18

5.89
0.19
4.48
1.04
0.17

-1.93
0.03

-1.85
-0.11

1990

4.98
0.26
3.46
0.97
0.29

7.77
0.25
6.26
0.96
0.30

-2.74
0.01

-2.76
0.02

1999

6.12
0.39
4.05
1.27
0.41

9.25
0.32
7.10
1.44
0.39

-3.42
0.06

-3.53
0.05

2000

6.25
0.41
4.12
1.33
0.39

9.43
0.32
7.36
1.39
0.36

-3.52
0.07

-3.64
0.05

Exajoule
Average annual
growth rate (%)
1960
To

1980

8.09
9.44
7.54

10.33
6.09

10.02
8.61

10.35
9.80
6.38

20.94
17.12
27.42

6.69

1980
To

2000

2.34
2.86
2.33
1.83
3.99

2.38
2.59
2.51
1.48
3.71

3.06
4.05
3.44
3.73

(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
(2) Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

Due to historical reasons the electric service is provided by two governmental organizations:
Central Light and Power, which serves Mexico City metropolitan area and some parts of the states of
Mexico, Morelos, Hidalgo, Puebla and Tlaxcala; and the Federal Electricity Commission (CFE)
which serves the rest of the country.

Almost all the generation is provided by CFE, Central Light and Power generates only a small
fraction of its requirements. The peninsula of Baja California has two small independent systems, the
northern one is interconnected to the United States. The rest of the country is served by an integrated
system, which is controlled by CFE.

Only about 6.5% of the total generation of the country is provided by some private industries
for their own consumption. In the past the generation and distribution of electricity has, by law, rested
in the hands of the government, however, recent law modifications allow the generation of electricity
by the private sector and promote the use of cogeneration.
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2.2. Policy and Decision Making Process

Energy policy and, specifically, electricity industry policy, is the responsibility of the Ministry
of Energy. Policy for the electricity industry is published in a document called "Electricity sector
outlook", a 10 year programme revised annually that incorporates analyses of present electricity
demand and supply, the projected evolution of national and regional demand, the proposed expansion
plan for generation, transmission and distribution capacity and the estimation of required investments.
The elaboration of this programme is coordinated by the Ministry of Energy and done with the help of
a multidisciplinary group formed by the federal electricity commission (CFE), the central power and
light company (LFC), the Mexican petroleum company (PEMEX), the energy regulatory commission
(CRE), the electricity research institute (ITE) and the national commission for energy efficiency and
savings (CONAE).

Electricity demand is expected to grow at a rate of 6.1% annually for the 10-year period starting
in 1999, requiring for the same period an additional capacity of 22,248 MW. This expansion rate, the
largest in the country's history, will represent an opportunity for private investment. Due to a lack of
public funds in the last few years, a large part of the added capacity has been possible through private
investment IPP and BLT schemes, and this participation is likely to continue in the future.
Transmission and distribution will continue to be the responsibility of the government.

Most of the future generation capacity is expected to be based on gas fired, combined cycle
type plants due to their cleaner emissions, lower investment costs, shorter construction periods and
higher thermal efficiency compared to other conventional fossil fuelled plants.

2.3. Main Indicators

From 1980 to 2000 the electricity generation has grown 5.8 % annually on the average, going
from 66,950 GW-h in 1980 to 207,040 GW-h in 2000 (Table 5). At the end of 2000 the total installed
generating capacity was 50,250 MW(e) of which 74.7% was thermal, 21.7% hydro, 1.5% geothermal
and 2.7% nuclear. For the same year, the total electricity generation was 207,040 GW-h, 82.2%
coming from thermal energy, 11.4% from hydro, 2.6% from geothermal and 3.8% from nuclear. The
corresponding average load factors were: for thermal plants 52%, for hydro 25% and for nuclear 66%.
Table 6 shows the energy related ratios from EEDB.

TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED CAPACITIY

Electricity production (TW.h)

- Total (4)
- Thermal
-Hydro
- Nuclear
- Geothermal

Capacity of electrical plants (GWe)

- Total
- Thermal
- Hydro
- Nuclear
- Geothermal

1960

10.81
5.64
5.17

3.05
1.69
1.36

1970

28.71
13.70
15.01

7.32
3.98
3.33

1980

66.95
49.13
16.91

0.92

16.99
10.77
6.06

0.15

1990

122.45
90.84
23.54

2.94
5.12

28.48
19.23
7.88
0.68
0.70

1999

194.76
154.47
24.61
10.00
5.67

48.95
36.36
10.48

1.36
0.75

2000

207.04
170.11
23.67
7.92
5.34

50.25
37.54
10.59
1.36
0.75

Average annual
growth rate (%)
1960
to

1980

9.54
11.43
6.10

8.97
9.70
7.77

1980
to

2000

5.81
6.41
1.69

9.22

5.57
6.44
2.83

8.40
(1) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.
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TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kW-h/capita)

Electricity production/Energy production (%)

Nuclear/Total electricity (%)

Ratio of external dependency (%)(1)

Load factor of electricity plants

- Total (%)
- Thermal
- Hydro
- Nuclear

1960

22

305

12

-5

40
38
44

1970

34

570

16

-4

45
39
51

1980

58

999

11

-49

45
52
32

1990

60

1,384

14

3

-55

49
54
34
49

1999

63

1,917

19

5

-56

45
48
27
84

2000

63

2,011

20

4

-56

47
52
25
66

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Database and Country Information.

3. NUCLEAR POWER SITUATION

Mexico is energy self sufficient, not only that, but it is also a net exporter of energy, however it
is highly dependent on hydrocarbons, almost all the energy exported is in the form of crude oil and
about 90% of the energy used in the country comes from oil and gas, only about 5% comes from
hydro. In order to alleviate this situation, Mexico has recently incorporated other forms of energy like
geothermal, coal and, from 1990 on, also nuclear energy.

3.1. Historical Development

The National Commission for Nuclear Energy (CNEN) was established in 1956 to pave the way
for the introduction of nuclear power and nuclear applications in Mexico. CNEN encompassed all the
nuclear activities in the country (exploration for uranium, nuclear research, regulation, etc.) but the
generation of electricity by nuclear means (which was the sole responsibility of the Federal Electricity
Commission (CFE)) and the radioisotopes utilization. Later on the CNEN was transformed into the
National Institute on Nuclear Energy (INEN), which redefined the attributes but with very few
changes.

In 1979, INEN disappeared and was substituted by three organizations: The National Institute
of Nuclear Research (ININ) in charge of all the aspects related to research, Mexican Uranium
(URAMEX) in charge of uranium exploration and, eventually, uranium production and the National
Commission on Nuclear Safety and Safeguards (CNSNS) in charge of nuclear regulation and
safeguards. In 1985, URAMEX disappeared and all its functions passed to the Ministry of Energy.

The interest of Mexico in nuclear power dates back to the early 60's and the first concrete steps
were taken in 1966, when a preliminary investigation of potential sites for nuclear power stations was
carried out under the auspices of CFE and the National Commission for Nuclear Energy. At the end of
the 60's, the government concluded that nuclear power plants might play a major role. In early 1969,
CFE decided to invite bids for a 600 MW(e) nuclear power plant of a proven type and invitations to
tender were sent to several manufacturers. The bids were received at the beginning of 1970, but the
final decision, with up-to-date bids, was taken in the middle of 1972. In 1976, the construction of the
Laguna Verde Nuclear Power Plant (LVNPP) was initiated, comprising two reactors of 654 MW(e)
net each. The first unit went into commercial operation in 1990 and the second in April 1995.

3.2. Status and Trends of Nuclear Power

As mentioned above there is only one nuclear plant in operation with two BWR reactors of 654
MW(e) net each (Table 7). For the time being there are no plans regarding new units or new plants.
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The National Energy Plan issued in 1990, for the time being is still valid, however it will probably be
revised in the near future.

Laguna Verde unit 1 went into commercial operation in 1990, its performance has been quiet
good since the very beginning. Unit 2 went into commercial operation in April 1995. With the two
units in operation, nuclear energy is expected to account between five and six percent of the total
electricity production.

TABLE 7. STATUS NUCLEAR POWER PLANTS

Station

LAGUNA VERDE-1

LAGUNA VERDE-2

Type

BWR

BWR

Capacity

680

680

Operator

CFE

CFE

Status

Operational

Operational

Reactor
Supplier

GE

GE

Station

LAGUNA VERDE-1
LAGUNA VERDE-2

Construction
Date
Ol-Oct-76
Ol-Jun-77

Criticality
Date

08-Nov-88
06-Sep-94

Grid
Date
13-Apr-89
1 l-Nov-94

Commercial
Date
29-M-90
10-Apr-95

Shutdown
Date

Source: IAEA Power Reactor Information System as of 31 December 2000.

3.3. Current Policy Issues

Nuclear power stations are a proven alternative in Mexico, as demonstrated by the high
availability, reliability and safety indicators at Laguna Verde. It is also a realistic option to comply
with environmental requirements that are anticipated to be stricter in the future. However, there are no
future plans for development of new nuclear facilities in the short term due to the high initial
investments required which at the moment are not competitive with those of plants based on natural
gas.

The Ministry of Energy is responsible for nuclear fuel cycle policy and operations, and can by
law authorize some of these responsibilities to public entities such as the federal electricity
commission (CFE) and the national nuclear research institute (MEN).

CFE has been authorized by the Ministry of Energy to negotiate uranium stock purchases,
uranium enrichment and fuel fabrication contracts.

An interim waste repository managed by ININ collects all low and intermediate level
radioactive wastes produced in medical, industrial and other radioisotope applications. This repository
will be replaced by a permanent one in the future. Another interim low and intermediate level
radioactive waste repository is operated by the Laguna Verde Plant to handle wastes coming from the
station.

Spent nuclear fuel from the Laguna Verde Plant is being stored in the reactor's pools, which
have been re-racked to increase the original capacity in order to accommodate all the spent fuel that
the reactors will produce during their expected lifetime. This solution gives CFE the time needed to
study all possibilities before adopting a definitive solution, depending on future developments
regarding the final disposal of high-level radioactive wastes.

3.4. Organizational Chart

Figure 1 shows the structure of the Mexican nuclear power sector.
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FIG. 1. Organizational Chart

4. NUCLEAR POWER INDUSTRY

4.1. Supply of NPPs

There are no NPP's suppliers in the country. The main components of the Laguna Verde plant
were acquired abroad. At the beginning, the main architect engineer for unit 1 was the Electric Bond
and Share Company (EBASCO), but later on, and specially for unit 2, CFE acted as architect engineer
with the advice of EBASCO and General Electric (GE).

4.2. Operation of NPPs

The Laguna Verde plant is owned by CFE, the operation and maintenance is done by CFE
personnel. In the past, the operator training was done at several similar installations in Spain and the
United States. Nowadays, the training is mainly done locally, using the simulator which has been
installed at the plant's premises.
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4.3. Fuel Cycle and Waste Management Service Supply

4.3.1. Fuel Cycle

Mexico is not producing uranium due to the low cost of uranium currently available on the
world market. For the next years, the required uranium for reloads of Laguna Verde will be obtained
from the world market, since currently there are no plans for producing uranium in Mexico. Some
2,000 tons of uranium reserves have been identified in Mexico, but they are too expensive to exploit
considering current prices.

Uranium is bought either as hexafluoride or as concentrate that is converted to hexafluoride by
Comurhex in France through a long-term contract. Enrichment is provided by the United States'
Department of Energy also through a long-term contract. Fuel fabrication is currently done in the
United States by General Electric (GE). Four assemblies supplied by Siemens are being tested in the
fourth cycle of Unit 1 of Laguna Verde and there are plans to test also four assemblies supplied by
ASEA-BROWN BOVERI (ABB-ATOM) in the near future.

A fuel fabrication pilot plant is almost ready to start operation at the National Nuclear Research
Institute using technology provided by General Electric of USA. This pilot plant could produce up to
20 fuel assemblies per year for the Laguna Verde reactors, however after some experience is gained
with the operation of the plant and the fuel produced, the plant will probably be shut down since it is
not economical to fabricate nuclear fuel at this scale.

As for spent nuclear fuel, the current plans are to store it at the reactors' pools, which have been
re-racked to increase the original capacity in order to accommodate the spent fuel that the reactors
will produce during their expected operating life. This plan allows time to take a more definite
decision depending on future developments in uranium availability and price, expansion of the
Mexican nuclear power capacity, new technologies, etc.

4.3.2. Waste Management

A repository exists in Mexico for all the low and intermediate level wastes produced in
medical and industrial facilities. This repository will be closed in the near future to avoid social
problems due to the population growth in the vicinity.

For the Laguna Verde Plant, the high level waste is being stored at the plant. As for the low
and intermediate level waste produced by the plant, detailed site studies are now under way at the
same plant site in order to determine the engineering design basis for a "triple barrier" repository
using the French approach. The repository is planned to have capacity for the waste generated during
the operating life of at least four nuclear reactor units and could also include the waste generated by
the medical and industrial facilities in the country.

4.4. Research and Development Activities

The main research centres are the National Institute of Nuclear Research (DMIN) and the
Electric Research Institute (IE).

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

Research and development activities carried out jointly with other countries.

1. Agreement of co-operation between the Mexican Electric Research Institute and the Electrical
Power Research Institute of the United States of America (USEPRI) for the development and
application of the RETRAN-3 Code for NPP's operational transient analysis.

2. Agreement of co-operation between the Mexican Electric Research Institute and the USEPRI in
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the development and application of the R & R Workstation for NPP's probabilistic risk analysis
applications.

3. Agreement of co-operation between the Mexican Electric Research Institute and the USEPRI in
the development and application of the MAAP-3 Code for NPP's severe accidents analysis.

4. Agreement of co-operation between the Mexican Electric Research Institute and the USEPRI in
the development and application of the CPM-3 Code for the Nuclear data library generation for
advanced fuels.

5. Agreement of co-operation between the Mexican Electric Research Institute and the Rensselear
Polytechnic Institute of the United States for the development and application of the April Code
for NPP's severe accidents analysis.

6. Agreement of co-operation between the Mexican Electric Research Institute and the Cuban
Institute for Hydrography for the development of the Northwest Caribbean Sea Oceanographic
Chart.

5. NUCLEAR LAWS AND REGULATIONS

5.1. Regulatory Framework

The licensing consists of two steps, the first one concludes with the granting of the
"Construction Permit" and the second step with the "License for Commercial Operation". The process
starts with the application to build a NPP, by the utility (in Mexico up to now there is a national
owned company, called Federal Electricity Commission), presenting to the National Regulatory Body
(National Commission on Nuclear Safety and Safeguards) the application itself and the preliminary
studies of:

• Siting;
• Environmental impact;
• Quality assurance programme during construction phase.

If these documents satisfy the scope required by CNSNS, the utility is required to present the
technical information on the NPP to be built, this information includes the construction procedures
and fundamental safety systems to cope with the operational transients and postulated accidents. This
information is evaluated by the CNSNS's technical personnel and a set of questions is transmitted to
the utility, before the pouring of any concrete at the site. During the Laguna Verde experience, three
"Provisional Construction Permits" were granted to CFE before the so-called "Definitive
Construction Permit" issue. This limited work authorization has been eliminated in the present
procedure for future NPPs.

During the construction itself, the regulatory body inspects the construction of the NPP and has
the legal authority to stop the work if the agreed standards are not fulfilled. After the evaluation of the
documentation, the regulatory body can issue the "Technical Basis" to grant the construction permit,
addressed to the Ministry of Energy, being this the authority allowed by nuclear law, to grant the
permit.

At certain stage of the construction and before the start of the pre-operational test period, the
utility is required to present to the regulatory body the technical information related with:

• Final design of the station.
• Final site studies.
• Final environmental impact studies.
• Quality assurance programme to the operating phase.
• Final studies on plant performance during transients and postulated accidents.
• Set of operating procedures.
• Operations personnel training programme.
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• Pre-operational and start-up test programme.
• Proposed technical specifications.

If these process documents are not clear enough in any technical subject, the regulatory body
generates questions to clarify any topic. As a result of this process the regulatory body issues the
following documents:

• Permit to load the fuel.
• Set of technical specifications.

The technical basis to grant the operation license, is addressed to the Ministry of Energy,
because according the nuclear law, this is the Authority who can grant this kind of documents.

After the fuel load the regulator remains to monitor the performance of the low power test
period and any change of power (0 to 5%, 5 to 10%, 10 to 25%, 25 to 50%m 50 to 75% and 75 to
100%), the engineers of the national body review the test results and evaluate possible discrepancies
between the acceptance criteria and test results.

5.2. Main National Laws and Regulations

Essential legal texts regulating nuclear power in the country

• Constitution of Mexico, Article 27 in force.
• Regulatory Law of Article 27 of the Constitution on Nuclear Matters, published in the official

gazette on February 4, 1985.
• Law on Third Party Liability for Nuclear Damage, published in the official gazette on December

31, 1974.
• Radiological Safety Regulations, published in the official gazette on November 8, 1988.
• General Act on Ecological Balance and Environmental Protection, published in the official gazette

on January 28, 1988.
• Mexican Official Guidelines NOM-012-STPS-1993, on health and safety at work in premises

where ionizing sources are handled, stored or carried, published in the official gazette on June 15,
1994.

Mechanisms in place for financing decommissioning and waste disposal

The mechanisms in force to finance decommissioning and radioactive waste management are
the following:

• For wastes proceeding form radioisotope applications, its storage cost is recuperated from the
generators of this kind of wastes.

• For low and intermediate level radioactive wastes proceeding from the Laguna Verde Nuclear
Power Plant (LVNPP), they will be stored in a repository using the French approach. This
repository will be located in the same site.

• For high level radioactive wastes, technology progresses and the future nuclear programme are
being expected in order to make a decision for these kind of wastes

The final disposal of radioactive wastes management is a responsibility of the State, in the case
of wastes proceeding from LVNPP the Federal Electricity Commission will be in charge of financing
its storage. For decommissioning, the State through CFE will be in charge of financing this process.
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5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• NPT and Tlatelolco related safeguards Entry into force:
agreement. INFCIRC No: 197

• Additional Protocol Not signed

• Improved procedures for designation Accepted:
of safeguards inspectors

• Supplementary agreement on provision Entry into force:
of technical assistance by the IAEA

• ARCAL
New ARCAL Agreement

• Agreement on the privileges and
immunities of the IAEA

Entry into force:
Ratification:

Entry into force:

OTHER RELEVANT INTERNATIONAL TREATIES

• NPT Entry into force:

Tlatelolco Entry into force:

• Convention on the physical protection Entry into force:
of nuclear material

• Convention on early notification of
nuclear accidents

Entry into force:

• Convention on assistance in the case Entry into force:
of a nuclear accident or radiological
emergency

• Vienna convention on civil
liability for nuclear damage

• Joint Protocol

• Protocol to amend the Vienna
convention on civil liability
for nuclear damage

• Convention on nuclear safety

• Convention on supplementary
compensation for nuclear damage

Entry into force:

Non-Party

Not signed

Entry into force:

Not signed

14 September 1973

27 February 1989

4 June 1981

April 1988
7 August 2000

19 October 1983

21 January 1969

20 September 1967

4 May 1988

10 June 1988

10 June 1988

25 July 1989

24 October 1996
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Joint convention on the safety of Not signed
spent fuel management and on the
safety of radioactive waste management

ZANGGER Committee Non-member

Nuclear export guidelines

Acceptance of NUSS codes

Not Adopted

Summary: Codes should be used 11 April 1990
as guidelines in preparation and
application of national requirements.
Mexican nuclear safety legislation is
in conformity with codes

MULTILATERAL AGREEMENTS

• Standard agreement concerning
technical assistance to Mexico

• Transfer of enriched uranium
for a research reactor
Parties: Mexico, USA, IAEA

Entry into force: 23 July 1963
Parties:
- United Nations Organization (ONU).
- International Labour Organization (ILO).
- Food and Agriculture Organization of the UN (FAO).
- United Nations Educational Scientific and Cultural

Organization (UNESCO).
- International Civil Aviation Organization (ICAO).
- World Health Organization (WHO).
- International Telecommunications Union (ITU).
- World Meteorological Organization (WMO).
- International Atomic Energy Agency (IAEA).
- Universal Postal Union (UPU).

Entry into force: 18 December 1963

Lease of source material
for a subcritical assembly
Parties: Mexico, USA, IAEA

Lease of source material
for a subcritical facility
Parties: Mexico, USA, IAEA

Entry into force:

Entry into force:

20 June 1966

23 August 1967

• Transfer of a training reactor
and enriched uranium
Parties: Mexico, Germany, IAEA

Entry into force 21 December 1971

• Second supply agreement for transfer Entry into force:
of enriched uranium for a research reactor
Parties: Mexico, USA, IAEA

4 October 1972
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• Supply of uranium enrichment services Entry into force:
Parties: Mexico, USA, IAEA

Second supply agreement for
supply of uranium enrichment
services for a second reactor unit
Parties: Mexico, USA, IAEA

Entry into force:

12 February 1974

14 June 1974

• Transfer of title to natural uranium
Parties: Mexico, USA, IAEA

Entry into force:

Plan of operation for a UN
Special Fund project in Latin
America (Eradication of
Mediterranean Fruit Fly).
Parties: Mexico, Costa Rica, El Salvador,
Guatemala, Honduras, Nicaragua, Panama,
UN Special Fund, IAEA

Entry into force:

Plan of operation for a UNDP
project in Latin America,
Amendment Nl 1.
Parties: Mexico, Costa Rica, El Salvador,
Guatemala, Honduras, Nicaragua,
Panama, UN Special Fund, IAEA

Preliminary study of a nuclear electric
power and desalting plant.
Parties: Mexico, USA, IAEA

Agreement concerning provision of
a dose assurance service by IAEA to
irradiation facilities in its Members
States (Exchange of letters).

Entry into force:

Entry into force:

Entry into force:

23 May 1989

29 July 1965

31 July 1968

7 October 1965

18 September 1985

Parties:
Mexico, India, Syria, Argentina, Philippines, Malaysia,
Belgium, Chile, Switzerland, Egypt, Hungary, Thailand,
South Africa, Korea, Republic of, Algeria, Netherlands,
Lebanon, Singapore, Denmark, Yugoslavia, Brazil, China.

BILATERAL AGREEMENTS

• Agreement between the Government of the United Mexican States and the Government of
Australia concerning co-operation in peaceful uses of nuclear energy and the transfer of nuclear
material. Signed on 28 February, 1992, entered into force 1 Oct 1992.

• Agreement between the Government of the United Mexican States and the Government of Canada
for Co-operation in the peaceful uses of nuclear energy. Signed in 16 November, 1994, entered into
force on 9 May 1995.
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NA TIONAL ENERGY A UTHORITIES

Ministry of Energy (SE)
Av. Insurgentes SurNl 552
Col. Roma Sur
Mexico, D.F.

Federal Electricity Commission (CFE)
Salamanca Nl 102
Col. Roma
Mexico, D.F.

National Commission on Nuclear Safety
and Safeguards (CNSNS)
Dr. Barrag<n Nl 779
Col. Narvarte
Mexico, D.F.

NUCLEAR RESEARCH INSTITUTES

National Institute of Nuclear Research (ININ)
Carretera Federal Mexico-Toluca Km. 36.5
Salazar, Edo. de Mexico

Electric Research Institute (IIE)
Av. ReformaNl 113
Col. Palmira
Temixco, Morelos

Institute de Ciencias Nucleares (UNAM)

OTHER ORGANIZATIONS

Comision Federal de Electricidad

Agency for the Prohibition of Nuclear Weapons
in Latin America and the Caribbean (OPANAL)

Institute Mexicano del Petroleo (IMP)

Tel.: +525-564-97-56
Fax: +525-574-10-10
http://www.enefgia.gob.mx/ingies/mdex.htirii

Tel: +525-229-54-90
Fax: +525-525-22-35

Tel: +525-590-41-81
Fax: +525-590-61-03
Email: cnsns 1 @servidor.unam.mx

Tel: +525-521-94-02
Fax: +525-521-37-98
http://www.imn.mx/

Tel: 91 (73)18-38-11
Fax: 91 (73) 18-25-21
http://www.iie.org.mx/

http://luthien.nuclecu.unam.itix/

http://www.cfe.gob.mx/

http://www.opanal.org/

http://www.imp.mx/
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THE NETHERLANDS

1. GENERAL INFORMATION

1.1. General Overview

The Netherlands is a small, flat country in northwest Europe situated on the North Sea shore
with a maritime climate. The country is densely inhabited and the population growth is nearly
constant. In 2000, the Netherlands had a population of about 16 million with the population density of
about 472 inhabitants per square kilometre. Its growth rate was estimated at 0.6 % (Table 1).

The Netherlands is the 'Gateway to Europe' for trade and distribution, with harbours in
Rotterdam and Amsterdam.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

11.5
308
31

37.3

1970

13.0
350
54

1980

14.1
379
52

1990

15.0
401
51

1997

15.5
416
89

1998

15.7
421
89

1999

15.8
423
89

2000

15.9
425
N/A

Growth
rate (%)

1980
to

1999

0.6
0.6

Source: IAEA Energy and Economic Database; Data & Statistics/The World Bank.

1.2. Economic Indicators

In 2000, Netherlands' Total Gross Production was 1,664 billion guilders. Gross Domestic
Product amounted to 883 billion guilders, while domestic consumption was 641 billion guilders and
total domestic investments amounted to 200 billion guilders. Gross domestic growth rate was 4%. The
historical growth rates are shown in Table 2.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (current billion US$)

GDP growth (annual %)

Agriculture, value added (% of GDP)

Industry, value added (% of GDP)

Services, etc., value added (% of GDP)

1995

415

2.26

3.29

25.93

70.78

1996

412

3.04

3.13

25.51

71.36

1997

377

3.79

2.87

25.23

71.9

1998

391

3.66

2.83

24.54

72.63

1999

394

3.58

2.64

23.73

73.63
Source: Data & Statistics/The World Bank.

1.3. Energy Situation

After the USA, the Russian Federation, Canada, the UK, Algeria, Iran and Indonesia, the
Netherlands is the world's eights biggest producer of natural gas. The importance of energy in the
Netherlands emerges from the possession of an important energy resource: natural gas (Table 3).
Total energy consumption in the Netherlands consists of natural gas (48.2%), oil (35.2%), coal
(10.9%), and nuclear energy (1.3%) and renewable energy resources (3.4%).
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TABLE 3. ESTIMATED

Total amount in place

ENERGY RESERVES
Solid

14.56

Liquid

0.63

Gas

62.13

Uranium ^

-

Hydro (2)

0.10

Exajoule

Total

77.42
(1) This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base; Country Information.

TABLE 4. ENERGY STATISTICS

Energy consumption
- Total(1)

- Solids(2)

- Liquids
- Gases
- Primary electricity(3)

Energy production
- Total
- Solids
- Liquids
-Gases
- Primary electricity<3))

Net import (import - export)
- Total
- Solids
- Liquids
- Gases

1960

0.91
0.45
0.45
0.01

0.46
0.37
0.08
0.01

0.57
0.07
0.50

1970

2.08
0.21
1.16
0.72

1.33
0.13
0.08
1.12

1.20
0.07
1.53

-0.40

1980

2.93
0.16
1.12
1.61
0.04

3.51

0.07
3.40
0.04

-0.09
0.16
1.54

-1.79

1990

3.12
0.45
1.12
1.43
0.12

2.74

0.17
2.54
0.03

0.79
0.43
1.47

-1.11

1999

3.42
0.38
1.25
1.64
0.15

2.81

0.10
2.66
0.04

1.11
0.31
1.80

-1.00

2000

3.44
0.38
1.25
1.66
0.16

2.78

0.09
2.64
0.05

1.15
0.23
1.85

-0.93

Exajoule

Average annual
growth rate (%)

1960
to

1980

5.99
-5.09
4.70

27.15
19.10

10.69
-26.00

-0.93
32.00

8.79
4.24
5.82

1980
to

2000

0.81
4.41
0.53
0.16
7.37

-1.16
2.30
1.68

-1.26
0.69

-13.58
1.91
0.91

-3.22
(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2) Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Data Base.

1.4. Energy Policy

The Dutch energy policy is built upon three pillars: liberalisation, sustainability and
security of supply.

New electricity and gas acts have been introduced. These acts provide the legal framework for
the liberalisation of the gas and electricity sector. Not later than 2004, all energy users will be free to
choose their own energy supplier. The aim of the liberalisation is to break monopolies to ensure that
all customers are better served and to enhance economic efficiency. The liberalisation is embedded in
the policy of the European Union and will ultimately result in a single European energy market.

The second pillar is sustainability. The Netherlands have ambitious targets on energy efficiency
(+ 2% per annum) and renewable energy (10% of total energy use in 2020). The sense of urgency of
sustainability is determined by the climate change. The goals on energy efficiency and renewable
energy are part of the policy to reach the Dutch Kyoto goal of minus 6% compared to 1990. The
Dutch government has decided that 50% of these emissions should be realised in the Netherlands. The
other 50% can be realised by means of the flexible instruments agreed upon in Kyoto (Joint
Implementation, Clean Development Mechanism and Emission Trading). The national target will be
reached, among others, by a CO2 reducing scheme, use of cleaner fossil fuels in electricity generation,
energy efficiency in private transport and energy savings in housing.
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The issue of security of supply is of growing importance. The European Union expects a
growing dependency on import (50% currently, 70% by 2020). Oil prices show an increasing
volatility and the recent supply developments in California raise the question whether this could
happen in the Netherlands as well. Both liberalisation (internal market) and sustainability (rising the
share of renewable energy in the long term) can contribute to security of supply. Nevertheless,
countries have to be aware of possible problems.

2. ELECTRICITY SECTOR

2.1. Structure of the electricity sector

In the past, planning and production in the electricity sector was co-ordinated by a central body,
the N.V. Samenwerkende Elektriciteits-Productiebedrijven (Sep), which drew up planning schemes. A
typical scheme covered the next ten years of production, based on demand forecasts. The four
electricity production companies in turn, implemented the decisions of the planning schemes. Every
two years a new scheme was drawn up by Sep in co-operation with the before mentioned production
companies and the distribution sector for final approval by the Ministry of Economic Affairs.
Centralized electricity generation was carried out by four production companies EPON, EPZ, EZH
and UNA, which co-operated in Sep until its dissolution on January 1 2001, following the transition
Act "Overgangswet Elektriciteitsproductiesector". EPZ separated recently into NV EPZ joint venture
(including the Borssele site with its nuclear power plant) and EEP BV.

The legislative preparation of the Electricity Act 1998 was finalized in June 1999. Rules
relating to the production, transport and supply of electricity partly entered into force on 1 August
1998. As of this date, the production of electricity is free, network-managers are appointed and the
Electricity Act administration and supervision department is in function. Since then, all except one
production company have been privatized and are now owned by foreign companies. Distribution
companies are still publicly owned.

Parliamentary discussion on the ownership (public or private) of energy distribution companies
has been under way since 1999 and is reaching its final stage during this summer. Legislation on this
subject is expected in 2002 following policy rules, on which basis the Minister of Economic Affairs
may approve certain privatisation requests after January 1st 2002.

2.2. Decision making Process

Concerning the construction of new electricity generation, there are no specific requirements to
be fulfilled by applicants. The Netherlands operates a system of authorization. For all construction
purposes the same authorization procedure applies. The ministry of Economic Affairs has no role to
play in this procedure. Depending on the scale of the project, the authorizations needed are being
dealt with either by the Ministry of Housing and Environment or by lower authorities.

With the entry into force of the Electricity Act 1998, the production cartel of the four co-
operating production companies through Sep will be dismantled, the co-operation agreement"
dissolved. The envisaged merger of the four production companies has sprung off in April 1998.

In December 2000, Parliament accepted the Electricity Production Sector Transition Act. This
Act forms the basis for a binding regulation for the division of the obligations of the production
companies as in the earlier Co-operation Agreement between the production companies and Sep. By
this Act, the Co-operation Agreement has ceased to exist. The authorities propose to introduce a levy
on the transmission tariff to compensate stranded costs for producers, concerning district-heating
contracts and Demkolec, a demonstration coal gasification plant in Buggenum. This levy is now being
investigated by the European Commission.

THE NETHERLANDS 519



2.2.1. Opening of the market - time schedule

The Dutch market will be opened in three steps:

Stepl
As from 1 January 1999, all consumers are eligible with an available electrical capacity of more than
2 MW per connection. Customers of over 20 GW-h are eligible in any event. This represents one third
of the electricity customers.

Step 2
As from 1 January 2002, all consumers are eligible who have a total maximum transmission value of
more than 380 A. This, together with step 1, represents two thirds of the electricity customers.

Step 3
As from 1 January 2004 or if possible earlier in 2003, all electricity consumers in the Netherlands will
be free to choose their electricity supplier.

2.2.2. Access to the network

The Dutch law does not make the distinction between transmission and distribution networks.
The distinction is between the national and regional networks. The national high-voltage network
consists of the networks which are intended for the transport of electricity at a voltage of 220 kV or
above and which are operated accordingly, together with the networks which cross the national
borders at a voltage level of 500 V or above. Anything below this voltage level is considered as
regional network.

The rules and tariffs relating to access to the network are contained in the supplementary law,
which is approved by Parliament in June 1999. The proposed rules are according to following
principles:

• Access to the network on the basis of published tariffs- Regulated Third Party Access.
The transmission tariff is a non-distance related 'postage stamp' tariff- a point tariff.

• The tariffs are set by the Director of the Office for Energy Regulation ("Dienst Toezicht
en Uitvoering Elektriciteitswet", DTe, the regulator). The formula used to set the tariffs
is related to the consumer price index and includes an element of benchmarking, a
deduction is operated to further efficient operation by network managers. This tariff
setting will be effective as from 1 January 2000.

• The tariffs for 1999 are still established according to the 1989 Electricity Act, set by the
electricity companies and agreed by the minister. They are maximum end-user tariffs.

• In 1999, the electricity sector will make a proposal for the manner in which the new
tariffs will be set. The new tariffs consist of components for network services and of a
supply component.

2.2.3. Unbundling

2.2.3.1. Management Unbundling

The unbundling as laid down in the Dutch Electricity Act takes the form of complete legal
separation of the activities of the managers of the network and of producers/suppliers. The operation
of the national network used to be run by SEP, which co-ordinated activities of the four production
companies under the pre-liberalization system.

In October 1998, a separate legal entity has been created which operates the transmission
system. The Transmission System Operator responsible for the national high-voltage network (above
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220 kV) is TenneT, which will be fully owned by the state following the Electricity Production Sector
Transition Act.

The Electricity Act states that separate legal entities (companies limited by shares, private
limited company - NV or BV) have to be appointed as network manager. No producer or supplier
shall be appointed as network manager. The members of the management board and the majority of
the members of the supervisory board shall have no direct or indirect affiliation to any producer,
supplier or shareholder of the manager of the relevant network. Producers and suppliers shall refrain
from any interference with the performance of the duties of the network manager.

2.2.3.2. Unbundling of accounts

The accounting unbundling of the activities of the network managers from production and
distribution/supply is guaranteed by the fact that the network managers are separate legal entities with
an obligation to publish their accounts. Supply to captive customers must be separated in the accounts
of electricity companies.

-Regulatory authorities

Regulation
The Office for Energy Regulation (Dienst Uitvoering en Toezicht Energie, - DTe) - is the Dutch
regulator. DTe operates as a chamber of the Dutch Competition Authority (NMa), under the authority
however, of the minister of Economic Affairs.
Its tasks are essentially the following:

• Taking regulatory decisions on electricity and gas;
• Setting of rate structures for connection to the network, transport of electricity and for the

provision of directly related services;
• As a mandatory, setting of rate structures for connection to the network, transport of gas and for

the provision of directly related services;
• Issuing supply licences for supply of electricity and gas to captive customers;
• Issuing binding instructions and recognisances;
• Upon request advising the Minister of Economic Affairs;
• Participation in international forums of European Energy Regulators.

-Public service obligations

The concept of 'public service obligations' as such does not exist in the Electricity Act. However,
there are duties and obligations contained in this Act, which would fall within the scope of this
notion. In particular:

Managing of the network
The network managers are obliged to guarantee safety and reliability of the networks and of the
transport in the most effective manner.

Supply to captive customers
For supply to captive customers a licence is required. The licence is subject to the meeting of certain
obligations among which:
• Maximum rates for supply of electricity;
• Obligation to supply any captive consumers who so requests, unless the licence holder cannot

reasonably be required to supply the consumer.
Environment
• Producers and suppliers have the task of promoting the efficient and environmentally

responsible production or use of electricity by themselves and by customers;.
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• Licence holders have a purchase obligation of green electricity produced by captive customers
and by small wind/solar producers;

• The market of green electricity will be opened from July 1st. This means that all consumers of
green electricity can choose between suppliers of green electricity;

• To support the market of green electricity, the Dutch authorities have implemented a green
certificate scheme;

• Consumers of electricity do not have a purchase obligation for e amount of green electricity.
The expectation is that the demand of green electricity will grow by opening the market.

-Other issues

Reciprocity
From January 1, 2000 all customers with a yearly consumption larger than 100 GW-h are eligible for
imports from all EU Member States and third countries. Customers with a yearly consumption below
100 GW-h in some cases will not be given capacity on the network to import electricity and thus
prevented to import. When they import from countries where the electricity market is fully opened,
they are allowed to import. Customers with a yearly consumption below 1 GW-h are prevented to
import from countries, which have opened their market for customers with a yearly consumption
above 1 GW-h. Customers with a yearly consumption below 20 GW-h are prevented to import from
countries, which have opened their market for customers with a yearly consumption above 20 GW-h.
Imports from countries, which have not implemented the directive properly and from Switzerland, are
prevented to import in all cases. These rules also apply to suppliers.

Developments
The Electricity Pool, Amsterdam Power Exchange (APX) is operational as of May 1999. Trade will
be in kW-h. The Electricity Act provides for the possibility for the TSO to own a daily spot market
where electricity will be traded a day ahead with hourly pricing and a minimum volume of 100 kW-h.
Foreign producers, consumers, traders and suppliers are allowed to buy and sell, but the reciprocity
clause is applied to consumers under 20 GW-h. It is foreseen that the daily spot market will be
transferred from APX to TenneT in 2001.

2.3. Main Indicators

In the Netherlands, the share of electricity in total energy consumption is 12.3%. In 1998,
installed electricity generation capacity in the Netherlands amounted to 20 211 MW(e). Electricity
production by fossil fuel was 78 TW-h, and by nuclear means 3.4 TW-h. Presently, electricity imports
are about 15.7% (13.1 TW-h) of the total electricity production, while nuclear electricity is about 4%.
Table 5 shows the historical electricity production and the installed capacity and Table 6 the energy
related ratios.

The installed generating capacity, through Sep, was around 14 000 MW. The generating
capacity installed at auto-producers was 6 200. The majority of this capacity is installed at industrial
companies or electricity distribution companies, often as joint ventures with the industrial sector.

In 1998, 61% of electricity supply was generated through Sep, 6% was generated by energy
distribution companies, 20% by other decentralized producers. Decentralized generation is mainly
carried out by Combined heat and power plants. 13% of electricity was imported. Sep enjoyed a
statutory monopoly over imports, meaning that is controlled 74% of power supplied to the Dutch
market in 1998. Of the decentralized production, around fifty percent is supplied to the grid.

The majority of generation plants in the Netherlands are suitable for burning two or more types
of fuel. In 1998, the generating capacity through Sep by fuel was 44.1% by coal, 0.1% by oil, 48.1%
by gas and 7.7% by nuclear. The fuel mix for the total domestic electricity generation (including
CHP/autoproducers) shows a significant dependence on natural gas. Gas is used to generate around
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60% of Dutch electricity. There are no specific provisions in the Dutch legislation concerning
generation. It is considered as a free economic activity, not subject to specific regulation.

Netherlands only operation nuclear power plant at Borssele, starting operation in 1973 and
having a net capacity of 449 MWe, had an excellent year in 1999. One of the main reasons was the
successful completion of the backfltting in 1997. During the backfitting period a large refurbishment
of the power plant was undertaken. Its safety level nearly increased by a factor of 10 as the core melt
frequency decreased from 5.6 10"5 to 4.5 10"6. The power plants availability was 96 % while its load
factor was 93 % over the year 2000. It turned out that there was a substantial international interest for
Borssele's refurbishment.

TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TWh)
- Total(1)

- Thermal
- Hydro
- Nuclear
-Wind

Capacity of electrical plants (GW(e))
- Total
- Thermal
- Hydro
- Nuclear

-Wind

1960

16.52
16.52
0.00
0.00
N/A

5.26
5.26
0.00
0.00
N/A

1970

40.86
40.49
0.00
0.37
N/A

10.16
10.11
0.00
0.05
N/A

1980

64.81
60.61
0.00
4.20
N/A

17.29
16.80
0.00
0.50
N/A

1990

71.87
68.40
0.12
3.30
N/A

17.44
16.85
0.04
0.50
0.05

1998

89.24
84.94
0.09
3.59
3.5

20.77
19.97
0.04
0.45
0.31

1999

93.96
89.45
0.11
3f60
3.5

20.70
19.76
0.04
0.45
0.46

2000

97.57
92.74
0.11
3.70

N/A

21.18
20.17

0.04
0.45
0.53

Average ann.
growth

1960
to

1980

7.07
6.72

_

6.13
5.97

rate (%)

1980
to

2000

2.07
2.15

-0.63

1.02
0.92

-0.52

(1) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%) (1)

Load factor of electricity plants
- Total (%)
- Thermal
- Hydro
- Nuclear

1960

80
1,448

35

62

36
36

1970

160
2,976

28
1

58

46
46

86

1980

207
4,358

17
7

-3

43
41

96

1990

209
5,218

24
5

25

47
46
38
75

1999

217
6,490

31
4

32

52
52
33
92

2000

217
6,696

33
4

33

53
52
35
94

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Database.

A couple of years ago the Government took the decision that the plant has to shut down at the
end of the year 2003 and consequently a validity date until then was written into the license. The legal
grounds of this action turned out to be insufficient and the Dutch State Council judged that the
Government took a wrong way to put its decision into effect. However, the Government decided
recently to maintain its decision to shut down at the end of 2003. Consequently, a lawsuit has been
filed to force the operator EPZ to accomplish.

Nuclear percentage from total electricity production (centr. and decentr.):
Nuclear percentage from central electricity production:

4 %
6%.
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Impact of Open Electricity Market in the Nuclear Sector

For the impact of open electricity market on the nuclear sector distinction has to be made
between existing generating capacity and new to be ordered nuclear capacity.

As fuel as well as operating costs for existing nuclear power plants are low compared to fossil
plants it is attractive from an economical point of view to extend plant life as long as possible. As a
consequence many operators of nuclear power plants are considering investments in plant life
extension. In the Borssele nuclear power plant, such a refurbishment programme was successfully
executed in '96/97. However because of a governmental decision Borssele will be shut down at the
end of 2003.

New to be constructed nuclear power plants are not planned, neither in the US nor in Western
Europe. The opening of the electricity markets might be not favourable for new nuclear capacity as
nuclear possesses high investment costs, long construction periods (at least 5 years) and an uncertain
public acceptance. Consequently, the financial risks going with nuclear are much higher than the ones
of gas-fired capacity e.g. CCGT.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

In 1968, the first nuclear power plant, at Dodewaard, was connected to the grid. The original
goal of the Dodewaard facility was to gain practical knowledge and experience with nuclear power in
order to determine whether commercial application of nuclear power would be feasible. Later in
1971, the Borssele nuclear power plant began operation. Decisions taken by the Dutch Government
and Parliament in 1974 and 1975, to expand the number of nuclear power plants were subsequently
deferred pending resolution of debates on the issue. Similar decisions taken in 1985 and 1986 were
also suspended, following the Chernobyl accident. Since that time, the Netherlands Government has
initiated various studies and research programmes, especially in the field of nuclear safety and on
radioactive waste. In the mean time, nuclear energy is held as viable option for the future, especially
in view of increased environmental concerns. No new construction of nuclear plants is foreseen in the
near future.

3.2. Status and Trends of Nuclear Power

TABLE 7. STATUS OF NUCLEAR POWER PLANTS

Station

BORSSELE
DODEWAARD

Type

PWR
BWR

Capacity

449
55

Operator

EPZ
GKN(NL)

Status

Operational
Shut Down

Reactor
Supplier

KWU/STORK
GE/STORK

Station

BORSSELE
DODEWAARD

Construction
Date

Ol-Jul-69
Ol-May-65

Criticality
Date

20-Jun-73
24-Jun-68

Grid
Date

04-M-73
18-Oct-68

Commercial
Date

26-Oct-73
15-Jan-69

Shutdown
Date

End 2003
26-Mar-1997

Source: IAEA Power Reactor Information System as of 31 December 2000.

The main purpose of the Dodewaard nuclear power plant was to conduct nuclear experiments
for commercial applications. The Dodewaard plant was the only reactor in the world which was
cooled by natural circulation. It made the plant most suitable for verification experiments on a
commercial scale.
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In the Netherlands, nuclear energy is used exclusively for producing electricity. Compared with
countries such as Belgium and France, nuclear energy plays a modest role in the Netherlands. In
evaluating the desirability of nuclear energy, the Netherlands considers the environmental effects as
well as aspects of risk, safety and the problem of radioactive waste. This means studying the effects of
the entire fuel cycle. Such a study has shown that there are no factors present which might prohibit the
use of nuclear energy in the Netherlands.

Even though Dutch public attitudes toward nuclear energy indicate opposition to construction
of new nuclear power plants, there are differing views on nuclear energy as an option in itself.
Demand for new centralised power plants in the next ten years is not foreseen. However, each
electricity generating option poses its own problems. The availability of information on these
problems tends to influence public opinion.

The intervening ten-year period could be used for development of more advanced and
innovative nuclear power reactors. Such development could win sufficient public support, since the
enhanced safety features of new reactor designs can be communicated to the general public in a more
objective manner. Until then, use of the existing nuclear power plants will be maintained until the end
of2003.

As regards nuclear energy policy, no increase of nuclear capacity is expected for the
foreseeable future. The governmental policy is that the nuclear option will be kept open in order "to
board the train" if that would be desirable. Within this context the Netherlands participates in
international nuclear research projects in the field of nuclear safety, decommissioning and nuclear
waste (see Section 4.5).

3.3. Current Policy Issues

During the autumn of 1994, when the new cabinet took over, discussions took place in
Parliament whether the lifetime of the Borssele nuclear power plant should be extended by three years
from 2004 till 2007. Year 2004 was the original date for the reactor's decommissioning before
Borssele's shareholders applied for a three-year life extension in order to justify a 450 million-guilder
safety related backfitting programme. The previous government had issued licenses for the
backfitting, which had already begun. This made it difficult for the present government to withdraw
the permission. But, on 23 November 1994, Dutch Parliament passed a resolution calling on the
government to "waive plans to permit lifetime extension" for Borssele. Meanwhile, the Minister of
Economic Affairs had been negotiating with the electricity producers (SEP) for a politically and
economically acceptable compromise. Finally, the Dutch government and the electricity producers
agreed, in December 1994, that the Borssele nuclear plant is to be shut down at the end of 2003. In
exchange, SEP will be compensated 70 million guilders allowing it to complete the safety-related
backfitting programme. The updating and modification programme was completed by mid 1997 and
consisted of the following features:

• a comparison with modern safety regulations and practices, and the initiation of plant
modifications where these were deemed useful or necessary, to enable the plant to comply with
these regulations and practices insofar as was practical; this work covered design, operation and
quality assurance;

• the installation of hardware to help control or mitigate the effects of major accidents; such
hardware included a filtered containment vent and catalytic hydrogen recombiners;

• a full-scope PSA, comprising levels 1,2, and 3, to identify plant vulnerabilities and to compare the
plant risk with predefined quantitative risk objectives;

• a full-scope replica simulator for the training of plant staff.

However, in February 2000, the State Council cancelled the time limit of 31 December 2003,
which was introduced by the Regulatory Body in the nuclear license for the Borssele plant. As a result

THE NETHERLANDS 525



of that decision, there was not anymore a time limit specified in the license. Furthermore, EPZ, the
owner of NPP Borssele, denied that there was any arrangement with the Government to close the
plant by the end of 2003. Therefore, the Government decided to have a civil procedure aiming at
closing the NPP by the end of 2003. A verdict by the court is expected on 21 September 2001.

A similar backfitting programme was performed at Dodewaard but was interrupted by the
decision to halt plant operation. On 3 October 1996, the Board of Directors of the Dutch utility SEP
(N.V. Samenwerkende elektricititeitsproduktiebedrijven) decided to permanently shut down the
Dodewaard reactor in the near future. The shut-down became effective as of 26 March 1997. This
decision was taken for two main reasons: firstly, the SEP felt that there was no longer any prospect of
the Dutch government giving the go-ahead to the further development of nuclear energy in the
Netherlands in the foreseeable future. Secondly, the Dodewaard NPP had been built primarily as a
means of gaining experience with nuclear energy. It was never "economic" in the sense that revenues
were higher than costs and this situation was likely to be exacerbated by the impending deregulation
of the European electricity market.

Dodewaard became operational in 1968. It was designed to operate with natural circulation, and
was fitted with an isolation condenser to remove excess heat, properties that later became standard
features of the new BWR design with passive safety characteristics. Originally planned to operate
until 1 January 1995, its economic life was first extended to 1 January 1997, and later to 2004. The
plant is now in the decommissioning phase. It has been decided to have a protective storage period of
40 years, after conservation measures have been put in place, before its final decommissioning.

4. NUCLEAR POWER INDUSTRY

4.1. Supply of Nuclear Power Plants

The entire Dodewaard plant and 70% of the Borssele plant were manufactured in the
Netherlands.

Supplier of Dodewaard: General Electric (GE)
Supplier of Borssele: Kraftwerk Union (KWU)/Siemens.

4.2. Operation of Nuclear Power Plants

Operator of the Dodewaard plant is NV GKN: Joint Nuclear Power Plant the Netherlands Ltd.
Operator of the Borssele plant is NV EPZ: The Electricity Generating Company for the southern
Netherlands.

NRG (Nuclear Research and Consulting Group, which was established in 1998 through the
merger of ECN/s and KEMA's business activities in the nuclear fields) operates the HFR (High Flux
Reactor) in Petten. This nuclear research reactor is owned by the European Commission, but operated
by NRG.

4.3. Fuel Cycle and Waste Management Service Supply

Uranium enrichment in the Netherlands is carried out by Urenco Nederland B.V. Urenco
Nederland B.V. belongs to a multinational company, Urenco Ltd, located at Marlow, which has three
shareholders: UCN NV (Ultra Centrifuge Netherlands) in the Netherlands, Uranit in Germany and
INFL in the UK. The Netherlands government owns the majority of the shares (99%) in UCN.

Uranium enrichment is the most important part of the fuel cycle for the Netherlands and it is
very successful. Urenco Nederland BV has a licence for a capacity of 2 5001 SW/a. The total uranium
enrichment market share of Urenco in the western world is about 12 % and is still growing. Urenco
has concluded contracts in 15 countries, including many EU countries, Switzerland, Brazil, South
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Africa, the United States as well as in the Far East (Korea and Japan). Urenco's success is based on
its advanced gas ultra centrifuge technology. Improvements are still made in this technology as a
result of an extensive R&D programme. Ultra-Centrifuge's availability was better than 99.9% in
2000. A licence for further growth was granted and SP5 (the fifth plant) started up in 1999 and ran
smoothly in 2000. The decommissioning of the first UC plant (SP1) was completed successfully
which resulted in another green meadow. In addition, Urenco Nederland uses this technology in spin-
off activities in the aerospace markets as well as in the enrichment of stable isotopes inter alia for the
nuclear sector and for medical purposes. A special plant for stable isotope production was completed,
started up in 1999 and ran smoothly in 2000.

hi November 1999, the Dutch Cabinet agreed to study the possibility of selling the shares of the
Dutch Government in Ultra Centrifuge Nederland (UCN). Also, the Committee for Economic Affairs
of the Parliament agreed to proceed with a study, provided that no irrevocable steps would be taken.
Therefore, if the study favours a disposal, the decision whether or not to privatise will have to be
discussed with the Parliament.

On 4 March 2000, the Treaty of Almelo, which covers collaboration in the development and
exploitation of the gas centrifuge process for producing enriched uranium, completed 30 years of
existence. To mark this anniversary, on 9 March 2000, the Minister of Economic Affairs of the
Netherlands, Mrs. A. Jorritsma, officially inaugurated the fifth enrichment facility of Urenco
Nederland. It will have a capacity of 1 000 t SWU/a and will bring the total capacity of the Dutch site
in Almelo to 2 5001 SWU/a.

On 5 December 2000, Urenco's three uranium enrichment plants - Almelo in the Netherlands,
Capenhurst in the United Kingdom and Gronau in Germany - achieved the landmark delivery of 50
million SWU. At the end of 2000, Urenco's total installed capacity approached 4.8 million SWU per
annum. It is supplying around 12% of the total world demand for enrichment.

On 7 December 2000, USEC Inc. filed a petition with the United States Department of
Commerce (DOC) and the International Trade Commission (ITC), alleging that Urenco has shipped
enriched uranium to the US in violation of anti-dumping and countervailing duty laws. A similar
petition has been filed against Eurodif (Cogema: France). The petition was filed by USEC on behalf
of the US domestic industry producing LEU and sought the imposition of anti-dumping and
countervailing duties. On 27 December 2000, the DOC decided to open up an investigation. On 7 May
2001, the US Department of Commerce made a preliminary determination that imports of LEU from
Germany, the Netherlands and the United Kingdom would be subject to a countervailing duty rate of
3.7 and of 13.94% in the case of France. A preliminary anti-dumping determination by DOC is
expected in July 2001. A final countervailing and anti-dumping determination is anticipated for
September/November 2001. The European Commission in Brussels follows closely the procedure and
is considering appropriate counter-action, i.e. in the framework of the WTO.

The Central Organization for Radioactive Waste (COVRA) is entrusted with the treatment and
storage of all categories of radioactive waste produced in the Netherlands. According to the adopted
waste management strategy, the conditioned waste is kept in an engineered intermediate storage
facility for an extended period of time. Storage is conceived to take place for a period of at least 100
years. Currently, only the facility for the storage of low and intermediate level waste is in operation.
The storage facility for high-level waste is under construction and is due to be commissioned in 2003.
The latter storage facility is designed to accommodate reprocessed and vitrified spent fuel from the
nuclear power stations, conditioned spent fuel from the research reactors as well as other types of high
level waste.

Shareholders in COVRA are the main waste producers, which are the nuclear facilities at
Dodewaard (30 per cent), and Borssele (30 per cent), as well as the Energy Research Foundation (30
per cent) at Petten. The remaining 10 per cent are held by the State. However, both the intention of
the government to phase out the use of nuclear energy for electricity production by 2004 and the
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liberalisation of the electricity market as of 2001 constituted reasons for a reconsideration of the
ownership of COVRA. As a consequence, plans to change the ownership of COVRA into a State-
owned company are in an advanced stage: the shareholders have recently signed a letter of intent to
transfer the shares in COVRA to the State before 1 July 2001. As it stands now, it will be
implemented by the end of 2001.

The government has formulated a policy on radioactive waste governing long-term (about 100
years) interim surface storage and the conditions for permanent disposal. The government has decided
that the disposal of radioactive material in an underground repository should be reversible. In
addition, both salt formations and clay layers as well should be studied as a possible geological
matrix.

Although the current radioactive waste management policy envisages no disposal in the near
future, research on the suitability of deep underground rock formations in the Netherlands has been
continued during the last years. The Commission CORA (Commission on radioactive waste) has been
established to co-ordinate this research programme. The main characteristics of this national research
programme, which started in 1996 and focused on retrievable disposal options, are outlined below:

• The scope of the research was broadened to enable comparison of the properties of
different host rock materials including not only salt but sedimentary clay formations as
well; it also considered extended storage at the present location, with a view to cover a
period of 300 years (instead of 100 years);

• The feasibility of construction of a retrievable repository in these materials and the time-
dependent performance of the additional structural requirements was analysed, the
retrievability aspect being a boundary condition required by government;

• The impact of the retrievability requirement on repository design was investigated, with
the understanding that the safety level should not be less than in a non-retrievable
repository;

• Additional investment cost and maintenance costs of retrievable repositories in different
host rocks were considered;

• The consequences of direct disposal of spent fuel originating from scientific test reactors
in a geological repository was included in the programme;

• The social and ethical aspects of a retrievable disposal facility were taken into account;
• Studies to the effect of reduction of the radiotoxicity of the radioactive waste by

partitioning and transmutation of the actinides and long-lived fission products were
undertaken.

The final report of the CORA research programme was sent to Parliament by the minister of
Economic Affairs on 21 February 2001. The main conclusions are:

• All retrievable repository options studied are technically feasible;
• The radiological consequences after failure of the containment, in the period in which

access to the emplaced radioactive waste is maintained for purposes of retrieval, are three
orders of magnitude higher for clay as compared with salt.

• In a situation of neglect due to loss of human control, the safety performance of both
underground repositories is higher than that for extended long-term storage.

On the basis of the results and recommendations of the CORA report and the advice to be given
by ILONA (an advisory body with representatives from EZ, VROM, NRG and GKN) the government
will determine its position.

A discussion was initiated in Dutch Parliament about possibly terminating the reprocessing of
spent fuel from Dodewaard and Borssele nuclear power stations in Sellafield and La Hague,
respectively. At the request of the Ministry of Economic Affairs ECN carried out a study mainly with
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respect to environmental, proliferation and financial aspects of reprocessing as compared with its
alternative, direct storage. In conclusion, there is only a single substantially discriminating factor:
financial aspects. In the present circumstances, continuation of the reprocessing strategy is by far
much cheaper than any of its alternatives studied.

The ECN study, together with a governmental paper focusing among others on historical,
legislative, contractual and proliferation aspects was sent to Parliament in June, 1997. As a political
standpoint Government concluded there are no urgent reasons to change the actual strategy based on
reprocessing of spent fuel.

A discussion in Parliament with the Minister of Economic Affairs was scheduled in September,
1997. However, Parliament decided to postpone such a discussion and first of all have a hearing
involving relevant parties. This hearing took place on 24 October 1997. Quite a few parties were
invited, among which were representatives of GKN (Dodewaard), EPZ (Borssele), ECN, Greenpeace,
IAEA, NCI, Cogema and BNFL.

On 22 January 1998, there was a discussion between the Minister and a Permanent Commission
of Parliament on this issue. The Government took the position that there are no weighty and urgent
reasons to change present-day policy based on reprocessing of spent fuel. One of the opposition
parties agreed with this position. However two of the governmental parties expressed their doubts on
this issue.

On 11 March 1998, there was a plenary discussion on this subject in Parliament. The coalition
introduced a motion asking for more investigations with respect to possibilities and consequences of
changing the reprocessing strategy including financial aspects. This motion was acceptable to the
Government and Parliament took a confirming vote on this motion.

Therefore, another study was carried out on this subject by the the Nuclear Research and
consultancy Group NRG (which was established in 1998 trough the merger of ECN's and KEMA's
business activities in the nuclear field). On 12 May 1999, the results of this in-depth study were sent
to Parliament by the Minister of Economic Affairs. On 23 June 1999, there was a discussion between
the Minister and the Permanent Commission of Parliament on this issue. The Minister took the
standpoint that the NRG study gave a more clear picture of the whole situation with respect to
reprocessing as compared with the ECN study of 1997, however, it was the same picture. Therefore,
the Minister took the position that there was no reason whatsoever to change the government policy
with respect to reprocessing, i.e. there were no urgent reasons to change the actual strategy based on
reprocessing of spent fuel. There were hardly any objections against this standpoint issued by
members of the Permanent Commission. On 19 January 2000, there was yet another discussion on this
issue between the Minister of Economic affairs and the Permanent Commission of Parliament. All
political view points remained as they were in the past. Therefore, as it stands now, all existing
reprocessing contracts will be honoured.

4.4. Research and Development Activities

The merge of the nuclear departments of ECN (Energy Research Foundation) and KEMA
(Dutch electric power research institute) into the new entity NRG (Nuclear Research and consultancy
Group) turned out to be successful. This new organization employs about 300 researchers and
scientists. NRG is performing most nuclear R&D in the Netherlands, is committed to international
projects in and outside the European Union and performs a number of commercial activities. Its
commercial services have been divided into six product groups, viz. Materials, Monitoring and
Inspection; Fuels, Actinides and Isotopes; Risk Management and Decision Analysis; Radiation and
Environment; Irradiation Services; Plant Performance and Technology. NRG is co-operating
internationally in areas like:
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• High Temperature Reactor development with Japan, Germany and South Africa;
• Actinide transmutation with European laboratories;
• Mixed Oxide fuel development with Japan.

Most important is that new R&D-goals have been set and that NRG developed and improved its
R&D-tools and computer codes for the design and verification of innovative as well as inherently safe
nuclear reactor concepts (both LWR type and others, e.g. HTR type).

The computer codes involve the fields of nuclear reactor physics, thermal hydraulics, accidents
and failures as well as structural mechanics. This means that NRG is prepared to play a role in an
international co-operation leading to the design, approval and licensing of new innovative nuclear
reactor concepts. However, the public opinion is not yet supporting the idea of the construction of a
first of a kind on the territory of the Netherlands.

A new organisation was set up for the HFR (High Flux Reactor, 45 MW thermal). In the old
situation, the HFR was owned by JRC (Joint Research Centre of the European Union) and operated
under contract by NRG. In the new situation, there will be only one organisation for the HFR, which
is supervised by JRC. NRG will be responsible for the operation and the commercial exploitation of
the HFR. The HFR's operation was again very successful in 2000. Its load factor was nearly 80%,
which was about the same as the average over the last eight years.

The HFR was especially successful in the irradiation for radioisotope production. The HFR has
a share of about 70% of the European market for medical applications. Nearly 7 million people in and
outside Europe were treated with its radio-isotopes.

Another issue forms the conversion of HFR's fuel from HEU to LEU. After a thorough study,
the decision was taken to convert the fuel. Because of this decision, the return of spent fuel to the
United States has recently been resumed.

A co-operation between the University of Delft and NRG started in the area of neutron
diffraction last year. The possibilities for this technology turn out to be very interesting e.g. in the
areas of material stresses and of soft condensed matter. The first scientific results were published.

Institutes, which contribute to nuclear research funded by the Netherlands government, are:

• IRI is an Inter-University Reactor Institute at Delft. IRI has a 2 MW research reactor (HOR) for
educational purposes and does research on reactor physics, neutron beam physics and
radiochemistry;

• GKN - a Joint Nuclear Power Plant the Netherlands Ltd.;
• FOM is a foundation for fundamental research on matter at Nieuwegein. The main physics

research aimed at thermonuclear fusion is done here.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

Since the early days of the Netherlands nuclear programme, international co-operation has been
considered a necessity by all those involved. Since the joint exploitation of the Halden research
reactor (together with Norway) in the 1950's and 1960's until the Urenco co-operation in uranium
enrichment of the present day, the Netherlands' nuclear activities have been undertaken in close co-
operation with other countries. A strong interest in multilateral co-operation on nuclear energy matters
within intergovernmental organizations complements the orientation toward practical co-operation
with others.

Within the context of the "Open nuclear energy option" the Netherlands is interested in and
remains dedicated to the development of new reactor concepts such as the advanced light water
reactors and the high temperature gas-cooled reactors in order to contribute to a sustainable energy
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supply in the long term. As far as the development of the HTR is concerned, NRG is co-operating
with ESKOM in South Africa and JAERI in Japan.

The Netherlands and Germany also co-operate in the area of subsurface radioactive waste
disposal. Research in this area has been performed in Germany's Asse salt mine. In the future,
transmutation of actinides (including plutonium) and other long-lived fission products may replace
geological disposal. In this innovative area, Dutch institutes (as well as HFR) are involved in co-
operation with JRC, French and Belgian institutes. Finally, interest has been expressed in a
technology assessment of inherently safe nuclear reactors (e.g., HTGR).

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

Until mid 1999, licensing and regulatory activities were the common responsibility of the
Minister of Economic Affairs, the Minister for Public Housing, Planning and the Environment and the
Minister of Social Affairs and Employment. The role played by the Minister of Economic Affairs in
issuing licences under the Nuclear Energy Law has been the subject of some debate in the
Netherlands during 1998 and the first months of 1999. The debate has centred on whether or not this
role is compatible with his responsibility for the national energy supply. Talks have been taking place
between the various ministries involved that have revolved around the possibility of redistributing
ministerial responsibility for the implementation of the Nuclear Energy Law, insofar as nuclear
installations are concerned. The Ministry of Economic Affairs currently plays a co-ordinating role in,
and also carries the main responsibility for, the implementation of the Nuclear Energy Law, alongside
the Ministry of Social Affairs and Employment and the Ministry of Housing, Spatial Planning and the
Environment. As most of the expertise on environmental and safety aspects is concentrated in the
latter two ministries, the government investigated whether it would be worth making the Ministry of
Housing, Spatial Planning and the Environment responsible for co-ordinating licensing procedures
instead of the Ministry of Economic Affairs. As of 1 July 1999, agreement has been reached between
the Minister of Economic Affairs and the Minister of Housing, Spatial Planning and Environment on
the transfer of the co-ordinating role of the Minister of Economic Affairs. The latter will not have any
longer the prime responsibility for the implementation and execution of the Nuclear Energy Act
insofar as nuclear installations are concerned. The Minister of Economic Affairs, however, retains a
shared responsibility for these matters. It should be mentioned that the main responsibility for energy
supply policy remains with the Minister of Economic Affairs. In the Netherlands, basic legislation
governing nuclear activities is contained in the Nuclear Energy Act of 1963, which has been amended
on several occasions [1]. Detailed information concerning the legislative and regulatory framework
can be found in [2]. This report is available within the IAEA secretariat.

5.2. Main National Laws and Regulations

By Royal Decree of 21 June 1999, maintenance of the Nuclear Energy Act and all regulations
based on it - with a few exceptions - have been transferred from the Ministry of Economic Affairs
(EZ) to the Ministry of Housing, Spatial Planning and the Environment (VROM). One of the reasons-
to perform this transfer is the wish to comply with Article 8.2 of the Nuclear Safety Convention. This
article demands that appropriate steps are being undertaken to ensure that an effective separation
between regulatory functions (allocated to VROM) and other functions such as promotion and
utilisation of nuclear energy (EZ) be maintained.

By Royal Decree of 24 May 2000, the government decided to transfer the Nuclear Safety
Department of the Ministry of Social Affairs en Employment to VROM as well. This transfer has
become effective as per 1 June 2000 and reflects the decrease in the share of nuclear energy for
electricity generation leading to the envisaged phase out in 2003 when the Borssele NPP is scheduled
to be shut down. The transfer of the Nuclear Safety Department to VROM aims to utilise the limited
human and financial resources available in the most efficient way.
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Legislation

All activities relative to the import, transport, use, storage, disposal and export of radioactive
material are subject to the provisions of the Nuclear Energy Act (1963, last revised 1994) [1], This
includes the construction and operation of nuclear power stations, but also of other nuclear facilities
such as radioactive waste disposal facilities.

The Nuclear Energy Act is a framework act, which is enacted by separate decrees and
ordinances, which aim to implement specific parts of the act. In the legislation a fundamental
distinction has been made between activities related to the nuclear fuel cycle, which follow the most
stringent regime, and activities related to the application of radioactive sources and electrical
appliances emitting X-rays. The decrees with the most direct bearing on radioactive waste
management are the Nuclear Installations, Fissionable Material and Ores Decree (1969 last revised
1994), the Radiation Protection Decree (1986 last revised 1994) and the Decree on the appointment of
the Central Organisation of Radioactive Waste (COVRA) as recognised waste management
organisation (1987).

Both promotion and protection aspects of nuclear energy are combined under the same act. The
Nuclear Energy Act also designates the various competent authorities and outlines their
responsibilities.

The Regulatory Body

The Regulatory Body for radioactive waste management coincides with other regulatory
functions regarding implementation and enforcement of the Nuclear Energy Act. Several Ministries
are involved, each for its specific area of responsibility. That means that regulatory responsibility is
divided between different organisations. The most involved ministries are the following:

• Ministry of Housing, Spatial Planning and the Environment, for protection of the general public
and the environment;

• Ministry of Economic Affairs, with the responsibility to ensure the undisturbed supply of
electricity to the public and for physical protection and safeguards;

• Ministry of Labour and Employment, for protection of the workers exposed to radiation from
practices involving radioactive material;

• Ministry of Health, Welfare and Sport for protection of the patient undergoing medical
examination and treatment;

• Ministry of the Interior, for emergency response to large-scale accidents involving radioactive
material.

As regards radioactive waste management, much emphasis is placed on aspects associated with
protection of the population at large and the environment and consequently, the Ministry of Housing,
Spatial Planning and the Environment has a leading position in this area.

Licensing

The Nuclear Energy Act requires a license issued by the Regulatory Body for all activities
involving radioactive materials, fissionable materials and ores when they exceed certain pre-set
exemption levels. These activities include import, export, transport, preparation, use, storage, release
and disposal of materials and construction and operation of facilities. With the objective to achieve a
complete separation between promotion and protection aspects of nuclear energy applications, the
prime responsibility with respect to licensing has recently been assigned to the Ministry of Housing,
Spatial Planning and the Environment for all licenses. In a revision of the Nuclear Energy Act, which
is yet to be implemented, also decommissioning of nuclear installations will become an activity for
which a license is required.
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In parallel to the Nuclear Energy Act, there are two other acts which have a bearing on the
possibility of acquiring or modifying a license:

• The Environmental Protection Act, which stipulates that an Environmental Impact Assessment
be presented if an application for a license or, in certain cases, a modification of a license is
made;

• The General Administrative Law Act, which sets out the procedures for obtaining a license
including the specification of maximum terms for each decision step in the process and lays
down the rights of the public to raise objections and appeals to a license.

Regulatory inspections and enforcement

Article 58 of the Nuclear Energy Act states that the ministers who are responsible for licensing
should entrust designated officials with the task of supervising inspection and enforcement. The main
bodies for inspection and enforcement are the Nuclear Safety Division, - as of 1 July 2000 transferred
from the Ministry of Social Affairs and Employment to the Ministry of Housing, Spatial Planning and
the Environment as result of a Government decision to concentrate regulatory functions on radiation
protection and nuclear safety in a single organisation -, and the Environment Inspectorate of the same
ministry. The Nuclear Security and Safeguards Section of the Ministry of Economic Affairs remains
responsible for physical protection of nuclear installations and for safeguards of nuclear material.

Decommissioning and waste disposal strategies including their associated costs have been
determined. Funds are being raised from the proceeds from the electricity tariffs.

5.3. International, Multilateral and Bilateral Agreements

The following is a list of International Conventions and Bilateral Agreements signed/ratified by
the Kingdom of the Netherlands in the field of Nuclear Co-operation.

AGREEMENTS WITH THE IAEA

Statute of the International Atomic
Energy Agency (IAEA)

Agreement on Privileges
and Immunities

Entry into force:
Ratification date:

Entry into force:

26 October 1956
20 July 1957

29 August 1963

Amendment of the IAEA statute

• NPT related agreement
INFCIRC/193

• Additional protocol to the agreement
between the NNWS, Euratom and the
IAEA for the application of safeguards
(GOV/1998/28)

Entry into force:
Ratification date:

Entry into force:

Signed:

27 September 1984
11 July 1985

21 February 1977

22 September 1998
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• Improved procedures for designation
of safeguards inspectors

• Supplementary agreement on provision
of technical assistance by the IAEA

INTERNATIONAL TREATIES

• Paris convention on third party liability
in the field of nuclear energy

• Additional protocol to the Paris convention
of 31 January 1963 supplementary to
the convention Third Party Liability

• Amendment to the Paris convention on
third party liability in the field of
nuclear energy

• NPT

• Convention on physical protection of
nuclear material

• Convention on early notification of a
nuclear accident.

• Joint protocol relating to the application
of the Vienna and the Paris conventions

• Convention on assistance in the case
of a nuclear accident or radiological
emergency

• Vienna convention on civil liability for
nuclear damage

• Protocol to amend the Vienna convention
on civil liability for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Joint protocol

• Convention on nuclear safety

• Joint convention on the safety of spent
fuel management and on the safety of
radioactive waste management

• ZANGGER committee

Proposals rejected but agreed
to special procedure 16 February 1989

Entry into force:

Entry into force:
Ratification date

Entry into force:
Ratification date:

Entry into force:
Ratification date:

Entry into force:

Entry into force:

Entry into force:
Ratification date:

Entry into force:
Ratification date:

Entry into force:

Non Party

Not signed

Not signed

Entry into force:

Entry into force;

Entry into force:
Ratification date:

Member

29 July 1960
28 December 1979

28 January 1964
28 September 1979

16 November 1982
1 August 1991

2 May 1975

6 October 1991

24 October 1991
23 September 1991

21 September 1988
1 August 1991

24 October 1991

27 April 1992

13 January 1997

18 June 2001
26 April 2000
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Nuclear export guidelines

Acceptance of NUSS codes

Partial Test-Ban Treaty

Nuclear Suppliers Group

Adopted

Summary: Serve as basis for
national requirements. Design,
Operation and QA Codes
(once adapted) introduced
into regulatory framework

Entry into force:

Member

OTHER RELEVANT INTERNATIONAL TREATIES

• European Atomic Energy Community Entry into force:
Ratification date:

6 Sept ember 1989

14 September 1964

25 March 1957
13 December 1957

• EURATOM

• Security control in the field
of nuclear energy

• European Company for the chemical
processing of irradiated fuels (Eurochemic)

• Establishment at Petten of the
Joint Nuclear Research Centre

• Civil liability in the field of
maritime carriage of nuclear material

MULTILATERAL AGREEMENTS

Member

Entry into force:
Ratification date:

Entry into force:
Ratification date:

Entry into force:
Ratification date:

Entry into force:
Ratification date:

Netherlands, Germany and England
on collaboration in the development
and exploitation of the gas centrifuge
process for producing enriched uranium

Netherlands, Germany, United Kingdom
and the USA regarding protection of
information transferred into the USA in
connection with the initial phase of a project
for the establishment of a uranium
enrichment installation in the USA based
upon the gas centrifuge process developed
within the three countries

Entry into force:
Ratification date:

Entry into force:

Netherlands, Germany, United Kingdom
and the USA regarding the establishment,
construction and operation of a uranium
enrichment installation in the USA

Entry into force:
Ratification date:

20 December 1957
9 July 1959

20 December 1957
9 July 1959

25 July 1961
30 October 1962

17 December 1971
1 August 1991

4 March 1970
18 June 1971

4 November 1990

8 July 1993
21 March 1993
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Exchange of Notes between the Netherlands and the United States concerning the application of
non-proliferation assurances to low enriched uranium supplied to Taiwan. Signed: 21 July 1999

BILATERAL AGREEMENTS

• Kingdom of the Netherlands and Brazil
Application of safeguards to proposed
exports to Brazil of uranium enriched in the
Kingdom of the Netherlands by Urenco

• Kingdom of the Netherlands and
Germany concerning exports of
enriched uranium to Brazil

• Kingdom of the Netherlands and
the United Kingdom concerning
reprocessing of certain quantities of
irradiated nuclear fuel

• Kingdom of the Netherlands and
France concerning reprocessing of
certain quantities of irradiated nuclear fuel

• Extension of the agreement of 4 April
1990 regarding protection of information
transferred into the United States

Entry into force:

Entry into force:

Entry into force:
Ratification date:

Entry into force:
Ratification date:

Entry into force:
Ratification date:

1 September 1978

4 September 1978

12 September 1978
30 June 1981

29 May 1979
17 August 1981

5 April 1991
7 July 1992

REFERENCES

[1] Nuclear Energy Act, Bulletin of Acts Orders and Decrees, 82, 1963 as revised 1994.

[2] National Report of the Netherlands under the Convention on Nuclear Safety, The Hague, 28
September 1998 15-27.

[3] Dossier on Nuclear Energy of 15 November 1993 (TK '93-'94, 21.666 nr. 8).

[4] IAEA, Energy an d Economic Data Base (EEDB).

[5] Data & Statistics, The World Bank, www.worldbank.org/data.

[6] IAEA Power Reactor Information System (PRIS).

536 THE NETHERLANDS



Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL AUTHORITIES

Ministry of Economic Affairs
Bezuidenhoutseweg 30 Tel.: +31-70-379.89.11
Postbus 20101 Fax: +31-70-347.40.81
2500 EC 's-Gravenhage, The Netherlands http://'www.ez.n 1/

Ministry of Social Affairs and Employment Tel: +31 -70-333.44.44
Anna van Hannoverstraat 4 Fax: +31-70-333.40.33
P.O. Box 90801
2509 LV The Hague, The Netherlands

Ministry of Housing, Spatial Planning Tel: +31-70-339.39.39
and the Environment (VROM) Fax: +31-70-339. 13.55
Rijnstraat 8
P.O. Box 20951
2500 EZ The Hague, The Netherlands

Directorate-general of the Environment Tel: +31-70-339.45.94
Radiation Protection and Nuclear Safety Division Fax: +31-70-339.13.14
Rijnstraat 8
P.O. Box 30945
2500 GX The Hague, The Netherlands

NUCLEAR RESEARCH INSTITUTE

NRG Petten
Westerduinweg 3 Tel: +31 224 564082
P.O. BOX 25 Fax: + 31 224 563912
1755 ZG Petten, The Netherlands http://www.iirg-iil.com/iridex.html

OTHER NUCLEAR ORGANIZATIONS

International Radiation Protection Association http://irpa.siTp.asso.fr/
(IRPA)

The Netherlands Nuclear Society (NNS) http://www.ecn.nl/society/iins/

IRI Tel:+31-15-278.67.12
TU-Delft, Mekelweg 15 Fax: +31-15-278.64.22
2629 JB Delft, P.O. Box 5042
2629 JB Delft, the Netherlands
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COVRA
Spanjeweg 1
4455 TW Nieuwdorp
P.O. Box 202
4380 AE Vlissingen, The Netherlands

KEMA N.V.
Utrechtseweg310
P.O. Box 9035
6800 ET Arnhem, The Netherlands

SEP N.V.
Utrechtseweg 310
Postbus 575
6800 EN Arnhem, The Netherlands

STORK-NUCON B.V.
Radarweg 60
P.O. Box 58026
1040 HA Amsterdam, The Netherlands

GKN N.V.
Waalbankdijkll2a
P.O. Box 40
6669 ZG Dodewaard, The Netherlands

URENCO
Planthofseweg 77
P.O. Box 158
7600 AD Almelo

OTHER ORGANIZATIONS

Netherlands Energy and Research Foundation
(ECN)
Westerduinweg 1
P.O. Box 1
1755 ZG Petten, The Netherlands

Tel:+31-113-61.39.00
Fax:+31-113-61.39.50

Tel.: +31-26-356.91.11
Fax: +31-26-351.80.92/351.56.06

Tel:+31-26-372. 11.11
Fax: +31-26-443. 08.58/351.59.17

Tel.: +31-20-580.77.07
Fax:+31-20-580.70.44

Tel:+31-448-41.88.11
Fax:+31 448-41.21.28

Tel: +31-546-54.54.54
Fax:+31-546-81 82 96
http://www.urenco.nl/algemeeti/index html.html

Tel: +31-224-56.49.49
Fax: +31-224-56.34.90/56.44.80
httpv'/www.ecn.nl/main.html

European Association for Grey Literature Exploitation
(EAGLE/SIGLE)

Elsevier Science

FOM-Institute for Plasma Physics, Rijnhuizen

World Information Service on Energy (WISE)

The Chemical Weapons Convention (OCPW)

http:/7www.kotibib.n3/info1ev/sigle/ea/index.html

http://www.elsevier.nl/

http://www.rijnh.nl/

http://www.anteiina.nl/wise/

http://www.opcw.nl/
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PAKISTAN

1. GENERAL INFORMATION

1.1. General Overview

Pakistan is situated in South Asia and it stretches over 1,600 kilometres from southwest to
northeast. It lies between 23° and 37° north latitude and 60° and 76° east longitude. It is a low-income
developing country and is ranked as the 160th in terms of its Gross National Product per capita among
the total 204 countries whose profiles are available [Ref. 1].

On 1 January 2000, the population of Pakistan was about 136 millions and the population
density was 171 inhabitants per square kilometre (Table 1). At present, the population growth rate is
about 2.3% per annum.

TABLE 1. POPULATION INFORMATION1

Population (millions) a

Population density (inhabitants/km2)a

Urban population as percent of total
Area (1000km2)

1960

45.0
56.6
21.9

796.1

1970

59.7
75.0
24.7

1980

80.2
100.8
28.0

1990

108.2
136.0
30.1

1998

130.7
163.3
32.6

1999

133.0
167.1
33.0

2000

136.0
170.9
33.0

Growth
rate (%)

1980
to

2000
2.7

3.0

aOn 1st January
Sources: [Ref. 2]

1.2. Economic Indicators

During the last 40 years, Pakistan's economy has grown at an average annual rate of 7.2% (in
current US$). However, due to high population growth rate, per capita Gross Domestic Product (GDP)
has increased at only 4.3% per annum during the same period. The present per capita income is US$
419, which places the country among the low income developing economies of the world. The
historical GDP statistics are shown in Table 2 and some basic indicators are given in Table 3.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP (millions of current US$)
GDP (millions of constant 2000 US$)
GDP per capita (current US$/capita)
GDP by Sector (%):

Agriculture
Industry
Services

1960

3,535
6,649

79

45.8
15.0
39.2

1970

9,107
12,779

153

38.9
20.7
40.4

1980

19,114
20,445

238

30.5
22.7
46.8

1990

35,432
37,084

327

25.8
22.2
51.9

1998

57,433
52,677

442

25.9
21.3
52.8

1999

58,472
54,881

440

25.6
21.2
53.2

2000

57,014
57,014

419

25.9
20.8
53.3

Growth
rate (%)

1980
to

2000
5.6
5.3
2.7

Sources: [Ref.2]

1.3. Energy Situation

1.3.1. Energy Resources

Pakistan's commercially exploitable energy resources consist of coal, gas, oil and hydropower,
and a large base of traditional fuels in the form of fuel wood, agricultural and animal wastes. Pakistan
does not have adequate energy reserves (Table 4). Pakistan has to import large quantities of oil to meet

1 In this report, unless otherwise specified, years correspond to financial years (1st July - 30th June)
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its energy requirements. During 1999-2000, Pakistan spent about 31.8% of its export earnings on
petroleum imports [Ref. 3].

TABLE 3. BASIC INDICATORS

Indicator

Average annual rate of inflation*

Life expectancy at birth
Literacy rate

Period/year

1980-1990
1990-2000
1980-2000

2000
2000

7.6%
9.2%
8.5%

63 years
49%

* Measured by Consumer Price Index.
Sources: [Ref. 2]

TABLE 4. ESTIMATED ENERGY RESERVES
Exajoule

Total amount in place (2000) a

Total amount in place b

Solid

79.3
85.8

Liquid

1.5
1.3

Gas

20.0
20.6

Uranium Hydro

1.4 c

25.3 d

Total

102.2
133

a Country information [Ref. 4]
b IAEA Energy and Economic Data Base
c Equivalent to estimated hydropower potential of 30,000 MW by converting to energy at 50% plant factor and using 10,550

GJ/GW-h conversion factor from secondary energy to primary energy.
6 For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross theoretical

annual capability (World Energy Council - 1998) by a factor of 10.

1.3.2. Energy Supplies

The energy supplies statistics are given in Table 5. For the last ten years, the indigenous oil
production has been at the level of about 55,000-60,000 barrels per day (equivalent to about 13-22%
of the country's oil consumption). Pakistan's natural gas production in 1999-2000 amounts to 2,245
million cubic feet per day. The incremental production from the fields under development and future
gas discoveries is expected to enhance the supply.

Coal Production in 1999-2000 was only 3.2 million tonnes. The present market is confined
mainly to providing fuel for brick kilns. The development of the coal mining industry in Pakistan,
particularly for power generation is hampered by many constraints relating to the quality and quantity
of coal, mining difficulties, organization problems and investment risks.

Hydropower is providing about 30% of electricity in Pakistan. Although, Pakistan has
relatively high endowment of hydropower potential, only 4,964 MW (17%) has been exploited and
about 1,450 MW capacity is under construction. Various mini/micro hydro projects are in construction
or in planning phase and a number of medium and large size hydroelectric projects have been
planned/proposed.

Two nuclear power plants are operating in Pakistan satisfying about 3% of electricity needs of
the country in financial year 2000-2001. The first plant, KANUPP, has been kept operational since it's
commissioning in 1971 and has generated about 10 billion kW-h of electricity. The second nuclear
power plant, CHASNUPP, was connected to the national grid on 13 June 2000, and has been operating
satisfactorily.

1.4. Energy Policy

Energy sector is regulated and to a large extent owned and operated by the Government of
Pakistan (GOP). GOP has been carrying out institutional reforms in the energy sector for the last 15
years. Besides improving the efficiency of public sector institutions, policies are aimed at increasing
private sector participation in the development of energy sector. In line with these objectives, in 1986,
the GOP encouraged setting up of private sector power projects on BOO (Build-Own-Operate) basis
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as a matter of policy, but the response was not very encouraging. The GOP announced comprehensive
frameworks in 1994 and 1995 aimed at attracting private sector investments for the development of
power sector. In 1998, the GOP announced a policy to increase the role of regulatory body — National
Electric Power Regulatory Authority (NEPRA) for the power producers. Various policies have also
been announced for other sub sectors of the energy sector (e.g. Petroleum, etc.) in order to increase the
private participation.

TABLE 5. ENERGY STATISTICS
Exajoule

Energy supply
- Total(1)

- Solids(2)

- Liquids
- Gases
- Primary electricity(3)

Energy production
- Total
- Solids(2)

- Liquids
- Gases
- Primary electricity(3)

Net import (import — export)
-Total
- Solids(2)

- Liquids
- Gases

1960

0.38
0.29
0.07
0.02
0.01

0.31
0.27
0.01
0.02
0.01

0.07
0.02
0.05
0.00

1970

0.64
0.33
0.17
0.11
0.03

0.49
0.33
0.02
0.11
0.03

0.15
0.00
0.15
0.00

1980

1.00
0.39
0.20
0.25
0.16

0.82
0.39
0.02
0.25
0.16

0.18
0.00
0.18
0.00

1990

1.65
0.51
0.50
0.47
0.18

1.24
0.48
0.12
0.47
0.18

0.41
0.03
0.38
0.00

1998

2.27
0.58
0.79
0.67
0.24

1.59
0.55
0.13
0.67
0.24

0.69
0.03
0.66
0.00

1999

2.34
0.59
0.79
0.71
0.24

1.64
0.56
0.13
0.71
0.24

0.69
0.03
0.66
0.00

2000

2.42
0.60
0.84
0.77
0.21

1.68
0.58
0.13
0.77
0.21

0.73
0.03
0.71
0.00

Average annual
growth rate (%)

1980
to

2000

4.51
2.16
7.29
5.88
1.39

3.68
1.92
9.39
5.88
1.39

7.19

6.98

(l> Energy supply = Primary energy production + Net import (Import - Export).
a> Solid fuels include coal and commercial wood.
(3) Primary electricity = Hydro + Nuclear
Sources: [Ref. 4]

When the 'Policy Framework and Package of Incentives for Private Sector Power Generation
Projects in Pakistan' was announced by the GOP in March 1994, i.e. the introduction of Independent
Power Producers (EPPs), the total installed capacity in the country was 10,800 MW. This capacity was
insufficient to meet the demand on year round basis, particularly during low river flow periods, and it
necessitated load shedding of the magnitude of 2,000 MW during peak load hours. At that time, an
optimistic load projection at the rate of 8% per annum for the next 25 years gave rise to an estimated
54,000 MW additional electricity generation capacity requirement up to year 2018. Such an ambitious
programme could not be financed by the GOP, and therefore, resource mobilization in the private
sector was considered essential to meet these development targets.

Due to a poor response of the 1986 policy, a policy package was devised in March 1994 for
attracting overseas investment as well as domestic capital for developing power projects. The lucrative
terms, with a high rate of return on equity, attracted a large number of foreign investors and created a'
situation of surplus power in the country, since the economic growth slowed down in the following
years and power demand did not grow as projected. The financial position of Water and Power
Development Authority (WAPDA) was adversely affected due to high tariffs and guaranteed
payments to be made to the IPPs.

The GOP revised the power policy in July 1998. This policy envisages power generation
additions in future through competitive bidding for specific sites and types of plants and gives priority
to indigenous fuel based (hydro and local coal) projects. Competitive bidding amongst power suppliers
is likely to keep the tariff low. In the mean time efforts are being made to solve the problem of surplus
power by revival of the sick industry. The present policy of the government is not to use public sector
funds for power production, except for hydro generation.
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2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

The integrated power system of Pakistan consists of two utilities, namely WAPDA and KESC.
Pakistan Atomic Energy Commission (PAEC) owns nuclear power plants, which are connected to
WAPDA and KESC networks. The IPPs are connected to the national grid at various locations.

• WAPDA

Previously WAPDA had the following responsibilities:
- Planning and execution of thermal and hydro electricity generation projects;
- Execution of irrigation, water storage, and soil drainage schemes;
- Prevention of water logging and carrying out reclamation of water logged and

saline lands;
- Flood control.

Now the Power Wing of WAPDA has been restructured and eight distribution companies,
three thermal generation companies and one transmission and distribution company have
been established. However, all hydropower projects remain with the WAPDA.

• KESC

- KESC is a limited company listed at Karachi Stock Exchange. Majority of its
shares are held by the public sector. However, plans exist for its privatization.

- KESC is responsible for generation, transmission and distribution of power to the
city of Karachi, Uthal in Sind, and Bela district in Balochistan.

• PAEC

PAEC is responsible for:
- Nuclear power project planning and implementation;
- Operation and maintenance of nuclear power plants;
- PAEC owns two nuclear power plants:

• KANUPP (Karachi Nuclear Power Plant), a 137 MWe PHWR, integrated in
KESC network;

• CHASNUPP (Chashma Nuclear Power Plant), a 325 MWe PWR connected to
WAPDA grid since 13 June 2000.

• IPPs

IPPs only generate electricity. Transmission and distribution is the responsibility of
transmission and despatch company. The IPPs in operation as on 30th June 2000 are:

- KAPCO (1466 MW)
- HUBCO(1292MW)
- AES Pak. Gen. (365 MW)
- Gul Ahmad Energy (136 MW)
- Kohinoor Energy (131 M W)
- Tapal Energy (126 MW)
- AES Lalpir (362 MW)
- Japan Power (135 MW)
- Southern Electric Power (117 MW)
- Habibullah Coastal (129 MW)
- Fauji Kabirwala (157 MW)
- Rousch Pakistan (412 MW)
- Saba Power (134 MW)
- Uch Power (586 MW)

Table 6 provides the installed electricity generating capacity and transmission voltages of
the utilities and IPPs, while Figure 1 shows the installed generation capacity of the country by plant
type.
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TABLE 6. POWER PLANTS AND GRID OF UTILITIES ON 30TH JUNE 2000

Utilities

WAPDA
KESC
IPPs

Total

Installed Capacity (MWe)

Thermal

5,131
1,756
5,549
12,436

Hydro*

4,826

4,826

Nuclear

325
137

462

Total

10,282
1,893
5,549
17,724

Transmission
Voltage

500,220,132 kV
220,132 kV
500,220,132 kV

* A 138 MW, run of river, project has also been commissioned since March 2001.
Source: [Ref. 2 & 4]
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FIG. 1. Installed Generating Capacity of Electric Power on 30 June 2000

2.2. Decision Making Process

The National Economic Council (NEC) is the supreme economic body responsible for
ensuring balanced development of the country. It was created in December 1962 under Article 145 of
the Constitution of Pakistan. NEC is headed by the Head of the Government. Its members include
some of Federal Ministers, the Governors/Chief Ministers of the provinces, and the Deputy Chairman
of the Planning Commission. The Planning Commission is the chief instrument for formulating the
national plans.

The Energy Wing of the Planning Commission estimates the energy demand on the basis of
information obtained from all concerned entities. It integrates this information at the national level to
formulate unified short and long-term national energy plans.

Within the energy sector, the nuclear power area is handled exclusively by the PAEC, which
also carries out its own energy studies and makes suggestions to the Energy Wing particularly towards
the development of nuclear power with a view to ensure an appropriate mix of resources for electricity
generation. The Energy Wing forwards the suggestions to the NEC. The NEC has the overall control
of planning and approves all plans and policies relating to electricity sector development, and makes
the energy policy. The Executive Committee of the National Economic Council (ECNEC) supervises
the implementation of energy policy laid down by the Government.
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The Private Power and Infrastructure Board (PPIB) has been set up under the Ministry of Water
and Power to assess, evaluate, and co-ordinate the private sector power generation projects.

In 1997, NEPRA was established for regulating the provision of electric power services.
NEPRA is responsible for grant of licenses for generation, transmission, and distribution of electric
power. It approves tariff rates and other terms and conditions for the supply of electric power services.

2.3. Main Indicators

Table 7 shows the historical electricity production and installed capacity in the country and
Table 8 provides energy related ratios. The integrated power system of Pakistan (as of 30th June 2000)
has an installed capacity of 17,724 MW comprising hydro, thermal (oil, gas and coal fired) and
nuclear plants. The hydro capacity is season dependent, decreasing to about 3,000 MW when the water
level in the dams gets low. Due to ageing, the effective generation capacity of WAPDA's thermal
power plants has decreased slightly. In the past several years (before mid 1990s), the installed capacity
had been insufficient to meet the demand on a year round basis. As such at different time of the year,
particularly during low river flows, consumers were subjected to load shedding. The magnitude of
load shedding was around 2,000 MW during 1994, which reduced the industrial growth and adversely
affected the economy.

TABLE 7. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)
- Total a

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GWe)
- Total
- Thermal
- Hydro
- Nuclear

1960

1.10
0.59
0.51

0.42
0.17
0.25

1970

6.46
3.54
2.92

1.72
1.05
0.67

1980

14.89
6.17
8.72

b

3.50
1.79
1.57
0.14

1990

37.94
20.72
16.93
0.29

7.86
4.83
2.90
0.14

1998

62.10
39.66
22.06
0.38

15.66
10.70
4.83
0.14

1999

65.19
42.67
22.45
0.07

15.66
10.70
4.83
0.14

2000

66.55
46.06
19.29
1.20 c

17.73
12.44
4.83

0.46 c

Average
Annual Growth

Rate (%)
1960
to

1980

13.94
12.50
15.25

11.15
12.53
9.55

-

1980
to

2000

7.71
10.57
4.05

8.45
10.17
5.79
6.27

a Electricity losses are not deducted.
"Less than 0.01 TW-h
c 325 MW nuclear power plant, CHASNUPP, was connected to the national grid on 13 June 2000.
Sources: [Ref.4 & 8 ]

TABLE 8. ENERGY3 RELATED RATIOS

Energy supply per capita (GJ/capita)
Electricity generation per capita (kW'h/capita)b

Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)d

Load factor of electricity plants (%)
- Total
- Thermal
- Hydro
- Nuclear

1960

8
24
4

18

30
40
23

1970

11
108
14

23

43
39
50

1980

12
186
19
C

18

49
39
64

1990

15
351
32
0.8
25

55
49
67
24

1998

17
478
41
0.6
30

45
42
52
31

1999

18
492
42

0.11
30

48
46
53
6.5

2000

18
483
41
1.6
30

43
42
46
42

Wood is included
Self generation is not included

c Less than 0.1%.
d Net import / Total energy consumption
Sources: [Ref. 2,4 & 8]

Since early 1990s, the economic growth of Pakistan has declined significantly from a level of
about 6% per annum in the 1980s to a level of only 3-5% per annum. Along with this economic
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decline, there have been real increases in the prices of electricity. Furthermore, there have been
changes in legislation resulting in large increase in self-generating capacity installed in the industry.
All these factors contributed to the slowing down of electricity demand on the grid.

The GOP is very keen for revival of economy and it has taken various measures in this regard.
It is hoped that 6% economic growth will be achieved in the beginning of next decade (2010-2020).

Applied Systems Analysis Group of Pakistan Atomic Energy Commission has assessed the
future electricity requirements using MAED and WASP methodologies of IAEA. For this study [Ref
5], 5% GDP growth has been assumed for the 9th Five-Year Plan (1998-2003), 5.5% for the 10th Plan
period (2003-2008) and 6% thereafter up to year 2033. It has been estimated that total electricity
demand will increase by 6.1% during 1998-2003, 7.0% during 2003-2008, 7.6% during 2008-2013,
7.3% during 2013-18, 7.0% during 2018-23 and 6.7% during 2023-33. The corresponding electricity
generation capacities and fuel mix (determined with the help of WASP methodology of IAEA under
various assumptions) are given in Table 9.

he Planning and Development Division of Government of Pakistan has also projected the
electricity generation capacity requirements during preparation of 9th Five-Year Plan [Ref. 6].
However, its fuel mix is not available. Also, WAPDA has carried out a study to determine the
maximum role of hydropower in energy mix of Pakistan [Ref. 7]. Projections of Planning Division and
WAPDA are given in Table 9.

TABLE 9. REQUIREMENTS OF ELECTRICITY GENERATION CAPACITY IN THE YEARS 2005,
2010, 2015 AND 2020

MWe

Projected Capacity
Planning Division1

WAPDA2

ASAG3

Fuel Mix (ASAG3)
Hydro
Oil
Gas (including imports)
Indigenous Coal
Nuclear

2005

17,704-18,861
20,247
20,559

6,518
7,140
6,356
150
395

2010

27,789-30,985
26,307
26,780

8,518
6,356
10,161

750
995

2015

43,279-50,518
39,655
37,771

12,878
8,270
13,148
1,950
1,525

2020

55,959-67,141
-

52,375

15,662
9,534
11,704
12,750
2,725

'• [Ref. 6]
2- [Ref. 7]
3- [Ref. 5]

2.4. Impacts of Open Electricity Market on Nuclear Sector

In the past, the power sector in Pakistan was completely owned and operated by the GOP. Since
mid 1980s, the GOP has been formulating policies to encourage private sector for electricity
generation. The first policy was introduced in 1986 but the response was not very encouraging. In
1994, the GOP announced a comprehensive framework for attracting private sector investments for the
development of power sector. The government adopted an aggressive strategy and a positive response
from the private sector investors has been achieved. The private thermal power policy has been
successful in achieving the addition of sizeable thermal capacity in the power sector. Significant
progress has also been made towards the implementation of the restructuring and privitization
programme of electricity utilities, particularly WAPDA. For increased use of indigenous energy
resources a comprehensive hydro policy has been announced in 1995 aimed at attracting the private
sector in helping GOP to exploit the hydro resource. According to the existing policy (announced in
July 1998), private investors will develop power projects under the NEPRA license. NEPRA will
invite offers for lowest tariff per kWh for delivered energy from private sector entrepreneurs.

In response to the first two private power policies (1986 and 1994), private investors made
investments for oil and gas fired power plants. Now, in the new policy, GOP intends to promote hydro
and indigenous coal-fired electricity generation for private sector. Up till now nuclear power
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development is the responsibility of the Pakistan Atomic Energy Commission, which is a public sector
organization. All the investments in nuclear power development are from public sector. At this stage,
it is difficult to tell if the nuclear power industry would be able to attract private financing, as there are
distinct features of nuclear power plants compared to other types of power plants (e.g. high capital
costs, long construction period, unique safety aspects and international constraints on supply of
nuclear power plants and its fuel).

3. NUCLEAR POWER SITUATION

3.1. Historical Development

Pakistan started construction of its first Nuclear Power Plant (KANUPP) in 1966 at Karachi and
it was commissioned in 1971. The contract for a turnkey project of 137 MWe CANDU (PHWR)
reactor was awarded to the Canadian General Electric (CGE). In 1975, Canada refused to supply fuel
and spares for this plant due to nuclear non-proliferation concerns. Thereafter, Pakistan Atomic
Energy Commission undertook fuel fabrication on an emergency basis and has been producing locally
made fuel since 1981.

Despite the keen interest of Pakistan in building additional nuclear power plants, it took more
than two decades to start construction of the second nuclear power plant due to unfavourable
international environment coupled with lack of indigenous technological and industrial capabilities for
independent design and construction of nuclear power plant. The construction of Pakistan's second
nuclear power plant started in 1992 with the help of China National Nuclear Corporation (CNNC).
The plant was connected to the national grid on 13 June 2000. It has a gross capacity of 325 MWe and
is located at Chashma.

3.2. Current Policy Issues

Pakistan was among the first few developing countries to enter the field of nuclear power
generation. Unfortunately, development of nuclear power in the country was constrained due to
international embargoes, shortages of financial resources and insufficient technical manpower.
However, this situation has improved considerably as a result of many years of a sustained and
rigorous programme of training, research and development in the nuclear field. PAEC is pursuing a
comprehensive plan in order to enhance its technical capability in the field of nuclear power in a
manner that would gradually lead to a high degree of self-reliance. The plan aims at systematically
developing local capability, in close co-operation with supplier countries, leading progressively to
increase indigenous design, engineering and manufacture of nuclear power plants together with their
components and fuel.

3.3. Status and Trends of Nuclear Power

At present, nuclear power provides about 3% of electricity generation in the country. This
power is generated by the 137 MWe PHWR at KANUPP and the 325 MWe PWR at CHASNUPP.
PAEC is planning to install another nuclear power plant at the CHASNUPP site. Table 10 provides the
status of nuclear power plants in the country.

3.4. Organizational Chart

Figure 2 shows the organizational chart for the National Atomic Energy Authority of Pakistan.

Established as Pakistan Atomic Energy Committee in 1955, the Ordinance for Pakistan Atomic
Energy Commission (PAEC) was promulgated by the President of Pakistan on 27th May 1965 which
was later approved by the National Assembly on 21st July, 1965. PAEC was established for the
promotion of peaceful uses of atomic energy in the country, the discharge of international obligations
connected therewith, the execution of development projects involving nuclear power stations and
matters incidental thereto.
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TABLE 10. STATUS OF NUCLEAR POWER PLANTS

Station

CHASNUPP1

KANUPP

CHASNUPP 2

Type

PWR

PHWR

PWR

Net
Capacity

300

125

300

Status

Operational

Operational

Planned

Operator

PAEC

PAEC

PAEC

Reactor
Supplier

CNNC

CGE

Station

CHASNUPP 1

KANUPP

CHASNUPP 2

Construction
Date

Ol-Aug-93

Ol-Aug-66

Criticality
Date

03-May-00

Ol-Aug-71

Grid
Date

13-Jun-00

18-Oct-71

Commercial
Date

15-Sep-00

Ol-Oct-72

Shutdown
Date

Source: IAEA Power Reactor Information System year-end 2000.

PAEC has a Chairman and six full-time working members and three part time members,
appointed by the Government of Pakistan. PAEC reports to the Pakistan Atomic Energy Council
consisting of 24 members. Since the inception of PAEC, head of the Council has always been the
Executive Head of the GOP.

Pakistan Atomic
Energy Council

Chairman
PAEC J

f Member
^ Technical

^ ( Member ^
J ^ Power J

Member
Fuel Cycle

^ (

J (P
( Member ^
Physical Sciences)

^ ( Member BIO-> f Member ^
s) [Sciences &Adminj ^ Finance J

FIG, 2. Organizational Chart for National Atomic Energy Authority

The functions of the PAEC are to do all acts and things, including nuclear research work,
necessary for the promotion of peaceful uses of atomic energy in the fields of agriculture, medicine
and industry and for the execution of development projects including nuclear power stations and the
generation of electric power. In the performance of its functioning, the Commission is guided by the
instructions, if any, given to it by the GOP. PAEC may, subject to prior approval of GOP, cooperate
with foreign national authority or international organization in respect of peaceful uses of atomic
energy. PAEC also represents Pakistan's membership in IAEA.

4. NUCLEAR POWER INDUSTRY

4.1. Supply of Nuclear Power Plants

Policy and Strategy

Pakistan aims at gradual indigenisation of its nuclear power programme to the optimum level in
order to reduce dependence on imported plant and fuel, conserve the precious foreign exchange
component and lower overall cost, while raising the level of nation's industrial and technological base.
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Achievements

PAEC started nuclear power planning activities since early 1960s and has now developed
expertise in energy forecasting, power plant economics and power system expansion and pre-project
planning.

Design and engineering of nuclear power plant was initiated in 1980 and a formal Design &
Engineering Department was set up in 1985. Over 100 engineers trained in Europe and China have
actively participated in the design, design review, PSAR and FSAR preparation & review of
CHASNUPP.

PAEC has already developed non-destructive testing (NDT) and quality assurance (QA)
capability. The National Centre for Non Destructive Testing (NCNDT) and Pakistan Welding Institute
(PWI) have been set up and PAEC has trained a large number of personnel in public and private
sector.

The development of infrastructure facilities at CHASNUPP site and civil construction of all
plant building/structures outside nuclear and conventional islands has been carried out by local
industry. In future plants, civil works will be mostly carried out by local industry with sizable
contribution in installation activities as well.

Some local manufacturing capability exists in the public and private sectors for the
manufacturing of thermal power plant boiler components, heat exchangers and electrical equipment. In
PAEC, efforts have been made to look after instrumentation and control, material, nuclear fuel cycle
facilities and manufacture of spares for KANUPP. A Full Scope Training Simulator for CHASNUPP
has also been developed by PAEC with the technical assistance of Chinese experts in addition to
manufacturing of several vessels, tanks and piping, etc.

4.2. Operation of Nuclear Power Plants

PAEC is responsible for operation and maintenance of nuclear power plants in the country.
KANUPP has been kept operational since its commissioning in 1971. In fact, since 1976 when Canada
unilaterally abrogated the tripartite arrangement (Pakistan, Canada, IAEA) and stopped all supplies of
fuel, heavy water, spare parts and technical information, Pakistan has been operating this plant under
great odds. Pakistan had no other option but to develop local capabilities for making fuel and spares by
itself. Now, both the nuclear power plants (KANUPP & CHASNUPP) are operating satisfactorily.
Various PAEC centres (e.g., NCNDT, PWI, PINSTECH) provide valuable backup services as
required.

4.3. Fuel Cycle and Waste Management Service Supply

PAEC initiated nuclear fuel cycle activities with a modest prospecting programme in early
1960s. A number of promising areas were located, some of which are presently being explored.

Uranium ore has been mined and the first ore processing plant using this indigenous ore has
been in operation for some time. Essential laboratory facilities have also been set up to support the
exploration and ore process development work.

Kundian Nuclear Fuel Complex (KNFC) has the facility for the fabrication of fuel for
KANUPP.

Appropriate radioactive waste management systems have been designed for KANUPP and
CHASNUPP to remove radioactive liquid, gaseous and solid wastes arising from the plant. These
radioactive waste management systems collect, store, allow sufficient radioactive decay and process
the waste through filtration, ion exchange, evaporation, solidification, vitrification and drumming.
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4.4 Research and Development Activities

Research Reactor Facilities

PARR-1 Swimming Pool 10 MW AMF, USA
PARR-2 Tank in Pool 30kW CIAE, People's Republic of China

Research Institutes/Centres

• PINSTECH (Pakistan Institute of Nuclear Science and Technology)
Basic/Applied Research in Physics, Chemistry, Materials, Safety, Radioisotope
Applications and Radiation Protection

• PIEAS (Pakistan Institute of Engineering and Applied Sciences)
(Formerly Centre for Nuclear Studies)
Bachelor, Masters and PhD Degree Courses in various disciplines of Nuclear
Engineering, System Engineering, Nuclear Medicine and Information
Technologies

• KINPOE (Karachi Institute of Nuclear Power Engineering)
Masters Degree in Nuclear Power Engineering, Diploma Course for Technicians

• INUP (Institute for Nuclear Power)
Indigenization and Design of NSSS

• ICCC (Instrumentation, Control and Computers Complex)
I & C of NPP, development of simulators, plant computer systems, etc.

4.5. International Co-operation in the Field of Nuclear Power Development and
Implementation

As part of its commitment towards ensuring and continuously enhancing the operating safety
of KANUPP, Pakistan is an active member in various international organizations in the field of
nuclear energy, and exchanges operating data regularly. The Fuel Channel Integrity Assessment
Programme (FCIA) was undertaken with the help of IAEA and Canada. An independent review of
KANUPP steam generators was also carried out under contract by a Canadian utility. An IAEA
seismic safety review mission inspected the plant in 1993. The findings of the above mission are
eminently satisfactory. A project, "Improved Safety Features of KANUPP" is in progress under the
auspices of the IAEA. This is an extension of the project "Safe Operation of KANUPP" which has
been pursed in co-operation with the IAEA. The KANUPP is a member of WANO and COG.

CHASNUPP is also under the safeguards of IAEA. The design and safety review of
CHASNUPP was carried out by an IAEA mission in 1993 and Pre OSART in March 1999. PAEC
shares its operating information with other Nuclear Power Plant operators, through IAEA and WANO.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

In Pakistan, nuclear regulatory matters are overseen by the Pakistan Nuclear Regulatory
Authority (PNRA). PNRA was established through a Presidential Ordinance of 22nd January 2001
[Ref. 9]. The Authority is in the process of its formation. A Chairman and a full time member have
been appointed by the Federal Government. The Authority shall consist of a Chairman, not more than
two full time members and seven part time members. PNRA is empowered to devise adopt, make and
enforce regulations and orders for nuclear safety and radiation protection to all types of nuclear
installations and nuclear substances.
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PNRA issues licences for the nuclear installations and production, storage, disposal, trade and
use of nuclear substances and radioactive materials. The licence may be issued on application made to
the Authority accompanied by prescribed fee, relevant information and documents, as required by
regulations.

5.2. Main National Laws and Regulations

• Pakistan Nuclear Safety and Radiation Protection Regulations, 1990
• Regulations for Treatment of Food by Ionizing Radiation, 1996

• Regulations for Licensing of Nuclear Power Plant Operating Personnel, 1998

• Regulations for Licensing of Nuclear Research Reactors Operating Personnel, 1998

After the promulgation of the Pakistan Nuclear Safety and Radiation Protection Ordinance in
1984, and the Pakistan Nuclear Safety and Radiation Protection Regulations in 1990, preparation of
regulatory documents started in 1990. The first document, prepared in 1990, was the "Procedure for
Licensing of Nuclear Power Plants in Pakistan", which provides the basis for the licensing of nuclear
power plants in Pakistan. Similarly, "Procedure for Licensing of Research Reactors in Pakistan" was
prepared in 1991.

5.3. International, Multilateral and Bilateral Agreements

Pakistan became a Member State of the International Atomic Energy Agency (IAEA) in 1957
and has actively participated in virtually all of the Agency's activities. Pakistan has benefited from the
IAEA's Technical Assistance and Co-operation Programme (TACP), and has also provided training to
many scientists and engineers from other developing countries through TACP.

AGREEMENTS WITH THE IAEA

Project related safeguards agreements
INFCIRC No:
• /34

• /116
• /135
• /239
• /418

Research reactor
Project agreements
NPP Project/Canada
Reprocessing Plant/France
Supply of Nuclear Power
Station from PR of China

5 March 1962
17 June 1968

17 October 1969
18 March 1976
24 February 1993

Unilateral safeguards submissions
INFCIRC No:
• /248

• /393
Supply of U-concentrate
Supply of miniature source
reactor from PR of China

2 March 1977
10 September 1991

• Additional protocol

• Improved procedure for designation
of safeguards inspectors

• Supplementary agreement on provision
of technical assistance by the IAEA

• RCA

prefers the present system

Entry into force:

Not signed

Letter of
20 December 1988

22 September 1994

3 September 1987
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• Agreement on privileges and
Immunities with IAEA

Party

Other Relevant International conventions/agreements etc.

NPT

Convention on the physical protection
of nuclear material

Entry into force:

16 April 1963

Non-Party

12 October 2000

Convention on early notification of a Entry into force:
nuclear accident

• Convention on assistance in the case Entry into force:
of a nuclear accident or radiological
emergency

• Vienna convention on civil liability
for nuclear damage

• Joint protocol

• Protocol to amend the Vienna convention
on civil liability for nuclear damage

• Convention on nuclear safety Entry into force:

• Convention on supplementary compensation
for nuclear damage

• Joint convention on the safety of spent fuel
management and on the safety of radioactive
waste management

• ZANGGER Committee

• Nuclear export guidelines

• Acceptance of NUSS codes

• Partial; test-ban treaty Signature:

12 October 1989

12 October 1989

Non-Party

Non-Party

Non-Party

29 December 1997

Not signed

Not signed
(adopted 1997)

Non-Member

Not adopted

No reply

14 August 1963
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND
COMPANIES INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY A UTHORITY

Pakistan Atomic Energy Commission
(PAEC)
P.O. Box 1114
Islamabad
Pakistan

NATIONAL REGULATORY AUTHORITY

Pakistan Nuclear Regulatory Authority:
P.O.Box 1912
Islamabad
Pakistan

OTHER ORGANIZATIONS

Aga Khan University

NED University of Engineering and Technology

University of Karachi

Tel: +92-51-9204276
Fax: +92-51-9204908
Telex: 5725 ATCOM PK
Cable: ATOMCOM, ISLAMABAD

Tel +92-51-9204417
Fax: +92-51-9204112
www.pnra.gov.pk

http://www.akuweb.com/

http://www.rpi.edu/~ashrafs/ned.html

http://www.kudcs.edu.pk/
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ROMANIA

1. GENERAL INFORMATION

1.1. General Overview

Romania is a unitary republic in southeastern of Central Europe, in the northern part of the
Balkan Peninsula, halfway between the Atlantic Ocean and the Ural Mountains, being placed at a
distance ranging between 1050 km and 2800 km against the continent extremities. The country is
bordered by Hungary (west), Serbia (south-west), Bulgaria (south), Ukraine (north), Moldavia (north-
east) and the Black Sea (east), along 245 km of coastline. The country covers an area of 238,391
square kilometres and is the continent's 13th largest country in area.

Romania's topography is dominated by the great arch of the Carpathian Mountains, which enter
northern Romania via Ukraine and take a curving course, first southeastward and then westward
across the central part of the country. The Carpathians then turn south again and cross the lower
course of the Danube River, which forms Romania's southern boundary with Bulgaria. The southern
and eastern portions of Romania consist of fertile plains that are drained by the Danube and its
tributaries. The Carpathians in Romania may be divided into the Eastern Carpathians, the Southern
Carpathians (or the Transylvanian Alps), and the Western Carpathians. The highest point in Romania
is the peak of Moldoveanu (2,544 m) in the Southern Carpathians. Main features of relief units are:

• proportionality (31% mountains, 36% Sub-Carpathians, hills and plateaux, 33% plains, meadows
and Danube Delta).

• concentric display, in amphitheatre (The three ranges, the major levels, with an average elevation
of 800 m, form a semicircle, open to the west through structural depressions ("gates"), that
shelters the tableland of the Transylvanian Basin in the central part of the country. On the outer
fringe of the Carpathians' great arc are the Sub-Carpathians, reaching elevations between 400 and
1,000 m. The eastern and southern plains occupy one-third of the country's total area and formed
the populated cores of historic Moldavia and Walachia, respectively.

Stretching for approximately 480 km from north to south and about 680 km at its widest extent
from west to east, on the parallel of 45 °N latitude, crossing with the meridian 25 °E, it contains no
desert, too high mountains, or other difficult environments that limit the extent of human occupancy.
Romania's climate is intermediate between temperate and continental types, with lower oceanic
influences from the west, Mediterranean ones from southwest and stronger continental-excessive ones
from the north-east. Average annual temperatures range latitudinal from 11°C in the south to 7 °C in
the north and attitudinally with values of -2.5° C in the mountain areas (Omu Peak - Bucegi Massif)
and 11.6°C in the southern plain (Zimnicea town - Teleorman county); average yearly rainfall
decreases in intensity from west to east, with ranges from 400 mm in the south-east to 1,400 mm in
the Carpathian Mountains. Romanian running waters are radially displayed, most of them having the
springs in the Carpathians. Their main collector is the Danube River, which crosses the country in the
south on 1075 km length (about 40 % of the entire course) and flows into the Black Sea through a
large delta. Its basin area is 33,250 km2, excluding the tributaries, which form the first-degree basins.
In the mountains areas there are numerous glacial lakes and recently, anthropic lakes which turn into
account the rivers hydro-energetic potential.

The vegetation is determined by the relief and by pedo-climatic elements, being displayed in
floors. Mountain areas are covered by coniferous forests (especially spruce fir), mixture forests
(beech, fir-tree, spruce fir) and beech forests. Higher peaks are covered by alpine lawns and bushes of
dwarf pine, juniper, bilberry etc. In the hills and plateaux, there are broad-leaved forests, prevailing
beech, common oak or durmast oak; the main forest species often met on low hills and high plains are
Quercus cerris and Quercus frainetto. Forests cover about one-fourth of the land. The typical steppe
and silvosteppe vegetation, which covered the areas of low humidity in Dobrogea Plateau, Romanian
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Plain, Moldova Plateau and Western Plain, has been mostly replaced by agricultural crops.

The territory of the country is devised in 41 counties, with 262 towns (of which 82
municipalities) and 2,687 communes (consisting of 13,285 villages), and Bucharest Municipality. The
population of Romania, as of the end of 1998, was about 22,489,000 inhabitants - with a density of
about 94 - 95 people per km2. Only 8 cities have a population of over 300,000 and 19 cities have a
population of over 100,000. Bucharest, the capital city, has about 2.5 million inhabitants. Table 1
shows the historical statistics concerning population information.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2) 237.5

1960

18.4
78

33.0

1970

20.2
85

36.9

1980

22.2
93

45.8

1990

23.2
98

54.3

1996

22.6
95

54.9

1997

22.5
95

55.0

1998

22.4
94

55.1

1999

22.4
94

55.9

2000

22.3
94

Growth
rate (%)

1980
to

2000

0.0
0

1.03

Source: IAEA Energy and Economic Database; Data & Statistics/the World Bank; National Commission for Statistics (CNS),
Romanian Statistical Yearbook 1998; Institute of Geography Bucharest.

1.2. Economic Indicators

Table 2 shows the historical GDP data.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP (1)

GDP (2)

GDP <3) per capita
GDP by sector (%):

-Agriculture
-Industry
-Services

1980

34,272
35,767
1,544

N/A
N/A
N/A

1990

38,244
38,244
1,648

20
50
30

1991

28,851
33,305
1,245

18
45
37

1992

19,579
28,720

848

18
44
38

1993

26,361
29,007
1,148

21
42
37

1994

30,073
30,025
1,316

20
46
34

1995

35,686
32,097
1,570

21
43
37

1996

35,508
33,363
1,569

20
44
36

1997

34,904
N/A
1,550

20
45
36

1998

38,158
N/A
1,697

15
36
48

1999

31,293
28,689

1,398

16
31
53

Growth
rate (%)

1990
to

1998
-0.03

-
0.4

-3.5
-4.0
6.1

(1) Millions of current US$.
(2) Millions of constant 1990 US$.
(3) Current US$ per capita.
Source: IAEA Energy and Economic Data Base; C N S Romanian Statistical Yearbook 1998; Data & Statistics/the World Bank.

1.3. Energy Situation

Among the various main useful minerals we can mention: crude oil, with old exploitation
traditions; natural gas; coal, especially cocking pit coal, lignite and brown coal; ferrous and non-
ferrous ores, gold, silver and bauxite ore deposits; great reserves of salt as well as numerous non-
metalliferrous resources. Table 3 shows the energy reserves, and Table 4 the historical energy statistics.

2. ELECTRICITY SECTOR

With a Romanian electricity history that goes back to 1862 when electric lighting was for the
first time used in Bucharest. An electric power plant fitted with steam boilers and Brush dynamos
supplying direct current through a 2 kV line (underground cable) was commissioned in the downtown.
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TABLE 3. ENERGY RESERVES

Total amount in place

Solid

32.7

Liquid

9.2

Gas

15.1

Uranium(I)

3.8

Hydro(2)

6.8

Exajoule

Total

67.4
(l) This total represents essentially recoverable reserves.
<2) For comparison purposes, a rough attempt is made to convert hydro capacity to energy by multiplying the
gross theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

TABLE 4. ENERGY STATISTICS

Energy consumption
- Total0'
- Solids*2'
- Liquids
- Gases
- Primary electricity3'

Energy production
-Total
- Solids
- Liquids
- Gases
- Primary electricity^3'

Net import (import - export)
- Total
- Solids
- Liquids
-Gases

1960

0.83
0.17
0.25
0.41

1.05
0.14
0.49
0.41

-0.23
0.03

-0.25
-0.01

1970

1.91
0.42
0.46
1.00
0.03

1.94
0.33
0.58
1.01
0.03

-0.04
0.08

-0.11
-0.01

1980

3.10
0.62
0.79
1.56
0.13

2.58
0.47
0.48
1.51
0.12

0.51
0.15
0.31
0.05

1990

2.59
0.55
0.64
1.20
0.20

1.76
0.37
0.33
0.96
0.11

0.75
0.19
0.31
0.24

1999

1.67
0.32
0.50
0.59
0.25

1.17
0.22
0.27
0.44
0.25

0.48
0.09
0.23
0.16

2000

1.61
0.30
0.49
0.55
0.27

1.13
0.20
0.27
0.40
0.26

0.46
0.09
0.21
0.16

Average annual
growth

1960
to

1980

6.84
6.80
5.96
6.96

19.11

4.60
6.33

-0.13
6.68

18.89

-4.18
8.68

-1.16
-9.95

rate (%)

1980
to

2000

-3.22
-3.61
-2.38
-5.06
3.95

-4.07
-4.23
-2.93
-6.42
3.89

-0.51
-2.52
-1.81
5.73

Exajoule

(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2) Solid fuels include coal, lignite and commercial wood.
<3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database and Country Information.

The first European city endowed with electric street lighting was Timisoara, an exquisite town
located in the western side of the country. This dates back to 1884. Inl906, the General Society for
Gas and Electricity of Bucharest was set up. It was a joint-stock company, with French shareholders,
running according to the Romanian Commercial Code. The country's First Energy Law was passed in
1924. It specified explicitly that the installations for production, transmission and distribution of
energy were state property. This law was amended and extended in 1930 and 1934, but not
fundamentally altered. In 1938, the law for organizing the communal exploitation was enacted. After
periods of amazing developments early 20th century, in-between the two world wars, the electricity
sector knew a moderate development (an installed capacity of 501 MW and a production of 1.13
TW-hinl938).

In 1948, the energy industry, like all other industries, was nationalized. The legal framework in
the country became that of a centralized state economy. In 1949, The Ministry of electric energy and
Power Engineering was founded. All local companies and enterprises were co-ordinated by this newly
created structure.

In 1958, the National Power System was created through the interconnection of the local
systems. In 1963, the completion of the first parallel - synchronous interconnection of the National
Power System with the East European interconnected power system, through commissioning of the
220 kV overhead electric grid.
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Electrification of the first railway section (i.e. Ploiesti - Brasov) in the country took place in
1966. In 1968, the Territorial Power Dispatching Centres was set up. From 1980 to 1989, the National
Electricity System was confronted with severe difficulties. It operated in isolation, disconnected from
the neighbouring countries; the system frequency often dropped from 50 Hz to 47 Hz and operated at
the failure margin, due to the very high industrial consumption dictated by the forced industrialization
of the country and also to the inefficient energy consumption, the pressure of the natural gas in the
distribution networks often below normal, particularly in the cold Romanian winters; the industrial
plants operated below their design capacities. In the final years of the communist government, the
energy sector was additionally corseted by regulations imposing military control; however this legal
framework could not even make the energy sector function properly, much less enhance the efficiency
of the energy use.

After this period, the electricity sector has embarked in a deep and total restructuring process,
with efforts directed towards the marked economy. At the same time, a great decrease in the demand
and a steady reduction of the available domestic primary energy resources were recorded between
1990 and 1995.

2.1. Structure of the Electricity Sector

A new restructuring programme started in July 1998 when RENEL has been split and
reorganized. By Government Decision N° 365 / 02.07.1998, all nuclear activities were completely
separated and the National Electricity Company (CONEL - S.A.) was* founded as a joint stock
company performing the tasks of transmission, system and market operator. It owned 100% shares in
three affiliates:

• S.C.TERMOELECTRICA S.A., for electricity and heating generation in thermal power plants;
• S.C.HIDROELECTRICA S.A., for hydro power generation;
• S.C.ELECTRICA S.A., for power distribution and supply.

Also created was the state owned Autonomous Company for Nuclear Activities (RAAN).

The separation of the former Nuclear Power Group and the setting up of the National Nuclear
Company S.N. NUCLEARELECTRICA S.A. had been an explicit commitment assumed by Romania
when it ratified the Guarantee Agreement with the International Bank For Reconstruction And
Development (IBRD) (Government Ordinance N° 41 / 29.08.1995) and the European Bank For
Reconstruction And Development (EBRD) (Government Ordinance N° 6 / 16.01.1996), which
provides that the Romanian side will create an independent public institution for the nuclear activity.

The next stage of this reform process, lasting 12 months, started with the promotion of the new
Electricity and Heat Law as Government Emergency Ordinance N° 63 / 28.12.1998, becoming
effective in March 1999.

The major targets approached by the law have been:

• unbundling the main activities: electricity and heat generation, transmission, distribution and
supply;

• competition in generation and supply activities;
• free access to the transmission and distribution networks;
• the legal framework to set up the National Electricity and Heat Regulatory Authority, i.e. the

National Agency For Power Regulation (ANRE);
• the need for privatization, together with guarantees for non-discrimination by ownership and

technological criteria.

The whole economic and technical operation and development of the electricity sector will be
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regulated, ruled, supervised and monitored by the ANRE created according to the new Electricity
Law, set up by a Government Emergency Ordinance, in October 1998, as a public institution,
independent and autonomous.

The national power company CONEL, as well as NUCLEARELECTRICA, are set as stock
companies. The relationship among basic activities - generation, transmission and distribution are
based on commercial contracts. Accordingly, between ELECTRICA, the national distributor of
electricity, and NUCLEARELECTRICA a power purchase agreement was recently signed in
December 1999. The Electricity Law grants the third part access to the grid.

Contractualization of the power sector main activities is thus achieved and various prices can
be settled for each activity and services: (i.e. regulated supply tariffs, regulated distribution tariffs,
regulated transmission tariffs, the power purchase price, the system services tariffs, regulated
purchase price from the NPP).

The subsequent restructuring stage settled the electricity wholesale market rules. The needed
infrastructure for this market is also in process to be designed, achieved and commissioned (hardware,
software, and telecommunication links, metering). ANRE is creating and approving the requested
issuing prescriptions and rules to set-up the Electrical Power Market (secondary legislation i.e.; Grid
Code, Commercial Code, Distribution Code, Supply Code, Metering Code, Licensing procedures and
tariffs methodologies).

The electricity wholesale market will be determined by the activity of several producers and
buyers, which are being kept in relation through market mechanisms. These mechanisms are supposed
to balance the offer with the demand and to settle the market price.

The final restructuring stage will result in exercising the wholesale market functioning and
further on, in spinning off the thermal power generating subsidiaries and the distribution subsidiaries.
A number of independent companies are thus set up (by Government of Romania Decision No.
627/2000, former CONEL's branches becoming independent companies) and there will be considered
for privatization as soon as possible; creating such a competitive structure for the Romanian
electricity sector will provide enough incentives for private investors to set up independent power
producers either by building new generating capacities or by buying or getting concessions for the
existing capacities; private investors will be also encouraged to invest in the power sector.

With this GOR No. 627, the power sector has been technically, legally and commercially
unbundled. There is a clear separation of generation, transmission/dispatch, distribution and supply
activities. The Romanian electricity market is in a nutshell, together with the set up of
TRANSELECTRICA S.A, as transmission system operator of the entire Romanian power system and
administrating the specific market through its subsidiary - the market (commercial) operator OPCOM.

The readiness of Transelectrica is mainly based on the transmission fee, fully regulated by
ANRE and on the revenues from system services. Transelectrica buys the system services from
producers and uses its for the power system needs.

The Romanian electricity market is now mainly based on bilateral contracts:

regulated contracts (85% of the market) of main producers, suppliers and captive
consumers;

negotiated contracts, representing the competitive segment and the first pillar of the market,
with generators, suppliers and contestable consumers.

This level of 15% of market competitiveness will gradually be increased. The regulated
contracts of the wholesale electricity market offer a guarantee to the suppliers that are obliged to
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deliver electricity at regulated prices to the captive consumers. One of the most conspicuous features
of the Romanian wholesale market, an inheritance of the past, is the fact that hydro generation is 4
times cheaper than the thermal one. This very large difference in prices on the wholesale market is
expected to steadily disappear, by increasing the competitive component of the market. The regulated
market will finally turn into a competitive market. The Romanian power sector has the regulatory
framework for trade arrangements on the electricity market and is prepared for the next natural steps
of the restructuring process: distribution privatization in parallel with the privatization of a number of
power plants.

Romania has officially requested for the integration of its power system to the Union for the
Co-ordination of the Transport of Electricity of Western Power Systems (UCTE). At the end of the
year 2000, the Romanian Power System completed all the activities related to the aim of
interconnecting to the UCTE power systems, through the Hungarian grid and it is ready to start the
interconnection tests.

2.2. Decision Making Process and Future Trends

Considering the strategic importance of the energy sector in developing the national economy
on sustainable basis, the sector evolution has to be outlined through prognosis and strategies on
different horizons of time, so that the development perspectives and the energy supply to be correctly
estimated. This necessity is emphasized in the Governmental Programme of the present
administration, which takes into consideration "Romania's Economic Strategy on medium term" and
also "The Government Action Plan on 2000 - 2004", agreed with the European Commission.

In order to implement the Governmental Programme, the Ministry of Industries and Resources
appreciated that it is necessary to elaborate a National Energy Strategy, which to emphasize
conditionalities, possible options, related policies and correspondent impacts during the process of
taking decisions and establishing directions to operate. This document has as starting point the
sustainable development of Romania in the context of further country's admission to EU, and takes
into consideration the main objectives and priorities of the long-term National Energy Strategy. The
principles laying at the basis of this document are the following:

• Romania's admission in EU cannot be undertaken without an accelerate, long-term and stable
economic growth ~ at a higher rate than that of the European Community one;

• The economic expansion should be of a main priority, it is not just a wish, but a core necessity;
• The further integration of the national industry in the European structures imposes to be achieved

through the sustainable development of the energy sector;
• The change and restructuring process of the energy sector is of an extreme importance in the

process of national economy reform;
• Accelerating the privatization in the energy sector will lead to the creation of new real

competitive structures;
• The intensification of the investment efforts represents a vital necessity for the Romanian

industry;
• The results of the measures implemented towards the fulfilment of European standards will

depend of the competitive capability developed in the conditions of a fully opened electricity
market.

To accomplish the energy strategy and the energy policies that will be applied to the sector in
the next 4 years, a number of decisions must be taken:

• Accept a maximum import of 40% energy resources, considering security of supply reasons;
• Taking into consideration the previous decision, the decision-makers must decide how much of

the electricity market will be opened; the same for the gas market;
• Choose the best solution regarding the restructuring process in electricity and heat sector, in gas
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and oil areas;
• Choose specific privatization options for each of the energy sub-sectors;
• Establish the most advantageous situation between the case of using imported gas and the case of

using domestic coal and oil fuel, considering also the enhancement of environmental protection
requirements;

• Maintain the same tariffs for all the country consumers, because of social cohesion reasons;
• Intensify the investment efforts, for energy resources and for the whole production-transport-

distribution chain.

2.3. Main Indicators

At the end of the year 2000, the total installed capacity of the Romanian power sector was
16,286 MW: 8,660 MW in coal and oil, 5,934 MW in hydro, 706 MW in nuclear and 986 MW in
other IPPs (Independent Power Producers).

The average production costs, in USD/MW-h, for different power sources are:
• hydro < 10;
• nuclear 12-13;
• gas 25-30;
• coal 40-45.

The electricity tariff for nuclear power, of about 30 USD/MW-h, covers SNN SA overall
investment, production cost and financial expenses. The average selling price of electricity was in
2000 of about 45 USD/MW-h.

Generally, the electricity consumption after 1989 followed the evolution of the whole national
economy, mainly of the industrial activity, implying decrease periods, followed by growth periods.
Between 1997 and 1999, the energy resources, electricity and heat consumption diminished according
to national economy tightening. The decrease of energy consumption induced crisis phenomena in the
energy sector, manifested by a supplementary deterioration of the financial situation, slow down of
the investment and maintenance programmes, unemployment. Compared to 1999, in 2000 the
consumption registered an increase of 2.7%, due to the small recovering of national economy. Figure
1 shows the share of the electricity generation in 2000. Tables 5 and 6 show the main indicators of
electricity and energy.

TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED

Electricity production (TW-h)
-Totala)

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GW(e))
- Total
- Thermal
- Hydro
- Nuclear

1960

7.65
7.25
0.40

1.78
1.57
0.21

1970

35.09
32.32

2.77

7.35
6.15
1.20

1980

67.49
54.85
12.64

16.11
12.65
3.46

1990

64.31
53.33
10.98

22.48
16.81
5.67

CAPACITY

1999

53.20
27.56
20.83
4.81

22.52
15.75
6.12
0.65

2000

51.83
24.72
22.06

5.05

22.42
15.63
6.15
0.65

Average: annual
growth rate (%)

1960
to

1980

11.50
10.65
18.89

11.65
11.00
15.03

1980
to

2000

-1.31
-3.91
2.82

1.67
1.06
2.92

(1) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database; Country Information.
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FIG. 1. Power Generation Structure-Romania 2000

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/total electricity (%)
Ratio of external dependency (%)(1)

Load factor of electricity plants
- Total (%)
- Thermal
- Hydro
- Nuclear

1960

45
416

7

-27

49
53
22

1970

94
1,630

16

-2

55
60
26

1980

140
2,860

24

16

48
49
42

1990

111
2,967

32

29

33
36
22

1999

74
2,258

41
10
29

27
20
39
85

2000

72
2,236

42
10
29

26
18
41
89

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Database; Country Information.

3. NUCLEAR POWER SITUATION

From the details on the history of nuclear power in Romania, emphasized in the previous
Nuclear Power Country Profile, we are re-iterating here only some aspects. A total of 5 nuclear power
reactors were initially intended to be built in Romania on Cernavoda site, on the Danube river,
selected in the 70s and fully complying with the requirements of the national and international
standards related to nuclear power plants.

The works on the Cernavoda NPP site started in 1980 for Unit 1 and in 1982 for the other 4
units. To spare the financial efforts and to focus on Unit 1, in 1991 it was decided to proceed with the
works on Unit 1 only and to stop temporarily the works on the other units. The project management
activities on Unit 1 were assumed by AECL - ANSALDO Consortium (AAC) through a management
contract concluded in June 1991. Unit 1 has been completed in 1996.

The main actor in nuclear power is Societatea Nationala "NUCLEARELECTRICA" (SNN)
S.A., a state owned stock company, established in July 1998, following the first stage of restructuring
in the power sector, splitted from the former centralized Romanian utility RENEL. "Nuclearelectrica"
has three main branches:

- "CNE PROD", operating Cernavoda NPP Unit 1;
"CNE INVEST", including Units 2 to 5, actually in charge with the completion of Unit 2;

- "FCN Pitesti", the nuclear fuel factory.
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Cernavoda NPP Project is based on technology transfer process from Canada, Italy and United
States. The transfer of a technology recognized as Western safe design covers mainly nuclear
island, secondary cycle and turbo-generator.

Pitesti Fuel Plant supplies the whole nuclear fuel for Cernavoda Unit 1 and can double its
capacity with minor changes.

Between 2 December 1996 and the end of 2000, Cernavoda Unit 1 has delivered around 21
million MW-h of electricity. In the process, it attained a capacity factor of 86.8%, which is very good
by international standards (see Figure 2). Only Romanian specialists professionally manage
Cernavoda Unit 1, their efficiency earning praise from foreign experts. It provides more than 10 % of
Romania's electricity consumption, making superfluous an import of about 1.4 million tonnes of
liquid fuels per year, leading to annual savings of over $110 million.

The first reactor started commercial activity under a trial authorization. The final two year
authorization license was granted by the National Commission for Nuclear Activity Control
(CNCAN) in 1999 and renewed in 2001. The license can be revoked at anytime if the work force,
population or environment is considered to be in danger. However, no radioactive emissions have ever
been reported from the plant.
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FIG. 2. CANDU6NPP Gross Capacity Factor

3.2. Status and Trends of Nuclear Power

First of all we have to underline the commitment of the Romanian authorities to complete
Cernavoda Unit 2. The Ordinance No. 126 / 2000, issued on 31 August 2000 by the former Government
of Romania, represents an important decision in favour of Unit 2. This one defines the completion of
Cernavoda Unit 2 as a project of national interest and priority for Romania and defines the financing
sources of the project (SNN own sources, external loans based on sovereign guarantee, public funds
from the Government). It also offers a set of financial incentives for the project (profit tax exemption for
SNN, exemption from any import taxes due in Romania; Romanian income taxes exemption for foreign
contractual partners; the payment of the accounts payable which SNN registers at 30 June 2000 towards
ministry of Finance, in respect of the sovereign guarantee for the external loans, contracted for the
completion of Unit 1, were postponed until 31 December 2006 and the related penalties were cancelled).

A further preliminary evaluation of the influence of the Ordinance no. 126 / 2000 pointed out the
tariff for delivered electricity maintaining the project efficiency decreased to about 30 US dollars/MW-h,
compared with previous results.

The new Government, installed in November 2000, re-iterated from the beginning, that public
funds from the state budget, SNN own resources, foreign loans for import and an EURATOM loan for
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the local portion of the contract, guaranteed by the Romanian Government, could be potential financing
sources for the project.

The resulted input is reflected in the financing of activities for 2001, providing 1690 billion lei
(equivalent of about 60 million US dollars) granted from budgetary funds, by Law No. 216 / 2001).
Through the Government Decision No. 270 / 2001 it was established an inter-ministerial Committee
for the co-ordination of commercial negotiations, providing the financing and for the follow-up of the
works progress. We would like to emphasize some arguments sustaining the importance, within the
specific condition of Romania, of completing the Cernavoda Nuclear Power Plant - Unit 2:

1. The necessity of increasing the power production in Romania results from the following
arguments:

Considering the standard scenario for the development at a constant pace
(Competitiveness Scenario)", from the 'National Sustainable Development Strategy of
Romania", characterized by a GDP/capita average annual growth rate of 6.5%, which
would allow Romania to reach in 2020 about 50% of the EU countries GDP/capita,
selected as a realistic case by the Romanian Government, an increase of the electricity
production of 4% arises, consistent with 2.5% increase of the final energy consumption
for the interval 2001-2004;

i. This scenario considers a decrease of 'energointensitivity" with 3% per year and
a set of realistic measures for saving energy;

ii, The GDP trend for 2000 was 1.6%, with an annual growth rate of the electricity
demand of 2.1%, confirming the Government forecasting;

Over than 50% of the installed capacity has more than 20 years of lifetime, characterized
with poor maintenance and high pollution; some of this capacity will be rehabilitated, but
about 4,500 MW capacities of obsolete conventional power plants will be retired from
operation by 2004;

The Government of Romania limits the import of primary resources at 40%, from
Security in Energy Supply reasons;

The main power projects considered by the National Strategy for the Development of the
Romanian Energy Sector for the next future are the following:

1. Completion of the 700 MW capacity of the Cernavoda NFP-Unit 2 by 2005;
2. Rehabilitation of 1280 MW of the existing thermal power plants within 2001-2004;
3. Concluding contracts for other 410 MW of the existing thermal power plants, to be completed

after 2004;
4. Rehabilitation of about 2,200 MW of the existing hydro plants, projects completed after 2004;
5. Completion of 183 MW in hydro plants projects in progress;
6. Re-evaluation of about 900 MW in hydro plants, in different stages of progress, including

relatively high investment costs;
7. New combined cycle capacities of about 300-400 MW, among them 100 MW are considered for

the next future.

2. Cernavoda NPP — Unit 2 Project represents the main priority of the above mentioned
programme, considering the following arguments:

This Project represents a least cost option in accordance with the" Least Cost Development
Study of the Romanian electricity and heat generation capacities" which was completed
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in April 1998 by an international consulting consortium TRACTEBEL-Belgium, SEP-
Holland and EDF-France, financed by the European Commission with PHARE funds;

Cernavoda NPP — UNIT 2 is considered by the National Strategy for the Development of
Romanian Energy Sector, through its technological features and economical performance
indicators, the best solution to fulfil the power demand considering the sustainable
development of the country;

After 5 years of commercial operation of the Cernavoda NPP - Unit 1, the technological and
economical performance indicators, combined with the low environment impact, have
proven that the decision to complete Unit 2 is a right one.

3. The necessity of EURATOM loan, as part of Cernavoda NPP — Unit 2 financing:
— Considering the Council Decision of 21 March 1994, amending the Decision

77/27OIEUR4TOM, to authorize the Commission to contract EURATOM borrowings in
order to contribute to the financing required for improving the safety degree and
efficiency of nuclear power stations in certain non-member countries
(94/179/EURATCM), Romania is included on the list of eligible non-members countries.
The Cernavoda NPP — Unit 2 Project is eligible for EURATOM loan considering the
following:

The project is under construction;
A set of 156 design changes and 166 minor design modifications/ improvements are
necessary for compliance with new licensing requirements applicable to Unit 2; they
are confirmed by the by the Independent Consultants selected by the EC
(Consortiums NNC-British Energy-INGENCO for Nuclear Safety and HPCAquatest
for Environment Impact);
There are advantages of the EURATOM loan for the Cernavoda NPP-Unit 2 Project,
also considering the accession process of Romania to the European Union.

We are listing some of these advantages:

The Cernavoda NPP — Unit 2 is already started, and the Government of Romania has a strong
commitment to complete this project; any delay in releasing the EURATOM credit will result
in delays in completing the full finance of the project, and will increase the pressure over the
State Budget, leading to the lack of funds allocated to sensitive sectors as culture, health,
education, social programmes, etc; to replace these funds, Romania will request increased non-
refundable grants from EU in order to fulfil the requirements of the aquis commiinantaire;
EURATOM Loan will reduce the 'pressure' on the Romanian State Budget and consequently,
funds could be re-directed to other sectors (education, health, culture, social programmes, etc)
to help satisfy the EU integration requirements;
Cernavoda #2 will increase the contribution of 'clean energy' to electricity production In
Romania, reducing CO2 and other polluting emissions, as well as the volume of solid waste
resulting from burning coal;
Cernavoda #2 will reduce the dependence of Romania on external suppliers of primary
resources, mainly natural gas and oil, geographically sited outside Europe, thus contributing to
the increase of the 'Security of Energy Supply" of Romania and Europe;
Cernavoda #2 represents an economic and competitive source of base-load electricity compared
with burning fossil fuels, even though the price of fossil-fuel electricity does not include the
internalization of ail costs, consolidating the internal Electricity Market, subject to future
integration UCTE, and finally in the single EU power market;
Increasing of technical and safety standard of the Romanian Grid, facilitating the connection to
the European Grid (UCTE);
The extension of the Western style managerial approach implemented inside "Nuclearelectrica"
represents a good example to be extended to the Romanian industry;
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• Extension of QA approach to the Romanian contractors, improving their performances and
possibility of access on international markets.

The delays in Unit 2 commissioning will affect the Security of Energy supply, obliging
Romania to increase the oil imports with about 1.4 million tonnes per year; the stability of the
Romanian electrical grid, in process of interconnection with UCTE, could be also affected.

The traditional Canadian and Italian partners are now focused on securing financing to
complete the project by 2006. When Unit 2 goes commercial, Cernavoda will cover almost 20% of
domestic consumption, also enhancing Romania's chances to become a major electricity exporter.
Certain nuclear equipment will be bought from Canada and Italy. The Romanian industry will receive
about $400 million to complete Unit 2 and thousands of jobs will be created. Needless to say, the
project will have a significant impact on Romania's economy over the next few years. Table 7 shows
the actual status of the NPPs at Cernavoda site.

TABLE 7. STATUS OF NUCLEAR
Station

CERNAVODA-1
CERNAVODA-2

Type

PHWR
PHWR

Capacity

650
650

POWER PLANTS IN ROMANIA
Operator

SNN
SNN

Status

Operational
Under Construction

Reactor

Supplier

AECL
AECL

Station

CERNAVODA-1
CERNAVODA-2

Construction

Date

Ol-Jul-1982
01-JuI-1983

Criticality

Date

16-Apr-L996
31-Mar-2006

Grid

Date

ll-Jul-1996
31-Jun-2006

Commercial

Date

02-Dec-1996
31-Dec-2006

Shutdown

Date

Source: IAEA Power Reactor Information System as of 31 December 2000.

3.2.1. Cernavoda NPP Unit #2 Project Status

Preservation works were performed on Unit 2 between 1992 and 1995. Starting with the second
half of 1996, remedy works were initiated especially in the construction area, and since 1 January
1998 a small progress work programme started inside the reactor building and the service building.
Over that period important equipment and materials manufactured by the national industry were
brought on site: feeders, heat exchangers, pumps etc. All this activities were performed under the
project management of AECL - ANSALDO, based on addenda to the contract for Unit 1 concluded in
1991. Cernavoda Units 3 to 5 are under preservation for a final decision with respect to their future.
Briefly, the Unit #2 project status is the following:

• the amount of procured equipment and materials either installed or stored represents about 545
million USA dollars out of which 255 million USA $ from import and 290 million USA $ from
domestic suppliers. Those from import were procured from Canada (122 million $ for the nuclear
part), from Italy (84 million $ for the balance of the plant) and from USA (49 million $ for the
turbine - generator);

• construction-erection progress of the Unit #2 Project is evaluated to 35%;
• overall project completion is estimated at 50%.

Most of the procured mechanical equipment is under preservation in Unit #2 buildings or
warehouses. The main erected equipment is in the following areas: in the reactor building - calandria,
steam generators, pressurizer, deaerator - condenser, cranes and hoists; in the service building -
equipment airlock, water tanks; in the turbines building - steam turbine cylinders, de-aerator,
condensate storage tank, draining pumps, heat exchangers of the intermediate cooling circuit, main
cranes.
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A Construction All Risk (CAR) Insurance is in force for Unit #2 starting from April 1995.
Nuclear All Risk - Material Damage and Nuclear Liability insurance policies are placed to the
international nuclear "pools" from February 1995.

The time schedule to perform the works necessary for Unit #2 completion, from the full
financing available up to the commercial operation of Unit #2, is estimated at about 54 months. This
is subject of further reduction considering the type of contract and project organization.

3.2.2. Project value, evaluation of the remaining works, works schedule for the Unit #2 completion

The overall cost amount related to Unit #2 Project has been estimated at about 1,400 mil. US
dollars and comprises the following:

• Total cost of the already performed activities, is estimated at about 700 million US dollars;
• Value of the investment to complete the Project, is estimated at about 600 million US dollars;
• Value of heavy water and nuclear fuel is estimated at about 130 million US dollars. The heavy

water and fuel required are produced in Romania.

In accordance with the AECL - ANSALDO proposal concerning the Unit #2 completion,
estimated costs are shown in Table 8.

TABLE 8. ESTIMATED COSTS FOR UNIT #2 COMPLETION

No

1.
2.
3.
4.
5.
6.
7.

Category

Design & engineering works
Equipment, materials and components procurement
Construction - erection (manpower)
Works management + technical assistance
Commissioning
Complementary works
Miscellaneous and contingencies
TOTAL
Nuclear fuel and heavy water procurement (First Load)

Estimated costs
million US$

15
290
75
160
40
20
20
620
130

Out of which imported

10
150
0

140
30
10
20
350

-
Source: Country Information.

The estimation was performed considering, in order to implement the Unit #2 project, an
organization (Project Management Team-PMT) capable to ensure an integrated system of engineering
and project management will be set up, similar with Unit 1 approach. Other foreign companies may
participate in the Project, together with AECL-Canada and ANSALDO-Italy, in case their resources
and facilities can be used to its benefit, accordingly with the principles for the new commercial
contract, discussed by the end of 1999 with the traditional partners from Canada and Italy.

The contribution of the national industry in supplying equipment, materials and technical
services was identified based on the actual capabilities of the domestic suppliers qualified for the
Cernavoda project. Considering the uncertainty characteristic of the transition economy and the
industry restructuring, it is possible that the predicted domestic supply level may change, increasing
the cost of imported components and services. The costs for the first nuclear fuel load and heavy
water inventory were considered at the level of the international market. The estimated cash flow of
the capital cost is shown in Table 9.

3.2.3. National participation

The completion of the Unit #2, a replica of the Unit 1, will benefit from the existing
infrastructures and technical facilities developed over the completion process of Unit 1, as well as of
the Romanian staff (customer, contractors, suppliers and designers) properly qualified and organized.
An important number of contractors, with qualified personnel and technology for nuclear power plant
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construction, is committed in works performance on site. Part of them were established before the
year 1990 dedicated to support the nuclear programme, another part, private organizations now, were
created after 1990 as a result of a natural restructuring process and of the economy reform.

TABLE 9. CAPITAL COST CASH FLOW

Year
1
2
3
4
5

TOTAL

Value
% of the total value to be fulfilled

21
24
22
19
14
100

million US$
157
180
165
145
103
750

Source: Country Information.

Within former RENEL was developed an industrial support structure for the Cernavoda Project,
represented by the Nuclear Fuel Plant in Pitesti, and the Heavy Water Plant, located in the southwest
of Romania, near Drobeta-Turnu Severin. The "brain" support for the Romanian Nuclear Programme
was provided by the Nuclear Research Institute - ICN for specific Research and Development (R&D)
activities and by the Center for Nuclear Projects Engineering and Technologies - CITON for design-
engineering activities.

Romania also implemented a dedicated nuclear infrastructure, beginning with an educational
system to industry and research-engineering capabilities. From the industrial sector can be
mentioned: General Turbo Bucuresti, Petrotub Roman, Electroputere Craiova, Titan Nuclear
Equipment TEN Bucuresti, FECNE Bucuresti, SCN Pitesti, ICN Pitesti, Aversa Bucuresti, UZUC
Ploiesti, ARIO Bistrita, CONDEM Bucuresti, Ductil Buzau, TEPRO Iasi, Sarma Campia Turzii,
Ventilatorul Bucuresti, Vulcan Bucuresti, CASTUMAG, Automatica, etc. from construction-erection
sector: Nuclear Montaj, Trustul de Montaj Utilaj Chimic, CNE SA (Nuclear Civil Works Company),
etc. from design-erection sector: Power Studies and Design Institute, EUROTEST, Institute for
Thermopower Components Research and Design, etc. One can further mention players operating in
international business, such as ROMENERGO, and in the financial sector banks or the specialized
insuring market one finds in the Romanian Atomic Pool. Specialized industries such as uranium
mining, milling and concentrating in Compania Nationala a Uraniului (CNU) were also developed.

There are key local on-site actors for Unit 2 completion as: CNE - S.A., Cernavoda, STIZO
S.A., Cernavoda, UNIFY CO LTD., S.R.L. Cernavoda, HIDROCORA, S.R.L., Cernavoda (for civil
works), NUCLEARMONTAJ S.A. Cernavoda, TMUCB S.A., Cernavoda (for equipment, piping,
hvac, structural steel), R&M NIMB S.A.,Cernavoda, KATON EX-IM S.R.L., Cernavoda, AMEA
S.A., Cernavoda, SIEA S.A., Cernavoda, ELCOMEX-I.E.A. S.A., Cernavoda, ELECTROCONSID
S.A., Cernavoda (for electrical, control and instrumentation).

This attests to the breadth of the Romanian nuclear industry. This industry will play a greater
role on completing Unit 2 than it did on Unit 1. If one looks at the Korean experience where three
CANDU 6 reactors are currently in operation and one is under construction, the future points to a"
growing role for Romania's nuclear industry in the completion of Units 3 to 5. It should be mentioned
that the Romanian suppliers for Unit #2 were qualified from the point of view of the technical
capabilities, quality assurance programme and of the manufacturing procedures in compliance with a
methodology similar to that used by AECL and ANSALDO to qualify its traditional suppliers. The
percentage contribution of each capital cost component is represented in the Figure 3.

3.2.4. Radioactive Waste Management and Plant Decommissioning

Each unit of Cernavoda NPP can accommodate spent fuel for ten years of full operation.
Furthermore, Romania is developing radioactive waste management programmes and adopting
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concepts recognised world-wide (interim dry storage, near surface repository for low and medium
level waste). Figure 4 shows the radwaste generation in Cernavoda NPP.

The breakdown of 750 MUSD capital cost (exclusive IDC)
estimated to be required to complete Unit 2

3% 3% 2%

39%

21% 10%

£3 Design and engineering activities

(3 Equipment, materials and
components procurement

• Construction-installation

D Works management+technical
assistance (PMT)
Commissioning

ED Fuel and heavy water procurement

El Complementary works

Q Miscellanea and contingencies

FIG. 3. Capital Cost Break Down for Cernavoda-Unit 2 Completion.

cubic m
VOLUME of SOLID RADWASTE
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median best quartile value
value

FIG. 4. Solid Radwaste Generation

A dry spent fuel intermediate storage facility project is in progress; the contract was awarded
by AECL, after an international competition. Next step will be the decision related to the final
disposal of low and medium level waste. The storage is envisaged to be sited at the Cernavoda area,
and the commissioning is considered for 2005-2006. Site studies are advanced, and a decision will be
taken considering the implementation of the process. For the final repository of spent nuclear fuel,
generic survey studies are performed and the Romanian experts are looking for solutions consistent
with international practice.

Based on the experience of decommissioning of older CANDU nuclear plants, i.e. Douglas
Point 220 MW(e) and Gentilly 1,250 MW(e), decommissioning of the Cernavoda project has also
been evaluated.

3.2.5. Environmental impact

Aside from some hydro-electric plants, most of Romania's conventional electricity generating
capacity consists of obsolete thermal plants, close to the end of their design lifetime, with low
availability, of which 40% burn coal, with high releases of CO2, SO2, NOX, dust and ash. Table 10
shows a comparison between one unit CANDU from Cernavoda and a lignite fuelled thermal power
unit of same output.
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To produce the equivalent yearly electrical power of Cernavoda Unit 1, a lignite coal power
plant requires about 6,000,000 tonnes of lignite and "produces" 1,500,000 tonnes of ash, of which
20,000 tonnes is fly-ash, about 4.5 millions tonnes of CO2 and significant quantities of SO2 and NOX.
The nuclear option represents a good opportunity for Romania to reduce polluting emissions, within
the United Nations Framework on Climate Change and agreed at the Conference in Kyoto, Japan.

TABLE 10. COMPARISON BETWEEN A CANDU 600 NPP AND A LIGNITE FUELLED
POWER PLANT

Output (MW(e))
Annual fuel consumption (tonnes)
Annual waste amount (tonnes), out of which:

Nuclear spent fuel (tonnes/year)
Low and medium nuclear wastes m3/year

WaQtp
VV ctolC

Ashes
Fly ash
CO2

SO2

NOX

Lignite fuelled
thermal power

700
6,000,000
1,500,000
(20,000)

3 - 4,500,000
88,000

8,800
-
-

CANDU 600
NPP

700
90

-
-
-
-
-

90
30-50

Source: Country Information.

It is also still a quite unknown fact that the radiological impact on the population of a nuclear
power plant, such as the CANDU station at Cernavoda, is comparable, or less, than that associated
with some other alternatives of electrical generation, such as coal (coal contains radioactive elements
which are released into the atmosphere when it is burned).

3.2.6. Fulfilment of the Nuclear Safety Regulatory Authority requirements

The Cernavoda site fully complies to the requirements of international standards concerning
nuclear power plants seismicity, geological characteristics, flooding capacity, meteorological
phenomena, other events caused by human actions, dispersion in water and air, demographic
distribution, the emergency programme, land usage means, cooling water supply under normal and
failure conditions, the connection to the national grid, the access to site, industrial centres approaching,
the environment protection as well as social-economic aspects. Unit #2 site is already licensed by
CNCAN. The nuclear safety standards applicable to Cernavoda NPP Units 1&2 siting, construction and
operation comply with all safety principles included in IAEA guideline and regulations.

CNCAN also issued partial authorizations/permits for some mechanical erection activities, based
on the Preliminary Safety Report and of other specific documents. The activities carried out up to now,
on Unit #2, were based on these certificates. The licensing process for Unit #2 can take benefits from the
experience acquired with Unit #1.

3.2.7. Economic data

The necessity of proceeding with the Cernavoda Unit #2 project was pertinently demonstrated
by studies for the electric power sector development. The last of these studies was a "Least cost power
and heat generation capacity development study, Romania", prepared by SEP (Holland), Tractebel
(Belgium) and EdF (France) under the PHARE Energy Programme Management Unit. This study
reviewed the electric power sector development over the period between 1996 - 2020.

In arriving at the optimum plan, a three stage analytical process was used: firstly, a screening
analysis was performed to select an initial expansion plan. Secondly, the initial expansion plan
together with variations were evaluated, using a sequential analytical model of the system operation
imposing a few external constraints. Production costs were combined with the capital costs associated
with a given expansion plan in order to determine the present value of the annual cost of system
operation over the duration of the study. In the third stage, constraints such as fuel availability were
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considered in order to develop a practical optimum plan.

The initial expansion plan model used allowed a large number of alternative generating
candidates to be considered with the most economical options selected. New projects were added in
economic sequences as needed to maintain the desired level of electrical system reliability, or in
excess when the fuel cost savings were higher than the additional capital cost induced by the
construction of a new unit. The optimum solution was identified by a probabilistic production cost
optimization approach incorporated in the models, which allowed a detailed production costing
analyses.

The initial expansion strategy was varied to examine the impact of different sets of resources on
production cost. New capacity was added to the system to replace units that had reached the end of
their useful lives, to replace more expensive existing generation, or to provide for increased demand.
It is to be noted that as of today 47% of the electric power stations have an operation life time longer
than 20 years, and 84% longer than 10 years, as shown in Figure 5.

Share of the installed capacity according to equipment age in 1997

- 5 years
-10 years

• 11 - 20 years
D over 21 years

FIG. 5. Share of the Installed Capacity According to the Equipment Age in 1997

The resulting production cost overall value of each of the alternative strategies has been
combined with the associated capital cost required for investment, in the present value of the total
system cost over the simulation horizon. This allowed a fast and comprehensive comparison of the
alternative expansion strategies. To arrive at a comprehensive optimum strategy, decisions had to be
made regarding five different aspects:

• the number of nuclear units to be completed;
• which, if any, new hydroelectric projects should be completed;
• which, if any, existing units should be rehabilitated;
• which, if any, existing units should be converted to hard coal;
• which new generating projects should be constructed and when a decision in one area affects

the relative value of other decisions.

An iterative approach was used to reach conclusions. The reference expansion plan is revised,
based on the outcome of the first round of individual studies, to incorporate those changes found to
have beneficial effect. The individual studies are then repeated to confirm that they are still
worthwhile when compared with the new reference plan. This process is repeated, with data
improvements being made during each step, until a preliminary unconstrained optimum strategy is
derived. The results of unconstrained expansion alternatives was used as the initial reference case for
performing more detailed production costing analyses to obtain optimum strategy conclusions. In
addition, constraints were imposed, most notably the obligation to avoid cyclic consumption of
lignite, and the optimum strategy conclusion were again examined to produce a constrained optimum
strategy.
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The forecast of the electric power demand for the period 1996 - 2000 assume that in 2000 the
demand will reach the level of the year 1996 (51.2 TW-h) and for 2000 - 2020 consider three
scenarios with average annual growth rates for electricity of 2%, 2.8% and 3.8%. It is to be mentioned
that the demand in 1997 was about 10% higher than in 1996. The future electricity demand in
Romania is shown in Figure 6.

As shown in the Least Cost "Executive Summary", the completion of the Cernavoda Unit #2 is
part of the optimum strategy for both constrained and unconstrained strategies. This conclusion
remains valid "even if Cernavoda 2 is assumed to have a higher than expected forced outage rate
(15% versus the expected 8%) or if Cernavoda 2 is assumed to have a higher than expected capital
cost (20% above the expected cost)". Accordingly the completion of Cernavoda Unit #2 represents a
priority of the development of the electric power sector in our country, as stipulated in the
Government Decision No. 35/1997.

FIG. 6. Future Electricity Demand in Romania (forecast)

The annual production of a CANDU 700 MWe nuclear unit amounts to about 4.7 TW-h. This
leads to yearly 1.4 billions tonnes oil equivalent reduction - representing more than 100 millions USD
- and associated decrease of the noxious emissions.

3.2.8. Financing Plan of the Project

Up to 1998, the construction of Unit #2 was financed from public funds. The decreasing of
available cash from state budget and the pressure to put the project in the market framework required
new financing approaches.

This consists in financing from foreign loans, mainly from Canadian and Italian Export Credit
Agencies, guaranteed by the Government or through other means, public funds and "Nuclearelectrica"
Company's own sources, resulting from electricity export or various commercial arrangements, as
counter-trading. Multilateral credit agencies borrowings could contribute to the financing package of
the project. In addition, equity participation from some investors groups could be considered.

The basic idea of this approach is to reduce Government's level of risk for the foreign loans
guarantee point of view. Table 11 below shows the designed financial scheme, mentioning the
financing sources and the guarantee means, where necessary.
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TABLE 11. FINANCIAL STRUCTURE

TOTAL FINANCING

Out of which:

- Public funds

- Loans

- Other sources (electricity delivery and
commercial arrangements)

Million
US$
750

210

485

55

Destination

Local portion, including
heavy water and nuclear fuel
Import & local portion

Import

Source: Country Information, 2000

4. NUCLEAR POWER INDUSTRY

4.1. Supply of NPPs.

4.1.1. Heavy water production

The heavy water plant ROMAG is situated at 7 km north-east of Drobeta Turnu Severin town,
on the national road DN67, in the south-western area of Romania, on the left side of the Danube
River. ROMAG was projected to produce heavy water in two stages of development: 360 tonnes/year
in the 1st stage, with 4 modules (90 tonnes/module), and 360 tonnes/year in the 2nd stage, with another
4 modules, unfinished investment.

The factory produces heavy water of nuclear quality and it has the greatest capacity of Europe
and the second in the world. The project was put into operation between 1980 and 1988. The first
quantities of heavy water were produced on 17 July 1988.

The process is based on the isotopic change between H2O and H2S in a biterm system in
Girdler-Sulphide installations, in which a primary concentration of deuterium oxide of 4 - 12 % is
obtained. The raw material for the deuterium is taken from the Danube. The final concentration till at
least 99.78 % D2O is obtained by vacuum distillation.

The production had been halted for three years (1990 - 1992), when the technological
installation, the production systems and those of environmental protection were modernized. Three
modules of the 1st stage of development worked as follows: two were operating and one was
overhauled; work on the fourth module was interrupted (at 92 % of completion).

4.2. Fuel Cycle, Spent Fuel and Waste Management Service Supply

Nuclear Fuel Production

The nuclear fuel needed for the Cernavoda NPP -Unit 1 operation is supplied by the Nuclear
Fuel Plant from Pitesti. Fabrication of CANDU nuclear fuel started in 1980, through the
commissioning of a CANDU type Fuel Pilot Plant as a pilot department of the Nuclear Research
institute (ICN). The separation of the Nuclear Fuel facility from ICN, as a distinct company, took
place in 1992. In 1994, the Nuclear Fuel Plant was qualified by AECL and ZPI-Canada as a CANDU
6 nuclear fuel supplier.

The capacity of the plant is 90 tonnes per year, respectively 23 bundles per day. At present,
FCN provides the annual amount of the fuel necessary for the Unit 1 operation, being able, with small
investment to extend its production capacity in order to assure the operation of two units. The high
quality of the domestic nuclear fuel is confirmed by the most severe test, so-called " fire test", that is
directly into operation. No fuel bundle manufactured at FCN and used at Cernavoda NPP failed under
the extremely tough conditions inside the core during the nuclear reactor operation. The average
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burnup factor achieved by the nuclear fuel bundles in 1998 was of 170.85 MW-h/kgU.

4.3. Research and Development Activities

Table 12 shows the actual status of some nuclear facilities other than NPPs.

TABLE 12. STATUS OF NUCLEAR RESEARCH REACTORS AND OTHER NUCLEAR
RELATED FACILITIES IN ROMANIA

Nuclear Facilities

VVR-S

TRIGA

Nuclear Fuel Plant

Natural Uranium
Concentration Plant
Heavy Water Plant
National final
repository

Type

Nuclear Research Reactor

Nuclear Research Reactor

CANDU-6 Nuclear Fuel

Natural Uranium

-
LL & IL Radwastes

Gross Capacity

2 MW(th)

14 MW(th) (Steady State Core) 20.000
MW(th) per pulse (Pulsating Core)
Nuclear Fuel needs for Cernavoda 1 NPP
operation
Uranium for Nuclear Fuel Plant

Heavy water needs for Cernavoda NPP
20,000 Standard (200 1) drums capacity

Status

Shutdown state
with nuclear fuel
out of the core
Operating

Operating

Operating

Operating
Operating

4.3.1. Competent Authorities for Promotion of Nuclear Activities

In the new Governmental organization, the Ministry of Education and Research took the
responsibilities of the former National Agency for Science, Technology and Innovation (ANSTI) and
is in charge, on one hand, with co-ordination of the overall nuclear programme, formulation,
application, monitoring and assessment of policies in the area of research, development and
innovation, and, on the other hand, with co-ordination of the formulation, application, monitoring and
assessment of policies for development of quality infrastructures in accordance with the governmental
strategy and programme in order to extend the national and international heritage in the area of
science, technology and innovation with valuable contributions, to secure a sustainable economic
development, access to the domestic, European and global markets, to finally develop a knowledge-
based information society while meeting people's needs and increasing welfare. The Ministry of
Education and Research is also in charge with the whole national education system. The ministry
includes a specialized general division - the National Agency for Atomic Energy (ANEA) - through
which it fulfils the following tasks related to the peaceful applications of atomic and nuclear
phenomena and processes:

• formulation and monitoring of governmental strategy, policies and programmes for peaceful uses
of atomic and nuclear phenomena and processes; in this respect, the Agency discusses the
proposals by the specialized bodies of the central public administration, businesses, academic
institutions and R & D units, which are in charge with the promotion and application of atomic and
nuclear energy;

• devising, implementation and monitoring of governmental R & D and innovation strategy, policies
and programmes;

• incentives for human resources development;
• stimulation of technical and scientific information communication and dissemination, in comply

with the regulations in force, as well as information of citizens about the advantages and risks of
nuclear applications and inducement of appropriate behaviour and feed-back;

• development of international partnerships; co-operation with the International Atomic Energy
Agency of Vienna and other specialized international, regional or national organizations as well as
Romania's representation in the relations with them; to this end, the Agency concludes regional or
bilateral agreements and contracts for R & D, technical assistance, expertise, personnel
information and/or training, or participates in promotional or other actions;
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• monitoring or, if need be, co-ordination or control of specialized R & D units or R & D units
involved in specific programmes;

• ensures the necessary environment for correlation of industrial policies and programmes, which
are relevant for the considered area, with specific R & D and innovation policies and programmes.

The Ministry of Industry and Resources (MIR) is the responsible authority for definition of
national participation policies and strategies, for planning and co-ordination of the national nuclear
industry activity, representing the State as shareholder of nuclear assets and for co-ordination of part
of major R&D and engineering facilities. It has also primary responsibility for the safety of its nuclear
installations through the following organizations:

National Company "NUCLEARELECTRICA" S.A (SNN), which is the owner and operator of
Cernavoda NPP, was founded by the Romanian Government Decision no. 365 in July 1998. CNE
PROD Cernavoda, a subsidiary of SNN, has the responsibility for operating the Cernavoda Unit 1,
and CNE INVEST Cernavoda, another subsidiary of SNN, for completion of the Cemavoda Unit 2
and preservation of the Units 3-5. There is another subsidiary of SNN, the Nuclear Fuel Plant in
Pitesti - Mioveni, the local manufacturer of CANDU type nuclear fuel for the Cernavoda Unit 1. The
stock holders assembly (100% by the state) and the Administration Board of the society are appointed
by the Ministry of Industry and Resources of Romania.

Autonomous Reggie for Nuclear Activities (RAAN) through the Nuclear Research Subsidiary
(ICN) Pitesti is the operator of the TRIGA type research reactor, the hot cell facility, the radioactive
waste treatment facility on Pitesti - Colibasi site. RAAN, through the Technology and Engineering for
Nuclear Projects Subsidiary (CITON), is also in charge with support design activities in the nuclear
field and, through the Heavy Water Plant (ROMAG) located in Drobeta Tumu-Severin, in charge of
covering the heavy water needs for the Cernavoda NPP.

4.3.2. Research Establishment

Nuclear Research Subsidiary (SCN) Pitesti — within the Autonomous Reggie for Nuclear Activities
(RAAN)

The Nuclear Research Subsidiary (SCN) is consistently involved in the work associated with
the national nuclear safety programmes: nuclear fuel, reactor physics, radiation protection, generic
CANDU technologies, management of radioactive wastes, TRIGA reactor conversion. Almost all
activities of the Institute were oriented to provide a scientific and technical support for the Nuclear
Power Programme in Romania. The major SCN R&D Programmes are focused on:

nuclear safety to ensure technical and scientific support needed for the safety assessment of
Cernavoda NPP during its lifetime;

nuclear fuel to elaborate technology and new methods to optimize fuel utilization in Cernavoda NPP;

radiation protection to integrate all aspects regarding ecological impact of nuclear power and to
develop techniques for operating nuclear installations based on ALARA principles;

CANDU technologies intended to ensure an optimized maintenance of NPP systems and components;

radioactive waste management to solve the problem of radioactive wastes generated by nuclear
facilities, in accordance with national legislation and international standards;

radioisotopes. irradiation techniques and conversion of TRIGA - INR reactor for LEU fuel is
intended to ensure, together with the fuel supplier (General Atomic, USA), the conversion of the ICN
reactor to low-enriched fuel utilization.
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Institute of Physics and Nuclear Engineering (IFIN-HH) Bucuresti-Magurele

The Institute for Physics and Nuclear Engineering performs research activities in the nuclear
field and on radioactive waste treatment and is the owner of the research reactor type WR-S and the
national LL and IL radwaste repository. It will also operate the multi-purpose irradiation facility. Its
main activities focus on:

• Nuclear technologies;
• Technological irradiation using neutrons, gamma rays and charged particles;
• Neutron activation analysis; X-ray fluorescence;
• Industrial defectoscopy;
• Magnetic resonance and tomography;
• Methods, instruments and devices using radioactive sources;
• Tracer applications to hydrology and geology;
• Radiochemistry; polymerisation in radiation fields;
• Radio-pharmaceutical production;
• Nuclear radiation metrology;
• Primary and secondary standards;
• Etalons for users in field of nuclear radiation research and applications;
• Quality assurance and control;.
• Neutron metrology;
• Radiation biophysics and biochemistry;
• Low dose irradiation effects on biological systems;
• Interaction of nonionising radiation with living systems;
• Cytotoxic effects due to internal contamination with tritium;
• Non conventional biochemical techniques: RIA, EIA, ELISA, biosensors;
• Pharmacology of labelled components of medical use and of U and Th compounds;
• Metallic pollutants in biological structures;
• Biokinetics of radionuclides and whole body monitoring;
• Radioecology;
• Development of a decision support system for nuclear emergency;
• Techniques and procedures for radioactive and chemical pollutants;
• Transfer mechanisms and ecological life time of radionuclides;
• Models for radionuclides transfer and dose prediction;
• Use of radioactive tracers in agriculture and environment;
• Environmental transfer and conversion of tritium from C ANDU reactor;
• Nuclear risk assessment on public and environment;
• Nuclear medicine;
• Computerized tomography;
• Automatic systems for medical diagnosis;
• Apparatuses and devices for nuclear medicine and environment monitoring;
• Software for nuclear medicine and environment applications;
• Nuclear energy;
• Nuclear instruments;
• Non-fuel cycle radioactive waste collection, treatment, conditioning, interim, storage and disposal;
• Nuclear data;
• Computation methods;
• Decontamination and decommissioning of nuclear facilities;
• Instrumentation for nuclear research and technologies;
• Gas detectors for applications in industry and medicine;
• Detectors for radiation dosimetry and environmental radioactivity;
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• Data acquisition systems;
• Modular electronic equipment for research and application in industry;
• NMR and EPR methods and instrumentation;
• Magnetometers for space applications:

Institute for Isotopic and Molecular Technology (ITIM) Bucuresti-Magurele

The research activity of the Institute for Isotopic and Molecular Technology is pointed to
several significant directions.

• Stable isotope physics;
• Selective excitation in laser radiation field;
• Low temperature distillation (-196°C, liquid nitrogen) to the separation of oxygen, carbon and

boron isotopes;
• Chemical isotopic exchange
• Thermal diffusion;
• Synthesis of stable isotopes labelled;
• Analytical methods and instrumentation;
• Stables isotopes separation and labelled compounds;
• Separation of oxygen and carbon isotopes by cryogenic distillation;
• 15N Labelled compounds;
• Environment survey and protection;
• Separation of uranium from the radioactive contaminated waters;
• Methods for geological characterization of the rocks with stable isotopes;
• Determination of high sensitive counting technique for long life radionuclides determination

applied in radioecology and dating.

National Institute of Cryogenics and Isotope Separations (ICSI) Ramnicu Valcea

ICSI is an institution of scientific research and technological development in co-ordination of
the Romanian Agency of Science, Technology and Innovation. It was founded in the aim of
researching and verifying the technologies for heavy water separation and further of tritium. The
principal directions of the activities are:

• Research of equilibrium and hydrogen isotopes (tritium, deuterium) separation processes inclusive
at industrial pilot plant level;

• Research and development of cryogenic process, equipment and specifically technologies,
experimental stands;

• Research of equilibrium and gases separation process of purification and forward recovery
technology;

• Achievement and development of advanced materials as adsorbents, catalysts, composite and
fullerenes;

• Development of methods, apparatus and equipment for isotopic separation processes control and
for cryogenic temperatures achievement;

• Development of static and dynamic equipment specifically for isotopic separation processes;
• Direct utilization of own researches in production (ultra pure gases and gases and gases mixtures,

equipment, sodium sulphur, analysis apparatus, risk studies, expertise's);
• Technology transfer.

National Institute for Laser, Plasma and Radiation Physics (INFLPR) Bucuresti-Magurele

The National Institute for Laser, Plasma and Radiation Physics performs research activities in
laser physics, plasma physics, physics of electron beams. The main research and development
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activities are focused on:

• Fusion plasma physics, theoretical studies and numerical simulations of the plasma evolution in
tokamak devices;

• Physics and technology of plasma produced by high power particle beams and X-radiation in ultra
fast transient plasmas;

• Plasma surface engineering;
• Crystal growth by plasma methods.

National Institute of Research and Development for Technical Physics (IFT) Iasi

The research activity of the National Institute of Research and Development for Technical
Physics is pointed to several significant directions:

• Magnetic Materials and Devices;
• Special Alloys and Hard Magnetic Materials;
• Magnetic Separation and High Tc Superconductivity;
• Magnetometry and Magnetic Detection;
• Non-destructive Control.

Technology and Engineering for Nuclear Objectives, RAAN Subsidiary (CITON) Bucuresti-Magurele

CITON supports the nuclear programme in Romania with a large range of services under
quality assurance regime by using codes and standards internationally recognised (ASTM, ASME,
IEEE, ISI, IEC, CSA series and IAEA guidelines etc.). SITON services cover the following:

detail design for process and support systems associated to a CANDU-600 NPP, as well as civil
design for the reactor building, the turbine hall, the service building, spent fuel and waste
management; detail design for adjacent installations and support systems for nuclear research reactors
and labs;

reliability and probabilistic assessment studies;

nuclear safety analyses, including environmental impact analyses in case of accidents, fires,
earthquakes, flooding etc.;

thermohvdraulic calculations and stress analyses for various working regimes using specialised
computer programmes;

methodologies for computation and computer assisted design;

technical and economical studies for siting as well as cost estimates for new designs, operational
design modifications for NPP systems and components;

technical assistance for equipment fabrication., their installation, testing and commissioning as well as
testing and commissioning of process systems;

land registering and requirements for area classification;

analyses and optimizations of power consumption;

prognoses regarding the national power system development especially nuclear power trends.

5. REGULATORY FRAMEWORK
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5.1. Safety Authority and Licensing Process

The National Commission for Nuclear Activities Control (CNCAN) is the national competent
authority in the nuclear field exercising the regulation, authorization and control powers provided
under the Law 111/1996, on the safe deployment of nuclear activities, republished. Since December
2000, CNCAN is an independent governmental body reporting only administratively to the Ministry
of Waters and Environmental Protection. Actually, the president of CNCAN is a Secretary of State
and the minister can not interfere in CNCAN president's decisions. CNCAN is responsible for full
surveillance and control in all issues relevant to nuclear safety regarding siting, construction,
commissioning, operation of nuclear plants, research reactors and all nuclear facilities in Romania. In
addition, CNCAN is in charge with full surveillance and control in all issues relevant to quality
assurance, radiation safety, safeguards, export/import control, physical protection and emergency
preparedness and monitoring the radioactivity of the environment. CNCAN is the National
Counterpart to the IAEA for nuclear safety, radiation safety, safeguards, physical protection,
emergency preparedness, illicit trafficking events reporting, IRS and INES reporting systems and
Safety Convention reporting activities. CNCAN plays the role of regulatory body integrator in the
licensing process of nuclear installations.

The main tasks of CNCAN in the near future represent the completion of the reviewing process
for the regulation system by the end of 2001, in order to accelerate actions for EU access and
integration process. The credibility of CNCAN is increasing through work transparency, personnel
competence, motivation and flexibility, management by projects, internal audits, self assessment,
reduced response time, set-up of mobile units, closer involvement with utilities and applicants, etc.

The Ministry of Water and Environmental Protection is responsible for environmental
protection legislation and regulations and for the licensing process from the environmental protection
point of view. The MIR co-ordinates the Pressure Vessel Authority (ISCIR), which is responsible for
licensing and control of pressure vessels, boilers and other pressure installations, including those from
the nuclear field. The Ministry of Health is the responsible authority to organize the monitoring
network of contamination with radioactive materials of food products over the whole food chain,
inclusive drinking water as well as other goods designated to be used by the population, according to
the law. Also, the epidemiological surveillance system of the health condition of personnel
professionally exposed, and of the hygiene conditions in units in which nuclear activities are
deployed, are under its responsibility. The Ministry of Interior is responsible for control of fire
protection at nuclear installations and for supervision of physical protection of nuclear installations
and nuclear material. The Ministry of Public Finance is the authority in charge of providing and
controlling the financial support from Governmental budgetary funds, sovereign guarantees, etc.

5.2. Main National Laws and Regulations

Romania has had laws in place governing the regulation of nuclear activities since 1974. They
remained in force until 1996, when a new legislation was issued. In January 1998, important
amendments to the Law 111/1996 on the safe deployment of nuclear activities have been approved.
Under the umbrella of this new Nuclear Act, all related rules, practices and regulations in nuclear
field were started to be assessed for compliance with applicable IAEA guides and standards. The
licensing experience gained during construction, commissioning and initial operation of the
Cernavoda NPP Unit 1 was also carefully assessed and incorporated in the new legislative framework
being now created in Romania.

A comprehensive set of technical instructions, directives, regulations, procedures, industrial
standards, nuclear design and safety guides, concerning the quality assurance and safe operation of
nuclear facilities and NPPs, cover activities such as project management, procurement, design,
manufacturing, civil works, installation, commissioning and operation.
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All AECL design guides and safety design guides were endorsed by CNCAN. The IAEA Safety
Series are also used as a basis for the CNCAN regulations. Most of the applicable industrial standards
have been used during the licensing process of the Cernavoda NPP Unit 1. As of today, technical
standards, such as ASME, ASTM, IEEE etc., have been endorsed in Romania.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• Amendments to Articles VI and XIV of the
Agency statute

• Agreement on Privileges and Immunities

• NPT related safeguards agreement
INFCIRCNo: 180 82

• Additional protocol

• Supplementary agreement on provision
of technical assistance by the IAEA

• Agreement on the Agency's assistance for
establishment of a research reactor project
MFCIRC No: 206

• Agreement on assistance for the transfer
of enriched uranium for irradiation studies
in a research reactor; INFCIRC No: 307

MAIN INTERNATIONAL TREATIES

• NPT

• Convention on the physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the case of a
nuclear accident or radiological emergency

• Vienna convention on civil liability for
nuclear damage

• Joint protocol relating to the application of
Vienna and Paris conventions

• Protocol to amend the Vienna convention
on civil liability for nuclear damage

• Convention on supplementary
compensation for nuclear damage

Ratified:

Ratification:

Ratification:

22 February 2001

Entry into force: 7 October 1970

Entry into force: 27 October 19

Entry into force: 7 July 2000

Entry into force: 28 October 1981

Entry into force: 30 March 1973

Entry into force: 1 July 1983

Entry into force: 4 February 1970

Entry into force: 23 December 1993

Entry into force: 13 July 1990

Entry into force: 13 July 1990

Entry into force: 29 March 1993

Entry into force: 29 March 1993

29 December 1998

2 March 1999
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• Convention on nuclear safety Entry into force: 24 October 1996

Joint convention on the safety of spent
fuel management and on the safety
of radioactive waste management

Entry into force: 18 June 2001

OTHER RELEVANT INTERNATIONAL TREATIES etc.

• EURATOM Non-Member

• Agreement on trading and commercial
and economical co-operation
-Luxembourg, 22 October 1990

• Treaty on ban of nuclear weapon tests in the
atmosphere, in outer space and under water

• Treaty on the prohibition of the emplacement of
nuclear weapons and other weapons of mass
destruction in depth of seas, oceans and their
underground

• Comprehensive nuclear test ban treaty
(CTBT)

• Improved procedures for designation
of safeguards inspectors

• ZANGGER Committee

• Nuclear Suppliers Group

• Nuclear Export Guidelines

• Acceptance of NUSS Codes
suitable

Unified Institute for Nuclear Research,
(1992)
Doubna, Russian Federation

Entry into force: 15 March 1991

Entry into force: 23 December 1963

Entry into force: 10 July 1972

Entry into force: 4 October 1999

Accepted on 22 February 1990 in
statement to Board of Governors

Member

Member

Not adopted

Summary: Revised codes considered

for preparing and applying NPP's safety
standards. In 1987 used by Regulatory Body
as minimum requirement for adequate safety
of NPP's operation. (21 March 1990)

Member - under the Modified Statute

Ratification: 21 July 1994
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BILA TERAL A GREEMENTS

• Agreement between Governments of In force:
Romania and the Hellenic Republic on
early notification of a nuclear accident
and information exchange on nuclear
facilities - Athens, 10 March 1995

• Agreement between CNCAN of Romania In force:
and Greek Commission for Atomic Energy
on early notification of a nuclear accident
and on information exchange about nuclear
facilities -Bucharest, 22 December 1997

• Protocol of understanding on co-operation in In force:
the nuclear safety domain between CNCAN
of Romania and the Institute for Nuclear
Safety of Republic of Korea (KINS)
-Bucharest, 21 September 1996

• Protocol of understanding on co-operation in In force:
the nuclear safety domain between CNCAN
of Romania and Atomic Energy Control Board
(AECB) of Canada - Ottawa, 23 June 1997

• Agreement between Governments of Romania In force:
and Hungarian Republic on early notification
of nuclear accidents- Bucharest, 26 May 1997

• Protocol on co-operation and information In force:
exchange in the nuclear safety domain
between CNCAN and Hungarian Authority
for Atomic Energy - Budapest, 12 June 1997

• Agreement between Governments of Romania In force:
and USA on peaceful applications of nuclear
energy - Washington D.C., 15 July 1998

• Agreement of co-operation and information In force:
exchange in the nuclear safety domain
between CNCAN of Romania and the
Society for Nuclear Safety of Facilities
and Reactors of Germany
-Berlin, 10 November 1998

23 March 1995

25 May 1998

11 November 1996

25 May 1998

3 October 1997

25 May 1998

25 June 1999

23 February 1999
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

MINISTRIES

Ministry of Industry and Resources
Energy General Division
Calea Victoriei No. 152, Sector 1
70034 Bucharest

Ministry of Public Finances
Apolodor str., No. 17, Sector 5
Bucharest

Ministry of Education And Research
Mendeleev Str. No. 21-25, Sector 1
70168 Bucharest

NATIONAL ATOMIC ENERGY AND POWER A UTHORITIES

National Atomic Energy Agency
Ministry of Education and Research
Mendeleev Str. No. 21-25, Sector 1
70168 Bucharest

National Commission for Nuclear Activities
Control (CNCAN) (Nuclear Regulatory Body)
B-dul Libertatii nr. 14, P.O.Box 42-4
Sector 5, Bucuresti,

National Agency For Power Regulation
(ANRE) (Electricity Regulatory Body)
Constantin Nacu nr. 3
Sector 2, Bucharest

OTHER NUCLEAR ORGANIZATIONS

Institute of Geotechnical & Geophysical Studies
(GEOTEC SA Bucuresti)
Romanian Electricity Authority
5 -7 Galati Str. 70211, Sector 2
Bucharest

Institute for Nuclear Research & Engineering
P.O. Box 11-2
RO 72400, Bucharest

Horia Hulubei National Institute of Physics
and Nuclear Engineering
Str.Atomistilor no. 407
P.O.Box: MG-6
RO 76900 Bucharest

Tel: +(40-1) 650 48 60
Fax: +(40-1)650 40 80

Web: http://wwvv.mjncom.ro

Tel:+(40-1)410 11 89
Fax:+(40-1) 312 16 30
Web: http://www.mfinante.ro

Tel:+(40-1) 650 21 29
Fax:+(40-1) 312 14 10
Web: http://www.eduso

Tel: (40-1)3128707
Fax: (40-1)6503175

Tel: +(40-1) 410 05 72
Fax:+(40-1) 337 3887
E-mail: iucian.biro(Sfcncan.rp

Tel.+(40-1) 311 22 44
Fax+(40-1) 312 43 65

Tel: (40-1)6148551
Fax: (40-1)3127689
Telex: 11443 ISPHR

Tel: (40-48)6148551
Fax: (40-13)3127689

Tel:+40 1 7807040
Fax:+40 1 4231701
Email: ifin.nipne.ro
Web: http.v7www.ninpe.ro
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Republican Commandment for Intervention
In case of Nuclear Accident (CANCOC) Fax: (40-1) 3110265
19 Ceasornicului Str. Sector 1
Bucharest

NUCLEAR ELECTRICITY PRODUCER

CNE-PROD Cernavoda
(Branch of SNN-S.A.)
8625 Cernavoda str.
Medgidiei nr. 1 P.O.BOX 42
(Electricity producer, Cernavoda NPP Unit #1, in commercial operation since 1996)

Tel:+40 41 238 610
Fax: +40 41 239 679
E-mail: ibucur@cne.ro

TRANSMISSION SYSTEM OPERATOR

TRANSELECTRICA SA
Blvd. Magheru #33, Sector 1
70164-Bucharest

POWER MARKET OPERATOR

OPCOM SA
Blvd. Magheru #33, Sector 1
70164-Bucharest

NUCLEAR INDUSTRY

AMEA SA Cernavoda
8625 Cernavoda,
jud. Constanta
(Procurement of services and products)

ASA HOLDING SA Bucuresti
str. Luca Stroici Nr. 15, Sector 2
Cod 70224 Bucuresti

AUTOMATICA SA Bucuresti
Calea Floreasca 159, Sector 1
(Power Panels, Annunciation Equipment, Interconnecting
Component, Regulating System/Reactivity Logic Cabinets)

AVERSA SA Bucuresti
Str. Ziduri Mosi 25
(Cooling Pumps, Misc.Centrifugal Pumps,
Nuclear & Non-nuclear Sump Pumps)

Tel. +(40-1) 303 58 21

Tel. +(40-1) 307 14 10
Fax +(40-1) 307 14 00

Tel: +40 041237857
Fax: +40 041237857

Tel: 211-8454; 211-7770
Fax: 210-1588
doina@,asa,ro, http://www.asa.ro

Tel:+401 230 8364
Fax:+ 401 ) 230 2841
autom@automation.ipa.ro

Tel: +401 252 50 00
Fax: +401 252 07 69
E-mail: aversa@fx.ro
htto://www.aversa.ro

CNE-INVEST Cernavoda
(Branch of SNN-S.A.)
8625 str. Medgidiei nr. 3
P.O.BOX 1
(Projects: Cernavoda NPP Units #2 <under construction>, #3-5<cancelled, in conservation>)

Tel:+40 41 239 962
Fax: +40 41 239 266
E-mail: marculescunv@impromex.ro
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CITON Bucuresti - Magurele Tel/Fax: +401423 24 15
P.O.Box 52(MG) E-mail: panaita@router.citon.ro
04 74554 Bucuresti - Magurele
(Design Services for Technology and Engineering for Nuclear Projects)

ELCOMEX srl Cernavoda
Cernavoda cod 8625 Tel: +4041 237 169
Constanta
(Works for electric montage, actuators and electric facility for elevators)

ENERGOMONTAJ SA - GSE - DBA Bucuresti Tel: +401 321 33 54
Str.Ilioaranr.54 Fax: +212 22 10
Sector 3, Bucuresti, Telex: 10320
CP 74592
(Electric & Automatic Facilities)

ENERGOMONTAJ SIEA SA Bucuresti
Str. Ilioara nr.54 Tel: +401 321 33 54
Sector 3 Bucuresti Telex: 10320 R
Cod 74592
(Supports for Electric Aparata & AMC, Piping for Insulated, Services & Tests for Relays & AMC)

EUROTEST SA Bucuresti Tel: +4016206136
Str. Splaiul Unirii nr.313 Fax: +401 3232628
cod 73204 sect.3
(Tray for thermal olding, tray for ante & post irradiation, tray for LOCA & earth)

FCN Pitesti Tel: +40 48 260 160
(Branch of SNN-S.A.) Fax: +40 48 262 499; +40 48 264 999
Str. Cimpului nr. 1 Telex: 18251 R
0402 Mioveni Pitesti, CP 1 E-mail: fcn@fcn.ro
Judetul Arges
(Fuel Fabrication for Reactors CANDU)

FEA Bucuresti Tel: +401 633 39 74
Calea Floreasca nr.242-246 Fax: +401 312 76 3 3
Bucuresti, Sector 1
(Current Alarm Units, Function Generators & Signal Selectors, Resistance To Current Converters)

FECNE SA Bucuresti Tel: +401 683 60 05
Sos.Berceni nr.104 Fax: +401 330 34 04
Sector 4, 75632 Bucuresti, Telex: 10243
(ECC System Tanks, Components Mechanic Welded & Non-destructive Controls)

FEPASABirlad Tel:+4035 415 990
Str. Republicii nr.316 6400 Fax: 4036 467 977
Birlad Telex: 21723
jud. Vaslui
(Electro Pneumatic Apparata for Automation)

GENERAL TURBO SA Bucuresti Tel: +40 1 334 92 74
Sos. Berceni nr. 104 Fax: + 40 1 334 92 83
Bucuresti, sector 4
(Turbogenerators, Asynchrony Engine)
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HESPER SA Bucuresti Tel: +401 623 19 10
Str.Dr.Constantin Istrati nr.l 75213 Fax: +401 4237687 / 3372460
Bucuresti Sector 4 Tlex: 11633
(Air Control Panels Closure Plug Installation, Valve Station, Cold Test Facility)

IAICA SA Alexandria
Str,Dunarii nr.372
Alexandria
judetul Teleorman, CP. 0700
(Pneumatic & Electric Dampers Diffuser, Air Handling Units)

IAMSAT Bucuresti
Soseaua Orhideelor nr.27-29
Sector 4, Bucuresti, CP 77139
(Mounting for Electric & Automatic Equipment)

IAR SA Brasov
Str.Aeroportului, nr.l
Brasov, CP 2200
(Special Fire-resistant Doors)

ICIM Bucuresti
Bucuresti
Splaiul Independentei nr.294
(Environment engineering research)

ICN Pitesti
Pitesti, Colibasi
Judetul Arges
(Exploitation for Radwaste Treatment Station)

ICPAIUC SA Bucuresti
Bucuresti str. Fabrica de Chibrituri nr.48
(Design & research institute for hvac equipments)

ICPET SA Bucuresti
Sos Berceni nr. 104.
cod 75632, sector 4
Bucuresti

Tel:+40 47 312 145
Telex: 16133

Tel: +401 63 77 855
Telex: 10576

Tel: 40921 50 014 or 61266

Tel: +40 1 637 30 20

Tel:+40 48 213 535
Fax:+401 312 58 96

Tel:+40 1 64130 00
Fax: +40 1 337 32 29

Tel: +40 1 683 20 70
Fax: +40 1 683 27 47

PEROM SA Bacau
str. Republicii nr. 166
cod 5500, Bacau
Judetul Bacau

Tel: +4034 174344; +4034 175 376
Fax: +4034 173 548

Tel: +4056 194 880
Fax: +056 194 880

PROMT SA Timisoara
Aleea CFR nr 7
cod 1900, Timisoara
Judetul Timis
(Overhead Travelling Cranes, Boiler Room Cranes, New Fuel Handling Cranes, Monorails and
Hoists)
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EFESf Bucuresti Tel: +401 780 70 40
Str.Atomistilor, nr.l Fax: +401 312 22 45
Magurele, Bucuresti Telex: 1291
(Portable and Fixed Contamination Monitors, Personal Monitors, Dosimetry Laboratory/Body
Counters)

Tel: +401 684 10 20
Fax: +401 684 69 30

IMGB SA Bucuresti
Sos.Berceni nr. 104
Sector 4, Bucuresti
(Sample Cabinets Canisters, Nuclear Pressure Reducing Devices, Ion Exchange Columns)

INDES SA Sibiu
Str.Ocnei, nr.33
Cod 2400, Sibiu
Judetul Sibiu
(Channel Closure Installation Equipment, Spent Fuel Storage Tray Supports)

Tel: +4092 434 100
Telex: 69341

IUG SA Craiova
Str.Tehnicii, nr. 1
Craiova
Judetul Dolj, C P U 00
(Head Transport Carriage, Bridge & Maintenance Lock Tracks)

Tel: +4051 144 100
Telex: 41323

Tel: +401 635 00 00
Telex: 11583

MECANICA FINA SA Bucuresti
Str.Popa Lazar
nr.5-25, Sector 2
Bucuresti, CP 73334
(Pressure Gauges, Liquid Injection System Pressure Switches/Differential, Thermometers, Thermo-
couples, Instrument Isolating Valves & Manifolds, Filter Regulators, Electric Pneumatic Transducers)

MICROELECTRONICA SA Bucuresti
str. Erou Iancu Nicolae Nr. 126
com. Voluntari, jud. Ilfov
9445
(Electronic Components)

NEVIB SA Cernavoda
Cernavoda
cod 8625, judetul Constanta
(Metallic build & facility for NPP)
NUCLEAR & VACUUM SA Bucuresti
Com. Magurele 76900
Str.Atomistilor 1, Sector 5
CP 52-06
(Nuclear Apparatus, Vacuum Pumps)

Tel: +40 1 490 8207; +40 1 230 9445
+40 1 490 8414
Fax: +40 1 490 8405 ; +40 1 230

Tel: +4041 238 488
Fax: +4041 238 890

Tel:+401 807 365
Fax: +401 807 365
Telex: 11350; 11397

UCLEAR MONTAJ SA Bucuresti Tel: +4094 344 233; 4095 114 590
str. Caransebes nr. 1 Fax: +4094 734 211; 4095 734 580
sector 6 E-mail: nuclearb@fx.ro
Bucuresti Web Site: www.nuelear.ro
(Mounting and Repairing of Mechanical Parts of Nuclear and Classic Power Plant Inclusive
Auxiliaries)
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PETROTUB SA Roman
Sos.Roman - Iasi
km.333, Roman
judetul Neamt, CP 5550
(Rolled Pipes on Hot & Cold)

REGIA AUTONOMA PENTRU
ACTIVITATINUCLEARE (RAAN)
Calea Tg. Jiu km 7
Drobeta Turnu Severin
jud. Caras-Severin

REPÚBLICA SA Bucuresti
Bd.Basarabiei nr. 256
Sector 3, Bucuresti
(C.S. & S.S. Pipe for Small Diameters)

RETROM SA Pascani
str. Moldovei nr. 17 bis
cod 5725 Pascani
jud. Iasi

ROMENERGO SA Bucuresti
Calea Victoriei nr. 91 - 93
Sector 1 P.O.BOX 1 - 736 Bucharest
(Procurement for products and services for nuclear projects)

ROMAG Drobeta Turnu Severin
Calea Tg. Jiu km 7
Drobeta Turnu Severin
jud. Caras-Severin
Bucharest
(Heavy Water)

SACRO SA Bucuresti
Soseaua Berceni nr 104
Sector 4, Bucharest

Tel:+4033 731 201
Telex: 25263

Tel:+4052 323 848
Fax:+4052 322 335; +4052 323 685
E-mail: raan@expert.ro

Tel: +401 627 59 45
Fax: +401 627 45 70
Telex: 10862

Tel: +4032 762 092
Fax: +4032 765 044

Tel: +401 659 47 20
Fax:+401 312 06 34
Telex: 011525

Tel:++40 (0)52 322 397
++40 (0)52 321 561

Fax:++40 (0)52 317908
Telex: 42270

E-mail: romag@intelsev.ro
web: w\¥w.intelsev..TO-romag

Tel: +401 682 59 80
Fax:+401 312 24 69
Telex: 11892

Societatea Nationala "NUCLEARELECTRICA" S.A.
Boulevard General Gheorghe Magheru nr. 33
6th floor, Sector 1, 70164-Bucharest
P.O.BOX 22-102 Bucharest
(National company for nuclear fuel and nuclear electricity production)

Tel: +40 1 203 82 00
Fax:+40 1 311 24 33
-mail: irotaru(3)snn.rdsnet.ro

STIZO SA Bucuresti
Calea Mosilor nr.36
Sector 3, 75443-Bucharest
(Works for Technological Insulated, Insulating material on side of NPP)

Tel:+ 401 614 43 60
Telex: 11568R

TEHNOMET SA Timisoara
Calea Buziasului nr. 5A
Cod 1500 Timisoara
Judetul Timis

Tel.: +4056 222 055; +4056 222 062
+4056 222 097; +4056 224 300

Fax: +4056 190 800; +4056 224 298
E-mail: tehnomet@mail.dnttm.ro
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TEN SA Bucuresti Tel: +401 628 64 80
Bd.Basarabiei nr.250 Fax: +40 1 312 81 00
Bucuresti, Sector 3, cod 78011 Telex: 011464 R
(Manufacturing of Nuclear Components, Complex Products, Iron Constructions)

TMUCB SA Cernavoda
Cernavoda, cod 8625
judetul Constanta
(Set-up tubes, pipes, metallic builds, large equipment & hangers)

Tel: + 041 23 84 10
Telex: 14529

TRAFO ELECTROPUTERE SA Craiova Tel: +4051 14 20 77
Calea Bucuresti nr. 144 Telex: 41331
(Transformer for Low and High Voltage, Transformer Plant, Transformer Balanced)

TURBOMECANICA SA Bucuresti
B-dul Pacii, nr 244
Sector 6, Bucuresti, cod 77826
(Mechanical Damper Devices for Seisms)

UMEB SA Bucuresti
Str General Vasile Milea
nr 4, cod 77035
Sector 6, Bucuresti
(Electric Engine Asynchrony for Low Voltage)

UNIFY SRL Cernavoda
Cernavoda, cod 8625
judetul Constanta
(Anticorrosive protection by insulated paint)

UPET SA Tirgoviste
Str.Arsenalului, nr.20
cod 0200 Tirgoviste
judetul Dimbovita
(Safety Valves, Flaps)

UZUC SA Ploiesti
Str.Depoului nr.16
Ploiesti, judetul Prahova
(Chemical Equipment Works)

VENTILATORUL SA Bucuresti
Str. sergent Nutu Ion nr.44
Sector 5, Bucuresti
(Fans)

VULCAN SA Bucuresti
Str.Sebastian 86-88
Sector 5, 76305-Bucuresti
(Headers & Feeders Frame Assay, Strainers, Fittings, Tanks)

Tel: +401 760 78 48
Telex: 10151

Tel:+401 6312501
Telex: 10652

Tel:+ 041 237 581

Tel:+4092 6 31 600
Telex: 17236

Tel: +4044 14 36 51
Fax: +4044 12 19 12
Telex: 19337

Tel:+401 410 27 58
Fax:+401 410 27 58
Telex: 10671

Tel:+401 410 2061
Fax: +40 1 410 0185; 410 7434
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RUSSIAN FEDERATION

1. GENERAL INFORMATION

1.1. General Overview

Russia is a large country occupying the eastern part of Europe and the northern part of Asia. In
the north the country is bounded by the Arctic Ocean, Finland being the farthest northwest neighbour.
In the west and southwest, the country is surrounded by the new independent states, the former
republics of the Soviet Union. In the south and southeast, Russia has a common border with
Kazakhstan, Mongolia, China and North Korea. The eastern border of the country is the Pacific
Ocean; here Japan and the Alaska state of the USA are the nearest neighbours.

The total area of Russia is about 17,075 thousand km2. The country consists of a large number
of administrative units: regions (provinces) and republics. The regions of the country differ widely in
territory, natural conditions, the structure and national composition of the population, and economic
development. The climate of country is marked by very wide regional variations. A significant part of
northeastern Russia falls within the frigid zone, while the Black Sea region has semitropical
conditions.

Russia is abundant in energy resources of various kinds. The energy sector is a well-developed
and important part of the national economy, producing about 10% of national Gross Domestic Product
(GDP). Totally up to 95% of the country's energy consumption is met by fossil fuel. Despite its rich
oil, gas and coal potential Russia was one of the first countries to master nuclear energy for peaceful
uses. In 1954, the Obninsk Nuclear Power Plant was commissioned and connected to the grid.

According to the latest statistics, the population of Russia amounts to about 146 million (Tables
1 and 2). The average population density is about 8.5 inhabitants per km2. This number greatly varies
around the country: from more than 100 inhabitants per km2 for some regions in the European part of
Russia through less than one for large territories in Siberia and the far northeast.

TABLE 1. POPULATION DISTRIBUTION

Year

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

TOTAL

143.8

145.1

146.3

147.4

147.4

148.0

148.5

148.7

148.7

148.4

148.3

148.0

147.5

147.1

146.7

145.9

Urban

104.1

105.7

107.1

108.4

108.4

109.2

109.8

109.7

108.9

108.5

108.3

108.1

107.8

107.5

107.3

106.5

Population
(millions)

Rural

39.7

39.4

39.2

39.0

39.0

38.8

38.7

39.0

39.8

39.9

40.0

39.9

39.7

39.6

39.4

39.4

Men

66.1

67.7

68.4

69.0

69.3

69.6

69.8

69.9

69.9

69.8

69.7

69.6

69.3

69.1

68.9

68.6

Women

77.7

77.4

77.9

78.4

78.1

78.4

78.7

78.8

78.8

78.7

78.6

78.4

78.2

78.0

77.8

77.3

Population
Density

(inhab/km2)

8.42

8.50

8.57

8.63

8.63

8.67

8.70

8.71

8.71

8.69

8.69

8.67

8.64

8.62

8.59

8.54
Source: Russian Annual Statistical Transactions, Moscow (2000)
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TABLE 2. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2) 16,995.8

1990

148.0
8.7
74

1996

148.0
8.7
73

1997

147.5
8.6
73

1998

147.1
8.6
73

1999

146.7
8.6
73

2000

145.9
8.5
73

Growth
rate (%)

1990
to

2000

-0.1
-0.2
-0.1

Source: IAEA Energy and Economic Database; Country Information.

1.2. Economic Indicators

The historical data presented in Table 3 clearly reflect the economic crisis accompanying the
process of economic transition reforms. The Gross Domestic Product (GDP) values have been
declining since 1990. Lately, there has been some improvement in the macro-economic parameters,
but it is still too early to assert that the recovery from the crisis has begun. Figure 1 shows the GDP
structure in 1999.

TABLE 3. GROSS DOMESTIC PRODUCT (GDP)

GDP(1)

GDP(2)

GDP(3) per capita
GDP by sector (%):

-Agriculture
-Industry
-Transport
-Construction

1980

540.2
817.5
3,860

N/A
N/A
N/A
N/A

1990

644.2
644.2
4,353

15
35
8
9

1991

26.6
25.7

0,179

14
38
7
9

1992

81.1
76.4

0,546

7
35
7
6

1993

178.3
164.0
1,199

8
32
7
7

1994

268.3
241.8
1,808

6
31
8
9

1995

335.2
295.6
2,260

7
27
10
8

1996

415.9
359.8
2,810

7
27
10
8

1997

427.3
362.6
2,897

6
26
9
7

1998

266.4
223.3
1,811

5
27
9
7

1999

184.3
152.2
1,256

6
29
8
5

Growth
rate (%)

1980
to

1999

-5.2
-7.2
-5.4

(" Billions of current USS.
(2) Billions of constant 1990 USS.
(3) Current USS per capita.
Source: Russian Annual Statistical Transactions, Moscow (2000).

Agriculture
6%

Transport
8% Industry

29%

Construction
5%

FIG. 1. Gross Domestic Product (GDP) structure in 1999.
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1.3. Energy Situation

Energy reserves are shown in Table 4. Fossil fuels form the basis for the Russian energy sector.
Table 5 gives the 1999 consumption of the primary energy resources in million tonnes oil equivalent
and Table 6 the historical energy data. The share of nuclear energy in the energy supply is only 2%.
Hydro energy, which currently is the only meaningful renewable energy resource in Russia amounts
to about 3%.

TABLE 4. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

4412.3

Liquid

279.5

Gas

1619.4

Uranium(1)

79.2

Hydro (2)

231.4

Exajoule

Total

6621.8

' ' This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base; Country Information.

1.4. Energy Policy

"The Energy Strategy of Russia" states priorities as well as means for the radical revision of
structural and technological policies that pertain to the nation's energy supply for the period 1995-
2010. Its main goal is to achieve the European level of per capita energy consumption and ecological
safety of population. Emphasis is placed upon the complex approach towards the solution of regional
energy supply problems.

TABLE 5. CONSUMPTION OF PRIMARY ENERGY RESOURCES IN 1999

Energy Source

Coal
Liquid Fuel
Natural Gas
Nuclear
Hydro
Other

mln toe

115
211
516
28
33
12

Source: Country Information.

The prognosis of energy sector development in the near future is based on:

• overcoming the national economic crisis and subsequent rise;

• new investment strategy;
• new price and taxation policies;
• privatisation and denationalisation;
• modernisation of national laws and regulation in energy sector.

The structural policy of the energy sector for the next 10-15 years aims:

• enhancement of the efficiency of natural gas utilization and an increase its share of domestic
consumption, especially in ecologically strained regions;

• in-depth processing and comprehensive utilization of hydrocarbon raw materials;
• enhancement of the coal quality, as well as the stabilization of coal production volumes;
• reversal of the decline in, and moderate expansion of, oil production;
• intensification of local and renewable energy resources development (hydro and wind power, peat,

etc.);
• priority in electricity generation development based on competitive and ecologically clean power

plants;
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safety and reliability enhancement of the first generations' NPPs and development of new
advanced nuclear power plants.

The new technological energy policy is oriented toward:

radical enhancement of both the cost effectiveness and the energy efficiency of all stages of the
extraction, conversion, distribution, and utilization of energy resources;
effective decentralization of the energy supply;
ecological and accident safety, as well as the reliability of the energy supply, and;
development of qualitatively new technologies for the stable evolution of power industry:
ecologically clean coal-fired power plants, safe nuclear power plants, efficient processes for the
utilization of new sources of power, etc.

TABLE 6. ENERGY STATISTICS
Exajoule

Energy consumption
- Total(1)

- Solids (2)

- Liquids
- Gases
- Primary electricity ^

Energy production
-Total
- Solids
- Liquids
- Gases
- Primary electricity(3)

Net import (import -
export)

- Total
- Solids
- Liquids
- Gases

1992

34.4
7.7
9.5

14.5
2.7

48.2
7.8

16.7
20.9

2.8

-13.5
N/A
-7.3
-6.2

1993

32.31
7.17
8.71

13.77
2.66

44.83
7.00

14.72
20.28

2.84

12.16
0.03
6.54
5.65

1994

28.28
6.26
6.53

13.04
2.45

41.93
6.18

13.22
19.89
2.65

-12.75
0.06

-6.60
-6.21

1995

30.43
6.00
6.22

15.74
2.48

44.16
6.02

12.77
22.70

2.67

N/A
N/A
N/A
N/A

1996

28.48
5.67
5.47

14.89
2.45

43.25
5.85

12.61
22.15
2.64

-14.57
-0.17
-7.14
-7.26

1997

26.80
4.81
5.39

14.29
2.30

41.28
4.82

12.72
21.24

2.49

-14.82
-0.10
-7.33
-7.37

1998

25.98
4.27
5.15

14.26
2.28

41.38
4.30

12.61
21.99

2.45

-15.11
-0.08
-7.49
-7.53

1999

*

26.31
4.77
5.25

14.19
2.10

41.83
4.65

12.65
21.96

2.57

-15.52
-0.12
-7.71
-7.68

2000

26.81
5.15
5.14

14.76
1.76

42.80
4.81

13.42
21.97

2.61

-15.98
-0.12
-8.02
-7.84

Av. annual
growth rate

1992
to

1996

-4.6
-7.4

-12.9
0.7
-2.4

-2.7
-6.9
-6.8
1.5

-1.5

1.9
-

-0.6
4.0

<l) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
(2) Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: I A E A Energy and Economic Database; Country Information.

Regional energy policy takes into account the existing principal differences of energy supply
conditions and structures of fuel resources of various parts of Russia. Regional energy self-governing
and self-consistency is envisaged as a major challenge, i.e., sustaining the unified national energy
sector through the development of federal energy systems: electricity, gas and oil supply networks.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

The National Electricity Supply System consists of the Unified Electricity System (UES), the
Regional Electricity System "VOSTOK" and the Isolated Local Electricity Systems.
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• Unified Energy System

The UNIFIED ENERGY SYSTEM of RUSSIA (UESR) is a unique system, which creates
significant economic benefits for both the Russian people and Russia's industry. The technical basis of
UES of Russia is comprised of:

- 440 electric power stations with a total installed capacity of over 197 thousand MW,
including 21 thousand MW at nuclear power stations, which produce 862 billion kW-h of
power a year;

- a total of 3,018 thousand km of electric power lines;
- a supply regulation system that unites physically all power installations with a single 50 Hz

current frequency.

The organisational basis of UES of Russia is comprised of:

- RAO UESR, which acts as a central locus that implements the functioning and development
criteria established by the government based on effectiveness and provides operational
supply management aimed at increasing economic efficiency at UESR;

- 74 power suppliers that supply electric and heat power to consumers throughout the Russian
Federation;

- 34 large electric power stations that operate independently on the federal (national)
wholesale electric power market;

- Over 300 organisations providing technological back up and development for UES of
Russia, and which ensure the viability of the industry as a whole.

Large regional UES systems are:

- Central Power Pool (-29.8 % of total capacity);
- Middle Volga Power Pool (~10.3 % of total capacity);
- Ural Power Pool (~ 16.5 % of total capacity);
- Northwest Power Pool (~ 4.4 % of total capacity);
- North Caucasus Power Pool (~ 5.5 % of total capacity);
- Siberia Power Pool (~29 % of total capacity).

• Regional Electricity System "VOSTOK". This system operates separately from the main grid.
It covers the far eastern part of Russia and consists of four Local Electricity Systems generating
41.0 TW-h or 4.4% of total electricity generation in 2000. There is a limited amount energy
exchange between the two main country systems.

• Isolated Local Electricity Systems. There are five rather small systems situated in remote
regions where communication with the rest of the country is difficult. Despite their small size,
they are very important locally. In 2000, these systems generated 1.2 TW-h or 0.1% of total
electricity generation.

At present, all electricity distribution systems are owned by joint-stock companies with 50%
government participation. The basic structure of the national electricity sector is presented in Figure
2. Federal and regional energy commissions are responsible for energy planning.

2.2. Decision Making Process

• Pricing and taxation constitute the core of the new energy policies. The liberalization of oil,
petroleum products and coal prices, which was undertaken in mid-1993, was not extended to the
products of the so-called natural monopolies: natural gas, electric power, and heat from
centralized sources. Prices for these energy sources are currently set by the federal regional
government agencies responsible for the functions of the fuel and energy sector.
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FIG. 2. Basic Structure of the National Electricity Sector

• The creation of a competitive environment within the fuel and energy sector of the national
economy will be directed towards reducing production costs and increasing the quality of energy
related services. This will be accomplished though industry denationalisation, primarily through
the joint-stock companies.

• A system of incentives and conditions for the conservation of energy, as well as the increase in
energy production efficiency, is needed in order to realize Russia's vast potential for energy
conservation.

• Economic policies will be focused on the promotion of investment activities.

2.3. Main Indicators

Table 7 shows the historical electricity production data and installed capacities and Table 8 the
energy related ratios.

TABLE 7. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)
- Total(1)

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GW(e))
- Total
- Thermal
-Hydro
- Nuclear

1970

470
373
94
4

105.1
81.3
23.0
0.8

1980

805
622
129
54

165.4
121.1
35.1
9.2

1990

1082
797
167
118

213.3
149.7
43.4
20.2

1993

957
663
175
119

213.4
148.8
43.4
21.2

1994

876
601
177
98

214.9
149.7
44.0
21.2

1995

860
583
177
100

215.0
149.7
44.0
21.3

1996

847
583
155
109

214.5
149.2
44.0
21.3

1997

834
567
158
109

214.2
149.0
43.9
21.3

1998

827
564
159
104

214.1
148.7
44.1
21.3

1999

846
563
161
122

214.3
148.3
44.3
21.7

2000

862
568.5
165.4
129

204.5
138.9
44.4
24.3

Growth
rate (%)

1980
to

1999

0.3
-0.5
1.2
4.1

1.4
1.1
1.2
4.3

(1) Electricity losses are not deducted.
Source: Russian Annual Statistical Transactions, Moscow (2000)
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TABLE 8. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(I)

Load factor of electricity plants
- Total (%)
- Thermal
- Hydro
- Nuclear

1970

160
N/A
N/A
0.74
N/A

51.0
52.4
46 7
49 9

1980

250
N/A
N/A
6.71
N/A

55.4
58.5
41 8
66 8

1990

260
7,311

18
10.91
N/A

57.9
60.8
43 9
66 7

1992

232
6,785

19
11.89
-39

54.2
54.9
45 4
67.6

1993

219
6,436

19
12.43
-38

51.2
50.9
46 0
64 1

1994

192
5,903

19
11.19
-45

46.5
45.8
45 9
5? 8

1995

N/A
5,799
N/A
11.63
N/A

45.7
44.5
45 9
53 6

1996

193
5,723

18
12.87
-51

45.0
44.5
40 1
58 3

1997

181
5,654

18
13.07
-55

44.4
43.4
41 1
58 4

1998

176
5,622
17.7

12.58
-58

44.1
43.3
41 2
S5 7

1999

179
5,767

18
14.42
-59

45.1
43.3
41 5
6 4 ?

2000

182
N/A
18
15

-60

48
47
39
69

( ' Net import / Total energy consumption
Source: IAEA Energy and Economic Database; Russian Annual Statistical Transactions, Moscow (2000).

3. NUCLEAR POWER SITUATION

3.1. Historical Development

1937 Commencement of active experimental studies on the structure of atomic nuclei.

Production of "pulse" amount of neptunium and plutonium in Leningrad Radium
Institute.

1939 The start of research into the feasibility of achieving a nuclear chain reaction.
Installation of the largest cyclotron in Europe in the Leningrad Physical and Technical
Institute.

1940 Discovery of phenomenon of spontaneous nuclear fission in uranium. Theoretical
demonstration by Soviet scientists of the feasibility of energy release from a uranium
nuclear fission chain reaction.

1942 Recommencement of work on the atomic problem interrupted by the outbreak of the
war.

1943 Creation of a special physics laboratory - the No. 2 Laboratory in Moscow (now the
Russian Scientific Centre "Kurchatov Institute").

1945 Establishment of a governmental interdepartmental body - the First Chief
Administration to co-ordinate all work in the field of atomic science and technology.

1945/46 Technology mastering and organization of the production of metallic uranium and
high-purity reactor graphite to start up the first experimental reactor.

1946 Achievement of a controlled uranium fission chain reaction at the No. 2 Laboratory.

1948 Start up of the first industrial nuclear reactor.

1949 Testing of the Soviet Union's first atomic bomb.

1953 Establishment of the USSR Ministry of Medium Machine Building as the authority
dealing with nuclear science and technology.

1954 Start up of the world's first nuclear power plant in Obninsk.

1957 Ratification of the Charter of IAEA by the USSR.

1964 Commissioning of the first commercial water-moderated, water-cooled vessel-type
(WWER) reactor at Novo-Voronezh. Commissioning of the first commercial boiling
water-cooled graphite moderated reactor with nuclear superheating of the steam at
Beloyarsk.

1970 Establishment of the International Nuclear Information System (INIS) with the active
participation of the USSR.
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1973 Commissioning of the first commercial water-cooled graphite-moderated channel-type
(RBMK) reactor at Leningrad.

1973 Commissioning of the world's first prototype-scale fast breeder reactor (BN-350) in
Aktau for electricity generation and desalinated water production.

1976 Completion of the first nuclear central heating and power plant at Bilibino in the far
northeastern part of Russia.

1977 Start up of the RT-1 plant for reprocessing of spent nuclear fuel.

1980 Start up of a commercial power-generating unit powered by BN-600 fast reactor at
Beloyarsk. Commissioning of the 1000 MW(e) water moderated, water-cooled reactor
(WWER-1000).

1984/86 Commissioning of the Zaporozhie and Balakovo NPP's with WWER-1000 serial
reactors with full compliance to the new safety regulation.

1986 Accident at unit 4 of Chernobyl NPP. Ministry for Atomic Energy is organized to be
responsible for Nuclear Power Plants operation.

1989 Reorganization of the Ministry of Medium Machine Building and Ministry for Atomic
Energy as the USSR Ministry of Atomic Energy and Industry.

1992 Establishment of Ministry for Atomic Energy of the Russian Federation (Minatom of
Russia, also known as Ministry for Nuclear Power), which replaced the USSR
Ministry of Atomic Energy and Industry.

1993 President Eltsyn and President Bush sign S ALT-2 Agreement according to which the
strategic offensive weapons should be reduced and limited over 7 years. Beginning of
conversion of the Russian weapon highly-enriched uranium (VOU) in compliance with
the Russian-US Agreement on nuclear disarmament.

1994 The Russian Federation Government makes decision to cease production of weapon
plutonium.

1995 The 50-th anniversary of the nuclear power industry of Russia. Beginning of
commercial conversion of highly-enriched uranium into low-enriched uranium (the
VOU-NOU project) at the Ural Electrochemical Combine (Novouralsk town,
Sverdlovsk Region). The FEIRF SSC, Obninsk, Kaluga Region, puts into service the
first phase of the Laser and Nuclear Center for nuclei fission energy direct conversion
into laser radiation. The first phase of the diamond production is put into service at the
VNIIEF RF NC as a part of the conversion program.

1996 Approval of programs for support of the industry major schools of thought. Sea trials
of PETR VELIKY nuclear-powered cruiser are completed. Completion of the removal
of the Soviet Nuclear weapons to be disassembled from the CIS countries to Russia

1997 Beginning of batch production of a news header type of munitions for the SRF
TOPOL-M missile complex

1998 Decision-making on production of the first batch of pilot uranium-plutonium fuel
assemblies. Fabrication of a pilot batch of ADE-2, -4, -5 reactor conversion fuel rods.
Approval of the program to develop nuclear power engineering of the Russian
Federation from 1998 to 2005 and to 2010. Activities to elaborate a draft "Strategy for
Nuclear Power Development" (a 50-ty year forecast) are started

1998 Process to fabricate weapon plutonium base mixed fuel is devised and brought into
commercial practice at the Research Institute of Nuclear Reactors State Research
Center of the Russian Federation. A pilot batch of that fuel for BOR-60 and BN-600
reactors is fabricated
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1998 Establishment of the Information and Analytical Center of Minatom of Russia to
ensure information and analytical support of the Ministry administration and of the
Industry Emergency Commission both under normal operation and in case of
emergency at the industry enterprises.

1999 Commissioning of the Kursk NPP 2 power unit upon completion of overhaul with
monitoring of all fuel channels and with their partial substitution according to the
check results. That work is carried out in the industry for the first time.

1999 Start of implementation of wide-scale measures to accelerate utilization of nuclear-
powered submarines removed from military service and ecological recovery of sites of
the Ministry of Defense dangerous installations handed over to Minatom of Russia in
compliance with the decision of the Government of the Russian Federation

1999 The 50-th anniversary of the Nuclear weapons of Russia. The nuclear weapon system
is now a model of Research and Development Associations with the worldwide
significance high-capacity pilot-scale productions enabling to tackle large-scale high
technology problems.

3.2. Status and Trends of Nuclear Power

Figure 3 shows the map of Russian nuclear power plants. Table 9 shows the current status of
the Russian nuclear power plants. In the former Soviet Union, there were 10 nuclear reactors under
construction at the late 80s. However, the construction of all new nuclear power plants was
interrupted in 1989-1990, partly due to negative public opinion. Today, economical difficulties play a
more significant role. In fact, unit 1 of Rostov NPP commenced commercial operation on 30 March
2001 and only 3 reactors are currently under construction (unit 2 of Rostov NPP, unit 5 of Kursk NPP
and unit 3 of Kalinin NPP).

The production of electricity from nuclear power plants has remained relatively stable
throughout the period of economic transition with an average load factor of 67% from 1990 to 1993.
Because of long refurbishment of Leningrad NPP, load factor decreased and was between 52.6% and
58.4% in the period until 1998. In 1999, the average load factor rose to 64.2%. Table 10 shows the
NPPs electricity generation share for this period and Table 11 the operational facts of the NPPs in
2000.

Kalinin NPP

I I I
Smolensk NPP

I l l l
Kursk NPP

Novovoronezh NPP

Balakovo NPP

Illl
Leningrad NPP

Kola NPP
kkki
Bclibino NPP

Rostov NPP

" Units under constructions

FIG. 3. Map of Russian Nuclear Power Plants
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TABLE 9. STATUS OF NUCLEAR POWER PLANTS

Station

BALAK0V0-1
BALAKOVO-2
BALAKOVO-3
BALAK0V0-4
BELOYARSKY-3
BILIBINOUNITA
BILIBINO UNIT B
BILIBINO UNIT C
BILIBINO UNIT D
KALININ-1
KALININ-2
KOLA-1
KOLA-2
KOLA-3
KOLA-4
KURSK-1
KURSK-2
KURSK-3
KURSK-4
LENINGRAD-1
LENINGRAD-2
LENINGRAD-3
LENINGRAD-4
NOVOVORONEZH-3
NOVOVORONEZH-4
NOVOVORONEZH-5
SMOLENSK-1
SMOLENSK-2
SMOLENSK-3
KALININ-3
KURSK-5
SOUTH URALS 1
SOUTH URALS 2

Type

WWER
WWER
WWER
WWER

FBR
LWGR
LWGR
LWGR
LWGR
WWER
WWER
WWER
WWER
WWER
WWER
LWGR
LWGR
LWGR
LWGR
LWGR
LWGR
LWGR
LWGR
WWER
WWER
WWER
LWGR
LWGR
LWGR
WWER
LWGR

FBR
FBR

Net Capacity

950
950
950
950
560
11
11
11
11

950
950
411
411
411
411
925
925
925
925
925
925
925
925
385
385
950
925
925
925
950
925
750
750

Operator

REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA

LENNPP
LENNPP
LENNPP
LENNPP

REA
REA
REA
REA
REA
REA
REA
REA

MAYAK
REA

Status

Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational

Under Constr.
Under Constr.
Under Constr.
Under Constr.

Reactor
Supplier

MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE

Construction
Date

01-Dec-80
Ol-Aug-81
Ol-Nov-82
Ol-Apr-84
Ol-Jan-69
Ol-Jan-70
Ol-Jan-70
Ol-Jan-70
Ol-Jan-70
Ol-Feb-77
Ol-Feb-82
Ol-May-70
Ol-Jan-73
Ol-Apr-77
Ol-Aug-76
Ol-Jun-72
Ol-Jan-73
Ol-Apr-78
Ol-May-81
Ol-Mar-70
Ol-Jun-70
01-Dec-73
Ol-Feb-75
Ol-Jul-67
Ol-Jul-67
Ol-Mar-74
Ol-Oct-75
Ol-Jun-76
Ol-May-84
Ol-Oct-85
Ol-Dec-85
01-Jan-93
Ol-Jan-93

Criticality
Date

12-Dec-85
02-Oct-87
16-Dec-88
03-Apr-93
26-Feb-80
1 l-Dec-73
07-Dec-74
06-Dec-75
12-Dec-76
10-Apr-84
25-Nov-86
26-Jun-73
30-Nov-74
07-Feb-81
07-Oct-84
25-Oct-76
16-Dec-78
09-Aug-83
31-Oct-85
12-Sep-73

06-May-75
17-Sep-79
29-Dec-80
22-Dec-71
25-Dec-72
30-Apr-80
10-Sep-82
09-Apr-85
Ol-Dec-89

Grid
Date

28-Dec-85
08-Oct-87
25-Dec-88
ll-Apr-93
08-Apr-80
12-Jan-74
30-Dec-74
22-Dec-75
27-Dec-76
09-May-84
03-Dec-86
29-Jun-73
09-Dec-74
24-Mar-81
ll-Oct-84
19-Dec-76
28-Jan-79
17-Oct-83
02-Dec-85
2 l-Dec-73
ll-Jul-75

07-Dec-79
09-Feb-81
27-Dec-71
28-Dec-72
31-May-80
09-Dec-82
31-May-85
17-Jan-90

Commercial
Date

23-May-86
18-Jan-88
08-Apr-89
22-Dec-93
Ol-Nov-81
Ol-Apr-74
01-Feb-75
Ol-Feb-76
Ol-Jan-77
12-Jun-85
03-Mar-87
28-Dec-73
21-Feb-75
03-Dec-82
06-Dec-84
12-Oct-77
17-Aug-79
30-Mar-84
05-Feb-86
Ol-Nov-74
1 l-Feb-76
29-Jun-80
29-Aug-81
29-Jun-72
24-Mar-73
20-Feb-81
30-Sep-83
02-Jul-85
30-Jan-90

Shutdown
Date

Source: IAEA Power Reactor Information System as of 31 December 2000
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TABLE 9. CONTINUED.
Station

BELOYARSKY-4(BN-800)
ROSTOV-1
BILIBINO E
BILIBINO F
BILIBINO G
BN-I600
SOUTH URALS 3
BELOYARSKY-1
BELOYARSKY-2
NO VO VORONEZH-1
NOVOVORONEZH-2

STATUS OF NUCLEAR POWER
Type

FBR
WWER
LWGR
LWGR
LWGR
FBR
FBR

LWGR
LWGR
WWER
WWER

Capacity

750
950
31
31
31

1500
750
102
146
197
336

Operator

REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA

PLANTS
Status

Under Constr.
Operational*.

Planned
Planned
Planned
Planned
Planned

Shut Down
Shut Down
Shut Down
Shut Down

Reactor
Supplier

Construction
Date

Ol-Sep-81

Ol-Jun-58
Ol-Jan-62
Ol-Jul-57
Ol-Jul-64

Criticality
Date

17-Feb-01*

Ol-Sep-63
10-Oct-67
17-Dec-63
23-Dec-69

Grid
Date

26-Apr-64
29-Dec-67
30-Sep-64
27-Dec-69

Commercial
Date

30-Mar-01*

26-Apr-64
01-Dec-69
31-Dec-64
14-Apr-70

Shutdown
Date

Ol-Jan-83
Ol-Jan-90
16-Feb-88
29-Aug-90

Source: IAEA Power Reactor Information System as of 31 December 2000.
* Source: Russian nuclear power plants, Rosenergoatom, Moscow 2001

TABLE 10. NPP ELECTRICITY GENERATION SHARE

Electricity generated at NPP's in Russia (109 kW-h)

NPP electricity generation share (%,)
Total
Central Power Pool
Middle Volga Power Pool
Northwest Power Pool

1990

118.0

11.2
21.7
10.9
46.7

1991

120.0

11.5
21.3
13.6
47.4

1992

119.6

12.1
22.7
17.9
43.9

1993

119.2

12.7
23.9
16.4
47.8

1994

97.8

11.4

1995

99.3

11.8

1996

108.8

13.1

1997

108.4

13.2

1998

103.5

12.8
25.1
21.8
36.6

1999

120.0

15.0
30.0
29.2
41.0

2000

128.9

15.0
29.2
29.2
39.0

Source: Country Infonnation.
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TABLE 11. STATUS OF NUCLEAR POWER PLANTS
- OPERATIONAL FACTS IN 2000

NPP,
Unit

Balakovo
1
2
3
4
Kalinin
1
2
Kola
1
2
3
4
Novovoronezh
3
4
5
Beloyarsk
3
Bilibino
1
2
3
4
Kursk
1
2
3
4
Leningrad
1
2
3
4
Smolensk
1
2
3

Total

Capacity Installed,
MW(e)
4,000
1,000
1,000
1,000
1,000
2,000
1,000
1,000
1,760
440
440
440
440

1,834
417
417
1,000
600
600
48
12
12
12
12

4,000
1,000
1,000
1,000
1,000
4,000
1,000
1,000
1,000
1,000
3,000
1,000
1,000
1,000

21,242

Electricity Generation,
106 kW-h

27,449.0
7,624.6
6,050.9
6,793.2
6,980.2
13,339.0
6,604.3
6,735.2
8,833.0
1,436.2
2,634.3
2,419.7
2,342.7
11,102.0
2,838.0
2,682.0
5,581.0
3,860.0
3,860.0
248.8
70.2
57.2
55.5
65.9

22,165.0
3,826.4
4,057.2
6,942.5
7,338.6
22,817.0
7,171.0
7,083.0
8,563.0

0.0
20,270.0
5,563.7
7,073.1
7,567.2

128,900.0

Load Factor,
%
78.10
86.80
68.90
77.34
79.50
75.90
75.20
76.70
57.10
37.20
68.20
62.60
60.60
68.90
77.50
73.20
63.50
73.20
73.20
59.00
66.60
54.30
52.70
62.50
63.10
43.60
46.20
79.04
83.60
63.82
81.90
80.90
97.50
0.00
76.90
64.15
80.52
86.15

72.50

Source: Country Information.

The Concept of the Nuclear Power Development Programme in the Russian Federation was
approved by the Ministry for Atomic Energy Board on 14 July 1992. This concept determines the
general goal of the Programme, the main objects within the determined time period, the main stages of
programme implementation, and primary nuclear power plant projects. It considers conditions for the
nuclear power plant fuel supply and proposes various options of nuclear power development assuming
decommissioning of the first and second generation power units of 9 GW of installed power.

The general goal of the Programme, as determined by the Concept, envisages replacement of
decommissioned nuclear and fossil fuelled plants with improved and safer third generation nuclear
power plants. The Concept also assumes that the energy situation will favour a large-scale nuclear
power development by 2030 with 30 to 35% share of total electricity production and 40 to 50% in the
European part of the country. Nuclear power development projections up to year 2010 (see Table 12)
and beyond assume the following main stages:
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• 1993-2000: a stage of renovation, with nuclear power units in operation being modernized, their
safety enhanced, and total capacity but slightly increased through new construction;

• 2000-2010: the stage that should be characterized by industry growth on the basis of units of a
new generation; work should begin by shutting down those units that have completed service life;

• after 2010: a stage that is seen as a period of large-scale nuclear power growth combining
evolutionary developments in traditional technologies with the development of new ones.

The leading 3rd generation medium and large scale power units of improved safety now include
NP-500, NP-1000, VPBER-600, AST-500M (all of PWR design) and MKER-800 (LWGMR)
reactors. Fast reactor development has been demonstrated by the BN-800 (LMR) design. The concept
of utilization of released weapon-grade plutonium is under development at the nuclear complex
"MAYAK", including a MOX fuel fabrication plant and three to four BN-800 reactors. Studies are
under way for selecting the optimal reactor design for utilization of this weapon-grade plutonium.

TABLE 12. OPTIONS OF NUCLEAR POWER DEVELOPMENT IN THE
POWER SECTOR OF RUSSIA (INSTALLED CAPACITY GW)

Options
Minimum
Reference
Maximum

2001-2005
21.6

28-31
30.7

2006-2010
25.5

30-34
39.5

Programme (gross)

Expert (net)

Options
Low
High
Low
High

2005
25.3
26.9
20.1
23.6

2010
28.0
35.2
19.9
26.2

2015

16.7
30.8

2020

19.1
30.9

Source: Country Information.

3.3. Current Policy Issues

3.3.1. Ownership in the Nuclear Sector

The Ministry for Atomic Energy adopted a restructuring approach for the privatization of the
nuclear industry and a number of joint-stock companies have been established with 51% share
retained by state.

3.3.2. Financial Situation

The national economical crisis led to the fact that the Russian nuclear industry is now facing
serious financial problems. State funding has dwindled while non-payment of electricity has reduced
revenues from nuclear electricity generation. Minatom responded to the financial challenges with a
variety of measures, particularly, by increasing the export of nuclear-related production and services.

3.3.3. Nuclear Development

The current nuclear policy in Russia was formulated by the Minatom in the 1998 "Programme
of Nuclear Power Development of the Russian Federation for 1998 - 2005 and Prospects up to the
Year 2010" approved by the Government of the Russian Federation on July 21 1998. Its main
objectives are as follows:

i) assuring the safety of operating nuclear plants including those constructed in accordance with
old regulations and the safety enhancement of nuclear power plants under construction;

ii) development of improved new-generation plants;
iii) feasibility studies on the advanced reactor concepts;
iv) R&D work on closed nuclear fuel cycle;
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v) R&D efforts on decommissioning of nuclear power plants;
vi) development of cost-effective and environmentally safe spent fuel and radioactive waste

management technology;
vii) safe operation of the research reactors, critical assemblies and other nuclear facilities;
viii) remodelling research centres, experimental facilities and industrial units which support the

nuclear industry development programme.

3.4. Organizational Chart

Figure 4 shows the institutional organization of the nuclear industry in Russia.
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FIG. 4. Institutional Organization of Nuclear Industry in Russia

departments of the Gosatomnadzor (Regulatory body):

- science and engineering;
- NPP nuclear and radiation safety;
- research reactor nuclear and radiation safety;
- nuclear power plant design and construction supervision;
- nuclear equipment production supervision;
- radiation safety supervision;
- nuclear and radiation safety regulating.

directorates of the Ministry for Atomic Energy:

- design and investment;
- information, nuclear materials and installations protection;
- nuclear ammunition design and testing;
- nuclear ammunition production;
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- nuclear chemistry;
- science and technology;
- nuclear reactor development and designing;
- nuclear physics and fusion;
- nuclear power advancement;
- information and public relation.

• state concerns under the Ministry for Atomic Energy:

- Atomredmetzoloto (uranium mining);
- TVEL (fuel fabrication);
- Rosenergoatom (nuclear utility company);
- Progress (construction and industrial holding company);
- Atomstroi (construction company);
- Spetsatommontazh (industrial company);
- Spetsstroimaterialy (construction materials for nuclear industry);
- Tekhsnabexport (export company);
- Eleron (security technology company).

4. NUCLEAR POWER INDUSTRY

In this chapter, only the major nuclear industry organizations are listed. These organizations are
mainly within the Ministry for Atomic Energy. However, a few institutions, like the Kurchatov
Institute, involved in nuclear related activities are not within the Minatom. There are also some
academic institutes as well as organizations within the Ministry for Marine Ship-Building (involved in
nuclear powered ice-breaker design) and others (including some small private-owned companies).

4.1. Supply of Nuclear Power Plants

Architect engineers:

- All-Russia Scientific Research and Design Institute of Power Technology (VNIPIET), St.
Petersburg;

- Institute "Atomenergoproekt" (AEP), and its branches in Moscow, St. Petersburg, Nizhny
Novgorod;

- State Institute of Construction and Design (GSPI), Moscow.

NSS main suppliers:

- "Atommash", an open-end joint stock company - NSS WWER-1000, BN and AST, Volgodonsk;
- "Izhorskie zavody", an open-end joint stock company - NSS WWER-1000 and WWER-440, St.

Petersburg;

Main component suppliers:

- "Leningradskiy metallicheskiy zavod", an open-end joint stock company - turbines for NPP's, St.
Petersburg;

- "Podolskiy mashinostroitelniy zavod",, an open-end joint stock company - steam generators,
separators, piping, etc., Podolsk.

4.2. Operation of Nuclear Power Plants

The State Enterprise "Rosenergoatom", under the Ministry for Atomic Energy, is a nuclear
power plant operating organization in the Russian Federation. It operates eight Russian nuclear power
plants (Leningrad Nuclear Power Plant is an independent utility in the Minatom structure).
"Rosenergoatom" performs the following functions:
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- construction and operation of NPPs in the territory of the Russian Federation;
- maintenance and repair activity;
- operation and emergency planning;
- technical supervision and support;
- financial activity;
- public relations;
- international co-operation;
- research and development (R&D) effort.

4.3. Fuel Cycle and Waste Management Service Supply

"Atomredmetzoloto" is a production complex dealing with supplying of uranium, rare and
precious metals and other materials used in nuclear power. The company consists of mining and
processing enterprises and organizations in six newly independent CIS countries - Russia, Ukraine,
Kazakstan, Uzbekistan, Kyrghyzstan and Tajikistan.

Uranium Enrichment Complex: Russian plants - located at Ekaterinburg (former Sverdlovsk),
Tomsk, Angarsk and Krasnoyarsk - for uranium isotope enrichment are high-technology facilities
based on the fifth generation of gas centrifuges. The capacity of enrichment industry meets all the
requirements for nuclear fuel in Russia and the CIS countries and former Soviet block countries in
Eastern Europe.

"TVEL", an open-end joint stock company, is a self-sufficient interstate production and
economic complex of enterprises of the Russian Federation, Kazakstan, Ukraine and Estonia. The
company's main line of work are nuclear fuel production and fabrication of metals, alloys and other
materials used in nuclear power. Its manufacturing facilities are located in Russia, Ukraine, Kazakstan
and Estonia.

4.4. Research and Development Activities

Fundamental Research

- Institute of Theoretical and Experimental Physics, Moscow;
- Institute of High Energy Physics, Protvino;
- Institute of Innovation and Thermonuclear Research, Troitsk.

These are major nuclear industry research centres that carry out extensive fundamental
theoretical and experimental investigations into the properties of the atomic nucleus and elementary
particles, plasma and laser physics, thermonuclear fusion, development of new types of accelerator
and reactor technology, and equipment and facilities for physical research.

Applied Research and Development (R&D)

- The Russian Scientific Centre (RSC) "Kurchatov Institute", Moscow;
- The State Scientific Centre "Institute of Physics and Power Engineering" (SSC FEI), Obninsk;
- The State Scientific Centre "All-Russian Inorganic Materials Research Institute" (SSC VNENM),

Moscow;
- The State Scientific Centre Nuclear Reactor Research Institute (SSC NIIAR), Dimitrovgrad;
- Research and Development Institute of Power Engineering (NIKIET), Moscow.

All are major scientific centres in the field of nuclear science and technology. Theoretical and
experimental research on nuclear and particle physics, neutron physics, thermophysics, hydraulics,
material science, nuclear safety performed at these institutes has received world-wide recognition.
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The All-Russian Research Institute for Nuclear Power Plant Operation (VNIIAES) of Moscow,
is the scientific centre for Russian nuclear operating organizations. Principal attention is paid to
assuring safe operation of the 1 st and 2nd generation nuclear power plants.

Major reactor and NSSS design and research

- Experimental Design Bureau "Gidropress" (OKB GP), Podolsk;
- Experimental Design Bureau of Machine Building (OKBM), Nizhny Novgorod.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

At present, Russia has agreements on co-operation in nuclear power with the USA, the UK,
Germany, France, Italy, Canada, Korea, countries of Eastern and Central Europe and new independent
states of the former Soviet Union republics. Current areas of international co-operation include
research in nuclear reactor design and safety, nuclear fuel cycle, handling radioactive wastes,
fundamental research in physics, nuclear industry conversion and nuclear non-proliferation.

On 27 November 1992, the United States, Japan, the EC and Russia signed an Agreement on
Establishing an International Scientific and Technological Centre in Moscow. Canada, Sweden and
other countries have already shown their interest in joining the Centre's activity, which is directed at
conversion of the defence industry armament to the peaceful use of safe and ecologically clean
nuclear energy.

Since the mid-1980's, western countries have been active in nuclear safety co-operation with
Russia. An increasing number of agreements have been signed and this co-operation has proved to be
mutually beneficial. Today, Russia has bilateral nuclear co-operation agreements with many countries
on exchange of experience, information, personnel training, technology transfer and other nuclear
related activities.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Procedures

The Russian Federal Supervision of Nuclear and Radiological Safety (Gosatomnadzor) is the
Nuclear Regulatory Body of the Russian Federation with the headquarters in Moscow and seven
regional offices throughout the country.

The following regulations determine the procedure for nuclear power plant licensing:

• Regulations on the order of special permission issued by Gosatomnadzor of Russia for
examination of design and other materials and documents, substantiating safety of nuclear and
radiologically dangerous installations and works: RD-03-12-94.

• Regulations on arranging and carrying out examination of design and other materials and
documents, substantiating safety of nuclear and radiologically dangerous installations and works:
RD-03-13-94.

• Regulations on the order of issuing of special temporary permissions for designing nuclear and
radiologically dangerous installations and works: RD-03-14-94.

The stages of obtaining the temporary permission (license) for NPP unit operation can be
represented in brief as follows:

i) License demand (submission of application documents);
ii) Gosatomnadzor decision on the demand control;
iii) Analysis of substantiating materials of demand;
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iv) Inspection at the NPP;
v) Conclusion on substantiating materials examination;
vi) Conclusion on NPP inspection;
vii) General conclusion on obtaining temporary permission (license);
viii) License (temporary permission).

5.2. Main National Laws and Regulations

In the near future, the main laws controlling nuclear power in Russia will be the law "About
utilization of atomic energy" and the law "About state policy in the field of radioactive waste
management". Final approval of the law "About utilization of atomic energy" is conditioned by the
problems related with property rights in the nuclear industry, nuclear safety and radioactive materials
treatment. Presently, several documents serve for this purpose.

Technical regulations created by Gosatomnadzor of Russia, which are in force today, are the
legal framework for nuclear energy utilization. These regulations and rules address the aspects of
safety assurance during site selection, designing, construction, operation, and decommissioning of
nuclear installations. All regulating documents developed by Gosatomnadzor have been compiled into
a "List of main scientific and technical documents, used by Gosatomnadzor for safety regulation and
supervision during production and utilization of atomic energy, handling of nuclear materials,
radioactive substances and articles on their base", P-01-01-92, Gosatomnadzor of Russia, 1992.

Some aspects of nuclear related activity are regulated by decrees of the President or
Government of the Russian Federation.

Decrees of the President:

- "About the control of export of nuclear materials, equipment and technologies" of 27 March 1992;
- "About the utilities with nuclear power plants " of 7 September 1992;
- "About privatization of enterprises under the authority of Ministry for Atomic Energy, and their

management in a market economy " of 15 April 1993, etc.

Decrees of the Government:

- "About approval of documents, regulating export of equipment and materials and of corresponding
technology, used for nuclear purposes" of 29 May 1992;

- "About measures of protection of the population living adjacent to nuclear power installations" of
15 October 1992, etc.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

Not ratified• Amendments to Articles VI & XIV
of the Agency statute

• Agreement on privileges and
immunities

• Unilateral safeguards submission
(Voluntary offer) INFCIRC/327

• Additional Protocol

Entry into force:

Entry into force:

Signed:

1 July 1966

10 June 1985

22 March 2000
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• Supplementary agreement
on provision of technical
assistance by the IAEA

MAIN INTERNATIONAL TREATIES

• NPT

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the case
of a nuclear accident or radiological
emergency

• Vienna convention on civil liability
for nuclear damage

• Paris convention on civil liability
for nuclear damage

• Joint protocol relating to the application of
Vienna and Paris conventions

• Protocol to amend the Vienna
convention on civil liability
for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of spent
fuel management and on the safety of
radioactive waste management

Not yet concluded

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Signature:

Not applicable

Non-Party

Non-Party

Non-Party

Entry into force:

Signature:

OTHER RELEVANT INTERNATIONAL TREATIES/UNDERTAKINGS

5 March 1970

8 February 1987

24 January 1987

26 February 1987

8 May 1996

24 October 1996

27 January 1999

Improved procedures for
designation of safeguards inspectors

ZANGGER Committee

Nuclear Suppliers Group

Waiver proposal accepted

by U.S.S.R. on 15 September 1988

Member

Member
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• Acceptance of NUSS Codes Summary: A good basis for
national safety standards.
Taken into account in preparation
of regulatory/ technical documents.
Best form of application
in USSR being studied: 30 December 1988

• Nuclear Export Guidelines Adopted

• World Association of Nuclear Operators
(WANO) Member

BILATERAL AGREEMENTS

Bilateral agreements on peaceful use of atomic energy have been signed with USA, UK,
Germany, France, Italy, Canada, Republic of Korea, Switzerland and some other countries.

1. "Bilateral Agreement between Governments of the Russian Federation and the United States of
America on Scientific and Technical Co-operation in the Field of Management of Plutonium
Withdrawn from Nuclear Military Programmes". Moscow, July 24, 1998.

2. "Threelateral Agreement between Governments of Russian Federation and Federal Republic of
Germany and Republic of France on Co-operation in the Field of Peaceful Utilization of Plutonium
Being Released as a Results of Dismantling of Russian Nuclear Weapons".

3. Russia - US "Agreement on Co-operation in Research on Radiation Effects for the Purpose of
minimize the consequences of the Radioactive Contamination on Health and environment".
Moscow, January 14, 1994.

4. Russia - US "Agreement on Increasing of Operational Safety, Measures to Decrease Risk and on
Nuclear Safety Standards of Civil Nuclear Facilities in Russian Federation". Moscow, December
16,1993.
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND
COMPANIES INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY A UTHORITIES

Ministry of Atomic Energy (MINATOM)
Staromonetny pereulok 26
109180 Moscow

Federal Nuclear and Radiation Safety Authority
Taganskaya ulitsa 34
109147 Moscow

State Supervisory Committee
for Nuclear Safety and Radiation Protection

OTHER NUCLEAR ORGANIZATIONS

Consortium of Russian Nuclear Power Plants
"ROSATOMENERGO"
B. Ordynka 24/26
K-74 Moscow 103074

Obninsk Institute for
Physics and Power Engineering
Bondarenko Sq. 1
249020 Obninsk, Kaluga region

All-Russia Scientific Research and Design
Institute of Power Technology -VNIPIET
Dibunovskaya Str.
St. Petersburg

Nuclear Safety Institute (IBRAE)

Institute "Atomenergoproekt" (AEP)
Bakunin Str. 7
Moscow

"Atommash"
Krasnoarmeyskaya Str. 206
Volgodonsk
Rostov reg.

"Izhorskie zavody"
Kolpino-1, Lenin Str. 1
St. Petersburg

Tel: (7 095) 239 4908
Fax: (7 095) 230 2420
Telex: 411888 MEZON SU

http://www.x-atoni.ru/minatom/min eng.html

Tel: (7 095) 272 0349
Fax: (7 095) 278 0098
Tlx:411743SYVINSU

Fax: (7095) 278 8090

Tel: (7 095) 239 24 22
Fax: (7 095) 239 27 24
http://www.rosatoni.ru/

Tel: (708439) 9 82 50
Fax: (7095) 230 23 26
http://www.ippe,obmnsk.ru/

Tel: (812) 239 01 34
Fax: (812) 239 18 98

http://www.ibrae.ac.ru/

Tel: (7095) 261 41 87

Fax:(812)463 92 69

618 RUSSIAN FEDERATION



"Rosenergoatom"
Kitaisky pr. 7
Moscow

"Atomredmetzoloto"
Bolshaya Ordynka Str.
Moscow

TVEL Concern, Inc.
Bolshaya Ordynka Str.
Moscow

Russian Scientific Centre (RSC) "Kurchatov Institute"
Kurchatov Sq. 1
Moscow

State Scientific Centre "All-Russian Inorganic
Materials Research Institute" (SSC VNHNM)
Rogov Str. 5a
Moscow 123060

State Scientific Centre "Nuclear Reactor
Research Institute" (SSC NEAR)
Box M-5881
Dimitrovgrad
Ulyanovsk Region

All-Russian Research Institute for
Nuclear Power Plant Operation (VNIIAES)
Ferganskaya Str. 25
Moscow

Research and Development Institute
of Power Engineering (NIKIET)
P.O.Box 788
Moscow

Experimental Design Bureau of Machine Building
(OKBM)
Burnakovsky pr. 15
Nizhny Novgorod

Experimental Design Bureau "Gidropress" (OKB GP)
Ordzhonikidze Str. 24
Podolsk
Moscow region

Leningrad Nuclear Power Plant

NUCLEAR RESEARCH INSTITUTES

Budker Institute of Nuclear Physics (BINP)

Tel: (7095) 220 63 01
Fax: (7095) 220 44 88

Tel: (7095) 239 44 11
Fax: (7095) 239 46 79

Tel: (7095) 239 43 55
Fax:(7095)233 10 59

Tel: (7095) 196 92 41
http ://www. ki ae.ru/

Tel: (7095) 190 82 97
Fax:(7095)196 4168

Tel: (84235) 3 52 80
Fax: (84235) 3 56 48
http:/jVww.niiar.sinibirsLsu/eng/''riarsb.hrm

Tel: (7095) 377 00 75
Fax: (7095) 274 00 73

Fax: (7095) 975 20 19

Tel: (8312) 46 21 32
Fax: (8312) 41 87 72

Tel: (7095) 137-90-96

http://www.laes.sbor.ru/
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Frank Laboratory of Neutron Physics (FLNP) http://nfdfn.iinr.fu/

Institute of General and Nuclear Physics
(Kurchatov Institute)

Ioffe Institute for Physics and Technology

Khlopin Radium Institute

Moscow Power Engineering Institute

St. Petersburg Nuclear Physics Institute

HIGH ENERGY INSTITUTES

Bogoliubov Laboratory of Theoretical Physics
(BLTP)

Flerov Laboratory of Nucler Reactions (FLNR)

Institute for Nuclear Research (INR)

International Center for Fundamental Physics

Joint Institute for Nuclear Research in Dubna (JINR)

Laboratory of High Energies (LHE JINR)

Laboratory of Nuclear Problems (LNP)

Laboratory of Particle Physics (LPP)

Skobeltsyn Institute of Nuclear Physics
(SDSTP, Moscow)

http://www.ignph.kiae.ru/

http://wvyw.ioffe.rssi.ru/

http://www.atom.nw.ru/RIE/

http://www.pnpi.spb.ru/

http://thsun 1. j inr.ru/

http://sungi-aph.iirir.dijbna.su/flnr/

http://www.inf.ac.ru/

http://www.icfpm.lpi.ru/

2IiZcYJmr.ru/

Saint-Petersburg State University
(Radiophysics scientific school)

International Science and
Technology Center (ISTC)

OTHER ORGANIZATIONS

Republican Research Scientific
-Consulting Center for Expertises (RRSCCE)

Federal Environmental Emergency
Response Centre Federal Environmental
Emergency Response Centre (FEERC)

http://lhe.jinr.ru/

http://nuweb.iinr.ru/

http://sunse.jinr.ru/

www.11pi.msu. su:8O/inp5O/eriglish/index.html

http://www.phys.spbu.txi/Departrnents./R.adioPhysics/

tto.'/www.istc.ru/

http://www.extech.msk.su/

http://www.iyohoori.niecom.ru/
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SLOVAKIA

1. GENERAL INFORMATION

1.1. General Overview

The size of the Slovak Republic is 49 036 km2 with 40% of the area situated up to the elevation of
300 m, 45% at the elevation between 300 and 800 m, and 15% at the elevation above 800 m. The
lowest point is the mouth of Bodrog river at the elevation of 94 m and the highest situated point is
Gerlachov peak at the elevation of 2655 m. Agricultural surface covers 49.9% from the entire Slovak
territory, and forest surface 40.6%. The longest dimension in the east-west direction is 428 km and in
the north-south direction 195 km. The Slovak Republic is a new country situated in the Central
Europe. It was established on January 1, 1993. It is situated between 16°50'04" and 22°34'20" of east
longitude, and between 47°35'55" and 49°36'54" of northern latitude (Fig. 1) in mild zone. The
average annual temperature - a long-term average between 1901 and 1950 - is 10.TC in Bratislava
and the average rainfall is 670 mm. Table 1 shows typical parameters from the Meteorological
stations Jaslovske Bohunice and Mochovce.

In 2000, there were about 5.4 millions inhabitants and density of the population was 110
inhabitants per km2 (Table 2). 2.4 millions people were economically active, out of which 0.92
millions in industry and transport, 0.18 millions in agriculture, 0.49 millions in trade and services, and
0.81 millions in non-productive spheres.

FIG. 1. Map of the Slovak Republic

TABLE 1. SELECTED PARAMETERS FROM METEOROLOGICAL STATIONS
IN BOHUNICE AND MOCHOVCE

Parameter

Elevation above sea
Average annual temperature
Average annual humidity
Average annual rainfall
Dominant wind direction
Wind velocity

Unit

m
°C
%

mm

m/s

Jaslovske Bohunice

176
9.3
76
548

north-west
3.4

Mochovce

261
9.1
75
560

north-west
1.7

Source: Country Information
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TABLE 2. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

4.1
85

49.0

1970

4.5
92

1980

5.0
105

1990

5.3
107

1997

5.4
109
57

1998

5.4
109
57

1999

5.4
110
57

2000

5.4
110

Growth
rate (%)

1980
To

2000

0.4
0.4

Source: IAEA Energy and Economic Database; Data & Statistics/The World Bank

1.2. Economic Indicators

The development of the gross domestic product (GDP) over the last ten years is shown in Table 3.
The GDP and GDP per capita decreased compared with 1998. The 1996 energy consumption is shown
in Fig. 2 whilst Fig. 3 shows the 1996 GDP and 1996 final energy consumption by sector. Projections
of GDP in billion Slovak crowns, final energy consumption in PJ and energy requirements in
PJ/billion Slovak crowns are shown in Table 4.

TABLE 3. GROSS

GDp(b)

GDP(C) per capita
GDP by sector (%):

-Agriculture
-Industry
-Services

DOMESTIC

1990

15,444
2,923

7
59
33

1991

10,837

2,051

6
60
34

PRODUCT (GDP)

1992

11,742

2,213

5
38
57

1993

11,984

2,251

6
41
53

1994

13,766
2,574

7
33
60

1995a

18,400

3,451

5
36
59

1996a

19,800
3,706

5
37
59

1997a

*
20,400
3,789

5
34
62

1998a

21,300
3,951

4
32
64

1999a

19,700

3,651

4
32
64

<a) Data & StatisticsAThe World Bank (b) Millions of current US$ <c) Current US$ per capita
Source: IAEA Energy and Economic Data Base; Data&Statistics/The World Bank); Country Information.

Heat
6%

Electricity
16%

/ \ \
Gas fuel

38%

Liquid fuels
19%

Solid Fuels
21%

FIG. 2. 1996 Energy Consumption
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] GNP 95 in stable prices from 1990 in billion Sk I Final energy consumption in 1995 in PJ

FIG. 3. 1996 GNP and final energy by Sectors

TABLE 4. CURRENT AND PROJECTED DEVELOPMENT OF
GROSS DOMESTIC PRODUCT (GDP) IN CONSTANT 1990 PRICES

Year

1990
1991
1992
1993
1994
1995
1997
2000
2005
2010

Development of GNP

billion Sk

243.6
208.3
203.3
196.8
206.0
221.2
587.0*
254.1
294.6
341.9

inter annual index

100.0
85.5
97.6
96.8

104.7
107.4

_
114.9
115.9
116.1

Final energy consumption

PJ

729

555

586
780
639
666
698

Energy requirements

PJ/billion Sk

3.0

2.8

2.6

2.6
2.3
2.1

Source: Country Information 1 USD = 50 Sk

1.3. Energy Situation

Slovakia has only a limited amount of available domestic energy resources, i.e. brown coal, oil,
natural gas and renewable resources (Table 5.1). A breakdown of the fossil fuel resources is given in
Table 5.2. The energy potential of renewable resources in Slovakia is approximately 5% from the
total annual consumption of primary energy resources (Table 6). Table 7.1 shows the basic energy
statistics and Table 7.2 the 1999 energy balance. The historical development of primary energy
consumption is given in Table 8.

TABLE 5.1. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

1.94

Liquid

0.04

Gas

0.15

Uranium(1) Hydro (2)

0.77

Exajoule

Total

2.91
(1J This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base; Country Information.
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TABLE 5.2. RESOURCES OF FOSSIL FUELS IN SLOVAKIA
INCLUDING PROJECTED RESOURCES

Geological resources

Coal
out of which: anthracite

brown coal
lignite

Oil
Natural gas

Unit

Mt
Mt
Mt
Mt
Mt
bil.m3

Total amount

2,135
8

765
1,362

10
29

out of which balance reserves

totally

763
2

421
340

1
11

deposits mined

348
0

283
65
1
8

As of January 1, 1996
Source: Country Information

TABLE 6. POTENTIAL OF RENEWABLE ENERGY
RESOURCES IN SLOVAKIA

Resources

Geothermal energy
Forest biomass
Small hydro power plants
Solar energy
Wind energy
Biogas from waste
Communal and industrial waste
Total

PJ/a

7.2
11.6
2.6
4.9
1.1
4.3
3.6

35.3

Source: Country Information

TABLE 7.1. BASIC ENERGY SITUATION
Exajoule

Energy consumption
- Total(1)

- Solids(2)

- Liquids
- Gases
- Primary electricity(3)

Energy production
- Total
- Solids
- Liquids
- Gases
- Primary electricity<3>

Net import (import - export)
- Total
- Solids
- Liquids
- Gases

1992

0.80
0.24
0.19
0.23
0.15

0.20
0.05

2.9e-3
0.01
0.13

1993

0.72
0.22
0.13
0.21
0.16

0.19
0.03

2.8e-3
8.3e-3
0.14

1994

0.68
0.20
0.13
0.20
0.15

0.21
0.03

2.5e-3
9.4e-3
0.16

1995

0.73
0.22
0.13
0.20
0.17

0.23
0.05

2.6e-3
0.01
0.16

1996

0.77
0.22
0.14
0.22
0.19

0.22
0.05

3.0e-3
0.01
0.15

0.53
0.17
0.15
0.21

1998

0.79
0.19
0.14
0.24
0.21

0.22
0.06

0.01
0.15

0.52
0.15
0.14
0.23

1999

0.79
0.19
0.13
0.28
0.19

0.24
0.06

0.01
0.17

0.52
0.12
0.14
0.26

2000

0.83
0.18
0.13
0.29
0.22

0.27
0.06

0.01
0.20

0.52
0.11
0.13
0.28

Average annual
growth rate (%)

1992
to

1996

-1.0
-2.2
-7.4
-1.1
6.1

2.4
0.0
0.9
0.0
3.6

(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2> Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database and Country Information.
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TABLE 7.2. ENERGY BALANCE IN 1999

Natural resources
Fraction of consumption
Import
Export
Changes in storage
Consumption

PJ
%
PJ
PJ
PJ
PJ

Solid

46
21
170
-2
3

217

Liquid

3
2

245
-117

-2
129

Gas

7
5

222
0
-3

226

Total fossil

56
10

N/A
N/A
N/A
572

Heat

173
N/A

0
0
0

173

Electricity

17
N/A

5
-3
0
19

Total

246
N/A
642
-122
-2

764

Source: Country Information

TABLE 8. CONSUMPTION OF PRIMARY ENERGY RESOURCES
Petajoule

Solids
Liquid
Gases
Nuclear
Electricity
PER total
PER per capita

1990

360
197
224
132
28

941
178

1991

310
171
212
129
22

844
159

1992

274
150
214
121
20

779
147

1993

275
130
205
120
19

749
141

1994

269
137
202
132

18
758
142

1995

228
156
221
125
23

753
142

1996

227
144
232
148
29

780
144

1999

218
132
243
143
17

753
142

Source: Country Information

1.4. Energy Policy

The main goal is to achieve a necessary assurance in obtaining energy resources and to focus
the Slovak energy economy on effective and environmentally friendly technologies of electricity
generation, on higher use of renewables and secondary resources of energy, and on introduction of
energy-saving production technologies and consumers, in which way a gradual reduction of the
energy demands and of the absolute energy consumption will be provided.

The Energy Concepts for Slovakia till 2005 accepted by the Government decision No. 562/1993
define the principle objectives of and bases for the energy policy, analyze the current conditions of
power economy and specify the strategy for assuring fuels and energy for the economy. These Energy
Concepts were developed for the first time for the conditions of independent, national energy system.
The philosophy of the concepts is based on a rational approach to both generation and consumption of
electricity.

The Energy Concepts follow the concepts of industrial policy according to which the 1990 level
of energy consumption will be reached between 2000 and 2003. A gradual restoration of the economic
growth is expected with the increase of electricity consumption by approximately 2% annually. The
approach to the assurance of resources that will meet the requirements of consumption has been
changed drastically.

The fundamental strategic goal of the energy policy is to ensure fuel and energy for all
consumers. The energy shall be:

i) produced with the lowest costs and impacts on the environment;
ii) transported to the consumer safely and reliably and in the quality required;
iii) used in the field of generation, transport and consumption as effective as possible.

One of energy policy priorities is to restore sound environment by reducing emissions of
polluting materials in line with the accepted multilateral Convention on Remote Atmosphere Pollution
from 1979 in Geneva, the protocols from Helsinki and Sofia on reduction of SO2 and NOX emissions,
as well as the Declaration from The Hague. The following commitments resulted for Slovakia from
the above documents:
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i) to reduce SO2 emissions by 30% in comparison with 1990 till 1993;
ii) not to exceed the level of annual NOX emissions in 1987 by the end of 1994;
iii) to reduce CO2 production by 20% against 1988 till 2005.

These specified tasks (only I) and ii)) in the power industry have been fulfilled up to now and
there are expectations for their further successful fulfillment within the framework of the accepted
"Energy Concepts of the Slovak Republic till 2005". Table 9 shows the emissions of steam power
plants from SE a.s.

TABLE 9. EFFLUENTS INTO THE ENVIRONMENT FROM STEAM POWER PLANTS OF SE
Thousands tons

Pollutant

SO2

NOX

co2
Solid pollutants (TZL)

1990

176.6
32.7
8196

56.6

1993

104.6
24.5
6786

13.9

1995

69.6
25.3
6884

10.6

2000

40.1
21.4
5310
8.5

Source: Country Information.

The fundamental document, defining main targets, directions and framework of power
development, is the Power Policy of the Slovak Republic approved by the Slovak government decree
No. 5 dated 12 January 2000.

The power policy defines the framework for new orientation of the power sector and has three
pillars:
1. preparation for the integration into internal markets of the European Union,
2. security in power supplies,
3. sustainable development.

The main target of the preparation for integration into the EU internal markets is transformation
of the power sector into a compatible one that is able and prepared to be incorporated into a united
European market. The power sector transformation is conditioned by meeting the basic measures:
restructuralization and privatization of power utilities, establishment of independent regulatory
authority, making energy prices more realistic for all categories of consumers, completion and
approval of legislation adapting power sector.

The intentions of the power policy are as follows:
• create competitive power sector able to access EU;
• establish conditions for stakeholders to enter electricity grid and to create competitive

environment;
• minimize involvement of the state in the direct control of the sector;
• ensure non-discriminating and transparent conditions for all subjects participating in the

generation, transmission, distribution and sale of power;
• make possible a gradual liberalization of power market for legitimate customers.

Another important measure related to nuclear power sector is the governmental decree on the
closure of the two oldest units at the Bohunice V-l nuclear power plant (EBO) in 2006 and 2008,
respectively. By implementing a programme of modernization and safety upgrading of the V-2
Bohunice nuclear power plant, extension of the V-2 design lifetime will be enabled with the high
level of safety maintained. The decision on the completion of Mochovce units 3 and 4 will depend on
the interest of a strategic partner, as no guaranty of the state is possible.

In the field of electric power sector it is expected that a major part in the increase of electricity
demand will be covered by developing the production of independent generators, mainly based on
steam-gas cycle.

The development of heat supply systems, based mainly on centralized methods of heat supply
for communal consumption and industrial technology processes, will depend on accelerated
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elimination of deformations in the prices of electricity and natural gas. The process of making these
prices more realistic has been already launched according to a time schedule accepted. A profitable
geography position and significant location of Slovakia in regard to transit of natural gas through its
territory into Western Europe create good preconditions for building a ,,Gas Centre" with European-
wide importance. Notwithstanding the high level of reliability of gas supply from the Russian
Federation, it will be necessary to look for possibilities in diversification of gas imports from other
territories. A similar suitable situation relates to the strategic assurance of oil imports. In line with EU
legislation and with a bill under preparation on mandatory reserves of oil products, capacities for the
storage of mandatory oil reserves (90-day reserve) will be gradually built. Based on a government
decision to use preferentially for electricity production (up to the amount of 10% from total electricity
consumption) domestic brown coal, that is the only significant fuel source, gradual extraction of coal
and lignite resources in line with mining capabilities will be made possible. Protection of the
environment is one of determining factors of the power policy. The legislation framework in effect
and international obligations of Slovakia in the area of reduction of the production of emission
materials provide the starting point for the acceptance of programs for emission reduction and
increased utilization of renewable resources. For the implementation of these programs, coordinated
progress of a number of industrial sectors and incorporation into practice of system measures in the
field of tax and price policies, ecology and legislation is needed.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

The dominant producer of electricity in Slovakia has been the utility Slovak Electric (SE) Inc.
which is owned by the National Property Fund as a share-holding company (see Fig. 4 for its
structure).

About 90% of the distribution and sale of electricity is done by regional energy enterprises
shown in Table 10. The power grid operates within the framework of the Central Regional Net (Czech
Republic, Hungary, Poland and Slovakia). In October 1995, a long-term trial test of the joint operation
with the UCPTE started.

TABLE 10. DISTRIBUTION OF ELECTRICITY
(GW-h)

Region

East Slovakia

Central Slovakia

West Slovakia

Direct consumers of SE

1998

4889

6824

6601

3075

1999

4779

6476

6659

3087

2000

4605

6531

6728

3243

Source: Country Information.

2.2. Decision Making Process

The development of the power sector has been implemented based on the Power Concepts of
the Slovak Republic approved by the Slovak Government. The organization responsible for the
development is the SE utility together with power distribution enterprises (Fig. 4).

2.3. Main Indicators

In 2000, the electricity production from SE was 26.3 TW-h (about 85%) and from other
producers 4.6 TW-h (15%). The group of other producers consists mainly of energy generators in
factories (auto producers). The development of electricity production and fuel consumption is given in
Table 11 and also shown in Fig. 5. Table 12 shows the installed electrical capacity and Fig. 6 its share
according to plant type. Fig. 7 shows the annual load follow curve of the Slovak electricity system.
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ORGANIZATIONAL CHART OF SE UTILITY AS OF JANUARY 1, 2000
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Fig. 4. Structure of the Slovak Electric utility (SE)

TABLE 11. DEVELOPMENT OF ENERGY PRODUCTION AND CONSUMPTION
TW-h

Nuclear power plants
Steam power plants
Hydro power plants
Other producers
Import - Export
Consumption total
Production of electricity SE, Inc
Production of electricity Slovakia

Nuclear fuel consumption (PJ)

Actual value

1990

12.0
6.6
2.5
3.0
5.2

29.3
21.1

140.4

1994

12.1
5.2
4.5
2.9
0.4
25.2

21.8
24.7
141.6

1995

11.4
6.3
5.2
3.0
1.4

27.3
22.9
25.9
141.6

1998

11.4
6.1
4.5
4.0
2.3

28.3
22.0
26.0

143.1

2000

16.5
4.9
4.9
4.6
-2.7
28.2

26.3
30.9

205.8

Prognosis

2005

17.0
4.2
4.7
8.1
-3.4
30.6
23.6
34.0

207.8
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TABLE 12. INSTALLED ELECTRICAL CAPACITY

Installed capacity
Nuclear power plants
Thermal power plants
Hydro power plants
Auto producers
Peak loading Slovakia
Production of heat delivered

Unit

MW
MW
MW
MW
MW
MW

TJ

Slovak Republic

1995

7117
1760
2203
2375

778
4218

1998
7847
2200
2385
2472

791
4332

2000
8292
2640
2380
2450

822
4275

SE, Inc

1995

6119
1760
1990
2369

1998
6557
2200
1963
2393

10720

2000

6999
2640
1963
2395

35000

0
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Fig. 5. Development of Electricity Generation

Other producers

Fig. 6. Share of Power Plant Capacity
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Fig. 7. Annual Load Follow Curve of the Slovak Electricity System

3. NUCLEAR POWER SITUATION

3.1. Historical Development

A-l Bohunice:

1956 Intergovernmental agreement between the former USSR and CSSR on the construction of
an industrial-research nuclear power plant on the territory of CSSR.

1957 Establishment of an investment enterprise Nuclear Power Plant A-l by the decision of
the Governmental Committee for Nuclear Energy and of the Authority for Nuclear Power
Management.

1958 Beginning of A-l construction.
1972 The research and development reactor KS 150 at A-l reached criticality. Gradual

increase of the electric output up to the maximum value of 127 MW. Connection of A-l
to the electric grid.

1976 First serious incident at the KS-150 reactor.
1977 The decisive severe accident during reactor refuelling.
1978 Decision of CSSR government to decommission A-l.
1992 Slovak government accepted the global concepts of A-l decommissioning.
1998 Expected to bring A-l into safe radiation conditions (The first phase ending in 2007).
2007 Completion of the first phase of A-l decommissioning.
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V-l Bohunice:

1969 Decision of the State Planning Commission of CSSR based on an agreement with USSR
to start the construction of nuclear power plants with pressurized water reactors of
W E R 440 type.

1970 Decision of CSSR and USSR governments to supply two nuclear power plants each with
two W E R reactors 440 MW.

1971 Establishment of affiliated organization in Jaslovske Bohunice.
1973 Laying of foundation stone for the construction of main production building.
1978 V-l Unit 1 reactor made critical.
1979 Commissioning of V-l Unit 1 into trial operation.
1980 Commissioning of V-l Unit 1 into commercial operation. V-l Unit 2 reactor made

critical. Commissioning of V-l Unit 2 into trial operation.
1981 Commissioning of V-l Unit 2 into commercial operation.
1984 Re-evaluation of V-1 safety.
1986 Other safety measures to enhance nuclear safety.
1990 Execution of reviews to evaluate V-l conditions.
1991 CSKAE Decision about V-l operation based on implementation of additional safety

measures.
1991-1995 Implementation of Phase 1 measures to upgrade safety by backfitting V-l units.
1995-2000 Implementation of Phase 2 measures with the objective to achieve European standards

and maintain V-l in operation.

V-2 Bohunice:

1976 Agreement signed with USSR on the construction of V-2 in Jaslovske Bohunice.
Beginning of V-2 construction.

1984 V-2 Unit 1 reactor made critical. Commissioning of V-2 Unit 1 into trial operation.
1985 Commissioning of V-2 Unit 1 into commercial operation. V-2 Unit 2 reactor made

critical. Commissioning of V-2 Unit 2 into trial operation. Commissioning of V-2 Unit 2
into commercial operation.

2000 Concept of modernization with safety upgrading.

Mochovce:

1974 Preparatory studies, survey works, sociology survey.
1978 Federal Ministry of Fuel and Power approved an investment intention to construct two

twin-reactor units with the capacity of 440 MW each.
1981 Physical start of Mochovce construction.
1983 Establishment of a concern enterprise Atomic Power Plants Mochovce with its

headquarters in Mochovce.
1989 The original deadline for Mochovce Unit 1 commissioning failed to be met due to

necessary replacement of inadequate instrumentation and control system.
1995 The way of funding the construction of Mochovce Units 1 and 2 was still open,

construction and installation works continued in a minimum extent only. (The funding of
Mochovce completion was resolved by the Government Decision No.339/96 dated May
14,1996).

1998 Unit 1 reactor reached criticality. Commissioning of Unit 1 into trial operation.
1999 Unit 2 reactor reached criticality.
2000 Commissioning of Unit 2 into trial operation. Completion of units 3 and 4 suspended

since 1994.

3.2. Status And Trends of Nuclear Power

The decision on the orientation of the Slovak power industry in regard to the utilization of
nuclear power made in seventies resulted from the status of useable reserves of primary energy

SLOVAKIA 633



resources that in no case could meet the demand on electricity. The construction of the V-l Bohunice
Plant (EBO Units 1, 2) with V-230 reactor types started in 1972 and the construction of the V-2
Bohunice Plant (EBO Units 3, 4) with V-213 reactors in 1976.

Four nuclear units are in operation in Bohunice, and two in Mochovce with a total capacity of
2.2 GWe. In 1998 the units produced 11.4 TW-h and the nuclear share was about 45% of the
electricity production in our country. The Slovak Electric utility (Slovenske Elektrarne - SE), that
operates the Bohunice nuclear power plant, was transformed in 1994. Two of the Bohunice units are
of the older type of Soviet-designed WER-440/230 pressurized water reactors. After an extensive
program for upgrading these units carried out from 1991 to 2000, which brought them up to
international safety standard levels, they were expected to be operated till 2015. Two other Bohunice
units are of the more recent VVER-440/213 design which incorporate most of safety features of non-
Soviet-type reactors. However, a program of further safety enhancement of these units has been
undertaken in co-operation with Western European companies following the recommendations of the
Slovak safety authority and the IAEA, see later in this Section.

Based on studies of further development of nuclear power in the former CSFR and following a
lengthy decision making process, the construction of another nuclear power plant with four W E R
440 units with V-213 type reactors on the Mochovce site (EMO Units 1 to 4) started in April 1981.
With regard to conceptually non-clarified questions of automatic control of production processes and
nuclear safety, the completion of Unit 1, originally planned for 1985, has been gradually postponed
and the process of its completion has not been completed on time.

Based on a decision of the Slovak government, in the first phase Mochovce-1 was completed in
1998 and Mochovce-2 in 2000. For the completion of Mochovce-1, 2, contracts have been signed with
the following organizations: Atomenergoexport, Electricite de France, Energoprojekt Prague,
EUCOM (Siemens AG, Framatome SA), Hydrostav Bratislava, SKODA Prague, VUJE Trnava, and
Zarubezhatomenergostroj. The Slovak government took over guarantees for bank loans for the
Mochovce-1, 2 completion.

Table 13 presents some basic operating data and Table 14 shows the status of nuclear power
plants in the Slovak Republic. The costs of one MW-h delivered from EBO 1, 2 and EBO 3, 4 and
EMO 1 are calculated including 10 per cent contribution to the State Fund for Decommissioning of
Nuclear Power Installations.

TABLE 13. BASIC DATA OF OPERATING NUCLEAR POWER PLANTS

Unit

EBO1
EBO 2
EBO 3
EBO 4

EMO1
EMO 2

Total

Production
in TW-h

2000

2.129
2.746
3.040
2.632

3.073

2.873

16.493

From
commiss. till

31.12.00
59.231
57.567
47.641
45.685

6.710

2.886

219.720

Load Factor
in%

Annual

54.4
70.5
48.3
67.9

79
74

Cumulative

70.3
72.3
77.2
78.2

69
72

-

Net
Efficiency

in%

Own
electr. cons.

in%

Since commissioning

28.03
28.55
29.08

29.03
29.15

28.99

7.914
7.583
7.193
7.087
8.560

8.280

-

Prod.
Loss

in TW-h

2000

1.73

1.11
0.78
1.19

0.795

0.379

5.984

Heat
delivered

inTJ

2000

53
153
732
649

126.0

60.1

1 773.1

These costs are approximately half in comparison with the costs of coal-burning steam power
plants in SR. The costs of fossil plants represent more than 1000 Sk per one MW-h delivered in
average. From the total electricity generated in SR in 2000, nuclear power plants generated 53%.
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TABLE 14. STATUS OF NUCLEAR POWER PLANTS

Station

BOHUNICE-1
BOHUNICE-2
BOHUMCE-3
BOHUNICE-4
MOCHOVCE-1
MOCHOVCE-2
M0CH0VCE-3
MOCHOVCE-4
A-l BOHUNICE

Type

VVER
W E R
W E R
W E R
VVER
VVER
VVER
VVER
HWGCR

Capacity

408
408
408
408
388
388
388
388
110

Operator

EBO
EBO
EBO
EBO
EMO
EMO
EMO
EMO
EBO

Status

Operational
Operational
Operational
Operational
Operational
Operational
Construction Postponed
Construction Postponed
Under Decommissioning

Reactor
Supplier

AEE
AEE
SKODA
SKODA
SKODA
SKODA
SKODA
SKODA
SKODA

Station

BOHUNICE-1
BOHUNICE-2
BOHUNICE-3
BOHUNICE-4
MOCHOVCE-1
MOCHOVCE-2
MOCHOVCE-3
MOCHOVCE-4
A-l BOHUNICE

Construction
Date

Ol-Apr-74
Ol-Apr-74
Ol-Dec-76
Ol-Dec-76
Ol-Oct-83
Ol-Oct-83
01-Jan-85
01-Jan-85
Ol-Jan-58

Criticality
Date

27-Nov-78
lS-Mar-80
08-Aug-84
02-Aug-85
09-Jun-98
Ol-Dec-99

Ol-Jan-72

Grid
Date

17-Dec-78
26-Mar-80
20-Aug-84
09-Aug-85
04-Jul-98
20-Dec-99

01-Oct.-72

Commercial
Date

01-Apr-80
01-Jan-81
14-Feb-85
18-Dec-85
13-Oct-98
1 l-Apr-00

O'l-Dec-72

Shutdown
Date

17-May-79

Source: IAEA Power Reactor Information System as of 31 December 2000.

Backfitting of Existing Nuclear Power Plants

Reactor Type V-l
2x440 MW W E R V-230

Based on recommendations from IAEA and EC experts, the so called "small backfitting" of V-l
was carried out between 1991 and 1992, with the costs of 2 million Sk, and focused mainly on:

• improving confinement integrity;
• upgrading seismic resistance;
• analyzing reactor pressure vessel life;
• backfitting fire protection systems;
• annealing reactor pressure vessels;
• installing another diesel generator and new distributions of essential power supply;
• verifying validity of the "leak before break" (LBB) principle at reactor coolant system.

The implementation of these actions was a prerequisite for the operation of the V-l plant till
1995. According to the UJD SR Decision No. 1/94, the prerequisite for further operation after 1995
was to implement the so called "gradual upgrading" between 1996 to 2000 with the costs of 8.000
million Sk. The content of the gradual upgrading was as follows:

• further improvement of confinement integrity;
• modifications of core cooling during both operation and loss of coolant accidents;
• modifications of emergency power supply for cooling systems, and of instrumentation and

control systems;
• enhancement of the levels of quality assurance, safety, operating procedures, documents

for personnel training, emergency planning etc.

The implementation of the gradual upgrading was completed in line with the schedule approved
by the UJD SR. The V-l nuclear safety thus achieved the level acceptable for early nuclear power
plants according to both IAEA and WENRA reviews. During negotiations on Slovak accession to the
EU, the Slovak government agreed to close the V-l unit 1 in 2006 and the V-l unit 2 in 2008.
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Reactor Type V-2
EBO - 2 x 440 MW W E R 213

A similar programme will be implemented with the objective to upgrade V-2 seismic resistance
and nuclear safety focused mainly on:

• modification of reactor coolant system, essential power supply, instrumentation and control
system;

• strengthening of seismic resistance;
• improving of fire protection efficiency;
• enhancement of the levels of quality assurance, safety, operating procedures, documents

for personnel training, emergency planning etc.

The ultimate goal for V-2 is to establish conditions for extending its design life up to 40 years,
i.e. till 2025.

EMO - 2 x 440 MW W E R 213

The UJD SR issued operating licenses for the Mochovce Units 1 and 2.

3.3. Current Policy Issues

The results of a survey carried out in Slovakia concerning the public opinion on the use of
nuclear energy are shown in Fig. 8. The data are based on the results of a standard survey by a
Gallup's questionnaire method on a selected sample of 1.037 people from the population above 18
years in 1995. About 46% of the selected population indicated to be on favour of nuclear power and
44% was against.

UQLEM

DEFINITELY IN FAVOUR

IN FAVOUR

MORE OR LESS IN FAVOUR

MORE OR LESS AGAINST

5.5

WM/M/WMM
25.3

AGAINST

DEFINITELY AGAINST

UNCERTAIN

WMMMm12.4

Tillll/ill/llllllll.'Illlllllllllllllll,10.5

10 15 20

RATE IN PER CENT

25 30

CHART BY MVK, MARCH 1995, N=1,037

Fig. 8. Results of Survey on the Use of Nuclear Energy
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3.4. Organizational Chart

Fig. 9 shows the structure of institutions involved in nuclear power sector.

4. NUCLEAR POWER INDUSTRY

The main organization participating in the development of the Slovak power system is the
utility Slovak Electric (SE) together with the Power Enterprises of East, Central and West Slovakia
that ensure the investment, construction and operation of power plants, transmission and distribution
system. The state regulation of nuclear safety is provided by the Nuclear Regulatory Authority of the
Slovak Republic (UJD SR).

The Slovak Energy Inspection - Energy Agency fulfils the tasks of state oversight on the entire
management of energy and its effective use on Slovak territory. The complete development of Slovak
nuclear power including the nuclear power industry has proceeded within the framework of the valid
"Power Concepts of Slovakia till 2005" approved by the Slovak government in 1993.

4.1. Supply of Components for NPPs

The main domestic producer and supplier of selected components of pressure systems
(separators, piping) for nuclear power plants is the Slovak Power Engineering Works (SES) in Tlmace
and the Piping Company in Kosice. The supplier of civil construction works is the Hydrostav
Bratislava.

The main foreign suppliers are Atomenergoexport (Russia), SKODA and EGP (Czech
Republic). Well-known Western firms (EdF, Framatome) cooperated with them during Mochovce
completion and Bohunice upgrading.

4.2. Operation of NPPs

The owner of the Bohunice and Mochovce plants is the utility Slovak Electric (SE). The
operators of these six units are SE affiliations Nuclear Power Plants Bohunice (EBO) and NPPs
Mochovce (EMO). The Nuclear Power Plants Bohunice have built their own technical and
professional capacities for the performance of maintenance activities. The execution of specialized
activities is ordered by EBO and EMO from manufacturers of these components, or from specialized
firms. The training of nuclear personnel, i.e. operators and maintenance and decommissioning
personnel, is carried out by the Training Center in the VUJE Trnava, Inc. - Engineering, Design and
Research Organization. VUJE performs professional, practical and theoretical training of nuclear
power plant personnel in six categories based on the Certificate No. 1/94 from the UJD SR. The
Category 1 is designed for selected personnel, e.g. operators, control physicists and reactor unit
supervisors. Following successful graduation from theoretical and practical training, trainees obtain
certificates. For the performance of a function, the Category 1 personnel have to obtain a UJD license
that has to be renewed each two or three years depending on the function.

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

4.3.1. Procurement of New Nuclear Fuel

All the fuel for the operation of six VVER-440 units in Slovakia has been fabricated in the
Russian Federation and delivered by a monopoly Russian supplier. The supplier also takes care of the
provision of natural uranium, its conversion and enrichment. No diversification is currently planned in
the procurement of new fuel for the needs of the Slovak nuclear sector.
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Fig. 9. Slovak Institutions involved in the nuclear sector
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The WER-440/213 units of the newer generation at Bohunice V-2 and Mochovce will be
converted in order to use advanced fuel with higher enrichment (3.82%) and higher burnup (i.e. the
fuel will stay about 5 years in the reactor) from 2001 onwards. This will result in a reduction of
annual consumption of fuel to 84 assemblies (10 tU/year). Fuel storage on plant sites is maintained at
the level corresponding to 6-month operation at the rated power level.

4.3.2. Management of Spent Fuel

By the end of 2000, the six Slovak VVER-440 units used 7 300 spent fuel assemblies. From
this amount, approximately 700 assemblies were exported to the Russian Federation, 1 200 were
cooled down in pools adjacent to the reactors, and 5 400 pieces were stored in a wet interim spent
fuel storage facility at the Bohunice site. This facility was extensively refurbished during 1997-2000.
The refurbishment resulted also in a capacity increase from 5 000 up to 14 000 fuel assemblies (or
1 680 tU). This capacity is sufficient for the fuel storage needs of both Bohunice till its expected
closure and of Mochovce till 2015. By that time, it will be necessary to build a new storage facility at
the Mochovce site. According to current intentions, the facility will probably be based on the dry
storage technology.

The fundamental conception for the back end fuel cycle management remains unchanged. It is
still expected that spent fuel will be ultimately disposed in a deep underground geological repository.
Activities on the selection of an adequate site are thus continuing.

4.3.3. Treatment Disposal of Radwaste

The whole amount of radioactive waste from the past operation of the Bohunice units is stored
temporarily on the site. The concepts of radwaste management from nuclear power installations and
other organizations using sources of ionization radiation were prepared in 1993. The following
production process fixing facilities have been constructed or are being built:

• A bitumenization facility for fixing concentrates was commissioned in 1995;
• A vitrification facility is in the stage of active comprehensive testing;
• A radwaste-processing center consists of a cementation facility with a possibility to

densify concentrates, of a high-pressure pressing and of an incineration installation.

All low- and medium-level radwaste from Bohunice will be stored in fiber-concrete containers.
To make the system of radwaste management complete, it was necessary to commission the operation
of a disposal facility for low- and medium-level radwaste at the Mochovce site in 2000.

4.3.4. Material and Financial Provision of Radwaste Management

A new daughter plant of the SE utility with the name Decommissioning of Nuclear Power
Installations and Management of Radioactive Waste and Spent Fuel (SE-VYZ) has commenced its
activities on January 1, 1996. The new plant is located on the site of the Bohunice nuclear power
plants. Its field of activities is spread over the whole Slovakia and it will be responsible for the
ultimate disposal of all kinds of radwaste and spent fuel that have been and will be produced on the
Slovak territory from the operation and decommissioning of nuclear power plants, as well as for early
and complete preparation of designs and facilities and for executing of the above mentioned
activities. Besides that, the new plant will provide the disposal of institutional radwaste from other
organizations. The plant activities will be financed from the budget of the SE utility and from the
State Fund for Decommissioning of Nuclear Power Installations and Management of Spent Fuel and
Radwaste. This fund was established in 1995. The money has been accumulated from contributions
amounting to 10 percent from the selling price of electricity supplied from nuclear power plants. The
payment of this contribution is the responsibility of the nuclear power plant owner. From this fund, it
is possible to take finances for the preparation and decommissioning of nuclear power installations,
and for the management of spent fuel and radwaste related to nuclear power installation
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decommissioning, provided that approval of the Board of the State Fund for Decommissioning is
given.

According to the projected electricity supply from nuclear power plants in Slovakia, the
contributions to the State Fund for Decommissioning of Nuclear Power Installations and
Management of Spent Fuel and Radwaste should provide approximately 30.8 billion Sk by 2010
including the interest rate of 6 per cent. This amount should be sufficient according to calculations
performed for the construction of a long-term spent fuel storage installation with the costs of
approximately 4.2 billion Sk and for the decommissioning of the V-l plant following the completion
of its economical life in the amount of about 10.0 billion Sk, and for other investment actions in this
field. Establishment of the State Fund for Decommissioning of Nuclear Power Installations and
Management of Spent Fuel and Radwaste should go in advance prior to its use, and the
decommissioning of nuclear power installations and management of radwaste should be assured by
finances without any other requests on the state budget of SR or other sources of SE.

4.4. Nuclear Research and Development

The goal of nuclear research and development complex is to establish a research and development
basis for state authorities, manufacturers and suppliers of process equipment for nuclear power
installations and for nuclear power plant operators. As regards its structure, it includes basic research
concentrated in the Slovak Academy of Sciences and at universities in a lesser extent, and applied
research in a larger extent which provides the object of activities of independent research institutes
(share-holding companies and companies with limited responsibilities) and sections of industrial
organizations (Table 15).

With regard to financial aspects, the applied research is ensured by:
• projects of state orders;
• scientific and technical projects;
• orders from manufacture and supplier organizations, as well as from the operators of

nuclear power installations.

4.5. International Co-operation in the Field of Nuclear Power Development and
Implementation

In the field of international co-operation, the most significant co-operation is with the
International Atomic Energy Agency (IAEA) in Vienna, with the European Union within the PHARE
programs and the 5th Framework Program (EURATOM), and last but not least also bilateral co-
operation with international institutions and organizations. Slovakia co-operates by means of the
IAEA with international subjects on:

• solution of research projects financed from a fund for technical co-operation;
• national projects within the framework of coordinated research with financial support

from the IAEA;
• organization of international courses and seminars

The international co-operation with the EU goes within the framework of research and
development programs of the European Community focused mainly on the 5th Framework Program
and PHARE programs. The PHARE programs in the field of nuclear safety in relation to the EU are
coordinated by the Slovak Ministry of Economy.

The Nuclear Regulatory Authority of the Slovak Republic (UJD SR) is a participant in
discussions on regional and national programs in the field of nuclear safety. The national projects in
this field are addressed since 1993 as regional ones in order to use the funds more effectively.
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TABLE 15. SLOVAK TECHNICAL SUPPORT ORGANIZATIONS IN NUCLEAR SECTOR

Institution Name

VTJJE Trnava

Research Institute of
Welding (VUZ)

Research Institute of
Cables and
Insulating Materials
(VUKI)

Power Equipment
Research Institute
(VUEZ)

Power Research
Institute (EGU)

Institute of Clinical
and Preventive
Medicine-Dept. of
Hygiene of Radiation

CSA and EBO

National Institute of
Hygiene and
Epidemiology
(NUHE) Dept. for
radiation protection

DECOM

VUPEX

RELKO

ALLDECO

MERIT

Institute of
Radioecology

TOTAL

Headquarters

Trnava

Bratislava

Bratislava

Levice

Bratislava

Bratislava

Tmava

Bratislava

Trnava

Bratislava

Bratislava

Trnava

Trnava

Kosice

Number of employees

1992

543

545

235

118

86

28

25

25

8

23

12

2

not
avail.

1650

1993

462

392

202

109

76

30

30

24

12

9

-

14

4

20

1393

1994

434

368

202

106

35

30

32

23

15

8

6

14

6

15

1297

1995

420

347

188

106

35

30

27

24

15

6

6

17

6

15

1242

1998

612

349

163

150

35

11

32

22

20

7

10

22

4

6

1443

2000

633

336

125

146

28

11

26

23

22

5

10

30

2

1

Area of activity

Nuclear Safety, in-service
inspection, plant commissioning
and operation, personnel training,
radiation safety
Technology of welding, welding
equipment and materials,
preparation of personnel, in-
service inspections-only partly for
NPPs

Cables with reduced flammability
radiation resistant cables, testing of
cables, residual life time of cables

Tests of containment's, sealing,
condensation systems, safety
system design, filtration and
ventilation
Integrity and lifetime of RPV,
tubes, antiseismic upgrading,
thermal loading, economical
aspects
Personal dosimetry, radiation
monitoring, protective barriers,
radon, protection of patient and
personal in medicine
3-D model database of nuclear
facilities, structural analysis

Expertise for radiation protection,
state supervision in the field of
radiation protection and nuclear
safety

Preliminary projects for
decommissioning, radwaste
management decontamination
Technical-economical studies
Reliability analysis, PSA studies,
impact of external events
Decontamination technology and
equipment
Radiation protection, dosimetry,
monitoring, calculations of
radiation fields
Radiological impact on
environment, releases,
decontamination

Source: Country Information

The bases for bilateral cooperation are mtergovemmental agreements out of which some were
transformed from the point of view of Slovakia as an independent state. Bilateral co-operation is
widely developed which is evidenced by:

• establishment of the REKON consortium (VUJE and SIEMENS) for the V-l gradual
safety upgrading;

• co-operation with BABCOCK in the design and implementation of control systems for
coal-burning power plants;

• solution of research, development and technical problems together with:
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KfK and NUKEM from Germany
EdF, Framatome, IPSE and CORYS from France
KEMA from the Netherlands
AEA Technology, Sheerbonnet and NNC from the United Kingdom
Westinghouse, SAIC, DS&S, ANL Argonne, Virginia Tech from the United States
SKODA, EGP, UJV Rez from the Czech Republic
Atomenergoexport and Zarubezhatomenergostroj from Russia.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

Licensing procedures have three main levels: selection of construction site, commencement of
construction and permanent operation. Prior to issuing a license for permanent operation, the
regulatory authority performs inspections in line with the approved programmes of active and non-
active tests and issues approvals for fuel loading, physical start-up, power start-up and trial operation.
The major regulatory authorities and the process of licensing procedures are shown in Figure 10.

Ministry of
Health

Radiation
Protection

Min. Work Soc. Aff.
National
Inspectorate of Work

Industrial
Safety

Ministery of Interior

Fire Safety

Ministery of
Environment

Environment

\

\

Nuclear Regulatory
Authority

Nuclear Safety

\

/

/

Safety Documentation

Decisions/
Conditions Conditions

r

Regional Office

i

r

Submission

Decision

Public

App
Lice

licant
jnsee

FIG. 10. Licensing procedures

The basic mandatory condition for issuing any approval related to nuclear safety is to develop
and submit a Safety Analysis Report and other prescribed safety documentation and to comply with
the conditions from previous approval proceedings and with the decisions of the regulatory authority.
The environmental sections of regional offices issue decisions for the selection of construction site,
construction, operation and decommissioning of nuclear installations based on the approval of the
Nuclear Regulatory Authority, Ministry of Health and of other offices and organizations of state
authorities. As regards approvals, responsibilities of these authorities are specified in the law No.
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50/1976 (Construction Law), in Decrees of the former Czechoslovak Atomic Energy Commission
Nos. 2/1978 and 4/1979 and in notices of the Ministry for Environment Nos. 453/2000 and 55/2001.
The licensee is responsible for the safety of its nuclear installation.

The Nuclear Regulatory Authority (UJD) of the Slovak Republic is a follower of the former
Czechoslovak Atomic Energy Commission. It was established on 1 January 1993 and its rights result
from the Law No. 2/1993 of the Slovak National Council. The UJD is an independent state regulatory
authority reporting directly to the government and its chairman is appointed by the cabinet. As of 1
January 2001, UJD staff amounted to 82 employees. The organizational structure is shown in the
Figure 11.

Chairman

101

Secretariat

110

Division of Safety Analyses and
Technical Support

102

Section of Special Tasks

120

Division of Personnel and
Budget

200

Policy Branch

300

Inspection Branch

210

Division of International
and Public Relations

220

Division of Emergency
Management

230

Division of Legislation and QA

310

Division of Nuclear Safety

320

Division of Systems and
Components

330

Division of Nuclear Materials

340

Division of Radwaste

Fig. 11, Organizational Structure of the Nuclear Regulatory Authority UJD SR

The UJD SR Chairman is appointed by the government and co-operates with other central
bodies of the state authorities in performing his activities, and he submits regularly to the Slovak
government reports about the safety of nuclear installations in Slovakia and about his activities.

The UJD SR executes the state regulation over:
i) nuclear safety of nuclear installations including the regulation over the management of

nuclear waste, spent nuclear fuel and other phases of nuclear fuel cycle;
ii) nuclear materials including their control and recording;
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iii) quality of selected equipment and instrumentation.
The UJD SR ensures:
i) review of intentions how to use nuclear energy;
ii) evaluation and inspection of emergency plans;
iii) fulfilment of the commitments of the Slovak Republic resulting from international

agreements in the field of nuclear safety and nuclear material safeguards.

The execution of nuclear regulation is supported by laws, especially in the law No. 130/1998
and in several regulations that give to the authority high powers including the acceptance of such
measures as requirements on safety improvement, as well as orders for power reduction or reactor
shut-down if required by safety reasons.

According to the law No. 130/1998, the UJD SR performs:
i) routine inspections by site inspectors;
ii) special inspections by nuclear safety inspectors;
iii) team inspections.

The routine inspections are executed according to standard procedures developed for the
particular inspections. The special and team inspections are executed according to programs
developed for the particular inspection. These programs are sent in advance to the organization in
which the inspection is to take place. The inspectors write down protocols about the inspections
performed. The inspections are performed in line with the Order of the UJD SR Chairman No.2/1995,
with an inspection plan and programme of quality assurance and inspection activities as Appendix.

The authority has been established in line with international recommendations as was
confirmed by a number of expert missions of the International Atomic Energy Agency and the
European Commission. Work contacts with partner regulatory bodies in all European countries with
nuclear power developed, but also in the U.S.A and Japan, contribute significantly to improving the
work quality of the UJD SR.

On June 14, 2001, the bill No. 276/2001 on the regulation in network industries and on
amendments in certain other laws was approved by the Slovak National Council. The bill specifies:
A) establishment, authority and activities of the Office for Regulation of Network Industries; B)
object and conditions of the state regulation in network industries; and C) conditions for the
execution of regulated activities and rights and obligations of regulated subjects. The Office for
Regulation of Network Industries was established as from 1 August 2001 and is currently under
development.

5.2. Main National Laws and Regulations

• The law of the National Council of the Slovak Republic No. 2/1993 amends the law of the Slovak
National Council No. 347/ 1990 on the organization of ministries and other bodies of state
authorities in the Slovak Republic.

• The law No. 130/1998 on peaceful use of nuclear energy and amendments to the act No. 174/1968
on state supervision of work safety as amended by the act of the National Council of the Slovak
Republic No. 256/1994.

• The CSKAE Decree No. 436/1990 on the quality assurance of selected equipment with regard to
nuclear safety of nuclear installations.

• The CSKAE Regulation No. 2/1978 on the assurance of nuclear safety in designing, approving
and performing constructions with nuclear power installation.

• The CSKAE Regulation No. 4/1979 on the general criteria for the assurance of nuclear safety in
siting constructions with nuclear power installations.

• The CSKA Regulation No. 6/1980 on the assurance of nuclear safety in commissioning and
operation of nuclear power installations.
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• The CSKAE Regulation No. 9/1985 on the assurance of nuclear safety of research nuclear
installations.

• UJD SR Regulation No. 29/1999 which includes list of special materials and equipment.
• UJD SR Regulation No. 30/1999 that specifies details about the maximum limiting amounts of

nuclear materials for which occurrence of nuclear damage is not assumed.
• The law No. 276/2001 on the regulation in network industries and on amendments in certain other

laws was approved by the Slovak National Council.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

NPT related safeguards agreement
INFCIRC/173/Add2

Additional Protocol

Improved procedures for designation
of safeguards inspectors

Revised supplementary agreement
on provision of technical assistance
by the IAEA

Agreement on privileges
and immunities

Entry into force
by Czechoslovakia:
Succession:
New Agreement signed on

Signed

Accepted

Entry into force:

Succession:

28 December 1972

1 January 1993
27 September 1999

27 September 1999

4 October 1995

27 September 1993

OTHER RELEVANT INTERNATIONAL TREATIES etc.

NPT

Treaty on the prohibition of the
emplacement of nuclear weapons and
other weapons of mass destruction on
the sea bed and the ocean floor and in
the subsoil their off

Convention on physical protection
of nuclear material

Convention on early notification of
a nuclear accident

Convention on assistance in the case
of a nuclear accident or radiological
emergency

Vienna convention on civil liability
for nuclear damage

Joint protocol

Succession:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

1 January 1993

1 January 1993

1 January 1993

1 January 1993

7 June 1995

7 June 1995
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• Protocol to amend the Vienna
convention on civil liability
for nuclear damage

• Convention on Supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety
of spent fuel management and
on the safety of radioactive
waste management

• ZANGGER Committee

• Nuclear Export Guidelines

• Acceptance of NUSS Codes

Not signed

Not signed

Entry into force:

Entry into force:

24 October 1996

18 June 2001

• Nuclear Suppliers Group

BILATERAL AGREEMENTS

Member

Adopted

Summary of reply received

from Czechoslovakia: Codes are
appropriate for formulating and
implementing national requirements.
They are used for that purpose.
Letter of: 2 November 1988

Member

Agreement between the Government of the Czech and Slovak Federal Republic and the
Government of Hungary on Exchange of Information and Co-operation in the Field of Nuclear
Safety and Radiation Protection.
Agreement between the Government of the Czech and Slovak Federal Republic and the Federal
Government of Germany on Questions of Common Interest in Connection with Nuclear Safety
and Radiation Protection.
Agreement between the Government of the Czech and Slovak Federal Republic and the
Government of Austria on Questions of Common Interest in Connection with Nuclear Safety and
Radiation Protection.
Agreement between the Government of the Czech and Slovak Federal Republic and the
Government of the United States of America on Co-operation in Peaceful Uses of Nuclear
Energy.
Agreement between the Government of the Czechoslovak Socialist Republic and the
Government of India on Co-operation in the Field of Peaceful Uses of Nuclear Energy.
Agreement between the Government of the Czechoslovak Socialist Republic and Government
the Union of Soviet Republics on Extension of Co-operation in Peaceful Uses of Nuclear Energy.
Agreement between the Government of the Czechoslovak Socialist Republic and the
Government of Peoples Republic of Bulgaria on Co-operation in Peaceful Uses of Nuclear
Energy.
Agreement between the Government of the Slovak Republic and the Government of the Czech
Republic on Co-operation in the Field of State Supervision of Nuclear Installations and of State
Supervision of Nuclear Materials.
Agreement between the Government of the Slovak Republic and the Government of the Republic
of Poland on Early Notification of Nuclear Accidents, on Exchange of Information and Co-
operation in the Field of Nuclear Safety and Radiation Protection.
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Agreement between the Government of the Slovak Republic and the Government of Canada for
Co-operation in the Peaceful Uses of Nuclear Energy.
Agreement between the Government of the Slovak Republic, the Government of Ukraine and the
Government of the Russian Federation on Co-operation in the Field of Transportation of Nuclear
Fuel between the Slovak Republic and the Russian Federation across the Territory of Ukraine.
Agreement between the Government of the Slovak Republic, the Government of the Czech
Republic, the Government of the Russian Federation and Cabinet of Ministers of Ukraine on Co-
operation in the Field of Transportation of Nuclear Materials between the Czech Republic and
the Russian Federation across the Territory of the Slovak Republic and the Territory of Ukraine.
Agreement between the Government of the Slovak Republic and the Cabinet of Ministers of
Ukraine on Early Notification of Nuclear Accidents, on Exchange of Information and Co-
operation in the Field of Nuclear Safety and Radiation Protection.
Agreement between the Government of the Slovak Republic and the Government of the Republic
of Slovenia for the Exchange of Information in the Field of Nuclear Safety.
Agreement between the Ministry of Economy of the SR and Federal Nuclear and Radiation
Safety Authority of Russia on Co-operation in the Field of State Supervision of Nuclear Safety in
the Peaceful Uses of Nuclear Energy.
Agreement between the Ministry of Economy and the Committee on the Use of Atomic Energy
for Peaceful Purposes of the Republic of Bulgaria on Co-operation in the Field of State
Supervision of Nuclear Safety in the Peaceful Uses of Nuclear Energy.
Arrangement between the Nuclear Regulatory Authority of the Slovak Republic ( U.J.D.S.R.)
and United States Nuclear Regulatory Commission ( U.S.N.R.C) for the Exchange of Technical
Information and Co-operation in Nuclear Safety Matters.
Arrangement between the Nuclear Regulatory Authority of the Slovak Republic and the Nuclear
Installations Safety Directorate of the French Republic for Exchange of Information and Co-
operation in the Regulation of Nuclear Safety.
Administrative Arrangement between the Nuclear Regulatory Authority of the SR and the
Atomic Energy Control Board of Canada Pursuant to the Agreement between the Government of
Canada and the Government of the Slovak Republic for Co-operation in the field of Peaceful
Uses of Nuclear Energy.
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Appendix

DIRECTORY OF MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITY

Nuclear Regulatory Authority (UJD SR)
PO Box 24
Bajkalska 27
820 07 Bratislava

OTHER MINISTRIES

Ministry of the Environment

OTHER NUCLEAR ORGANIZATIONS

Tel: +421-2-53421 032
Fax: +421-2-53421 015
http://www.ujd.gov.sk/

http://www.lifeenv.gov.sk/niinis/iiid.ex.htnil

Slovak Electric (SE)
Hranicna 12
827 36 Bratislava

Tel: +421-2-5069 3252
Fax: +421-2-5069 3552

Affiliations:
- NPP Bohunice
91931 Jaslovske Bohunice

Decommissioning of Nuclear Power
Installations and Management of
Radwaste and Spent Fuel (VYZ)
919 39 Jaslovske Bohunice

- NPP Mochovce
93533 Mochovce

Slovak Power Inspectorate
Power Agency
Bajkalska 27
827 99 Bratislava

Occupational Safety Office
of the Slovak Republic
Spitalska 8
816 43 Bratislava

Tel: +421 33 555 2201
Fax: +421 33 559 1571

Tel.: +421 33 555 6101
Fax:+421 33 559 1563

Tel.:+421 36 639 1164
Fax:+421 36 639 1211

Tel: +421 2 5824 8345
Fax: +421 2 5342 1019

Tel.:+421-2-326 42 3
Fax: +421-2-361 42 1

RESEARCH AND DEVELOPMENT ORGANIZATIONS

VUJE Trnava, Inc. -
Engineering, Design and Research Organization
Okruzna 5
918 64 Trnava

Research Institute of Welding (VUZ)
Racianska 71
832 59 Bratislava

Tel: +421-33 599 1356
Fax:+421-33-599 1193
http.'//w wvv. vu j e. sk/

Tel.: +421-2-4924 6200
Fax:+421-2-4425 4867
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Research Institute of Cables and
Insulating Materials (VUKI)

Tovarenska 16
815 71 Bratislava

Power Equipment Research Institute (VUEZ)
P.O. Box 153
sv. Michala 4
934 01Levice

Power Research Institute (EGU)
Bajkalska 27
827 21 Bratislava

Institute of Preventive and Clinical Medicine
(UPKM)

Dept. of Radiation Hygiene
Limbova 14
833 01 Bratislava

CSA and EBO
Bottu2
917 01 Trnava

National Institute of Hygiene and Epidemiology.
Public Health Institute of the Slovak Republic
Dept. of Radiation Protection
Trnavska cesta 52
826 45 Bratislava

DECOM
Bottu2
917 01 Trnava

VUPEX
Bajkalska 27
827 52 Bratislava

RELKO
P.OJBox 95,
Racianska 75
830 08 Bratislava

ALLDECO
Jiraskova 24
917 02 Trnava

MERIT
Hajdoczyho 1
P.O.Box 10
917 00 Trnava

Tel: +421-2-5556 1447
Fax: +421-2-5556 1447

Tel.:+421-36-6312 055
Fax: +421-36-6313 663

Tel: +421-2-5824 8435
Fax:+421-2-5342 1033

Tel:+421-2-5936 9111
Fax:+421-2-5477 3906
http://www.upkm.sk/index.htoi

Tel.:+421-33-5521 052
Fax: +421-33-5521 049

Tel: +421-2-4437 2287
Fax:+421-2-4437 2641

Tel.: +421-33-5521 074
Fax:+421-33-5521 077
http://www.home.sk/sro/decoiTi''

Tel:+421-2-5342 1037
Fax: +421-2-5342 1037

Tel:+421-2-4446 0138
Fax: +421-2-4425 3301

Tel:+421-33-559 2431
Fax: +421-33-559 2430

Tel.: +421-33-544 1037
Fax:+421-33-5503 450
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Institute of Radioecology
Horny Bankov 16
040 00 Kosice

Slovenske energeticke strojarne (SES)

UNIVERSITIES

Slovak Technical University (STU) Bratislava:

Faculty of Electric-Technology & Information (FEI)
Ilkovicova 3
812 19 Bratislava

Faculty of Chemical Technology (ChTF)
Radlinskeho 9
812 37 Bratislava

Comenius University Bratislava (KU):

Faculty of Mathematics, Physics and Informatics
(FMFI)

Mlynska dolina
842 15 Bratislava

Faculty of Natural Sciences (PdF)
Mlynska dolina
842 15 Bratislava

PJ. Safarik University Kosice

Technical University of Bratislava

OTHER ORGANIZATIONS

Institute of Physics
Slovak Academy of Sciences (SAV)
Stefanikova 49
Bratislava

Hospital - Oncology Institute
of St. Elizabeth (OUSA)
Heydukova 10
810 00 Bratislava

Slovak Metrological Institute

Tel.: +421-55-6323 537
Fax: +421-55-6223 764

http://www.ses. sk/inclengl .htm

Tel.:+421-2-6029 1111

Tel:+421.2-5932 5111

Tel.: +421-2-6542 5946
http://www.imiba.sk/www/Tmph.html

Tel.:+421-2-6029 6111
Fax: +421-2-6542 9064
htlp.\Vwww.um*b8.sk/www/index-e.htmI

http://www.upjs.sk/

http://www.stuba.sk/index en.html

Tel: +421-2-392 751
Fax:+421-2-394 105
http://nic.savba.sk/sav/inst/fyzi/intro.html

Tel.:+421-2-5924 9111

http: //www, smu. go v. sk/
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SLOVENIA1

1. GENERAL INFORMATION

1. General Overview

The Republic of Slovenia is a small European country bordering on the west to Italy and the
Adriatic Sea, on the north to Austria, on the east to Hungary, and on the south to Croatia. Its capital is
Ljubljana. Before 1918, Slovenia belonged to Austrian and Hungarian empire; from 1918 to 1991 it
was part of Yugoslavia. It declared its independence on 25 June 1991 and on 22 May 1992 the
country became member state of the United Nations.

Slovenia is a mountainous land. In the north are the Julian and Karavanke Alps, and in the
south, the Dinaric Alps. The highest elevation, mount Triglav (2.864 m) is in the Julian range. The
climate is moderate, with mean temperatures of 0 °C to 2 °C in January and 18 °C to 19 °C in July.
Precipitation varies between 800 mm and 1,200 mm per year, although it can exceed 2,000 mm in
some locations.

About 23 percent of the land is arable; about 28 percent consists of meadows and pastures and
about 50 percent is forested. The principal rivers are the Sava and the Drava. Slovenia has both
mountain glacial lakes - such as the popular tourist resort, Lake Bled - and Karst lakes. At the lower
levels, forests consist mostly of beech and oak trees; at higher elevations, coniferous trees
predominate. The Postojna Caves, in the Karst, are the third - largest caverns in the world.

Ethnic Slovenes, a South Slav people related to the Croats and Serbs, comprise about 88
percent of the population (see Table 1). About 2.8 percent is Croatian, 2.4 percent Serb, 0.4 percent
Hungarian and 0.2 percent is Italian. In the 1990's, about 60,000 refugees from Bosnia and
Herzegovina were also living in Slovenia.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

1.6
78
28

20.3

1970

1.7
85
37

1980

1.9
94
48

1990

2.0
99
50

1996

2.0
98
50

1997

2.0
98
50

1998

2.0
99
50

1999

2.0
98
50

2000

2.0
98
50

Growth
rate (%)

1980
to

2000

0.4
0.4

Source: IAEA Energy and Economic Data Base; Data & Statistics/The World Bank.

1.2. Economic Indicators

The economic development of the county after the Second World War was significantly
influenced by the centrally planned economy. After a relatively high economic decline, starting in late -
70's, economic recession was accompanied with a rather high inflation rate that escalated at the end
of 80's into a hyperinflation. After the independence, Slovenia lost the whole market of the rest of
Yugoslavia, which contributed almost 35% to the total Slovenian export. The country undertook great
efforts to overcome the economic decline. Its exports had to be reoriented to other markets, mostly
western ones, which were much more demanding then the former Yugoslav ones. Production has been
reorganized in many sectors to match the new standards and market requirements. Unemployment
became a severe problem, reaching in 1997 a level of 14.5%. Nevertheless, the undertaken efforts
resulted in a stabilization of Gross Domestic Product (GDP) in 1993. In 1994, an economic swing

1 The Slovenian profile has been updated by the Secretariat, mainly by replacing the statistical information in the
Tables with EEDB and World Bank data and updating the international agreements in Section 5.3.
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upwards was registered. GDP grew 4.5% (Table 2) and the industrial production had an increase of
8%. Above average growth was seen in tourism, manufacturing, construction and transport. The
recent economic expansion was mostly spurred by fast growth of exports, facilitated by a favourable
situation on west European markets, and a revival of investment activity.

As seen from the shown indicators, Slovenia is facing many challenges as it develops towards a
market economy. Following the split from the former Yugoslavia, new infrastructure, including
additional connections to neighbouring countries, may also be required. The Slovenian economy is
heavily export oriented and as such very sensitive to any regional or world recession.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (current billion US$)

GDP growth (annual %)
GDP by Sector (%):

Agriculture, value added

Industry, value added

Services, etc., value added

1995

18.7

4.1

4.64

38.48

56.88

1996

18.9
3.5

4.54

38.48
56.98

1997

18.2

4.6

4.32

38.23

57.44

1998

19.6

3.8

4.18

38.5

57.32

1999

20.0

4.9

3.72

38.44

57.83

Source: data & Statistics/The World Bank.

1.3. Energy Situation

Slovenia has rather limited energy reserves (Table 3). The proven and recoverable reserve of
low quality brown coal and lignite amount to 190 million tons. Oil reserves are very scarce, 850,000
tons with annual exploitation of 2,500 tons. The estimated hydro reserves of Slovenia are up to 9
TW-h per year, out which 3.5 TW-h are already exploited. Oil and gas are imported entirely. The
country is connected to two gas pipelines from Algeria and Russia respectively. In 1998, the energy
dependency of the country was 74%.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

1.59

Liquid

0.0

Gas

0.0

Uranium(1)

1.20

Hydro (2)

1.25

Exajoule

Total

4.05
(1'This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

The severe economic recession and political turbulence that affected the country has also been
reflected in the energy sector. The relatively high energy growth rate stabilized in the 80's. The final
energy consumption grew during the early 80's with an average yearly growth rate of 2.1% and
reached the value 185 PJ in 1987. During the period 1987-1992 the primary energy consumption
decreased by 18%. Table 4 shows the historical energy statistics.

A significant share of Slovenian industrial production is very energy intensive such as steel
production, aluminium, chemicals, paper industry, building material and manufacturing. In 1987,
energy demand of the industry sector accounted for 50% of the total final energy demand, a much
higher share than seen in most West European economies. The high energy consumption in industry is
also reflected in high energy use per unit of Gross Domestic Product, compared to most West
European Countries. Energy use per capita is lower than the average for EU countries. The analysis of
specific final energy consumption for Slovenia and the European Union shows that the ratio of final
energy consumption to GDP in Slovenia is unfavourable compared to the European Union (Table 5).
In 1997, this ratio was 218 toe/mio ECU for Slovenia versus 184 toe/mio ECU for the EU (in 1992).
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TABLE 4. BASIC ENERGY SITUATION
Exajoule

Energy consumption
- Total <])

- Solids (2)

- Liquids
-Gases
- Primary electricity(3-"

Energy production
- Total
- Solids
- Primary electricity '3)

Net import (import - export)
-Total
- Solids
- Liquids
- Gases

1970

0.142
0.084
0.045
0.002
0.011

0.085
0.075
0.011

0.056
0.009
0.045
0.002

1980

0.202
0.087
0.084
0.018
0.013

0.087
0.073
0.013

0.114
0.012
0.084
0.018

1990

0.253
0.075
0.083
0.030
0.064

0.131
0.067
0.064

0.119
0.005
0.084
0.030

1991

0.238
0.070
0.072
0.029
0.067

0.132
0.065
0.067

0.106
0.005
0.072
0.029

1992

0.226
0.077
0.068
0.025
0.056

0.125
0.069
0.056

0.098
0.005
O.068
0.025

1993

0.231
0.073
0.082
0.024
0.052

0.116
0.065
0.052

0.114
0.008
0.082
0.024

1994

0.247
0.071
0.089
0.025
0.063

0.124
0.062
0.063

0.121
0.007
0.089
0.025

1995

0.261
0.070
0.097
0.030
0.064

0.126
0.062
0.064

0.136
0.009
0.097
0.030

1996

0.273
0.066
0.115
0.029
0.063

0.122
0.058
0.063

0.152
0.011
0.113
0.029

1997

0.278
0.070
0.111
0.032
0.066

0.126
0.060
0.066

0.158
0.009
0.117
0.032

1998

0.273
0.072
0.101
0.033
0.068

0.128
0.060
0.068

0.149
0.011
0.106
0.033

1999

0.27
0.06
0.12
0.04
0.06

0.13
0.05
0.08

0.16
0.01
0.11
0.04

2000

0.29
0.07
0.12
0.04
0.06

0.13
0.05
0.08

0.16
0.01
0.11
0.04

J Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2> Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Data Base; Ministry of Economic Affairs.

TABLE 5. COMPARISON OF SOME INDICATORS WITH EU

Indicator

Energy Intensity
Energy Intensity
Primary energy consumption per capita
Primary energy consumption per capita

Region

Slovenia
EU
Slovenia
EU

Unit

toe/mio ECU
toe/mio ECU
toe/cap
toe/cap

1985

720
308
3.09
3.2

1990

770
286
3.07
3.4

1992

811
203
2.73
3.5

Source: Country Information.

1.4. Energy Policy

The Government of Slovenia laid down its energy policy objectives and main priorities for the
development of energy system in its Resolution on the Strategy of Energy Use and Supply of Slovenia
(adopted in January 1996) and with the new Energy Law (September 1999). The time horizon tackled
in the Strategy was 1995-2020. In the optimistic scenario the GDP will grow 5.4% annually and in the
pessimistic one it will have a slower pace at 3.0% annually.

According to high scenario total primary energy demand will grow in the period 1995-2020 by
19% relative to 1995 in the low scenario a drop of- 3.1% is expected. In order to achieve the positive
targets the following measures will be required:

• refurbishment and upgrading of the existing generating capacities;
• to make all the necessary incentives for the efficient use of energy;
• energy prices should gradually reach the European level through a new tariff system;
• market liberation for primary energy sources as well as for the power sector in compliance with

provisions of the European Union, European Energy Charter and the respective protocols.

The aim of the Energy Law is to ensure conditions for the development of a society with safe,
permanent, reliable supplies of energy and its efficient use, and the economical use of renewable
energy resources with respect to environment protection. In addition the Energy Act should ensure
competition on the energy market under the principle of equality, respect for consumer protection and
the implementation of supervision of a reliable and safe supply of energy.
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2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

In the past the electric power sector was entirely State owned as well as transmission and
distribution of power. Slovenian Electric Utility (ELES) is responsible for the transmission, wholesale
purchase and sales of electricity. Electric power is generated in seven dislocated centres, whereas, the
distribution retail sales are performed by five distribution companies. ELES is also monitoring the
imports and exports of electric power in Slovenia. All companies involved in the power sector operate
as independent entities. At this moment in time, institutional and ownership structure is changing, i.e.,
the power sector will be privatized, whereas the State will keep a fixed share.

For the time being, power sector is state owned, though with the new Energy Act production
and distribution will be privatized according to a set time schedule. The main challenge and
expectation, as well as concern will be the opening of the European electricity market. The national
power sector will be exposed to international competition what might cause pressure to the local
supply system. The national energy policy should enable secure and quality energy supply at
competitive prices, bearing in mind the environmental issues in terms of reducing hazardous impacts
on the environment. In other words the country should stick to the requirements of the Kyoto Protocol
(for Slovenia it means reduction of greenhouse gases by 8% in the period of 2008-2012).

2.2. Decision Making Process

The Ministry of Economic Affairs is responsible for the development of the power sector of the
country in close contact with the Ministry of Finance. The objective of Slovenia's electricity policy is
to supply reliable and cost - effective power. The Slovenian Government has set up a severe
programme for energy conversation and efficient use of energy in order to reduce the growing energy
needs. According to EU experience it is possible to improve energy efficiency (useful energy/final
energy) by 2% per annum when applying appropriate energy efficiency programmes. The following
measures will be implemented to achieve a more efficient power system:

• implementation of integral energy planning, global cost minimization and least - cost planning;
• establishing national energy efficiency agencies to promote the efficient use of energy;
• applying new regulations in power sector as well as in construction sector reducing further

losses in industry, service and household sectors;
• local energy concepts;
• energy auditing.

The Slovenia Government controls energy prices. As a result of former economic policy in
Slovenia, some energy prices, in particular the electricity price, are currently, still lower than the
equivalent prices in Western European countries. Current policy aims to allow energy prices to
increase and reflect all costs and meet competitive level. To avoid undue economic and social
hardship, the increase of energy prices will be introduced over a period of several years. A goal is set
to achieve the level of electricity prices prior to taxation that will be comparable to the EU countries"
and will cover internal and external costs. This goal will apply to all consumer groups of electric
power. It is expected that the real electric power prices will gradually grow by 7% per annum in the
period of the next five years.

With the new Energy Law the Government made the first attempt to give up the role of the sole
regulator in the power sector. This is a crucial decision that will strongly influence the future
development of the Slovenian power market. According to the Energy Act, electricity shall be sold on
the organized market, which is organized by legal entity, the market organizer. The Government shall
determine a public company, which shall perform the distribution of electricity on behalf of the
market organizer.
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Environmental issues seem to play a major role concerning the further expansion of the power
sector. Due to the very small size of the country, there is a rather strong reluctance for new generating
capacities. For the time being, there is no firm plan how to fulfil the requirements from the Kyoto
protocol, would that be an overall reduction of greenhouse gases or should the country implement the
instrument of transboundary trading with the greenhouse gases. The Government will make broad
investigations to come up with an optimum solution that may fulfil the environmental expectations as
well as to maintain the power sector competitive.

2.3. Main Indicators

In 2000, the Slovenian power system produced 14,370 GW-h. The generation breakdown by
type of production was 25% by hydro, 43% by thermal and 32% by nuclear. Table 6 shows the
electricity production data and installed capacities. The total installed capacity at the end of 2000 was
2,600 MW(e). The country is undertaking significant efforts to refurbish and upgrade the existing
capacities. The largest chain of power plants on the Drava river is undergoing major refurbishment
and upgrading, financed by an EBDR loan. Upgrading and refurbishment process is also taking place
at the Soea river hydro chain. Two new gas turbines, each 115 MW(e) will be added to the Slovenian
power system within next five years. The only nuclear power plant at Krsko is in the process of steam
generator replacement (first half of 2000) together with an up rate of 6 percent regarding to existing
installed capacity (632 MW(e)). Table 7 shows the energy related ratios.

TABLE 6. ELECTRICITY PRODUCTION AND INSTALLED

Electricity production (TW-h)
- Total(1)

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GW(e))
-Total
- Thermal
- Hydro
- Nuclear

1970

4.37
1.82
2.55
0.00

1 64
1 02
0.62
0.00

1980

7.09
3.86
3.23
0.00

1 64
1 02
0.62
0.00

1990

11.20
3.96
2.86
4.38

2 36
1 02
0.71
0.63

1991

11 59
3.45
3.44
4.71

2 36
1 02
0.71
0.63

1992

10.95
3.93
3.26
3.76

2 36
1 02
0.71
0.63

1993

10.61
3.98
2.87
3.75

2 36
1 02
0.71
0.63

CAPACITIES

1994

11.48
3.88
3.20
4.39

2 40
1 02
0.74
0.63

1995

11.46
3.86
3.04
4.56

2 39
1 01
0.74
0.63

1996

11.51
3.72
3.43
4.36

2 39
1 01
0.74
0.63

1997

11.89
4.21
2.90
4.79

2 39
1.01
0.74
0.63

1998

12.39
4.36
3.22
4.81

2 39
1 01
0.74
0.63

1999

14.01
6.04
3.49
4.48

2 58
1.08
0.83
0.68

2000

14 37
6 25
3.58
4.54

2 60
1 08
0.84
0.68

(1) Electricity losses are not deducted.
Source: IAEA Energy and Economic Data Base; Ministry of Economic Activities.

TABLE 7. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(1)

Load factor of electricity plants
- Total (%)
- Thermal
- Hydro
- Nuclear

1992

101
4,935

96
33
50

55
49
52
68

1993

107
4,957

99
34
53

54
51
46
68

1994

98
5,169
100
37
50

57
49
51
79

1995

N/A
N/A
N/A
40

N/A

N/A
N/A
N/A
84

1996

121
5,190
106
36
62

58
48
57
79

1997

N/A
N/A
N/A
40

N/A

N/A
N/A
N/A
86

1998

128
5,498

96
37
56

61
58
49
81

1999

138
5,638

99
34
58

62
64
48
76

2000

144
5,782

100
34
57

63
66
48
77

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Database; Ministry of Economic Affairs.

Thermal generation has the largest share in electricity generation. This has caused severe
impacts on the environment, especially what concerns sulphur emissions. A large desulphurization
device was accomplished in 1997 on the largest thermal block in TPP Sostanj. With the new devices,
the SO2 emission will be essentially reduced.
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It is also foreseen to improve and enlarge the transmission and distribution network in the
country. Within the long-term plan until 2010, 163 km of 110 kV lines are expected to come in line,
5100 km of 20 kV lines and 1100 km of 400 V lines are anticipated to come into operation with
respective control centres.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

Slovenia has one nuclear power plant in commercial operation since 1983, the NPP Krsko. The
NPP Krsko is a pressurized water reactor plant of 632 MW(e), delivered and constructed by
Westinghouse, and is jointly owned with the Republic of Croatia. The operational and safety record of
Krsko NPP is good and complies with all international standards and highest safety requirements. The
safety status of the plant has been supervised by the Slovenian Nuclear Safety Administration as well
as by international expert missions organized by IAEA, EU, WANO, etc. Apart from power
generation, Slovenia has a research reactor TRIGA Mark II used mainly for R&D and for training
activities.

3.2. Status and Trends of Nuclear Power

In 2000, the NPP Krsko produced 4.54 TW-h or about 37% of total electricity generation of the
country. The load factor was 77%. Domestic and international institutions, including IAEA, were
involved in safety missions to the NPP and they all rated the level of safety as good and the level is
still improving. The designed lifetime is 40 years; Table 8 shows its current status.

TABLE 8. STATUS OF NUCLEAR POWER PLANTS

Station

KRSKO

Type

PWR

Capacity

676

Operator

NEK

Status

Operational

Reactor Supplier

WEST

Station

KRSKO

Construction
Date

30-Mar-75

Criticality
Date

ll-Sep-81

Grid
Date

02-Oct-81

Commercial
Date

01-Jan-83

Shutdown
Date

Source: IAEA Power Reactor Information System as of 31 December 2000.

3.3. Current Policy Issues

The lifetime of steam generators is slowly phasing out due to tube deterioration, caused by
corrosion processes and the Slovenian Government endorsed the replacement. With the replacement
of the steam generators the generating capacity will be uprated by 6.6% (42.5 MW(e)). The
replacement will enable the plant to reach its design lifetime with the possibility of its extension.

In 1992, the former Ministry of Energy submitted a study on a possible early shut down of NPP
Krsko. The analysis was a multi-aspect one, concerning legal, political, social, economic, safety,
technical, ecological and power system issues. The results clearly showed that an early shut down is
not justified by any of the mentioned criteria, as long as the plant is achieving high safety and
operational standards. A new nuclear law is under preparation.

3.4. Organizational Chart

The organizational structure of Nuklearna Elektrarna Krsko (NEK) is shown in Figures 1 and 2
below.
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4. NUCLEAR POWER INDUSTRY

4.1. Supply of NPPs

There are no suppliers of NPPs in Slovenia. The only plant is the Krsko unit, which was
imported from the USA.

4.2. Operation of NPPs

The Krsko plant, the only NPP in Slovenia, has been in commercial operation since 1983. The
unit is essential to electricity production in Slovenia. Eventually, the present Slovenian government
envisions, that nuclear power will not be used after NPP Krsko is closed. However, operation of
Krsko to the year 2023 is one of the long-range energy considerations.

4.3. Fuel Cycle and Waste Management Service Supply

A long-term decision on disposition of spent fuel has not been made. One possibility is that a
number of small countries will agree on a regional storage facility. This decision has not yet been
made. In 1996, the government of Slovenia adopted a long-term strategy for spent fuel management.
This strategy observed that the unresolved question of joint ownership with Croatia included the cost
of spent fuel disposition. Until that is settled, a final decision cannot be made. The short-term strategy
includes storage in the pool, expanded if possible, and possibly using dry cask storage at the Krsko
site.

Spent fuel elements are stored at the power plant in the spent fuel pool which has enough space
for 17 refuellings and the entire reactor core (121 fuel elements) as a permanent available reserve if,
for any reason, it would be necessary to empty the reactor core. The capacity of the spent fuel pool is
therefore sufficient for the storage of used fuel elements until the end of year 2003. The plant operator
is making great efforts to increase the duration of the fuel cycle and to achieve better efficiency by
improving the nuclear core design.

In the area of radwaste policy, there were no significant changes. The waste from the plant is
temporarily stored on site pending selection of the final low- and intermediate-level waste repository.

4.4. Research and Development Activities

The Institute Jozef Stefan is the largest scientific and research institution in the country with
over 740 staff, active in nuclear physics, solid state physics, chemistry, reactor physics and
engineering, energy and process control. The facilities include a research reactor and a laboratory for
nuclear spectroscopy based around a 2 MV Van de Graaff accelerator, which continues to receive
assistance through the TC Programme. The Institute also operates a Nuclear Training Centre in
premises completed in 1988. It provides training for NPP Krsko personnel, organizes radiological
protection courses and carries out public information activities. The Centre also regularly organizes
and hosts training activities and workshops for the IAEA. The Institute plans to establish a multi-
purpose irradiation facility with TC assistance.

The Institute Jozef Stefan has been operating a 250 kW(th) TRIGA Mark II research reactor
since 1966. In 1992, the reactor was refurbished including the core, electronics and electrical systems
and ventilation, and upgraded with 2 MW(th) pulsed mode capabilities, hi August 1999, 219 spent
fuel elements were returned to the USA which financed the operation. About 60 fuel elements remain
in the core with about 20 fresh fuel elements in reserve. A new fuel element storage area is
nevertheless available. At the end of the 1980s, the reactor was operating some 4,000 hours a year and
producing isotopes for medical use. The decline of the research and the reduced cost effectiveness of
producing isotopes for medical applications locally has meant a substantial reduction in reactor use.
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Current applications are neutron activation analysis (NAA), operator training, neutron radiography,
and research.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

Slovenia was admitted to full membership of the IAEA in 1992. Co-operation with the IAEA
covers a wide range of activities, of which the most important are:

• Preparation of International Conventions;
• IAEA missions to Slovenia;
• Technical co-operation including attendance of Slovenian experts on Agency's sponsored

seminars and training courses, scholarship, scientific visits, research contracts;
• Co-operation with the EU Commission's PHARE programme on nuclear safety;
• Bilateral co-operation with national administrative agencies for nuclear and radiological

protection and the use of nuclear energy.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

Safety Authority and the Licensing Process

The Slovenian Nuclear Safety Administration (SNSA) is responsible for nuclear safety, trade of
nuclear and radioactive materials, safeguarding nuclear materials and conducting regulatory process
related to liability for nuclear damage, qualification and training of operators at nuclear facilities,
quality assurance and inspection of nuclear facilities.

The SNSA is a part of the Ministry for Environment and Regional Planning. In accordance with
the recommendations of the International Atomic Energy Agency, the SNSA is not supposed to
promote nuclear power, therefore it is independent from the Ministry of Energy, which is in charge of
power utilities.

The major nuclear facility supervised by the SNSA is the NPP Krsko. Besides the NPP, the
TRIGA Mark II research reactor of 250 kW thermal power operates within the Reactor Centre of the
Jozef Stefan Institute. There is an interim storage of low and medium radioactive waste at the Reactor
Centre site. Also the closed uranium mine Zirovski Vrh was supervised by the SNSA.

Activity of the Slovenian Nuclear Safety Administration

The activities of the SNSA cover four main areas:

• systematic issues and international relations;

• nuclear safety;
• nuclear materials;
• inspection.

At the legislation level, the SNSA continuously works on the preparation of a new Slovenian
law on nuclear and radiological safety and a new Slovenian law on liability for nuclear damage. A
standing committee set up by IAEA is preparing draft changes to the Vienna convention.

The SNSA sector for inspection of nuclear facilities supervises in accordance with its
competence the management of nuclear facilities. It abides by the effective legislation, standards,
technical specifications and other regulations relating to the enforcement of all nuclear safety
measures regarding the siting, design and construction, the installation of systems and components,
functional and drive tests, trial run, operation, verification of the work quality and built-in material,
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emergency planning and preparedness, verification of personnel qualification, responsible for the
plant operation, maintenance, audits, overhauls and safety equipment modifications, the accounting of
nuclear materials and the responsibility of nuclear damage.

5.2. Main National Laws and Regulations

In the process of establishing sovereign and independent state the Constitutional Law on the
Enforcement of the Basic Constitutional Charter on the Autonomy and Independence of the Republic
of Slovenia was passed, which provides that all those laws which in the past had been passed by the
former Yugoslav (federal) authorities, and which do not conflict with the Slovenian legal system,
remain in force also in the Republic of Slovenia until adequate laws are passed by the Slovenian
Parliament.

Among other acts and laws which were adopted in the Slovenian legal system is also the one
related to nuclear safety in the ex-Yugoslav Act on Protection Against Ionizing Radiation and Special
Safety Measures in the Use of Nuclear Energy, (referred to hereafter as 1984 Act) and 15 regulations
based upon this law.

The legal basis for regulating framework in the field of nuclear safety and inspection control
(function) on nuclear installation are given by:

• Act on Organization and Field of Activity of the Administration;
• Act on Government of the Republic of Slovenia;
• Act on Energy Economy;
• Act on Protection Against Ionizing Radiation and Special Safety Measures in the Use of the

Nuclear Energy (1984 Act);
• Constitutional law on the Enforcement of the Basic Constitutional Charter on the Autonomy

and the Independence of the Republic of Slovenia;
• Regulations based on 1984 Act.

Since the 1984 Act was adopted, several very important regulations for carrying out nuclear
safety provisions of this act have been prepared and adopted. Most of them concern radiation
protection:

• monitoring of radioactivity in the environment;
• monitoring of radioactivity around nuclear facilities;
• storage and disposal of radioactive waste;
• trading and utilization of radioactive materials;
• qualification of persons who work with ionizing radiation sources;
• dose limits for the members of the public and for occupational exposure;
• application of sources of ionizing radiation for medicine;
• limiting activities for trade of foodstuff;
• limiting activities for radioactive contamination and decontamination;
• records and accounting of sources, doses to population and workers;
• conditions for siting, construction, commissioning;
• trial operation of nuclear facilities, format and scope of safety reports, qualifications and tests

required for operators.

5.3. International, Multilateral and Bilateral Agreements

The Republic of Slovenia accepted succession of the following treaties to which the former
Socialist Republic of Yugoslavia was a party:
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AGREEMENTS WITH THE IAEA

• Amendments of Article VI &XIV.A
of the IAEA Statute

• NPT related agreement
INFCIRCNo:538

• Additional Protocol

• Improved procedures for designation
of safeguards inspectors

• Supplementary agreement on provision
of technical assistance by the IAEA

Ratified:

Entry into force:

Entry into force:

Accepted

Not signed

• Agreement on privileges and immunities Entry into force:

OTHER RELEVANT INTERNATIONAL TREATIES

• NPT

• EURATOM

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the case
of a nuclear accident or radiological
emergency

• Vienna convention on civil liability
for nuclear damage

• Paris convention on third party liability
in the field of nuclear energy

• Joint protocol

Succession:

Non-Member

Entry into force:

Entry into force:

Entry into force:

Succesion:

Accession:

Entry into force:

Protocol to amend the Vienna convention Not signed
on civil liability for nuclear damage

Convention on supplementary
compensation for nuclear damage

Convention on nuclear safety

Joint convention on the safety of spent
fuel management and on the safety
of radioactive waste management

Not signed

Entry into force:

Entry into force:

3 April 2000

1 August 1997

22 August 2000

21 September 1992

7 April 1992

25 June 1991

25 June 1991

25 June 1991

25 June 1991

16 October 2001

27 April 1995

18 February 1997

18 June 2001
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• ZANGGER Committee Non-Member

• Nuclear Suppliers Group Non-Member

• Nuclear Export Guidelines Not adopted

• Acceptance of NUSS Codes Accepted

• Partial Test-Ban Treaty Non-Party
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Appendix

DIRECTORY OF THE MAIN ORGANISATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITY

Slovenian Nuclear Safety Administration
Ministry of Environment and Physical Planning
Vojkova 59
SI- 1113 Ljubljana, Slovenia

Agency for Radioactive Waste Management

NUCLEAR RESEARCH INSTITUTES

Jozef Stefan Institute
Jamova 39

61000 Ljubljana, Slovenia

Reactor Centre Podgorica

ENERGY RESEARCH INSTITUTE

Milan Vidmar Institute for Power Economy

and Electrical Industry
Hajdrihova 2
61000 Ljubljana, Slovenia
OTHER NUCLEAR ORGANIZATIONS

NPP Krsko
Vrbina 12
68270 Krsko, Slovenia

Slovenian Electric Utilities - ELES
Hajdrihova 2
61000 Ljubljana, Slovenia

Milan Copic Nuclear Training Centre
Ljubljana

Nuclear Society of Slovenia (NSS)

OTHER ORGANIZATIONS

University of Ljubljana

University of Maribor

US Science Information Centre

Ljubljana Technology Park

Academic and Research Net Work of Slovenia

Tel: +386-61-172 1100
Fax: +386-61-172 1199
Telex: 39437 URSJV SI
http://www.sigov.si/ursjv/index.html

http://www.sigov.si/cgi-bin/spL/arao/sarao.htrnl

Tel: +386 61 159 199
Fax: +386 61 161029
http://www.ijs.si/

http://www-fcp.ijs.si/index-e.htmi

Tel: +386 61 1250 333
Fax: +386 61 1250 341

Tel: +386 608 21 621
Fax: +386 608 21 528

Tel: +386 61216 405
Fax: +386 61 219 389

http://www2.ijs.si/~icit/

http://www.drustvo-is.si/index eng.htm

.http://www.uni-lj.si/

http://www.tp-jj.si/doctiments/defau1t.htm

http:/Ayww.ames.si/eng1ish/
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SOUTH AFRICA

1. GENERAL INFORMATION

1.1. General Overview

The Republic of South Africa occupies the southernmost part of the African continent (see
Figure 1), stretching latirudinally from 22° to 35° S and longitudinally from 17° to 33° E. Its surface
area is 1 219 090 km2. It has common boundaries with the republics of Namibia, Botswana and
Zimbabwe, while the Republic of Mozambique and the Kingdom of Swaziland lie to the northeast
(Figure 2). Completely enclosed by South African territory in the southeast is the mountain Kingdom
of Lesotho.
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FIG. 1. African Continent

To the west, south and east, South Africa borders on the Atlantic and southern Indian oceans.
Isolated, 1 920 km southeast of Cape Town in the Atlantic, lie Prince Edward and Marion islands,
which became part of South Africa in 1947.

South Africa has a lengthy coastline of about 3 000 km. This coastline is swept by two major
ocean currents - the warm south-flowing Mozambique-Agulhas current and the cold Benguela. The
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former skirts the east and south coasts as far as Cape Agulhas while the Benguela current flows
northwards along the west coast as far as southern Angola. The contrast in temperature between these
two currents partly accounts for important differences in climate and vegetation between the east and
west coasts of South Africa. It also causes big differences in marine life, the cold waters of the west
coast being much richer in oxygen, nitrates, phosphates and plankton than those of the east coast.

FIG. 2. Map of South Africa

The coastline itself is an even, closed one with few bays or indentations naturally suitable for
harbors. Most river mouths are unsuitable for use as harbours because large sand banks block the
entry for most of the year. Only the largest rivers, such as the Orange and Limpopo, maintain narrow
permanent channels through the banks. For much the same reasons, the country has no navigable
rivers.

The surface area of South Africa falls into two major physiographic features: the interior
plateau, and the land between the plateau and the coast. Forming the boundary between these two
areas is the Great Escarpment, the most prominent and continuous relief feature of the country. Its
height above sea level varies from approximately 1 500 m in the southwest to a height of 3 482 m in
the KwaZulu Natal Drakensberg in the east.
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Inland from the Escarpment lies the interior plateau, which is the southern continuation of the
great African plateau stretching north to the Sahara Desert. The plateau itself is characterized by wide
plains with an average height of 1 200 m above sea level. Surmounting the plateau in places are a
number of well-defined upland blocks. The dissected Lesotho plateau, which is more than 3 000 m
above sea level, is the most prominent. In general, the Escarpment forms the highest parts of the
plateau. Between the Great Escarpment and the coast lies an area which varies in width from 80 to
240 km in the east and south to a mere 60 to 80 km in the west. At least three major subdivisions can
be recognized: the eastern plateau slopes, the Cape folded belt and adjacent regions, and the western
plateau slopes.

The subtropical location, on either side of 30° S, accounts for the warm temperate conditions so
typical of South Africa. The country also falls squarely within the subtropical belt of high pressure,
making it dry, with an abundance of sunshine. The wide expanses of ocean on three sides of South
Africa have a moderating influence on its climate. More apparent, however, are the effects of the
warm Agulhas and cold Benguela currents along the east and west coasts respectively. While Durban
(east coast) and Port Nolloth (west coast) lie more or less on the same latitude, there is a difference of
at least 6°C in their mean annual temperatures. Gale-force winds are frequent on the coasts, especially
in the south-western and southern coastal areas.

South Africa has an average annual rainfall of 464 mm, compared with a world average of 860
mm. About 20% of the country has a total annual rainfall of less than 200 mm, 48% between 200 and
600 mm, while only about 30% records more than 600 mm. In total, 65% of the country has an annual
rainfall of less than 500 mm - usually regarded as the absolute minimum for successful dry-land
farming. In Cape Town, the capital city of the Western Cape province, the average rainfall is highest
in the winter months, while in the capital cities of the other eight provinces, the average rainfall is
highest during summer. South Africa's rainfall is unreliable and unpredictable. Large fluctuations in
the average annual figure are the rule rather than the exception in most areas of the country. Years
where a below-average figure is recorded are more common than years with an above-average total.
South Africa is periodically afflicted by drastic and prolonged droughts, which often end in severe
floods.

Temperature conditions in South Africa are characterized by three main features. Firstly,
temperatures tend to be lower than in other regions at similar latitudes, for example North Africa and
Australia. This is due primarily to the greater elevation above sea level of the subcontinent. Secondly,
despite a latitudinal span of 13 degrees, average annual temperatures are remarkably uniform
throughout the country. Owing to the increase in the height of the plateau towards the north-east, there
is hardly any increase in temperature from south to north as might be expected. The third feature is
the striking contrast between temperatures on the east and west coasts. Temperatures above 32°C are
fairly common in summer, and frequently exceed 38°C in the lower Orange River valley and the
Mpumalanga Lowveld.

Frost often occurs on the interior plateau during cold, clear winter nights, with ice forming on
still pools and in water pipes. The frost season is longest (from April to October) over the eastern and
southern plateau areas bordering on the Escarpment. Frost decreases to the north, while the coast is
virtually frost-free. Average annual relative humidity readings show that, in general, the air is driest
over the western interior and over the plateau. Along the coast, the humidity is much higher and at
times may rise to 85%. Low stratus clouds and fog frequently occur over the cool west coast,
particularly during summer. The only other area that commonly experiences fog is the 'mist belt'
along the eastern foothills of the Escarpment.

The capital of South Africa is Pretoria, however, Cape Town is the legislative center and
Bloemfontein the judicial center. South Africa has 9 provinces: Eastern Cape, Free State, Gauteng,
KwaZulu-Natal, Mpumalanga, North-West, Northern Cape, Northern Province and Western Cape
(Figure 3).
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According to Census '96 figures, there were 40.58 million people in South Africa. Estimates by
Statistics South Africa are that the country's mid-1999 population stood at 43.054 million, of which
women constituted some 22 million. It thus has a low average population density in the order of 330
to 350 persons per thousand hectares. However the population density varies extensively between
rural and urban areas. The population is increasing at a rate of 2.3% per annum though with a
decreasing rate (Table 1). The predicted population growth rate from 2000 to 2010 is estimated to be
39.1%.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as % of total
Area (1000 km2)

1960

17.4
14.2

47
1221.0

1970

22.1
18.1

48

1980

27.6
22.6

48

1990

34.0
27.9

49

1999

43.0
32.8

50

2000

40.7
33.3

50

Growth
rate (%)

1980
to

2000

2.3

Source: IAEA Energy and Economic Database; Data and Statistics/The World Bank; National Data.

South Africa is a country with a dual socio-economic composition - a large industrial base with
a good infra structure (the best in Africa), but with a large third world component. For instance, South
Africa is a large electricity producer but one-third of its population still does not have access to
electricity.
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The country has gone through a major political change since 1994, during which the policy of
apartheid was replaced by a democratic form of government. After a long, bumpy negotiation process,
marked by much opportunistic violence from the right wing and its surrogates and in some instances
sanctioned by elements of the State, South Africa held its first democratic election in April 1994
under an Interim Constitution.

The African National Congress (ANC) led Government embarked on a programme to promote
the reconstruction and development of the country and its institutions. This called for the
simultaneous pursuit of democratization and socio-economic change, as well as reconciliation and the
building of a consensus founded on commitment to improving the lives of all South Africans, in
particular the poor.

Converting democratic ideals into practice required, amongst other things, initiating a radical
overhaul of the machinery of the government at every level, towards service delivery, openness and a
culture of human rights.

1.2. Economic Indicators

South Africa's is classed as a developing country. Its economy with a GNP per capita of 18,203
Rand (US$ 3,034 at 6 Rand/US$) in 1999, is placed in the upper middle-income bracket for
developing countries (Table 2). For a developing country in Africa, it is highly industrialized with
industry contributing 39.3% to total Gross Domestic Product (GDP). The economy includes a modern
financial and industrial sector, supported by a well-developed infrastructure, operating alongside a
subsistence informal sector.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (current billion US$)

GDP growth (annual %)

GDP per capita (current US$/cap)
Agriculture, value added (% of GDP)

Industry, value added (% of GDP)

Services, etc., value added (% of GDP)

1995

151
3.12

3,862

3.86

34.81
61.33

1996

144

4.15

3,609
4.22

33.54

62.24

1997

148
2.52

3,636

4.06

32.89

63.05

1998

134

0.63
3,237

3.8
32.03

64.17

1999

131

1.23
3,034

3.85
32.45

63.7

Source: Data and Statistics/The World Bank.

The agricultural sector contributes only 4% of the gross domestic product (GDP). The mining
sector played an important role in the development of the South African economy, but its importance
has declined in the last decade and currently accounts for about 6% of GDP. The manufacturing
sector accounts for approximately one-fifth of South Africa's GDP. The contribution of financial
services and business increased from about 12% to nearly 18% during the nineties and given the high
level of banking and commercial activities in South Africa, this share is expected to expand even
further. Tourism activity is also expanding its relative size and further increases in the contribution of
the tertiary sector to GDP are expected.

The economic growth rate during the worst years of the apartheid era was running at 3.3% per
annum (GNP) and 1.3% per annum (Gross Domestic Product (GDP)) (1980 to 1991). By the second
half of 1999, real gross domestic production was growing from quarter to quarter at annualized rates
of more than 3%. Real GDP is expected to grow by about 3.5% on average in the next three years.

1.3. Energy Situation

The country has very large coal deposits, small hydro potential and very small deposits of
gas. South Africa has large uranium deposits associated with its gold-bearing ores (Table 3). Hence
South Africa's indigenous energy resource base is dominated by coal.
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TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

1319.69

Liquid

0.13

Gas

0.83

Uranium(1'

147.31

Hydro(2)

0.00

Exajoule

Total

1467.96
(1) This total represents essentially recoverable reserves.
(2> For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base; Country Information.

Coal
Many of the coal deposits can be exploited at extremely favorable costs and results in 91 % of

primary energy being based on coal.. The country ranks as the world's fifth largest coal producer. In
addition to the extensive use of coal in the domestic economy, large amounts are exported, South
Africa being the second-largest exporter of steam coal. South African coal for local electricity
production is among the cheapest in the world. The beneficiation of coal, particularly for export,
results in more than 60 Mt of discards being produced annually. Thirty per cent of raw coal mined for
the export market and between 15% and 25% of the raw coal mined for local demand (excluding
power-station coal) is not marketable and therefore discarded.

Gas and oil
Apart from limited gas and oil reserves in the Mossel Bay area (southern coastal area), South

Africa does not have significant commercially exploitable gas or crude oil reserves. Most petroleum
must therefore be imported. During the period, when world sanctions were applied because of the
country's1 apartheid policies, the Government undertook the construction of a vast oil-from-coal
facility (Sasol) and a smaller oil-from-gas facility (Mossgas). At peak production these two facilities
produced 30% and 10% respectively of local oil.

Biomass
Fuel wood, which comes mainly from natural woodlands, is the primary source of energy used

by households in most rural areas for the purposes of cooking and heating. In some areas this is
already almost completely depleted and in others it is under heavy pressure. The total annual
sustainable supply of wood from natural woodlands in communal rural areas is estimated at about 12
Mt. However, probably no more than half of it is usable as fuel wood. In addition to these sources,
residues from commercial forestry total about 4.2 Mt per year. Much of this, as well as wood from
bush clearing on commercial farmland, is being used increasingly as fuel. To be effective, planning
for a sustainable fuel wood supply thus requires decentralization, understanding of local conditions
and flexibility. Supply-side interventions focus on satisfying a range of local needs and the realization
that community forestry does not involve only the planting of trees and that community participation
is central to all activities. Planning must ensure their integration into broader rural development, land
use, natural resources management, and agricultural and energy planning. Interventions should build
on the best indigenous practices identified.

Renewables
Renewable energy sources, other than biomass, have not yet been exploited to the full in South

Africa, and there are a number of initiatives to expand their use.

Solar
Most areas in South Africa average more than 2 500 hours of sunshine per year, and average

daily solar radiation levels range between 4,5 and 6,5 kWh/m2. The country's solar equipment
industry is developing. Annual photovoltaic (PV) panel assembly capacity totals 4 MW, and a number
of companies in South Africa manufacture solar water-heaters. In February 1999, former President
Nelson Mandela launched the world's largest solar-powered rural electrification project in Bipha in
the Eastern Cape. The Eskom-Shell Solar Rural Electrification Project will eventually provide 50 000
solar home systems, while 16 000 schools and 2 000 clinics will benefit. The project will cost some
R150 million. The use of solar power for water pumping is increasing rapidly through the rural water
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provision and sanitation programme of the Department of Water Affairs and Forestry. Solar water
heating is already being used to a certain extent. Current capacity installed: domestic 330 000 m2 and
swimming pools 327 000 m2 (middle to high income); commerce and industry 45 000 m2; agriculture
4 000 m2. Improved thermal efficiency of housing stock through solar passive design techniques has
been introduced in the national housing programme and is aimed at ameliorating the high levels of
indoor air pollution resulting from the extensive use of coal for heating in winter.

Wind
Wind power potential is generally good along the entire coast, with mean annual speeds greater

than 4 m/s, and there are localized areas where speeds exceed 6 m/s. These latter areas are potentially
attractive as wind power sites, and Eskom and the Department of Minerals and Energy are
investigating the use of wind power for large-scale electricity generation. Wind power is primarily
used for water pumping, with about 300 000 windmills being used for watering livestock and
supplying communities. About 400 kW of small wind turbines for power generation have been
installed. The implementation of hybrid systems that make use of wind power is being investigated by
the Department.

Hydro
South Africa can be classified as a generally dry country, and thus has very little perennial

hydropower potential. The current total installed large-scale hydropower generation capacity (larger
than 10 MW), including pumped storage schemes, is 2 222 MW. The installed capacity of plants
smaller than 10 MW totals some 65 MW.

The historical energy data are given in Table 4.

TABLE 4. ENERGY STATISTICS

Energy consumption
- Total0

- Solids(2)

- Liquids
- Gases
- Primary electricity*3'

Energy production

- Total
- Solids
- Liquids
- Gases
- Primary electricity'3'

1960

0.97
0.99

0.99
0.99

1970

1.44
1.60

1.60
1.60

1980

2.91
3.12

0.01

3.02
3.01

0.01

1990

4.22
4.07

0.07
0.09

4.22
4.07

0.07
0.09

1999

5.84
5.32
0.29
0.05
0.18

5.82
5.32
0.31
0.05
0.15

2000

6.01
5.47
0.28
0.05
0.22

5.97
5.47
0.31
0.05
0.15

Exajoule
Average annual
growth rate (%)
1960
to

1980

5.63
5.90

13.47

24.33

5.73
5.71

24.33

1980
to

2000

3.70
2.85

-1.24

16.90

3.47
3.03

14.56
(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
(2) Solid fuels include coal, lignite and commercial wood.
<3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database.

1.4. Energy Policy

The White Paper on Energy Policy 1998 gives an overview of the South African energy
sector's contribution to GDP, employment, taxes and the balance of payments. It concludes that the
sector can greatly contribute to a successful and sustainable national growth and development
strategy. The Energy Policy contains 5 key policy objectives, which form the foundation for South
Africa's energy policy:
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Increasing access to affordable energy services

• Government will promote access to affordable energy services for disadvantaged households,
small businesses, small farms and community services.

Improving energy governance

• Governance of the energy sector will be improved. The relative roles and functions of the
various energy governance institutions will be clarified, the operation of these institutions will
become more accountable and transparent, and their membership will become more
representative, particularly in terms of participation by blacks and women.

• Stakeholders will be consulted in the formulation and implementation of new energy policies,
in order to ensure that policies are sympathetic to the needs of a wider range of stakeholder
communities.

• Co-ordination between government departments, government policies, and the various spheres
of government will be improved in order to achieve greater integration in energy policy
formulation and implementation.

• Government capacity will be strengthened in order to better formulate and implement energy
policies.

Stimulating economic development

• Government will encourage competition within energy markets.
• Where market failures are identified government will intervene through transparent, regulatory

and other carefully defined and for time delineated mechanisms, to ensure effective delivery of
energy services to consumers.

• Government policy is to remove distortions and encourage energy prices to be as cost-reflective
as possible. To this end prices will increasingly include quantifiable externalities.

• If subsidies are required these should be implemented transparently based on agreed criteria.
• Energy taxation will continue to remain an option within government's fiscal policy, but will be

exercised with more consideration for the economic and behavioural impacts of such policies.
• Government will work towards an investor-friendly climate in the energy sector through good

governance, stable, transparent, regulatory regimes and other appropriate policy instruments.

Managing energy-related environmental and health impacts

• Government will promote access to basic energy services for poor households, in order to
ameliorate the negative health impacts arising from the use of certain fuels.

• Government will work towards the establishment and acceptance of broad national targets for
the reduction of energy-related emissions that are harmful to the environment and to human
health.

• Government will ensure a balance between exploiting fossil fuels and maintenance of
acceptable environmental requirements.

Securing supply through diversity

• Given increased opportunities for energy trade, particularly within the Southern African region,
government will pursue energy security by encouraging a diversity of both supply sources and
primary energy carriers.
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2. ELECTRICITY SECTOR

2.1. Structure of the electricity sector.

The National Electricity Regulator (NER) is the regulatory authority over the electricity supply
industry (ESI) in South Africa. It is a statutory body, established in terms of the Electricity Act, No 41
of 1987, as amended by the Electricity Amendment Acts of 1994 and 1995. The NER was established
on 1 April 1995 as the successor to the Electricity Control Board.

The Minister of Minerals and Energy appoints board members, but, once appointed, the NER
acts independently and reports to parliament. The Board of the NER consists of a chairperson, a Chief
Executive Officer and seven other members, all of whom are knowledgeable and experienced in
broader electricity supply industry issues. Members do not act as representatives of stakeholder
interests but serve in their individual capacities. The Board is supported by a small, full-time support
staff, which includes functional experts in technical, financial, economics, customer and support
services areas. The NER is funded from a levy imposed on generators of electricity, which is passed
on to all customers of electricity. Customers of electricity therefore pay for the protection that they
receive from the NER, and the general body of taxpayers is relieved of this obligation.

The NER's role is to license generators, transmitters and distributors of electricity, to approve
the prices at which electricity is sold and to set minimum standards for quality of supply and service.
The NER also resolves disputes between suppliers of electricity and their customers, as well as
between suppliers. The NER operates under the mandate given by the Minister of Minerals and
Energy to be "the custodian and enforcer of regulatory framework to monitor and ensure that the
interests and needs of present and future customers of electricity are respectively safeguarded and
met, having regard to the efficiency, effectiveness and long term sustainability of the electricity
supply industry".

In September 1999, the NER unveiled its restructuring plan, outlining a new structure and
several key strategic regulatory issues. These include a regulatory framework for independent power
producers, involvement in the restructuring of the distribution sector, further developing the
wholesale electricity tariff and helping to set up customer forums.

At present there are 14 generation licensees. Generation licences are issued by the NER to all
generators who sell more than 500 GW*h of electricity per annum, in accordance with the Electricity
Act. Apart from Eskom, some municipalities and some co-generators, the NER has also recently
licensed the first two independent power producers. The following business sectors participate in
electricity generation: Eskom (95.9%), Local Government/Municipalities (1.0%) and the private
sector (3.1%).

Electricity is generated at 53 licensed power generation stations. The total energy sent out by
these power stations amounted to 197 TW-h in 2000 (190 TW-h in 1999). The net electricity sent out
by generators in the year 2000 was 187.7 TW-h. The difference is due to own use of co-generators and
the use of pumped storage schemes. The majority of generation comes from coal fired generation
(87.3%). Other forms of generation are nuclear (5.1%), hydro (1.8%), pumped storage (4.7%) and gas
turbines (1.1 %).

The South African energy utility, Eskom, supplies more than 95% of South Africa's electricity
and more than 60% of the electricity consumed throughout Africa. In global terms, Eskom is among
the top seven utilities in terms of size and sales, and is the cheapest electricity producer in the world.
It has the world's biggest dry cooling power station. Eskom, also owns and operates the national high
voltage electricity transmission network. Although Eskom is a public corporation, it is financed by net
financial market liabilities and investments as well as reserves, and is run on business principles for
the benefit of its customers.
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The distribution of electricity is undertaken by Eskom and about 415 municipalities. The
municipalities collectively service about 60% of total customers by number, and about 40% of total
customers by sales volume. Municipal electrical departments generally supply to consumers in their
local government areas. The municipal distributors differ greatly in customer density, size and type of
customer base, geographic spread, financial base and effectiveness.

The Southern African Power Pool was formally started in 1996, when the 12 member states of
the Southern African Development Community (SADC) signed an enabling memorandum for the
formation of the pool. The southern African region has good hydroelectric generation potential, all of
which is outside South Africa, with an estimated total of 125 GW in the SADC region. Five
interconnectors, with a transfer capacity of 1.66 GW, are already operational between SADC states,
and an additional three, with a transfer capacity of 2.2 GW, have been approved or are under
construction.

In August 1999, the first phase of a 400 MW power line linking South Africa and Namibia was
inaugurated by President Thabo Mbeki and Namibian President Sam Nujoma. Initiated by Eskom and
Namibia's Nampower, the line will supply power to Namibia and possibly Angola in future.

2.2. Decision Making Process

The Government regards an accelerated and sustainable electrification programme as being of
the utmost importance. The Government's original electrification initiative was expressed in the
targets set for the Reconstruction and Development Programme (RDP) in terms of which 2.5 million
new connections were to be made during the period 1994 to 1999. Eskom committed itself to 70% of
the target and the balance was to be achieved by Local Governments. 2.74 million connections were
completed within the prescribed time limit, thus exceeding the RDP target. The result was that
approximately 66% of households in South Africa enjoyed the benefits of electricity in their homes at
the end of 1999 as opposed to little more than 40% at the beginning of the RDP period.

From 1997 to date, the NER has co-ordinated the funding earmarked for the electrification
projects of Local Governments. In addition, the NER has audited these electrification projects. In
compliance with the Electricity Act of 1987, the NER monitors the overall electrification programme,
keeps statistics on salient data and reports annually on the performance of the ESI in respect of
electrification.

The majority of connections were made in the urban areas that are the easiest and the cheapest
to electrify due to their proximity to the network, the high density of houses and relatively high
consumption. The result is that 80% of households in urban areas, and 46% in rural areas were
electrified at the end of 1999. The principal reasons for this state of affairs in the rural areas are inter
alia: rural areas are considerably more expensive to electrify with grid electricity; consumption levels
in rural areas are lower due to lower income levels; and there are generally no major anchor electricity
customers in the rural areas. The new challenge for the electrification programme is to address this
backlog in a sustainable manner.

With a view to give effect to the issues raised in the White Paper on Energy Policy, the
Minister of Minerals and Energy established the National Electrification Co-ordinating Committee
(NECC) in April 1999. The role of the NECC is to advise the Minister on transitional matters
concerning the current electrification programme based on the RDP as well as on the integrated, post-
RDP National Electrification Programme (NEP). Key issues under consideration by the NECC relate
to the development of strategies for the integration of electrification into the planning processes of
local government, electrification planning, technologies, funding, implementation, monitoring and
evaluation.
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The price of electricity is an important factor in economic growth. Eskom undertook to reduce
the real price of electricity by 15% between 1995 and 2000, following a reduction of 20% between
1992 and 1998. Eskom is currently one of the lowest cost producers of electricity in the world.

2.3. Main indicators

Table 5 shows the historical electricity production and the installed capacity and Table 6 the
main energy and electricity related ratios.

TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED

Electricity production (TW-h)

- Total(1)

- Thermal
-Hydro
- Nuclear

Capacity of electrical plants (GWe)

-Total
- Thermal
-Hydro
- Nuclear

1960

24.37
24.35
0.01

5.14
5.13
0.01

1970

50.79
50.77
0.03

10.51
10.50
0.01

1980

89.64
88.63

1.01

18.38
17.84
0.55

1990

165.39
156.32

0.62
8.45

26.39
24.04
0.55
1.80

CAPACITY

1999

193.58
178.45

1.66
13.47

35.54
33.13

0.61
1.80

2000

194.31
178.97

2.35
12.99

35.54
33.13
0.61
1.80

Average annual
growth
1960

to
1980

6.73
6.67

24.33

6.58
6.43

21.57

rate (%)
1980
to

2000

3.94
3.58
4.30

3.35
3.14
0.55

(1) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kW-h/capita)

Electricity production/Energy production (%)

Nuclear/Total electricity (%)

Ratio of external dependency (%)(1)

Load factor of electricity plants

- Total (%)
- Thermal
- Hydro
- Nuclear

1960

56

1,401

24

N/A

54
54
13

1970

65

2,150

29

N/A

55
55
20

1980

105

3,248

29

N/A

56
57
21

1990

124

4,468

35

6

N/A

72
74
13
54

1999

146

4,908

32

7

N/A

62
61
31
85

2000

148

4,960

31

7

N/A

62
62
44
82

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Database.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

South Africa has large reserves of coal and most of its electricity has been traditionally
generated from coal. However the coal fields are situated on the Highveld some 1500 kilometres from
some of the further load centres such as Cape Town. Investigating the potential for alternative
generation capacity for such areas in the early 1970's, it was determined that nuclear capacity of
around 2000 MW would be cheaper than building a coal-fired plant in the Cape and railing coal from
the Highveld area, or to transmit the power to the Cape via 400 kV transmission lines.

It was decided in the mid-1980's to build the Koeberg Nuclear Power Plant on the coast at
Duinefontein, 35 kilometres north of Cape Town. The plant was commissioned in 1984. The plant
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consists of two Pressurized Water Reactors and was built by Framatome. Fissile fuel was obtained
from overseas but at the height of the sanctions period there were fears that nuclear fuel could be
embargoed and the then Atomic Energy Board (now the South African Nuclear Energy Corporation -
NECSA) was asked by the Government to design, build and operate an enrichment plant to provide
power plant enriched fuel. Later this was expanded to manufacture the fuel locally. However, since
sanctions are no longer applied against South Africa, it is now possible for Eskom to obtain nuclear
fuel on the international market. Hence the conversion, enrichment and fuel element fabrication
facilities have recently being closed.

3.2. Status and Trends of Nuclear Power

Eskom, the South African energy utility, owns and operates South Africa's only nuclear plant,
the twin reactor Koeberg Power Station near Cape Town, at the South-West tip of the country (see
Figure 4 and Table 7). Koeberg operating parameters are shown in Table 8.

• • .

FIG. 4 Koeberg NPP

TABLE 7. STATUS OF NUCLEAR POWER PLANTS

Station

KOEBERG-1
KOEBERG-2

Type

PWR
PWR

Capacity

900
900

Operator

ESKOM
ESKOM

Status

Operational
Operational

Reactor
Supplier

FRAM
AA

Station

KOEBERG-1
KOEBERG-2

Construction
Date

Ol-Jul-76
Ol-Jul-76

Criticality
Date

14-Mar-84
07-Jul-85

Grid
Date

04-Apr-84
25-Jul-85

Commercial
Date

21-Jul-84
09-Nov-85

Shutdown
Date

Source: IAEA Power Reactor Information System as of 31 -Dec-1999.

682 SOUTH AFRICA



TABLE 8. KOEBERG OPERATING PARAMETERS

Type
Number of reactors
Rated station output
Nuclear Island Contractor
Cooling

Pressurized Water Reactors
2
1840 MW
Framatome
Seawater

Source: Country Information.

South Africa does not anticipate building new large nuclear power plants of the Koeberg type
in the near future. However, investigations into small modular high temperature gas cooled reactor
technology (the Pebble Bed Modular Reactor) are being undertaken to determine whether this type of
nuclear technology could be included in the energy supply system for the future.

3.3. Current Policy Issues

In early 2000, revised nuclear legislation came into effect, the Nuclear Energy Act of 1999 (Act
No. 46 of 1999) and the National Nuclear Regulator Act of 1999 (Act No 47 of 1999). In terms of this
latter Act, revised and new regulations are being developed by the National Nuclear Regulator
(NNR).

The Government is also awaiting the results of Eskom's investigations into high temperature
gas cooled reactor (pebble bed modular reactor) technology, including the required independent
environmental impact assessment and nuclear licensing of this technology prior to taking decisions on
the future role of this nuclear technology in South Africa. The Government has appointed
international review teams to provide independent assessment of this technology.

The Nuclear Energy Act of 1999 vests the authority to manage radioactive waste with the
Minister of Minerals & Energy:

(1) The authority over the management and discarding of radioactive waste and the storage
of irradiated nuclear fuel vests in the Minister;

(2) The Minister, in consultation with the Minister of Environmental Affairs and Tourism
and the Minister of Water Affairs and Forestry, may make regulations prescribing the
manner of management, storage and discarding of radioactive waste and irradiated
nuclear fuel.

In May 2000, the Department of Minerals & Energy initiated a process to develop a national
policy for the management of radioactive waste. A working group was established, with initial
objective to establish a Status document on radioactive waste in South Africa, which would serve as a
basis for drafting a Policy document and a Strategy document on radioactive waste management. The
draft policy document was issued for public comment at the end of 2000. A draft national strategy has
been developed. Public workshops on the draft policy and strategy will be scheduled prior to the
finalisation of these documents in 2002.

3.4. Organizational Chart

The Nuclear Energy Act of 1999 assigns responsibility to the Minister of Minerals & Energy
for the production of nuclear energy, the management of radioactive waste, as well as South Africa's
international commitments. Both the National Electricity Regulator and the National Nuclear
Regulator functions report to the Minister of Minerals & Energy.

The National Electricity Regulator (NER) is the regulatory authority over the electricity supply
industry (ESI) in South Africa. It is a statutory body, established in terms of the Electricity Act, No 41
of 1987, as amended by the Electricity Amendment Acts of 1994 and 1995.
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The National Nuclear Regulator (NNR) (previously the Council for Nuclear Safety - CNS) is
the national authority responsible for exercising regulatory control over the safety of nuclear
installations, radioactive waste, irradiated nuclear fuel, and the mining and processing of radioactive
ores and minerals. The primary function of the NNR is to protect workers and members of the public
from the harmful effects (i.e. nuclear damage) arising from exposure to ionising radiation.

The NNR is an independent statutory organisation whose powers are defined in the National
Nuclear Regulator Act of 1999 (Act No 47 of 1999). The NNR comprises a Board of Directors
appointed by the Minister of Minerals and Energy, which overviews and monitors the policies and
progress of the Executive.

The Koeberg nuclear power plant is owned and operated by Eskom, the South African energy
utility established in terms of the Eskom Act of 1987, as amended by the Eskom Amendment Act of
1998. The sole shareholder of Eskom is the South African Government, represented by the Minister of
Public Enterprises.

The South African Nuclear Energy Corporation (NECSA) (previously the Atomic Energy
Corporation - AEC), established in terms of the Nuclear Energy Act of 1999, operates and manages
the National Radioactive Waste Repository for low and intermediate level radioactive waste, at
Vaalputs in the Northern Cape Province on behalf of the State. Although NECSA previously
performed conversion, enrichment and fuel manufacturing services for Koeberg, these facilities have
recently been closed.

4. NUCLEAR POWER INDUSTRY

4.1. Supply of NPP

South Africa has one nuclear power station - Koeberg - situated near Cape Town.
Client: ESKOM
Contractors:

Nuclear Island: Framatome
Conventional Island: Alsthom Atlantique
Civil Works: Spie Batignolles
Coordination: Framateg

4.2. Operation of NPP

Koeberg Power Station is owned, operated and maintained by Eskom. Engineering and
maintenance support contracts have been signed with a number of original equipment manufacturers.

4.3. Fuel Cycle, Spent Fuel and Waste Management

In late 1951, a South African company Calcined Products (Pty) Ltd [Calprods] was formed with
the objective of processing uranium rich slurries produced as a by-product of gold mining operations.'
In 1967 Calprods was replaced by the Nuclear Fuels Corporation of South Africa (Pty) Ltd
[NUFCOR], a private company, whose board of directors comprised representatives from all gold
mining groups that were members of the South African Chamber of Mines. The uranium contracts
existing at that time, being managed by the South African Chamber of Mines Uranium Sales
Organisation, were transferred to NUFCOR.

In 1998, NUFCOR's share holding was re-structured and the company is now 100% owned by
AngloGold Limited. NUFCOR's year 2000 production of approximately 2.2 million pounds is
anticipated to increase and stabilize between 2.5 and 3 million pounds U3O8 per annum. In 1999,
Nufcor International Limited was established as a joint-venture company between AngloGold and
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First Rand International, each holding 50% of the company's share holding. NIL assumed marketing
responsibility on behalf of NUFCOR.

From 1967 to the present day, NUFCOR's Head Office main activities have included the
marketing of uranium under long-term contracts with international and local utilities (ore recently,
London-based Nufcor International Limited has assumed this marketing function) and the transporting
of uranium products in accordance with international hazardous materials regulations. NUFCOR's
processing facility is located in Westonaria and its main activity is the processing of uranium rich
slurries into uranium oxide powder. These slurries are collected from current producing mines owned
by AngloGold and Palabora Mining Company.

In 1995, NUFCOR formed a subsidiary company RaDPRO (Pty) Ltd providing services in
radiological protection, decontamination and waste management. RADPRO was formed initially as a
joint venture company established at the end of 1995 by NUFCOR and BNFL Engineering Limited, a
wholly owned subsidiary of British Nuclear Fuels pic (BNFL). hi 1999 RADPRO became a wholly
owned subsidiary of NUFCOR.

RADPRO provides a comprehensive range of radiation protection, waste management and
relates services, including: Radiation protection consulting; plant decontamination and recycling;
radiometric instrumentation and measurement services; analytical services. RADPRO has an
operational base at NUFCOR's processing facility in Westonaria for decontamination services and
research and development.

Eskom is responsible for its own fuel procurement. Eskom procures conversion, enrichment and
fuel element manufacturing services on the international market.

Low and intermediate level waste from Koeberg is disposed of in metal drums steel and
concrete containers respectively at the National Radioactive Waste Repository Vaalputs, some 600
km north of Cape Town, in trenches (see Figure 5). Vaalputs is operated by the South African Nuclear
Energy Corporation (NECSA) - previously known as the Atomic Energy Corporation, on behalf of
the State. Regulation of the site is done by the National Nuclear Regulator.

* * .

FIG. 5a. National Radioactive Waste Repository Vaalputs
Low-level Radioactive Waste Disposal

Spent fuel is stored on site at Koeberg, most of it in wet storage in spent fuel pools, although
some is stored on site in dry casks while the spent fuel pools are being modified to increase their
storage capacity.
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FIG. 5b. National Radioactive Waste Repository Vaalputs
Intermediate-level Radioactive Waste Disposal

4.4. Research and Development Activities

Research and Development in the nuclear energy field is performed mainly by the South
African Nuclear Energy Corporation (NECSA), who carries out a variety of research projects, for
example into the application of radioactive techniques in industry, the treatment of foodstuffs using
radioactive sources, the development of medical radio-isotopes.

Research using accelerators is also carried out by a number of universities and associated
institutes, for example the Schonland Research Centre for Nuclear Sciences at the University of the
Witwatersrand, as well as by the National Accelerator Centre in the Western Cape.

Eskom initiated the development of a high temperature gas cooled reactor technology - the so-
called Pebble Bed Modular Reactor - in 1993. This development work has been extended to the
development of the pebble bed fuel. A demonstration plant is planned to start construction in
2002/2003 subject to an economic feasibility study and the required licensing and approval processes,
including that of an environmental impact assessment, and approval from the South African
Government being successful.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Procedure

The National Nuclear Regulator (NNR) (previously the Council for Nuclear Safety - CNS) is
the national authority responsible for exercising regulatory control over the safety of nuclear
installations, radioactive waste, irradiated nuclear fuel, and the mining and processing of radioactive
ores and minerals. The primary function of the NNR is to protect workers and members of the public
from the harmful effects (i.e. nuclear damage) arising from exposure to ionising radiation.

In terms of the National Nuclear Regulator Act of 1999, the licence holder is required to
provide the NNR with whatever information the NNR considers necessary to demonstrate that the
licensed site is acceptably safe.

The nuclear licence is a set of requirements drawn up by the NNR expanding on the conditions
of the act with requirements specific to the site in question, relating to the plant, the site and environs,
licensee organization and processes, and safety related documentation. These requirements essentially
amount to three types, namely on the documented safety case (including supporting documentation
and operational programmes), implementation of compliance assurance related processes, and
reporting requirements.
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5.2. Main National Laws and Regulations

Legislation on nuclear energy dates back to 1948 when the predecessor of the present South
African Nuclear Energy Corporation (NECSA), namely the Atomic Energy Corporation, was created
by the Atomic Energy Act. This Act was amended over the years to keep pace with developments in
nuclear energy. A major addition in this field came about in 1963 when the Nuclear Installations Act
came into force. This made provision for the licensing of Nuclear Installations by the Atomic Energy
Board. The Uranium Enrichment Corporation was created in 1970 by the Uranium Enrichment Act.
This allowed the enrichment of uranium by a State Corporation separate from the Atomic Energy
Board and subject to licensing by the latter. A major change took place in 1982 when the AEC was
created and made responsible for all nuclear matters, including uranium enrichment. This came about
through the Nuclear Energy Act of 1982. This Act was amended several times in subsequent years. A
major amendment created the autonomous Council for Nuclear Safety (CNS), responsible for nuclear
licensing and separate from the AEC, in 1988 (Nuclear Energy Amendment Act, Act 56 of 1988). The
old Nuclear Energy Act was replaced by a new Act in 1993 (Nuclear Energy Act 131 of 1993). This
maintained the autonomous character of the CNS but made provision for the implementation of the
Safeguards Agreement with the IAEA pursuant to the requirements of the Nuclear Non-Proliferation
Treaty to which South Africa acceded in June 1991. This Act has been superseded by two Acts, the
Nuclear Energy Act of 1999 and the National Nuclear Regulator Act of 1999.

Nuclear activities are also subject to numerous other legislation, for example the Environmental
Impact Assessment Regulations promulgated in 1997 terms of the Environment Conservation Act of
1989, and the disclosure of information in terms of the Promotion of Access to Information Act of
2000.

FINANCING FOR DECOMMISSIONING AND WASTE DISPOSAL

In general, the financing for decommissioning and waste disposal follows the rule "polluter
pays" although this has led, in some cases, to uncertainty of who the "polluter" is. The Government
has initiated a process to establish a National Radioactive Waste Policy that will also address the
accountability for the financing of waste disposal. Decommissioning and waste disposal is currently
taking place in the following areas:

i) ongoing radioactive waste from hospitals, general industry and from the NECSA's own
activities is disposed of at Thabana, a low and medium active waste disposal site on its
Pelindaba site. The financing for this operation is dealt with through NECSA's annual State
allocation for operating activities;

ii) low and medium active waste from Koeberg is disposed of in shallow land-fill trenches at
Vaalputs, the National Radio-active Waste Repository operated by the NECSA and situated
about 600 km north of Cape Town. Although the State financed the initial development costs
of the site, Eskom pays the interest on the initial capital and the operational costs;

iii) decommissioning and waste disposal of NECSA's two enrichment plants (the Y and Z plants)
are undertaken by NECSA itself and the financing is carried by the State through the annual
State allocation for operational funds;

iv) decommissioning of disused mine equipment (primarily in the gold, copper, phosphate and
beach sands operations) are currently undertaken. The mining companies finance the
decommissioning costs themselves and subcontract the operations out to specialized agencies.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• NPT related agreement Entry into force: 16 September 1991
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MFCIRC/394

• Additional Protocol

• Improved procedures for designation
of safeguards inspectors

• Supplementary agreement on provision
of technical assistance by the IAEA

• AFRA
2nd extension

Not signed

Accepted

Entry into force:

Entry into force:
Entry into force:

19 July 1995

Entry into force:

OTHER RELEVANT INTERNATIONAL TREATIES etc.

Agreement on privileges
and immunities

• NPT

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

• Convention on civil liability for
nuclear damage and joint protocol

• Joint protocol

• Protocol to amend the Vienna
convention on civil liability
for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of
spent fuel management and on the
safety of radio waste management

• ZANGGER Committee

• Nuclear Export Guidelines

• Acceptance of NUSS Codes

• Partial Test-Ban Treaty

• Nuclear Suppliers Group

Entry into force:

Signature:

Entry into force:

Entry into force:

Non-Party

Non-Party

Not signed

Not signed

Entry into force:

Not signed

Member

Not adopted

No reply

Entry into force:

Member

18 May 1992
4 April 2000

Non-Party

10 July 1991

18 May 1981

10 September 1987

10 September 1987

24 March 1997

(observer status)

10 October 1963
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• African Nuclear-Weapon-Free Zone Treaty.

BILATERAL AGREEMENTS

• Agreement between the Government of South Africa and the Government of the USA on Nuclear
Co-operation.

• Agreement between the Government of South Africa and the Government of the France on Co-
operation on Molecular Laser Isotope Enrichment.
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITY

South African Nuclear Energy Corporation
Ltd. (NECSA)
PO Box 582
Pretoria 0001
South Africa

OTHER NUCLEAR ORGANIZATIONS

National Nuclear Regulator (NNR)
PO Box 7106
Hennopsmeer 0046, South Africa

Koeberg Nuclear Power Station
Private bag XI0
Kernkrag 7440, South Africa

Eskom Enterprises
Pebble Bed Modular Reactor (Pty) Ltd.
PO Box 9396
Centurion 0046, South Africa

Nuclear Fuels Corporation
of South Africa Pty.Ltd. (NUFCOR)
PO Box 2655
Rivonia 2128, South Africa

NUCLEAR RESEARCH INSTITUTES

Schonland Research Centre
for Nuclear Sciences
University of the Witwatersrand
Private Bag 3
Johannesburg 2050, South Africa

National Accelerator Centre (NAC)
PO Box 72
Faure, 7131
South Africa

OTHER ORGANIZATIONS

Eskom
Generation Group - Head Office
Maxwell Drive
Sunninghill, Sandton
PO Box 1091
Johannesburg, South Africa

Tel: +27-12-305-4911
Fax: +27-12-305-4111
Telex: 322948 SA; 322448 SA
Cable: ISOTOPE PRETORIA

Tel: +27-12 663-5500
Fax: +27-12 663-5513
http://www.nnr.co.za/

Tel: +27-21-550 4921
Fax: +27-21-550 5900
http://www.eskom.co.za/nuclear/

Tel: +27-12-677 9400
Fax: +27-12-663 3052
http://www.pbmr.co.za

Tel: +27-11-807-5675
Fax: +27-11-807 5658
e-mail: nufcor@iiufcor.co.za.

Tel: +27-11-717-6923
Fax:+27-11-339-2144
e-mail: srcns@src.wits.ac.za
http: //www, src. wits, ac .za/

Tel: +27-21-843 1000
Fax: +27-21-843 3525
e-mail: director@nac.ac.za

5://www.nac.ac.za/

Tel: +27-11-800 8111
Fax: +27-11-800 2826
http://www.eskoni.co.za/

690 SOUTH AFRICA



SPAIN



SPAIN

1. GENERAL INFORMATION

1.1. General Overview

Spain is a constitutional democracy. The Head of State is the King. Executive power is vested in
the President of the government. The Constitution was adopted in 1987. Spain is situated in south west
Europe, occupying the greater part of the Iberian Peninsula, the Balearic and Canary Islands and a small
part of northern Africa (Ceuta and Melilla), and bounded on the north by the Bay of Biscay, France and
Andorra; on the east by the Mediterranean Sea; on the south by the Mediterranean Sea and the Atlantic
Ocean; and on the west by Portugal and the Atlantic Ocean. The area of Spain is 504 800 km2 large.

The climate of Spain is marked by extreme temperatures and, generally, insufficient rainfall. The
variegated physical features of the country ensure pronounced climatic differences. The climate is most
equable along the Cantabric and Atlantic coasts, which are generally damp and mild. The central plateau
is dry and hot. Most of Spain receives less than 610 mm of precipitation per year, the northern mountains
get considerable more moisture. By contrast, the southern Mediterranean coast has a subtropical climate.
Malaga, in the extreme south, has an average winter temperature of 14°C. The average precipitation in
Spain is 627 mm.

The historical population data are given in Table 1. The population in Spain at the beginning of
2000 was almost 40 million; the overall density was about 79 persons per km2. Spain is increasingly
urbanizing with more than three-fourths of the population in towns and cities. The population growth
rate is close to zero, so the population is stabilizing.

Spain has traditionally been an agricultural country and is still one of the largest producers of farm
commodities in Western Europe, but since the mid-1950s, industrial growth has been rapid. A series of
development plans, initiated in 1964, helped the economy to expand, but in the later 1970s an economic
slowdown came by rising oil costs and increased imports. In January 1986, Spain became a full member
of the European Community.

Spain actually has nine operating nuclear units which represents 7 749 MW gross electric power
and produces about 30% of the electricity generation. The reactors are of both types BWR and PWR
from different suppliers namely Westinghouse, General Electric and Siemens. The energy policy goes
towards the complete liberalization of the markets with the main target of decreasing the energy prices,
ensuring the energy supply and the quality, also improving the energy efficiency, reducing the
consumption and protecting the environment.

TABLE 1. POPULATION INFORMATION

Population (millions)

Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

30.5

60.3
N/A

504.8

1970

33.8

66.9
N/A

1980

37,5
74.4
N/A

1990

39.3
77.9
65

1996

39.6
78.6
76.7

1997

39.7
78.7
76.9

1998

39.8
78.8
77.2

1999

39.9

79.0
77.4

2000

39.9

79.1
N/A

Growth
rate (%)

1980
to

1999

0.3

0.3

Source: IAEA Energy and Economic Database.

1.2. Economic Indicators

The Gross Domestic Product (GDP) has been increasing since the early 90's due to an increase in
the service sector. In 1999, GDP was 97 145 billion current pts. Table 2 shows the historical GDP
statistics in US$.
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TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP a>

GDP (2) per capita
GDP growth (%)
GDP by sector (%):

-Agriculture
-Industry
-Services

1970

N/A
N/A

N/A
N/A
N/A

1980

213,308
5,682

N/A
N/A
N/A

1990

491,938
12,516

5
28
67

1996

60,900
15,496
2.34

5
28
67

1997

55,900
14,224
3.84

4
28
68

1998

58,200
14,772
3.96

4
28
68

1999

59,600
15,127
3.75

4
28
67

(1) Millions of current US$. (2) Current US$ per capita.
Source: IAEA Energy and Economic Data Base; Data & Statistics/The Word Bank; Country Information.

1.3. Energy Situation

The main indigenous energy sources in Spain are coal and hydro (Table 3). The primary energy
consumption raised to about 120 Mtoe in 1999. This figure is obtained as the result of adding every non-
electric final energy consumption and the energy sector consumption (self consumption and
transformation consumption) and the energy losses. The final energy demand in the same year was about
88 Mtoe and the national primary energy production was 34 Mtoe. Table 4 shows the historical energy
statistics from the IAEA Energy and Economic Data Base.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

10.40

Liquid

0.04

Gas

0.08

Uranium(l)

6.66

Hydro(2)

13.30

Exajoule
Total

30.49
(I) This total represents essentially recoverable reserves.
<2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

1.4. Energy Policy

The legal framework is based in Law 54/1997 on Electric Sector and Law 34/1998 on
Hydrocarbon Sector and the rules in relation with them. The energy policy tends to liberalize
progressively the markets with the main target of decreasing the energy prices ensuring the energy
supply and the quality, trying also to improve the energy efficiency, to reduce the consumption and to
protect the environment.

In the field of electricity generation, the principle of freedom is established to set up and to
operate on a free market basis. The electric transportation and distribution are liberalized allowing to
third parts to the grid. The electric sale is based in a free election of the supplier, with a transition period
established in ten years to spread the free election to all consumers. Law 54/1997 joins to Spanish
regulations European Directive 96/92/CE, relative to common standards for inner electric market. Law
also establishes other targets like to improve energy efficiency, to reduce consumption and to protect the
environment.

Law 34/1998 on Hydrocarbon Sector is in the same way than Law 54/1997, intending to establish
liberalizing markets, where the Government only establishes the rules. In all cases being aware about
environmental protection. This Law considers the different stages in the hydrocarbon industry, for liquid
and gas. Law 34/1998 creates the Energy National Commission (Comision Nacional de Energia), to
regulate the energy systems, to maintain the free competence among them and the transparency of the
performance, to benefice all the organizations working in the system and the consumers.
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TABLE 4. ENERGY STATISTICS
Exajoule

Energy consumption
- Total(1)

- Solids<2)

- Liquids
- Gases
- Primary electricity(3)

Energy production
- Total
- Solids
- Liquids
- Gases
- Primary electricity(3)

Net import (import - export)
-Total
- Solids
- Liquids
- Gases

1960

0.70
0.35
0.20
N/A
0.15

0.50
0.34
N/A
N/A
0.15

0.34
0.01
0.34
N/A

1970

1.73
0.47
1.00
N/A
0.26

0.65
0.37
0.01
N/A
0.28

1.22
0.08
1.14
N/A

1980

3.03
0.56
2.07
0.08
0.32

0.85
0.45
0.07
N/A
0.33

2.33
0.17
2.09
0.08

1990

3.72
0.85
1.88
0.23
0.75

1.40
0.54
0.05
0.06
0.75

2.54
0.29
2.08
0.17

1997

4.66
0.90
2.40
0.46
0.90

1.49
0.57
0.02
0.02
0.90

3.13
0.28
2.39
0.46

1999

4.86
0.74
2.55
0.62
0.96

1.36
0.38
0.04
0.01
0.94

4.01
0.39
2.96
0.66

2000

5.10
0.72
2.63
0.71
1.05

1.44
0.37
0.03

1.03

4.25
0.39
3.08
0.78

Average annual
growth

1960
to

1980

7.59
2.38
12.31

3.91

2.71
1.32

17.47

4.07

10.06
16.30
9.57

rate (%)

1980
to

2000

2.64
1.22
1.20
11.50
6.08

2.67
-0.99
-3.25
28.93
5.79

3.04
4.24
1.97

12.07
(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
(2' Solid fuels include coal, lignite and commercial wood.
<3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database; Country Information.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

In Spain, there are four large electricity producers: Endesa, Iberdrola, Union Electrica and
Hidroelectrica del Cantabrico. The most important are the first two mentioned companies; they produced
in 1998 about 60% of the national electricity.

Endesa was created in 1958, owned by the State of Spain, with the objective of promoting electric
generation in power plants fed by national coal. In the last years has been increasing the private
participation in the company, and in 1998 the company became totally private. In the last years, Endesa
bought other smaller electric companies, like ENHER, GESA, Electra de Viesgo, UNELCO; FECSA,
ERZ and Compafiia Sevillana de Electricidad. Iberdrola was created in 1991, when Iberduero and
Hidroelectrica Espafiola were united. The size of the other two important companies (Union Electrica
and Hidroelectrica del Cantabrico) is significantly smaller than the two big ones.

Also, there are "special producers" which with the targets of energy saving and efficiency,
produce electric energy using cogeneration (production of heat and electricity) or wind, biomass and
wastes energies. In 1999, they produced about 13% of the national electric generation.

Another important company in the Spanish electrical sector is Red Electrica de Espafia, S.A.
(REE), responsible for the electricity transportation and the load distribution. It was created in 1985,
when the electric companies changed the majority of their installations in relation with electricity
transportation, and they got a participation in the capital of this company. At the beginning, the majority
of the capital of the company was owned by the State, now every main electric company has 10% of the
capital, the rest belongs to private investments and the Spanish State.

The "Compania Operadora del Mercado Espafiol de Electricidad" (Market Operator), created
by the Law 54/1997 on the Electric Sector, is in charge of the management of the electricity sector
from the economic point of view. Specifically, it is in charge of the reception of sale and purchase
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bids, their subsequent matching and settlement of the transactions. In parallel to the Market Operator,
the same Law on the Electric Sector set up the System Operator, to take charge of the technical
management.

The National Energy Commission (Comision Nacional de Energia) was created by Law 34/1998
on the Hydrocarbon Sector, its objective is to regulate the energy systems, to maintain free competition
and transparency of the performance, to benefit all the organizations working in the system and the
consumers. The Commission has a Steering Committee with the President, Secretary and eight more
members, all of them stay in the Commission for a six year period and can be renamed for the same
period. The Commission has advising organizations.

2.2. Decision Making Process

As is indicated in other paragraphs, the energy policy in Spain tends to liberalize progressively the
markets with the main target of decreasing the energy prices, ensuring the energy supply and the quality,
also improving the energy efficiency, reducing the consumption and protecting the environment. This
position is expressed by Law 54/1997, of 27 November, on Electric Sector and the rules in relation with
it. The Law establishes regulations to guarantee the electric supply, the quality of the supply and try to
get the lowest cost. It creates a liberalized wholesale market where the Government only is responsible to
approve the specific regulations and the prices are established by the economic agents. In relation with
the terms to get the complete liberalization, Law establishes year 2007 when all consumers will be able
to choose the supplier.

With regard to nuclear energy, the Ministry of Economy and the Nuclear Safety Council are the
main government authorities. The main tasks and duties of the Ministry of Economy are:

• to dictate norms and rules;
• grant licenses for:

- nuclear & radioactive installations, except minor radioactive installations
responsibility of regional authorities;

- transport of radioactive materials;
- nuclear component fabrication;
- nuclear materials commerce/trading.

Other powers are:
• to suspend permits, in some specific cases;
• power to sanction the law transgressions;
• to approve the radioactive waste policy.

The Nuclear Safety Council is the competent Organization in matters of Nuclear Safety and
Radiation Protection. The Council is formed by 5 Members which are designated by the Government
through a proposal of the Minister of Economy. They must be accepted by a 3/5 majority of Parliament.
At present, its Secretariat has about 400 people. It has permanently two inspectors at every NPP site and
its main tasks are:

• to issue the perceptive Safety Reports, previous to the authorization by Minister of-
Economy;

• to carry out all kind of inspections with capability to suspend the activity in case of a risk;
• to propose to the Government norms and rules concerning nuclear safety and radiological

protection;
• to propose to MINER sanctions in matters of nuclear safety and radiation protection;
• to grant licenses for operators of nuclear and radioactive installations;
• to inform the public about subjects of its competence;
• to report every year to the Parliament about its activities.

696 SPAIN



2.3. Main Indicators

The main sources for electricity production are nuclear power and coal-fired plants, the first with
27% and the last with 33%. In the last years, cogeneration (production of heat and electricity) increased,
basically through natural gas and wind generation In 1999, the primary energy consumption of the
electricity sector was 22 Mtoe, which represents 18% of the total primary energy consumption in Spain.
Table 5 shows the historical electricity production and installed capacities and Table 6 the energy related
ratios.

TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED CAPACITIES

Electricity production (TW-h)
- Total(1)

- Thermal
- Hydro
- Nuclear
- Geothermal
-Wind

Capacity of electrical plants (GW(e))
- Total
- Thermal
- Hydro
- Nuclear
- Geothermal
-Wind

1960

18.61
2.99
15.62
0.00
N/A
N/A

6.57
1.97
4.60
0.00
N/A
N/A

1970

56.31
27.61
27.78
0.92
N/A
N/A

17.91
6.88
10.88
0.15
N/A
N/A

1980

109.20
74.49
29.53
5.19
N/A
N/A

27.40
13.48
12.83
1.09
N/A
N/A

1990

151.76
73.68
26.18
51.90
N/A
N/A

43.41
19.81
16.23
7.38
N/A
N/A

1997

189.07
96.43
36.67
53.30
N/A
0.68

50.82
25.15
17.63
7.58
N/A
0.46

1998

199.73
99.47
40.51
59.00
N/A
0.68

50.55
25.09
16.85
7.47
0.02
1.11

1999

204.81
107.40
39.22
56.47
N/A
1.35

•52.81
26.33
16.74
7.51
0.02
2.21

2000

215.55
108.61
45.44
59.31

58.78
27.72
16.73
7.51
0.02
6.80

Averaj
growth

1960
to

1980

9.25
17.44
3.23

-
-

7.40
10.10
5.26

»eann.
rate (%)

1980
to

2000

3.46
1.90
2.18
12.96

-
_

3.89
3.67
1.34
10.13

(1) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database; Data & Statistics/The World Bank.

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kWh/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(1)

Load factor of electricity plants:
- Total (%)
- Thermal
- Hydro
- Nuclear

1960
23

606
36
0

49

32
17
39
-

1970
51

1,547
79
2

70

36
46
29
69

1980
81

2,732
118
5

77

45
63
26
54

1990
95

3,664
99
36
68

40
42
18
80

1996
109

4,203
114
33
74

43
41
28
83

1998
121

4,698
130
31
77

45
45
27
90

1999
122

5,027
140
29
82

44
47
27
86

2000
128

5,288
139
29
83

42
45
31
90

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Database.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

Nuclear Energy in Spain was developed in the early 50's. At that time, the main organization
responsible in this field was the Junta de Energia Nuclear, a subordinate organization of the Ministry of
Industry and Energy, in charge of personnel training, raw materials procurement, basic scientific
research and technology development. In 1964, the Law 25/1964 on Nuclear Energy was enforced,
regulating this sector. (Note: the Junta de Energia Nuclear has been replaced by CIEMAT, which is now
a subordinated organization of the Ministry of Science and Technology)
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In the late 60's, started the construction of the first generation nuclear power plants Jose Cabrera,
Santa Maria de Garona and Vandellos I. These plants enabled to obtain the first experience in order to
establish a nuclear programme to cover the growing electricity demand. In the early 70 's the construction
of the second generation NPPs as Almaraz I and n, Lemoniz I and II, Asco I and II and Cofrentes started.

In 1972, ENUSA, the former Empresa Nacional del Uranio, S.A., now ENUSA Industrias
Avanzadas, S.A., a state owned company, was established, taking charge of all the nuclear fuel cycle
front-end activities. The Law 15/1980 created the Consejo de Seguridad Nuclear (Nuclear Safety
Council), the only organization competent in nuclear safety and radiological protection matters in Spain.
In the early 80 's, started the construction of the NPPs Valdecaballeros I and n, Vandellos II and Trillo I,
NPPs, and preparatory studies for Trillo II were initiated.

In 1983, a moratorium was established (construction pause) for Lemoniz I and II Valdecaballeros I
and II, and Trillo II; in 1994, the definitive cessation was decided of the nuclear power plants under the
moratorium.

In 1984, ENRESA (Empresa Nacional de Residuos Radiactivos, S.A.) was established. The State
owned company responsible for the radioactive waste management and the dismantling of nuclear
installations in Spain.

3.2. Status and Trends of Nuclear Power

Table 7 shows the status of the Spanish NPPs and Figure 1 shows the location of each plant, their
owners and shares, the electric power, the type of reactor and the year of connection to the grid.

The Vandellos I NPP is cancelled since 1990, in January 1998 Ministry of Industry and Energy
authorized activities of plant dismantling. Activities authorized consists in dismantling to Level 2, which
will allow more than 80% of the site to be released. After a waiting period estimated at some 30 years
will be initiated of works to Level 3 dismantling, that will leave the site completely free for subsequent
unrestricted use. The period required to perform the authorized activities is estimated at five years.-

TABLE 7. STATUS OF NUCLEAR POWER PLANTS

Station
ALMARAZ-1
ALMARAZ-2
ASCO-1
ASCO-2
COFRENTES
JOSE CABRERA (ZORITA)
SANTA MARIA DE GARONA
TRILLO-1
VANDELLOS-2
VANDELLOS-1

Type
PWR
PWR
PWR
PWR
BWR
PWR
BWR
PWR
PWR
PWR

Gross Capacity
973.5
982.6
1028
1015
1025
160
466
1066
1087
508

Operator
CNA
CNA
ANA
ANA

ID
UF

NUCLENOR
CNT
ANV

HIFRENSA

Status
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Shut down

Reactor Supplier
WEST
WEST
WEST
WEST

GE
WEST

GE
KWU
WEST
CEA

Station

ALMARAZ-1
ALMARAZ-2
ASCO-1
ASCO-2
COFRENTES
JOSE CABRERA-1 (ZORITA)
SANTA MARIA DE GARONA
TRILLO-1
VANDELLOS-2
VANDELLOS-1

Construction
Date

02-Jul-73
02-Jul-73
16-May-74
07-Mar-75
O9-Sept-75
24-Jun-64
02-May-66
17-Sept-79
29-Dec-80
21-Jun-68

Criticality
Date

05-Apr-81
19-Sept-83
16-Jun-83
1 l-Sept-85
23-Aug-84
30-Jun-68
05-Nov-70
14-May-88
14-Nov-87
1 l-Feb-72

Grid
Date

Ol-May-81
08-Oct-83
13-Aug-83
23-Oct-85
14-Oct-84
14-Jul-68

02-Mar-71
23-May-88
12-Dec-87
06-May-72

Commercial
Date

Ol-Sep-83
Ol-Jul-84
10-Dec-84
31-Mar-86
1 l-Mar-85
13-Aug-69
ll-May-71
06-Aug-88
08-Mar-88
Ol-Aug-72

Shutdown
Date

31-Jul-90

Source: IAEA Power Reactor Information System as of 31 December 2000.
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FRANCE

Nuclear power plant in
opeialion

Nuclear power plant
being dismantled

FIG. 1. Location of Spanish NPPs

3.3. Current Policy Issues

Law 54/1997 on the Electric Sector admits the right to the free installation in the field of
generation. In relation with nuclear power plants, at this moment, there is no application to build a new
one, and there is no strategy about the construction of new nuclear power plants.

3.4. Organisational Chart

Figure 2 illustrates the licensing process for nuclear installations.

4. NUCLEAR INDUSTRY

4.1. Supply of NPPs

Architect Engineers

The Spanish Engineering Companies which play the main role in the National Nuclear Sector are
Empresarios Agrupados, Initec, Inypsa and Sener. These companies have collaborated solely or in

consortium with others in launching the first generation NPPs and in successive projects, increasing
progressively the nuclear installed capacity. The first NPPs were carried out as turn-key projects and

only in the following projects were local engineering companies involved. The scope of each project has
been different, having the engineering companies focus on different activities such as design, licensing,
procurement operations and collaboration in start-up and in tests. At this moment, as there are no NPPs

under construction, these Architect Engineers companies have concentrated on operational support,
shutdown and decommissioning of NPPs, research and development and radioactive waste engineering

activities.

SPAIN 699



Environmental
Impact Statement

:| OWNKR I

Siting :

Construction

Operation

Dismantling and
decommissioning

Request

- * -
Lice nse

Request

*«•
License

Request

License

Request

~ ^ |
License

MINISTRY OF
ECONOMY

(1)

Safety Technical
Reports

«•

E nvironmental
Impact Statetn ent.

NUCLEAR
: SAFETY

COUNCIL

MINISTRY OF
ENVIRONMENT

) For siting and dismantling only

FIG. 2. Licensing of nuclear installations.

NSSS Manufacturers

The main Spanish NSSS manufacturer is ENSA (Equipos Nucleares, S.A.), which designs,
produces and inspects NPPs primary circuit equipment and components. Its manufacturing plant is
located in Maliano (Cantabria). This company is State owned through the Sociedad Estatal de
Participaciones Industrials (SEPI), which controls 100% of its shares. ENSA is also constructing double
purpose casks, called ENSA-DPT, to store and/or transport up to 21 PWR KWU spent fuel assemblies.

ENSA has provided primary circuit equipment's as steam generators, reactor vessels, etc. and
components to the second and third generation Spanish NPPs and has exported to several countries as:
Germany, Argentina, United Kingdom, India, United States of America, Belgium and others.

Mecanica de la Pena is another nuclear equipment manufacturer.

Other Main Component Suppliers

The last NPPs built in Spain enclosed a large range of domestically made equipment and
components. The following list of national manufacturers aims to be useful and includes only the main
companies.

Turbines:
Pumps:
Air compressor:
Valves:
Electric equipments:
Instrumentation & Control:
Air conditioning:

E.N.Bazan
Ingersoll-Rand, Sulzer, Neyrpic.
ABC, Betico.
Walthom Weir Pacific, Poyam.
Asea Brown Boveri (ABB), Merlin-Gerin, Pirelli.
Abengoa, CAE.
Sulzer.
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4.2. Operation of NPPs

Owners/Operators

Table 7 included in section 3.3 shows the ownership of each NPP.

Operation Service Suppliers

There are several companies who offer operational services in the nuclear sector, as
TECNATOM, TECNOS, LAINSA, ENWESA and NUSIM. TECNATOM provides training services to
operational personnel of NPPs. It has PWR and BWR simulators. TECNATOM has also carried out
several in service inspection and maintenance activities giving support to the Spanish NPPs. TECNOS,
LAINSA, ENWESA and NUSIM are focusing on maintenance and operational support to NPPs, quality
assurance, radiological protection and various activities.

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

ENUSA the former Empresa Nacional del Uranio, S.A., now ENUSA Industrias Avanzadas,
S.A.), the State owned company, carries out activities related to the front-end fuel cycle. Its main duties
are:

• Procurement and exploitation of radioactive mineral mines, comprising the mineral
treatment to obtain concentrates;

• Conversion of uranium concentrates to uranium hexafluoride;
• Uranium enrichment;
• Nuclear fuel elements manufacturing.

These duties can be carried out by ENUSA it self or by a subcontracted company. ENUSA
operates a milling plant (Quercus Plant) located in Saelices el Chico (Salamanca) and also it has a
nuclear fuel manufacturing Plant located in Juzbado (Salamanca).

The uranium concentrates from ENUSA comes from its own production from Quercus Plant and
from COMINAK, a company from Niger, owned by several foreign companies including ENUSA which
holds 10% of its shares. The rest of its uranium concentrates demand comes from several foreign
companies. Due to the present lower uranium market price, the ENUSA mining activities in Saelicess el
Chico (Salamanca) stopped at the end of 2000. The uranium concentrates from ENUSA comes from
COMINAK and from several foreign companies. COMINAK is a company from Niger, owned by
several foreign companies including ENUSA, which holds 10% of its shares. There are no uranium
conversion and enrichment plants in Spain. ENUSA owns 11% of Eurodif, European consortium with
enrichment factories in France. ENUSA has signed several contracts with companies abroad for uranium
conversion and enrichment activities.

The Juzbado plant produces fuel elements for most PWRs and BWRs in Spain and for some
reactors in Sweden, Germany, France, Finland and Belgium.

ENRESA (Empresa Nacional de Residuos Radiactivos, S.A.), the State owned company, was set
up in 1984 and is in charge of the radioactive waste management activities and the dismantling of
nuclear installations. Its duties are as follows:

• Radioactive waste treatment and conditioning;
• Searching for locations, design, construction and operation of interim and final storage

centres for high, medium and low level radioactive wastes;
• Management of the different operations related to the decommissioning of nuclear and

radioactive installations;
• To establish systems for collecting, transferring and transporting radioactive wastes;
• To give support to civil protection services in case of nuclear emergencies;
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• Final and safe conditioning of wastes derived from the mining and milling processes;
• Assuring of the long-term management of every radioactive waste storage facility;
• To carry out the appropriate technical and economic studies, considering the deferred costs

and to outline the proper economic policy.

ENRESA draws up a proposal of General Plan for Radioactive Wastes, as established in the
Royal Decree by which the company was constituted, and submits it to the Ministry of Industry and
Energy for approval by the Government. On July 31st 1999, the Spanish Government approved the 5th

General Plan for Radioactive Wastes.

The basic hypotheses of this Plan, for the purpose of drawing up and performing the
corresponding economic calculations, are:

- Plant life for currently in operation NPPs: 40 years;
- 7 000 hours/year at 100 % capacity;
- Discount rate 2.5 %.

With respect to the wastes to be managed, some 193 500 m3 of Low and Intermediate Level and
15 000 m3 of Irradiated Fuel and others kinds of high level radioactive wastes are considered. The
strategy settled for the fuel has three phases:

a) Up to year 2010, a temporary storage facility for dual-purpose flasks will be constructed at
Trillo NPP and commissioned in 2002;

b) Beyond 2010 is foreseen to have a Centralized Interim Storage facility;
c) No decision will be taken with respect to final disposal of the irradiated fuel prior 2010.

Until then, it will be necessary to conjugate two lines of research work one looking
towards a deep geological repository and a second one towards partitioning and
transmutation.

ENRESA has a medium and low-level radioactive waste storage installation located in El Cabril,
Cordoba. ENRESA main tasks, which presently are carried out, are as follows:

• Decommissioning of Vandellos NPP Unit-I, to reach Level 2;
• Different activities concerning the spent fuel and high radioactive waste management and

storage;
• Management radioactive lighting rods;
• Research and Development activities;
• International relation tasks.

4.4. Research and Development Activities

CIEMAT (Centro de Investigaciones Energeticas Medioambientales y Tecnologicas) is an
institution under on the Ministry of Science and Technology. One of its duties is nuclear research. It
collaborates with several institutions in Spain and abroad.

CSN (Consejo de Seguridad Nuclear). This organization is the only competent organization in
nuclear safety and radiological protection subjects. It handles several research programmes related with
its competence, according with its duties, which have been defined by law. It collaborates with other
private and public organizations in Spain and abroad.

In the ENRESA's 1999-2003 R+D programme, there are five main lines of work that deal with
basic technologies, partitioning and transmutation, artificial and natural confinement of spent fuel,
performance assessment and support to facilities.

DTN (Agrupacion Electrica para el Desarrollo Tecnologico Nuclear) carries out and operates
TR&D projects associated with nuclear power plants, both in Spain and abroad and for national and
multinational organisations, as well as provide project-related services.
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Apart from the above-mentioned organizations, other institutions as Universities and Enterprises
are carrying out several research and development programmes in the nuclear field.

4.5. International Co-operation in the field of Nuclear Power Development and Implementation

Spain, as member of the European Union, carries out most of its international activities within that
framework, m the EU the most important programmes are R&D Framework Programme and the
Community Action Plan, as well as programmes for technical assistance to the countries of Eastern and
Central Europe, mainly PHARE and TACIS. Spain participates in the Chernobyl Shelter Implementation
Plan and is Member of the Contributor Assembly Fund established in EBRD (European Bank for
Reconstruction and Development).

Moreover, Spain participates in the programmes of Nuclear Energy Agency (NEA/OECD) and
International Atomic Energy Agency (IAEA).

4.6. Other Organisations in the Nuclear Field

There are several non-profit associations that operate in the nuclear field. The main associations
are as follows:

• Sociedad Nuclear Espanola (Spanish Nuclear Society), established in 1974, was founded by relevant
persons related to the nuclear sector. It accomplishes several activities such as congresses, round
tables, seminars, etc. It issues a monthly publication and it is member of the European Nuclear
Society.

• Sociedad Espanola de Protection Radiologica (Spanish Society for Radiological Protection),
established in 1980. It includes persons and agencies that are involved in the radiological protection
field. It is a partner of the International Radiological Protection Association.

• Foro de la Industria Nuclear Espanola Forum Atomico Espana (Spanish Nuclear Industry Atomic
Forum), founded in 1962. It is an institution whose members are industries and agencies interested in
nuclear energy. It encourages information exchange activities and organises courses, mainly in
nuclear safety, economics and training aspects. It is associated with analogue foreign institutions in
FORATOM.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and Licensing Process

The nuclear installation licensing procedure in Spain is regulated by the Law 25/1964 on Nuclear
Energy as amended. The provisions of this Law have been developed by Royal Decree 1836/1999
Nuclear and Radioactive Facilities Regulation, approved December 3rd 1999, on the procedure for
licensing the nuclear and radioactive installations regulation that preceded the Law. To license-nuclear
installations, the following successive authorizations are needed:

• Siting authorization: it is a formal acknowledge of the purpose and the location submitted;
• Construction authorization: it permits to start up the construction of the installation;
• Operation authorization: it permits to introduce nuclear fuel in the plant and to operate the

plant.

Also for plant dismantling and plant modification, an authorization is required prior to begin of
the activity. Figure 2 shows the nuclear installation licensing procedure. These authorizations and
permissions are granted by the Ministry of Economy, under previous and perceptive advise referring to
nuclear safety and radiological protection issued by the CSN (Nuclear Safety Council). This report is
liable in case of authorization denying, as same as its requirements if there exist. Before granting a
construction authorization, the project must de submitted for an environmental appraisal to the Ministry
of Environment. As a consequence of this analysis, the project can be yield to certain requirements.
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To obtain theses authorizations and permissions, the documents determined in the current
regulations must be submitted to the licensing authorities and the suitable tests, analyses and
validations must be performed. Nuclear installations require authorizations granted by other
administrative bodies, belonging to local administrations, according the rules of these bodies. Before
granting the siting authorization, a 30 days period is established for public hearings. During this
period anyone can present allegations.

5.2. Main Laws and Regulations

Law 25/1964 on Nuclear Energy (Ley 25/1964 sobre Energia Nuclear, del 29 de abril) as
amended This Law has been developed by the Royal Decree 1836/1999 for Nuclear and Radioactive
Facilities Regulation and by the Royal Decree 53/1992, which formulates the regulation of Sanitary
Protection against ionized radiation. Nuclear and Radioactive Facilities Regulation was approved
December 3rd 1999, this Regulation substitutes the previous one, in force since 1972.

In the new Regulation have been considered the rules in relation with the adherence of Spain to
the European Community, the new Autonomous Communities created into Spain and several Laws
issued in these years. All of these modified the framework in relation with the performance of
different organizations in the Spanish Administration.

The main changes introduced in the Regulation are:
• Li nuclear installations, the documents required in the different steps of the authorization

are adapted to the new requisites, successive extension of the provisional operation
permission is changed for operation permission with a determined time limit and is
regulated the procedure for dismantling and closure authorizations;

• Radioactive waste storage installations, nuclear reactors and research critical assemblies,
must obtain previous authorization, therefore they will require Environmental Impact
Assessment;

• In relation with radioactive installations, the activities to put radionuclides out of
administrative control are changed and, depending on the installation category the
administrative procedure is modified;

• Only is necessary to obtain manufacturing authorization for equipment containing
radioactive materials or generating ionizing radiation;

• A record of companies, which transport nuclear substances and radioactive materials, is
established.

El Consejo de Seguridad Nuclear (Nuclear Safety Council) was established by Law 15/1980, of
April 22, and a Royal Decree defined the status of its employees. From this time several acts and
regulations have amended some of the initial provisions, particularly Law 14/1999 governing Public
Tariffs and Prices for its services.

The provisions related with nuclear fuel cycle, initially contained in a Royal Decree of 1979,
are at present covered by different legal texts. Royal Decree 1464/1999, governs the front-end of the
nuclear fuel cycle and tends to liberalize the supplies, according to Law 54/1997 on the Electric
Sector. Several acts and Decrees are applicable to the back-end of the fuel cycle.

The regulation of the back end of nuclear fuel cycle started in 1983 with Ministerial Order
providing that percentage of electric bill shall be deducted of electricity price to create a fund for
covering the costs of the various activities that this back implies. Namely the storage of irradiated fuel,
the management of radioactive waste and closing out of nuclear installations. In 1984, the Empresa
Nacional de Residuos Radiactivos, S.A. (ENRESA), the company in charge of these activities was
created. Law 54/1997 on Electric Sector and other regulations have developed the way and means that
ENRESA shall apply to finance its activities with the fund composed by the deduction of electricity
prices.
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The civil liability for nuclear damage is ruled in accordance with the principles on International
Conventions in this field in which Spain is Contracting Party. The amount imposed to operators to
cover its liability is of 25 000 millions pesetas (around 150 millions SDR). A lower limit can be
imposed by the Ministry of Economy to installations and transports of lesser risk, provided that the
amount was not inferior to 1 000 millions pesetas (around 6 millions euros).

Royal Decree 158/1995, governs the physical protection of nuclear materials.

5.3. International, Multilateral and Bilateral Agreements

In 1985, Spain adhered to the Treaties that constitute the European Communities and in the first
January 1986 Spain became a European Communities Member State. From this moment, international
and national legislation applicable in Spain is accomplished according to the rules of the European
Union. Moreover, Spain is a Member State of the IAEA and of the OECD/NEA, whose Constitutive
Treaties, Conventions and additional Treaties have been ratified.

AGREEMENTS WITH THE IAEA

• NPT related safeguards agreement
INFCIRC/193

• Project related safeguards
agreement; INFCIRC/99

• Additional Protocol
(GOV/1998/30)

Accession:

Entry into force:

Signature:

5 April 1989

23 June 1967

22 September 1998

Improved procedures for designation Rejected, but as EC member
of safeguards inspectors

• Supplementary agreement on
provision of technical assistance
by the IAEA

• Agreement on privileges and
immunities

agreed to special procedure.

Entry into force:

Entry into force:

10 June 1980

21 May 1984

OTHER RELEVANT INTERNATIONAL TREATIES etc.

• NPT

• EURATOM

• CTBTO

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

Entry into force:

Signed:
Ratified:

Entry into force:

Entry into force:

Entry into force:

5 November 1987

Member (1985)

24 September 1996
31 July 1998

6 October 1991

14 October 1989

14 October 1989
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• Vienna convention on civil liability Signature:
for nuclear damage

• Paris convention on civil liability Signature:
for nuclear damage

• Protocol to amend the Paris convention Ratification:
on civil liability for nuclear damage

• Brussels supplementary Signature:
to the Paris convention

• Protocol to amend the Brussels Ratification:
supplementary convention

• Convention relating to civil liability Accession:
in the field of maritime carriage of
nuclear materials

• Joint protocol Signature:

• Protocol to amend the Vienna convention
on civil liability for nuclear damage

• Convention on supplementary
compensation for nuclear damage

Convention on nuclear safety

Joint convention on the safety of
spent fuel management and on the
safety of radioactive waste
management

Entry into force:

Entry into force:

Summary: Codes consistent
with Spanish standards.

6 September 1963

31 October 1961

1988

27 July 1966

1988

21 May 1974

21 September 1988

Not signed

Not signed

24 October 1996

18 June 2001

• ZANGGER Committee Member

• Nuclear Export Guidelines Adopted

• Acceptance of NUSS Codes

• Nuclear Suppliers Group Member

BILATERAL AGREEMENTS

• Co-operation agreements with France

• Co-operation agreements with Germany
• Co-operation agreements with Portugal
• Co-operation agreements with United Kingdom
• Co-operation agreements with Spanish speaking countries in America
• Co-operation agreements with Brazil
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY A UTHORITY

Ministerio de Economia
Paseo de la Castellana 160
E-28046 Madrid

Consejo de Seguridad Nuclear (CSN)
Nuclear safety and radiological protection
Justo Dorado, 11
E-28040 Madrid

MAIN POWER UTILITIES

Trillo 1 FRAMATOME OWNERS GROUP

Vandellos II

OTHER NUCLEAR ORGANIZATIONS

CIEMAT
Research and Development Centre
Avenida Complutense, 22
E-28040 Madrid

UNESA
Asociacion Espariola de la Industria Electrica
Francisco Gervas, 3
28020 Madrid

TECNATOM, S.A.
Service inspection and maintenance
Km.l9C.N.IMadrid-Irun
28709 SAN SEBASTIAN DE LOS REYES

DTN (Desarrollo Tecnologico Nuclear A.I.E.)
Projects associated with nuclear power plants
Glorieta de Quevedo, 9, 5°
28015 Madrid

EMPRESARIOS AGRUPADOS A.I.E.
Architect-Engineering
Magallanes, 3
28015 Madrid

ENRESA
Back-end of the fuel cycle
Emilio Vargas, 7
28043 Madrid

Tel: +34 91 583 74 00
Fax: +34 91 349 60 45
http://www.niineco.es/

Tel: +34 91 3460100
Fax: +34 91 3460471
http://www.csn.es/

http://www.cnfrilio.es/

http://www.cnv.es/

Tel: +34-91-3466000
Fax: +34-91-3466005
http://www.ciemat.es/index.html

Tel: +34 91 5674800
Fax: +34 91-5674988

Tel: +34-91-6598600
Fax: +34-91-6541531

Tel: +34-91-5934566
Fax: +34-91-5934937

Tel: +34-91-3098000
Fax: +34-91-4450113

Tel: +34-91-5668100
Fax: +34-91-5668169
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ENUSA
Front-end of the fuel cycle
Santiago Rusinol, 12
28040 Madrid

The LLS Project

The EURATOM-CIEMAT
Association for fusion (Spain)

Nuclear Engineering Department
Polytechnical University of Madrid

Iberdrola

Union Fenosa

Institute of Solar Energy
Polytechnical University of Madrid

Spanish Nuclear Industry Forum

Spanish Nuclear Society (SNE)

Tel: +34-91-3474200
Fax: +34-91-3474215
http://\vww.gai.uva.es/~polyfemo/enusci//nusa.html

http://www.lls.ifae.es/

http://www-fusion.ciemat.es/

http://www.din.upm.es/

http://www.iberdrola.es/index.httn

http://www.uef.es/

http://www.ies-def.upm.es/

http://www.fororiuclear.org/

http ://www, sue. es/
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SWEDEN

1. GENERAL INFORMATION

1.1. General Overview

Sweden is a long narrow country in the northern part of Europe and borders Norway in the west,
Finland in the northeast and the Baltic Sea in the South and east, as shown in Figure 1. The total length
from north to south is 1,600 kilometres and the land area is 410,932 square kilometres. The size of the
area is the third in Western Europe after France and Spain. The area is almost twice as big as that of
Great Britain. The northwest part of Sweden consists of mountains with a slope towards the east.
There are many rivers in the north and lakes are scattered all over the country. Sweden's coast line is
more than 2,000 kilometres long.

•_ «X' ' - L,s

* * V -^ ^ ^ S C < S ^ ^ ' V ' ^ , ., r ; s •? ^

FIG. 1. Location of Sweden in Europe.

The northern boundary is about 250 kilometres north of the north polar circle 66°30', but
because of the Gulf Stream coming from west, the climate is not of a polar type. The average
temperature over the year varies between -1.5 °C in the north to 7.8 °C in the south.

The population data in Table 1 show a very slow increase of the population until the mid 90ties
and then levelling of at about 8.9 million inhabitants. The population density is 19.7 persons per
square kilometres; however, the northern part of Sweden is sparsely populated with smaller than 20%
of the inhabitants living in the northern half of the country.
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TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total

1960

7.5
17
73

Total area 1000 km2 (excl. territorial waters) 449.964
54% forest land, 16% mountains, 11% wetlands, 9% lakes
and rivers, 8% cultivated land, 3% developed area.

1970

8.0
18
81

1980

8.3
18
83

1990

8.59
19
83

1998

8.85
19.6
83

1999

8.86
19.7
84

2000

8.88
19.7
84

Growth
rate (%)

1980
to

2000

0.3
0.3

Source: IAEA Energy and Economic Database; Data & Statistics/the World Bank; Country Information.

There are no other domestic energy sources except hydro and bioenergy (used mainly in the
pulp and paper industry) exploited. There are, however large amounts of low grade uranium, 10,000
metric tonnes of uranium in ores containing between 500 and 2,000 grams uranium per tonne and
300,000 metric tonnes of uranium in still lower grades. There is no economic incitement to exploit
such low grade uranium ores and no uranium mines are in use. Fuel for the nuclear power plants is
imported.

Most of the hydro electric power is located in the north, and the electricity is transported to the
south by several large 400 kV lines. All the nuclear power plants are in the southern part of Sweden as
shown in Figure 2. Because of the abundance of rivers and lakes, all thermal power plants (nuclear or
fossil) are cooled by sea, lakes or river water. Cooling towers at power plants can not be found in
Sweden.

Hydro Power Installed Capacity
31/12/1999
16192 MW

Nuclear Power Installed Capacity
31/12/1999
9452 MW
Note: Barseback was shut down
on 30/11/1999

"""̂

„,.'-> | ,T

\<r-- •

FIG. 2. Location of Power Stations in Sweden

1.2. Economic Indicators

Table 2 shows the historical Gross Domestic Product (GDP) data. The GDP annual growth trend
for the year 1995 to 1999 is 2.7 %.
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TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP (1)

GDP (2 per capita
GDP by sector (%):

-Agriculture
-Industry
-Services

1970

34
4,186

N/A
N/A
N/A

1980

126
15,110

4
34
63

1990

230
26,844

3
34
63

1997

237
26,781

N/A
N/A
N/A

1998

238
26,887

N/A
N/A
N/A

1999

239
26,983

N/A
N/A
N/A

(D Billions of current USS.
(2 Current USS per capita.
Source: IAEA Energy and Economic Data Base; Data and Statistics/The World Bank.

1.3. Energy Situation

Sweden's energy requirement is covered both by imported energy, primarily oil, coal, natural
gas and nuclear fuel and by domestic energy in the form of hydropower, wood and peat plus waste
products from the forestry industry (bark and liquors), see Table 3. Originally, all energy was
domestic, primarily wood and hydropower. However during the 19th century, coal began to be
imported. Coal came to play an important role up until World War II, when oil and hydropower
together became the base of the energy supply. The first oil crisis in 1973 demonstrated the risk of
being dependant upon oil.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

0.02

Liquid Gas Uranium(I)

2.18

Hydro (2)

16.97

Exajoule
Total

19.17
(^This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

As early on as during the 60s, a decision had been made to invest in nuclear power. Nuclear
power and domestic fuels then came to be responsible for a large part of the substitution for oil,
together with the more efficient utilization of energy, primarily in the heating sector. The greatest
changes occurring between 1973 and 1997 were that the proportion of oil used in the energy supply
fell from 71 to 29 % and that nuclear power rose from 1 to 37 %.

When studying the trend for the supply of energy, it is customary to add the various energy
products without regard to their respective "Qualities". Certain energy products, primarily nuclear
power and hydropower cannot be utilized by the end-user, instead having first to be converted into a
more manageable energy carrier, e.g. electricity or district heating. Conversion losses in nuclear power
and hydropower plants have often been ignored. Sweden is now increasingly using the internationally-
prevalent calculation method of, in the case of hydropower, calculation the gross production as
supplied energy and, in the case of nuclear power, the energy content of the fuel.

In Swedish hydropower stations, losses are about 1% and in the nuclear power plants about
68%, using this method of calculation. If only the net generation of electricity in the hydropower and
nuclear power stations is taken into account, Sweden's supply of energy in 1999 was, 439 TW-h
compared 587 TW-h according to the new international method of calculation. Table 4 shows the
historical energy data.

According to the Administration's forecast for the period until 2002, total energy supply for
2000 is expected to fall to 589 TW-h. This is due primarily to a reduction in the supply of oil, due to
high oil prices and a fall in nuclear power output. Despite the fact that hydropower output has been
unusually high, it is expected that overall electrical production will fall to 141 TW-h as a result of
reduced production of nuclear power. It is expected, on the basis of preliminary statistics and our own
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calculations, that Sweden will be a net importer of 4.6 TW-h of electricity during 2000. According to
the forecast the total energy supply for 2001 and 2002 is expected to rise to 609 TW-h and 616 TW-h
respectively: including respective net imports of electricity of 9 TW-h and 10 TW-h.

TABLE 4. BASIC ENERGY SITUATION
Exajoule

Energy consumption
- Total(1)

- Solids(2)

- Liquids
-Gases
- Primary electricity<3)

Energy production

-Total
- Solids
- Liquids
- Gases
- Primary electricity(3)

Net import (Import - Export)

- Total
- Solids
- Liquids
- Gases

1960

0.94
0.11
0.53

0.29

0.31
0.01

0.30

0.65
0.10
0.55

1970

1.87
0.22
1.21

0.44

0.54
0.14

0.40

1.36
0.07
1.28

1980

1.91
0.14
0.94

0.83

0.89
0.07

0.82

1.16
0.07
1.09

1990

2.12
0.20
0.58
0.02
1.32

1.42
0.09

1.33

0.74
0.10
0.62
0.02

1998

2.11
0.14
0.61
0.03
1.32

1.40
0.05

1.35

0.84
0.11
0.70
0.03

1999

2.15
0.17
0.63
0.03
1.32

1.53
0.08

1.46

0.87
0.10
0.74
0.03

2000

2.05
0.18
0.65
0.03
1.19

1.45
0.09

1.36

0.91
0.09
0.79
0.03

Average annual
growth rate (%)
1960
to

1980

3.63
1.05
2.91

5.34

5.42
12.28
-6.79

5.18

2.90
-1.74
3.43

1980
to

2000

0.35
1.18

-1.86

1.83

2.47
1.36

2.56

-1.18
1.36

-1.61

( ' Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy
(2) Solid fuels include coal, lignite and commercial wood
<3J Primary electricity = Hydro + Geothermal + Nuclear + Wind
Source: IAEA Energy and Economic Data Base.

1.4. Energy Policy

In both the long and the short terms, the objective of Swedish energy policy is to ensure reliable
supplies of electricity and other forms of energy carriers at prices that are competitive with those of
other countries. It is intended to create the right conditions for cost-efficient Swedish energy supply
and efficient energy use with minimum adverse effect on health, the environment or climate.
Extension of cooperation in the fields of energy, the.environment and climate around the Baltic is also
an important objective.

The results of two climate official reports have been published during 2000. During the spring,
the Climate Committee published its Proposal for a Swedish climate strategy, in which it suggested a
national target for Sweden involving reducing the emission of greenhouse gases by 2% between 2008
and 2012, relative to the 1990 level. To achieve this objective, the Committee suggests a programme
of work at both national and international levels. One of the elements of the international work is that
Sweden should push for the introduction of European trade in emission rights of greenhouse gases. At
the national level, work includes information campaigns linked to demonstration projects and
investment subsidies. Some proposals also involve tightening up existing regulations.

Emission Trading: A Way of Achieving the Climate Goal was published in the spring of 2000.
The report concentrates on how a national trading system in emission rights could be established: the
Government will be presenting a Bill concerned with climate matters at the end of 2000.

The EU Directorate-General for Energy and Transport has established a number of political
priorities for the period 2000-2005. Some of these priorities relate to implementation of the single
market for energy and transport, as well as to the question of how development of the transport and
energy sectors can be reconciled with environmental requirements.
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The objective of implementing the single market for energy and transport is supported by a
number of measures, including the gas and electricity market directives. The objectives of the
Electricity and Gas Market Directive of the EU are progressively to open up the gas and electricity
markets to greater competition, which is expected to benefit European consumers through lower
prices. At present, the Commission is working on preparing data and putting forward proposals for
how the markets are to be opened up and what rules are to apply on them. The electricity markets in
the UK, Norway, Sweden, Finland and Germany are already fully open to competition, i.e. both
industrial and domestic consumers can choose their electricity suppliers. Market restructuring is well
advanced in Denmark, too, but other EU countries have not progressed as far.

The emphasis of the work on how development of transport and energy can be reconciled with
environmental requirements is on a number of areas, including energy efficiency (particularly within
the building sector) and on encouragement of the use of renewable energy sources. A draft directive
was presented by the Commission in the spring of 2000, intended to encourage the production of
electricity from renewable energy sources. The purpose of the directive is to create a frame-work
which, in the long term, will help to increase the proportion of electricity produced from renewable
energy sources. The Commission's White Paper Energy for the future - renewable energy sources sets
out the objective of doubling the present proportion of electrical energy from renewable energy
sources within the EU from 6% to 12 % by 2010.

For the summit meeting of the Council of Ministers in June 2001, the Commission is planning
to put forward a strategy for integrating environmental consideration and sustainable development
within the energy sector. It represents a continuation of the progress started in Cardiff in 1998, with
the aim of increasingly integrating environmental protection requirements and sustainable
development in areas such as energy and transport policy. The environmental aspects will be given
priority while Sweden holds the presidency of the EU. The Commission has also published a
Communication concerning strengthening the northern dimension of European energy policy. It was
noted, that the northern dimension can be utilised to increase security, stability, democratic reforms
and sustainable development in northern Europe, as well as to identify and encourage common
European interests. During 2000/2001, the Commission is planning to publish a Green Paper on
security of supply in the energy sector.

The work of the EU Directorate-General for the Environment includes climate matters. During
the year, the Commission has published a communication on EU policies and measures to reduce
greenhouse gas emissions, as a precursor to ratification of the Kyoto Protocol. It is particularly within
the fields of energy, transport and industry that common matters, concerning the whole of the
European Union, can be of interest. The Directorate-General for the Environment has also published a
Green Paper en-titled Greenhouse gas emission trading within the EU, intended to start a discussion
on trade in emission rights, including discussion of how such a system might be structured. It is the
objective that a trading system should be in operation within the EU by 2005.

During 2000, the Directorate-General for the Environment introduced a European climate
change programme, ECCP. The objective of the programme is to bring together all parties involved in
work on preparations for common, coordinated policies and measures intended to reduce emissions of
greenhouse gases. The programme will be concerned primarily with policies and measures within the
fields of flexible mechanisms, energy supply, energy use, transport and industry.

The sixth meeting of the parties to the Climate Convention, COP6, was held in the autumn of
2000. The main objective of this meeting was to enable the parties to make decisions concerning the
various matters remaining to be solved, including utilisation of the flexible mechanisms. The meeting
considered, for example, what sanctions should be applied to countries that did not fulfil their
emission undertakings. Another important issue was how the carbon sinks should be handled. The
results of this meeting are decisive for the coming Kyoto Protocol ratification process. As it turned
out, the Parties to the Kyoto Protocol did not reach a final agreement on some of the more difficult
issues. The negotiations will thus continue in spring 2001.
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2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

Electricity production started early in Sweden. The first generating plants based on hydro power
were established in the 1880s. They were small and intended to supply power to industries and
communities in the close vicinity. Hundreds of small hydroelectric power stations were constructed.
As the technique of transferring power over longer distances developed, it became possible to exploit
the larger rivers for distribution of power to the south of the country.

Many of the companies, which today are responsible for the power supply, were formed at this
time. The Government became engaged in the production and distribution of power at this stage. In
1906 Parliament granted funds for the first state owned hydropower project and in 1909 the Swedish
State Power Board (now Vattenfall AB) was formed. Since that time, the production of power has
been divided practically equal between, on the one hand, the Government through the Swedish State
Power Board (Vattenfall AB) and, on the other hand, power companies owned by industries,
municipalities and other non-governmental bodies.

1999 was the fourth year of the restructured electricity market in Sweden and Finland. Norway
had restructured its electricity market in 1991. During the year, competition on the market increased
more than it had done during the three previous years. A good availability of electricity, together with
low prices on the electricity exchange, exerted pressure on the utilities to keep their prices down.

Since the restructuring of the industry, there have been a number of changes in respect of
ownership of the production utilities in the Nordic countries. Gullspang Kraft and Stockholm Energi
merged in September 1998 to form Birka Energi, which means that Sweden now has six main parties
dominating the electricity production sector. However, on the common Nordic market as a whole,
there are several other production utilities that compete. Swedish Vattenfall, Norwegian Statkraft,
Finnish Fortum and German PreussenElektra all want to be leading companies in a future northern
European electricity market, and are therefore investing in facilities in their neighbouring countries.
This action is manifesting itself in such ways as through takeovers, purchase of shareholdings,
alliances and the establishment of subsidiary companies in Sweden and in other countries.

2.1.1. The Electrical Producers

Electricity is generated in plants owned by the state, the municipalities, industries and private
companies. Additionally, a small amount of power is generated in small-scale privately owned wind
power and hydropower plants. All in all, the state owns approximately 48 percent of the generating
capacity, with overseas owners holding approximately 25 percent, the municipalities approximately 20
percent and others approximately 7 percent.

Mergers and acquisitions have gradually reduced the number of large producers during the last
20 years. Through this structural rationalization, the generation of electricity has become strongly
concentrated. The six largest power companies accounted for 139.7 TW'h, or 93 percent of Sweden's
overall electricity generation, during 1999. In the production statistics shown in Table 5, minority
shares have been deducted and leased power has only been included at the company making use of the
power. At the beginning of 2000, Stora Enso Energy AB was acquired by the Finnish energy group
Fortum via its wholly owned Swedish subsidiary Fortum Energi Sverige AB.

2.1.2. The Transmission of Power

The transmission of power from power plants to customers takes place using the interconnected
electricity network. The network is normally divided into three levels; the high-voltage grid and the
regional and local networks.
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TABLE 5. THE LARGEST ELECTRICITY PRODUCERS

Producer

Vattenfall
Sydkraft
Birka Energi
Stora Enso Energy
Skelleftea Kraft
Graninge

Total

Generated output in 1999 (TW-h)

79.6
27.5
21.0
6.0
3.0
2.6

2138.7

The utility Svenska Kraftnat is responsible for the high-voltage grid, which includes the 220 and
400 kV lines, as well as the bulk of the links with our neighbour-countries. The regional networks are
owned and operated by the large power companies' network companies, and generally include lines of
130-40 kV.

The local networks are owned and operated by about 200 network companies, and normally
include lines of a maximum of 20 kV. The number of local network companies is gradually decreasing
due to the continuing structural rationalisation of network operations. When network companies
become larger, this often entails the local and regional networks being co-ordinated within the same
network company.

The total length of the transmission line in Sweden is 475 280 km (10 times around the word),
thereof 246 990 km underground and 228 280 km airborne cables. The number of customer connected
to the network is 5,2 x 106 and the capital value of the transmission line in Sweden is estimated to
about 14 xlO9US$.

2.2. Decision Making Process

The Swedish electricity market was deregulated on January 1st 1996. One characteristic of the
new, free electricity market is the fact that the distribution networks are open to all and that electricity
network operations are conducted separately, both from a financial and legal point of view, to
generation, trading and other operations within the group.

The distribution networks constitute a natural monopoly and the network operation is
supervised by the Swedish National Energy Administration. The Swedish National Energy
Administration also grants permission for the installation of power lines, as well as issuing line
concessions. By paying network fees, a customer gains access to the electricity networks of the entire
country and can freely choose an electricity supplier.

The generation of electricity is not regulated by law; anyone wishing to do so is free to generate
or trade in electricity. Sweden's electricity producers compete for customers with one another, with
overseas electricity producers and with electricity traders and brokers.

When decisions must be made on various matters, the Government may appoint a committee.
The starting point for the committee's work is set out in its terms of reference. The committee presents
its conclusions and proposals in a report. Before deciding its views on the report, the Government
circulates it to public authorities, organisations, local government etc. for comments. When the
comments have been received, the Government prepares a bill for presentation to Parliament. The bill
is then examined by the parliamentary committee responsible for the particular area. When this
committee has put forward its proposals, Parliament makes the final decision.

Svenska Kraftnat, as system operator, is ultimately responsible for ensuring that a balance is
maintained between the production and consumption of electricity in Sweden. This responsibility also
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includes ensuring that the necessary disruption reserve is always available. On the deregulated
electricity market, it is only the system operators that have a satisfactory overview of the overall
electricity balance. The Swedish Power Association has thus lobbied the government as regards the
need to elucidate Svenska Kraftnat's responsibility.

In a governmental decision from December, Svenska Kraftnat was given the task of, among
other things, monitoring the available capacity during peak loads and developing market instruments
that can contribute to safeguarding the availability of power during peak loads. Svenska Kraftnat has
acquired gas turbines with a combined output power of 400 MW from Vattenfall. In order to cover the
remaining requirement for rapid disruption reserves, Svenska Kraftnat also has agreements with
several power producers regarding a further 800 MW of gas turbine capacity.

One further possibility lies in agreements with industry regarding the disconnection of
consumption during times of peak loading. Svenska Kraftnat signed such an agreement with Vargon
Alloys at the end of the year.

In 1999, the Swedish National Energy Administration carried out a scenario study of the trend for
the energy system until 2010. In this, electricity consumption is forecast, in a reference alternative in
2010, to amount to 154.4 TW-h, excluding electric boilers in heating plants. This corresponds to an
increase of 0.7 percent per year.

2.3. Main Indicators

Today, most of Sweden's electricity is produced by hydropower or nuclear power, with
conventional thermal power production accounting for only about 5 %. Oil-fired cold condensing
power plants and gas turbines are used today primarily as reserve capacity during years with low
precipitation and resulting low hydropower production. Restructuring of the electricity market has
resulted in several reserve power stations being taken out of use for economic reasons. There are also
about 500 wind power plants in the country (as of August 2000). As yet, however, their contribution to
the country's electricity balance is still very small, amounting to 0.2 % during 1999.

The total installed capacity of the Swedish electricity production system is some-what over
35 000 MW. However, 100 % capacity is never available, and transmission capacity between the north
and south of the country is limited. The normal transmission capacity means that 6 300-7 000 MW
can be transferred from north to central Sweden, and 3 350 MW from central Sweden to southern
Sweden. In 1999, the country produced 154 TW-h of electricity, of which 48 % was produced by
hydropower and 46 % by nuclear power. Table 6 shows the historical electricity production data and
the installed capacities and Table 7 the energy related ratios.

Electricity is produced in Sweden from hydropower, nuclear power, wind power and
conventional thermal power plants. In this context, thermal power refers to combined heat and power
production, cold condensing power production and gas turbines, but not nuclear power. Combined
heat and power plants are employed in industry, where the heat is used for internal process
requirements, and in district heating plants, where the heat is generally supplied to public district
heating systems.

At the beginning of the 1970s, most of Sweden's electricity was being produced by hydro-
power and conventional thermal power. This was when expansion of nuclear power started, with
Sweden's first commercial reactor, Oskarshamn 1, being commissioned in 1972. Since then, the
proportion of electricity from nuclear power has grown substantially, so that from 1975 more
electricity has been produced in nuclear power plants than in conventional thermal power plants.
Swedish Power Association (Svenska Kraftverksforeningen) with almost all power producers as
members has published a list of power production resources within its member, see Table 8.
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TABLE 6. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)
- Total(1)

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GWe)

- Total
- Thermal
- Hydro
- Nuclear
-Wind

1960

34.74
3.65

31.09

1970

60.65
19.05
41.54
0.06

15.31
4.44
10.86
0.01

1980

96.32
10.96
58.87
26.49

27.42
7.95
14.86
4.61

1990

146.45
8.11

73.03
65.30

34.45
7.82
16.59
10.03
0.01

1999

162.51
11.56
80.38
70.10

33.17
6.16
17.32
9.43
0.26

2000

166.81
25.40
85.93
54.80

33.14
5.71
17.63
9.43
0.36

Average annual
growth rate (%)
1960
to

1980

5.23
5.65
3.24

1980
to

2000

2.78
4.29
1.91
3.70

0.95
-1.64
0.86
3.64

( ' Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

TABLE 7. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kW-h/capita)

Electricity production/Energy production (%)

Nuclear/Total electricity (%)

Ratio of external dependency (%)(1)

Load factor of electricity plants:
- Total (%)
- Thermal
- Hydro
- Nuclear

1960

125

4,542

108

70

1970

232

7,849

105

73

45
49
44
64

1980

230

11,327

101

28

61

40
16
45
66

1990

247

16,432

96

46

35

58
12
75
74

1998

238

16,259

101

48

40

49
14
48
80

1999

243

16,280

99

44

41

56
21
53
85

2000

232

16,377

107

34

45

57
51
56
66

' Net import / Total energy consumption
Source: IAEA Energy and Economic Database.

TABLE 8. MEMBER COMPANIES' GENERATING CAPACITIES IN MW
STATUS JANUARY 1998

Vattenfall AB
Sydkraft AB
Birka Energi
StoraEnso AB
Skelleftea Kraft
Graninge
MoDo Kraft
Tekniska Verken i Linkoping AB
Norrkoping Miljo & Energi AB
Jamtkraft AB
Vasteras Energi & Vatten AB
Umea Energi AB
Uppsala Energi AB
Karlstad Energi AB
Other member companies

Total

Hydro
power

8,397
2,352
2,329

932
500
525
251

16
12

198
45

150
3

24
67

15,801

Nuclear
power

5,853
2,502
1,289

291
61
0
0
0
0
0
0
0
0

56
0

10,052

Other thermal
power

1,075
1,147

949
99
37
36
0

222
224

0
148

0
140
38

343

4,457

Wind
power

19
7
1
0
0
1
0
0
0
0
0
0
0
0
5

33

Total

15,344
6,008
4,568
1,322

598
562
251
238
236
198
193
150
143
118
415

30,344

Source: Country Information.
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2.4. Impact of Open Electricity Market in the Nuclear Sector

The electricity market is at present under going extensive changes in many parts of the world in
terms of altered market conditions, new technology and greater environmental awareness. One of the
effects of the EU Electricity Market Directive is that at least 25% of electricity markets in the EU
states must be open for competition. The degree of openness varies between states. The electricity
markets in Sweden, Finland, Norway, the UK and Germany are fully open to competition, which
means that all companies and households are free to choose their electricity suppliers. France, Greece,
Portugal and Austria, on the other hand, have merely fulfilled the minimum requirements of the
directive. The directive also affects other countries in Europe, and particularly those that have applied
for EU membership. Decisions on, or advanced plans for, reform of their electricity markets also exist
in several countries outside the EU.

A similar development can be seen in other countries, such as South America, south-east Asia
and Oceania. The USA has also started a restructuring process, under which California was the first
state to reform its electricity market in 1998.

Restructuring of the electricity markets involves a change from national monopolies, with
central planning, to markets exposed to competition. Electricity becomes a form of energy raw
material, which can be traded and supplied across borders. Company takeovers in the electricity
markets in the Nordic countries have attracted considerable attention in recent years.

Strategic investments are being made by the largest Nordic power utilities, not only in the
Nordic countries but in the rest of Europe, while non-Nordic companies, such as the German
PreussenElektra and the French EdF, are investing in the Nordic countries.

Import and export of electricity have previously been clear concepts that have been defined on a
national perspective. However, as the larger companies increasingly extend their activities across
national borders, it becomes less relevant to talk of national electricity markets. Large companies are
buying and selling electricity in many other countries besides their original homelands. Development
will be towards a common market, with electricity being produced wherever it is physically and
economically most appropriate.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

The first interest in "atomic energy" from the Government was shown in 1947, when AB
Atomenergi was constituted as a research organization. Up to 1955, the programme was orientated
towards basic research and concentrated on a small natural uranium/heavy water reactor.

In 1956, an official ad hoc commission proposed a forceful R&D programme with the purpose
to introduce a national programme for reactors based on natural uranium and heavy water for
production of heat and electricity. AB Atomenergi was proposed to be responsible for the programme.
It was known that Sweden had large resources of low-grade uranium ore and the idea was to establish
an energy policy almost completely independent of other countries.

In 1958, AB Atomenergi moved most of its activities to a newly established national laboratory,
Studsvik. A material testing reactor R2 started operation in 1960 and is still in operation (now 50 MW
thermal).

Vattenfall, at that time closely connected to the Government, and AB Atomenergi, also State
owned, decided in 1957 to build a small reactor for production of heat and electricity. The name was
Agesta and it started in 1964 to produce 65 MW(th). 55 MW was used for heating a suburban of
Stockholm and 10 MW for electricity production. The reactor was shutoff in 1974.
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Construction of a heavy water power reactor, Marviken and based on slightly enriched uranium
with a possibility to change to natural uranium, with an electric output of 140 MW commenced in
1963. The project was stopped in 1970 only a few months before the fuel loading and the reactor has
never been used for power production. The project was performed in co-operation between AB
Atomenergi and Vattenfall, which were jointly responsible for this project, although AB Atomenergi
played the leading role.

Eight non-state owned utilities with Sydkraft in the lead founded in 1955 Atomkraftkonsortiet,
AKK (the Atomic Power Consortium) with the purpose to follow the international development of
nuclear power. AKK had early direct contacts with utilities and vendors in the US. In 1959 AKK
asked for a Governmental approval for a 60 MW BWR project, based on a concept from General
Electric, but the project was never realized.

In 1964, AKK received a bid from ASEA for a project based on a BWR concept of Swedish
design. The 460 MW turbine was designed by Stal Laval, a turbine manufacturing company closely
related to ASEA. The high pressure system was a double rotating turbine with radial flow of the
steam. This type of turbine was not possible to develop to the larger sizes, which later on were needed.
For deliveries to later nuclear projects, Stal Laval started a co-operation with Brown Bovery Company
(BBC) in Switzerland.

AKK was transformed into OKG AB in 1965 with seven owners. OKG ordered in 1966
Oskarshamn 1 from ASEA. Oskarshamn 1 was the first LWR reactor in the world being designed
without licence from US vendors. It started commercial operation in 1972.

In 1968, part of AB Atomenergi (mainly the fuel manufacturing) was transferred to ASEA, and
a contract between the State and ASEA was signed. The contract also resulted in AB Atomenergi
closing its reactor design office. AB Atomenergi has after that developed as a R&D company first
with emphasize on nuclear energy, but later also other types of energy sources were included.

The company ASEA Atom was founded with the ownership equally divided between ASEA
and the State. The contract about ASEA Atom was in function until 1979, when the ASEA Group
became the single owner of ASEA Atom (later on ABB Atom and now Westinghouse Atom).

In 1968, Vattenfall ordered Ringhals 1, a 750 MW BWR from ASEA, and Ringhals 2, a 800
MW PWR from Westinghouse. The outspoken reason for two orders signed with two different
vendors, one Swedish and one foreign, was that Vattenfall wanted to establish a real competitive
market in Sweden for the future development of nuclear power. Later, Vattenfall ordered two more
Westinghouse PWRs to be built at Ringhals.

In 1969 OKG ordered Oskarshamn 2 and Sydkraft ordered Barseback 1 with an option for
Barseback 2. Thus four nuclear power units were ordered from ASEA Atom before the company's first
unit had started to operate.

The explanation for this enormous expansion of nuclear power was that during several years
there was a yearly increase in the power consumption of 7%. Further development of hydropower was
not allowed because of environmental reasons. Neither the State nor the utilities wanted oil fired units
to be built because of the increased dependance on oil imports.

During the first half of the 1970s Vattenfall started in co-operation with some non-state owned
utilities to build the Forsmark nuclear power plant, where now 3 BWRs are in operation.

The Nuclear Power Inspectorate was functioning on a small scale from the beginning of the
1960s. Also the National Radiological Institute was operating on a small scale with Professor Rolf
Sievert as an enthusiastic leader. Both the authorities became more professional at the end of the
1960s, just before the start of the large LWR programme.
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Just before the general election in 1976 nuclear power became a main political issue with the
Centre Party being critical to the nuclear waste issue. The leader of the Centre Party became Prime
Minister with the Government consisting of a non-socialistic coalition.

The new Government arranged a huge investigation of the risks and economies of nuclear
power compared to other energy sources in an official ad hoc Energy Commission. In 1977 a unique
act about the nuclear waste was accepted by Parliament. According to the new waste act, called the
"Stipulation Act", the utilities would not be allowed to load fuel into a new reactor (and several were
in the pipe line) before it had been shown that it was possible to arrange a final storage of the waste "in
an absolutely safe way". Before Parliament accepted the act a remark was added in the minutes saying
that the word "absolutely" should not be interpreted in a "draconian" way.

The result of this political development was that the utilities started Svensk
Karnbranslehantering AB (SKB, the Swedish Nuclear Fuel and Waste Management Company) to
develop a comprehensive concept for final storage of high radioactive waste and to make a thorough
safety evaluation of the whole concept.

One concept (KBS-1) for the final disposal of reprocessed waste was presented in 1978,
followed by another concept (KBS-2) for direct disposal of spent fuel. A further development of this
concept (KBS-3) was presented a few years later. Late 1978, the KBS-1 and KBS-2 concepts were
accepted by the Government as safe enough (but at that time the Centre Party had left the Government
because of the nuclear controversy). Several reactors were allowed to.start loading of fuel with
reference to this principle decision by the Government, but then came the TMI accident.

A week after the TMI accident, all the political parties agreed to arrange a referendum about the
future of nuclear power. A special law was established forbidding the start of all new reactors until
after the referendum. The referendum was arranged in March 1980 and some months later Parliament
decided in accordance with the result of the referendum to allow the start of all the reactors, which
were ready or under construction. It was also decided that nuclear power would be phased out by
2010, if new energy sources were available at that time and could be introduced in such a way that it
would not effect the social welfare programme and the employment in the heavy industry. The two
last reactors in the programme of twelve started commercial operation in 1985.

A Central Interim Storage Facility for Spent Nuclear Fuel, CLAB, has been in use since 1986
and a Final Repository for Reactor Waste, SFR, has been in operation since 1988. SFR is being used
for medium- and low-activity waste. Both these storage facilities can house with minor extensions all
the spent fuel and reactor waste produced in Swedish reactors up to the year 2010 and beyond. CLAB
is situated in the neighbourhood of the Oskarshamn nuclear power plant and SFR is close to Forsmark
nuclear power plant.

The Aspo Rock Laboratory for waste disposal experiments in the bedrock at 500 metres depth
was completed in 1995 and is situated close to the Oskarshamn nuclear power plant.

The Chernobyl accident resulted in a new political debate about the Swedish nuclear power
programme. Parliament decided in 1988 that the phase out of nuclear power would start in the period
1995 to 1996, with two units to be closed. After a few years, the industry and the labour unions started
an intensive debate, because it was shown in official reports that the total cost of an early phasing out
(after 25 years operation instead of 40 years, which is the assumed technical life time of the Swedish
reactors) would cost the society more than SEK 200 billion. The price of electricity for the electricity
intensive industry (paper and steel) would double with the result that between 50,000 to 100,000
persons would loose their jobs. The result was that Parliament in 1991 decided not to start the phase
out by 1995.

The legislation in the nuclear field started with a general "Atomic Energy Act" in 1956,
followed by a general Radiation Protection Act in 1958. In 1960, an act about emergency planning in
case of a nuclear accident was introduced and in 1968 the Third Party Liability Act was established. In
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1977 the "Stipulation Act" became effective and in 1980 Parliament passed an act on public control of
the safety work at the nuclear power stations. Finally in 1981, an act on the financing of future costs
for spent nuclear fuel was passed.

In 1984, the whole system of acts on nuclear power was revised. Only small changes were made
in the Radiation Protection Act. The Atomic Energy Act, the Stipulation Act, the act on public control
and part of the financing act were combined in one new Act on Nuclear Activities.

The Stipulation Act was superseded by some paragraphs in the new act requiring each owner of
a nuclear facility to ensure a comprehensive research and development programme with the aim to
conduct the handling and final disposal in a safe manner of all nuclear waste arising in the operation of
the facility. The research and development should also cover future decommissioning and dismantling
of the facilities. The nuclear utilities are obliged to present a comprehensive R&D programme for all
the future waste problems every third year. The nuclear utilities have handed over all the responsibility
for the nuclear waste R&D to SKB.

According to the Financing Act from 1981, the nuclear utilities have to pay a fee per produced
kW-h to a state fund. The fund shall cover all future costs for handling and final storage of all waste
and for decommissioning of all the facilities. The average fee during the last five years has been 0.02
SEK per kW-h nuclear power.

1999 will go into history as the year when Barseback 1, one of Sweden's 12 reactors, became
the first to be definitively shut down.

3.2. Status and Trends of Nuclear Power

Sweden has eleven nuclear units representing a total capacity of 9.4 GW(e). In 2000, the electricity
generated by the nuclear power plants amounted to 54.8 TW-h and supplied some 40% of the total
electricity production of the country. Nuclear power generation in Sweden during 1999 was 70.2 TW-h,
about the same as during 1998 and 3.3 TW-h less than the record year of 1991. Table 9 shows the
status of the Swedish Nuclear Power Plants.

The annual output of the three Oskarshamn units was 15.0 TW-h, the second highest ever. The
result corresponds to 10 percent of Sweden's overall electricity generation. The operating results of
the first and third units were very good, while the availability of Oskarshamn 2 was lower than usual
due to a long overhaul period during the summer.

The two units at Barseback generated 6.1 TW-h. The availability of both units was lower than
usual due to extended overhaul periods.

The four units at Ringhals generated 25.3 TW-h, which was slightly higher than in 1998 (24.9
TW-h). This corresponds to almost 17 percent of Sweden's overall electricity generation. The
availability of Ringhals 1 was lower than usual due to an extended overhaul period, but very high for
the other three units, more than 90 percent for each unit.

At Forsmark, too, the operating result was very good. For all three units, the availability was
over 91 percent. Forsmark 1 was best, with an availability close to 97 per-cent, a new Swedish record.
The total generated output was 23.7 TW-h, corresponding to almost 16 percent of the country's overall
electricity generation.

The long overhaul shutdowns at Oskarshamn 2, Barseback 1 and 2 and Ringhals 1 were due to
similar problems with the moderator tank caps of the reactors.

The mean value of the energy availability of the twelve Swedish units was approximately 83
percent, which can be compared with 75 percent, which is an average figure for the world's nuclear
power units of equivalent type.
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TABLE 9. STATUS OF NUCLEAR POWER PLANTS

Unit/Station

BARSEBACK-2
FORSMARK-1
FORSMARK-2
FORSMARK-3
OSKARSHAMN-i
OSKARSHAMN-2
OSKARSHAMN-3
RINGHALS-1
RINGHALS-2
RINGHALS-3
RINGHALS-4
BARSEBACK-1
AGESTA
Marviken

Type

BWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
PWR
PWR
PWR
BWR

PHWR
PHWR

Capacity

600
968
964
1155
445
605
1160
830
875
915
915
600
10
130

Operator

BKA
FKA
FKA
FKA
OKG
OKG
OKG
VAB
VAB
VAB
VAB
BKA
VAB
VAB

Status

Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Shut Down
Shut Down

Never started

Reactor

Supplier

ABBATOM
ABBATOM
ABBATOM
ABBATOM
ASEASTAL
ABBATOM
ASEASTAL
ABBATOM

WEST
WEST
WEST

ASEASTAL
ABBATOM

ASEA

Unit/Station

BARSEBACK-2
FORSMARK-1
FORSMARK-2
FORSMARK-3
OSKARSHAMN-1
OSKARSHAMN-2
OSKARSHAMN-3
RINGHALS-1
RINGHALS-2
RINGHALS-3
RINGHALS-4
BARSEBACK-1
AGESTA

Construction

Date

01-Jan-73
Ol-Jun-73
Ol-Jan-75
Ol-Jan-79
Ol-Aug-66
Ol-Sep-69
Ol-May-80
Ol-Feb-69
Ol-Oct-70
Ol-Sep-72
Ol-Nov-73
Ol-Feb-71
Ol-Dec-57

Criticality

Date

20-Feb-77
23-Apr-80
16-Nov-80
28-Oct-84
12-Dec-70
06-Mar-74
29-Dec-84
20-Aug-73
19-Jun-74
29-Jul-80
19-May-82
18-Jan-75
17-Jul-63

Grid

Date

21-Mar-77
06-Jun-80
26-Jan-81
05-Mar-85
19-Aug-71
02-Oct-74
03-Mar-85
14-Oct-74
17-Aug-74
07-Sept-8O
23-Jun-82
15-May-75
Ol-May-64

Commercial

Date

Ol-Jul-77
10-Dec-80
07-M-81
18-Aug-85
06-Feb-72
Ol-Jan-75
15-Aug-85
01-Jan-76

01-May-75
09-Sep-81
21-Nov-83
Ol-Jul-75

Ol-May-64

Shutdown

Date

30-Nov-99
02-Jun-74

Source: IAEA Power Reactor Information System as of 31 December 2000.

3.3. Current Policy Issues

The "Nuclear Power Decommisioning Act" become law in January 1998. The Act allows the
government, within a specified framework, to decide that the right to operate a nuclear power plant
will cease to apply at a certain point in time. Such a decision infers the right to compensation by the
state for losses incurred.

In February 1998, the government decided to revoke the operation license for Barseback unit 1,
effective July 1st. On May 14th the government decided on a stay of excursion, i.e. that the government
decision from February 5th with regard to the closure of Barseback 1 would not apply until further
notice. During summer and the autum, a dialogue was conducted between Sydkraft (owner of
Barseback NPP) and the Government in order to find a voluntary solution. Barseback Kraft AB is now
part of, and owned by Ringhals AB and both are owned and by Vattenfall and operated by Ringhals
AB.

In compliance with the "Decommissioning of Nuclear Power Act", the operating licence for
Barseback 1 should have expired on 1 July 1998. However, this decision was prevented some months
previously when Sweden's Supreme Administrative Court ruled in favour of suspension. The legal
review of the government's decision continued in the Supreme Administrative Court and the European
Commission, to which Sydkraft had reported the matter for contravening EU competition laws.
Neither were Sydkraft and the government able to reach a voluntary agreement during 1998.
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On 16 June 1999, the verdict of the Supreme Administrative Court was announced, enabling the
government to close a reactor at Barseback at the end of November that year. In the autumn,
negotiations to achieve a voluntary solution were resumed, with the participation of the state, Sydkraft
and Vattenfall.

On 30 November 1999, a settlement was reached - the framework agreement - in respect of
Barseback. The settlement applies to both reactors at Barseback and entails Sydkraft receiving
compensation of an equivalent volume of power generated by the Ringhals nuclear power plant, at the
same cost and environmental impact, as well as Vattenfall being financially compensated by the state
for the power generation it relinquishes. Barseback 1 was closed on 30 November 1999.

The closure of this nuclear power plant will have a substantial impact on the environment.
Barseback's output of approximately 4 TW-h per year will primarily be replaced by imports from coal-
fired plants in Denmark and Germany. In doing so, emissions of car-bon dioxide in our surroundings
will increase, corresponding to more than a doubling of the Swedish electricity sector's emissions of
carbon dioxide. Besides sharply increased carbon dioxide emissions, the fallout in Southern Sweden of
acidifying substances, such as sulphur and nitrogen, will also increase.

The original concessions to construct and operate the twelve nuclear units were all given by the
government without any time limit. The previous Nuclear Act stipulates that a nuclear power unit shall
be closed when and if the safety standard is evaluated not to be high enough or if the waste
development programme is judged not to be appropriate. The evaluation must be made by the safety
authorities and a decision by the government to close a unit only of political reasons was not enough
according to the previous Nuclear Act.

A mixed ownership of nuclear power has been accepted from the construction of the first
nuclear units. Today Vattenfall, a company that is owned by the state to 100%, owns about half of the
nuclear capacity. The other half of the nuclear installations are owned by privately or municipality
owned utilities. Some of these are registered on the Stockholm Exchange and some of the shares are
owned by foreign utilities.

Since 1988, all the nuclear power units have filtered vented containments. The efficiency of the
filters has to be so high that a there would be no need for permanent evacuation in the neighbourhood
of a reactor even in the case of a severe core accident.

In 1992, SKB presented a comprehensive programme for final disposal of spent nuclear fuel.
The report describes a method and a preferred alternative for encapsulation and final disposal in a deep
repository. Experts at universities and specialist companies as well as the regulatory authorities SKI
and SSI thoroughly scrutinized and analyzed the plans presented in the report. The plans were then
accepted by the government in December 1993 as a basis for SKB's future work in the field.

The deep repository is intended to be built on a site where the prospects for safety are very
good. Many sites in Sweden are deemed to be capable of conforming to high standards. For this
reason, the interest displayed by a municipality to host a deep repository, as well as the municipality's
industrial infrastructure, also play an important role for the choice of site.

During 1994, SKB conducted feasibility studies as an initial step in the siting of the deep
repository. Two studies, both at municipalities in the far north of Sweden, have been completed. The
result is that both sites probably fulfil the technical criteria for building a deep repository.

However, in order to obtain a broader body of data, SKB have continue to conduct feasibility
studies at other sites as well.

After evaluation of the feasibility studies and completion of supplementary studies, site
investigations with surface and borehole studies are planned to be conducted on at list two additional
sites.
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I f the results are good, SKB intends to proceed on one of the sites with detailed characterization
in tunnels to obtain the necessary supporting material for an application for a licence to build the deep
repository.

To start with, the deep repository will only be put into operation for deposition of a small
quantity of spent fuel. Approximately 5-10% of the fuel will be deposited in this initial phase, starting
in 2008 at the earliest. After an evaluation and a renewed licensing round, the repository will be
expanded to full scale.

All the costs for managing and disposing of Sweden's nuclear waste shall be paid by the owners
of the nuclear power plants. This also applies to the costs of decommissioning the nuclear power
plants and disposing of the decommissioning waste.

To ensure that adequate funds will be available in the future, a special charge is levied on nuclear
power production. It is paid to the Nuclear Power Inspectorate, SKI, and is deposited in interest-
bearing accounts in the Bank of Sweden.

3.4. Organizational Chart

The structure of the nuclear-electric sector in Sweden is shown in Figure 3.

Utility
(Owner)

Operator

Nuclear
Power
Plant (NPP)

Vattenfail

74,2%

Sydkraft

25,8%

Ringhals AB

54.5%

Utility groups
(see table 9)

45.5%

Oskarshamns
KraftGrupp

Ringhals
NPP

Ringhals AB

100%

Oskarshamn
NPP

Vattenfall

Barseback
Kraft

66%
25%

Sydkraft
8.5%

Forsmarks
Kraftgrupp AB

Barseback
NPP

Forsmark
NPP

Co-operation
Organizations

SKB Svensk
KarnBranslehantering

Westinghouse
Atom AB

KSU KarnkraftSakerhetoch
Utbildning

NOG Nordic
Owners Group

TVO
Finland

_L
Safety&

Environment Project

FIG. 3. Structure of the nuclear-electric sector in Sweden

Vattenfall AB is a limited company owned to 100% by the state. The Government can influence
the operation of the company through the chairman of the board, who is elected by the government.
Matters concerning Vattenfall AB are handled by the Ministry of Industry and Commerce.
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Sydkraft and all other utilities Vattenfall excluded, are owned by municipalities, large
industries, institutional investors or other types of shareholders. Sydkraft and some other utilities are
registered on the Stockholm Exchange. Table 10 shows the ownership of the nuclear power plants.

TABLE 10. NPP OWNERSHIP

Power plant

Ringhals NPP

BarsebackNPP

Oskarshamn NPP

Forsmark NPP

Owned by

Ringhals AB (100%)a

Ringhals AB (100%)

Sydkraft AB (54.5%), Birka Energi (35..
Fortum/Finnish company (10%)

Vattenfall AB (66%), Sydkraft AB (8.5°/
Mellansvensk Kraftgrupp ABb (25.5%)

5%) and

/o) and

a Ringhals AB is (100%) owned by Vattenfalll AB
b Mellansvensk Kraftgrupp is owned by AB Skandinaviska Energiverk (19.9%),

Fortum Kraft (2.3%), Skellleftea Kraft (1.9%) and Sydkraft AB (1.4%).

Svensk Karnbranslehantering AB, SKB, (Swedish Nuclear Fuel and Waste Management
Company) and Karnkraftsakerhet och Utbildning AB, KSU, (Nuclear Training and Safety Centre) are
jointly owned by the utilities and/or the nuclear power operator companies.

The Nordic Owners Group (NOG) was established in January 2000. NOG is an informal
organization between Swedish and Finnish nuclear power operators and Westinghouse Atom for
principal and long-term safety issues.

Statens Karnkraftinspektion, SKI (Swedish Nuclear Power Inspectorate) and Statens
Stralskyddsinstitut, SSI (Swedish National Institute of Radiation Protection) are responsible for the
implementation of the Act on Nuclear Activities and the Radiation Protection Act respectively. Both
the authorities report to the Ministry for Environment. Thus there is no co-ordination of all nuclear
activities at the ministry level. Only the government as a whole or Parliament takes the responsibility
for such a co-ordination.

4. NUCLEAR POWER INDUSTRY

4.1. Supply of NPPs

ABB Atom (former ASEA Atom and currently Westinghouse Atom) has designed and
delivered nine BWRs in Sweden and two in Finland. All the reactors were designed without any
license from the US. ABB Atom used to have an indoor capability including architect engineering, but
during the 1980s, the utilities in Scandinavia took the main responsibility for co-ordination of the
nuclear power projects. VBB-VIAK (former VBB) has been responsible for the building design and
building construction co-ordination on behalf of some of the utilities or ABB Atom.

The reactor fuel, the control rods and the control rod drives have been manufactured by ABB
Atom. The control rooms and most of the electric components have been manufactured by sister
organizations to ABB Atom within ABB (earlier ASEA). The turbines and all types of heat
exchangers have been manufactured by ABB (former ASEA Stal in Sweden and Brown Boveri
Company in Switzerland). Sandvik AB is a Swedish manufacturer of fuel canning tubes and steam
generator tubes.

The latest reactor design of ABB Atom is BWR 90+, an advanced BWR plant design built on
the operation experiences of Forsmark 3 and Oskarshamn 3. The net electric output is in the range of
1 350 MW.
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Two Swedish building and civil engineering companies have been involved in the construction
of the nuclear power plants in Sweden and Finland: NCC and SKANSKA. In 2000, ABB Atom
became part of BNFL's Westinghouse Electric Company.

4.2. Operation of NPPs

The operators and some of the owners of Swedish nuclear power plants are shown in Figure 3.
Some additional information about the power utilities is given in Table 9. It should be mentioned that
all the operators are relatively independent of their mother organizations when it comes to technical
capability.

Maintenance services are supplied by Westinghouse Atom AB (previously ABB Atom)
Westinghouse Atom AB - Tekniska Rontgencentralen, Alstom Power (previously ABB Stal) and
several other Swedish companies. Major maintenance service companies in Germany, France and UK
are often engaged at the Swedish nuclear power plants.

Karnkraftsakerhet och Utbildning AB, KSU (Nuclear Training and Safety Centre) has seven full
scale nuclear power plant simulators in operation and is responsible for the training of the nuclear
power operators. KSU also provides nuclear power plant technicians with complementary education
on a university level in nuclear power related topics. KSU participates in the work on nuclear safety
performed within the Swedish utilities and co-ordinate these efforts. KSU also provides information
regarding operating experience in the Swedish plants internationally. KSU is owned jointly by the
Swedish utilities (Vattenfall 50%, OKG 25% and Barseback Kraft 25%) and will be reorganised
during 2001 and some of the current simulators will be moved and rebuilt on their respective NPP site.

4.3. Fuel Cycle

Swedish utilities import all their need of uranium and enrichment services. Westinghouse
(previously ABB Atom) manufactures reactor fuel both for BWRs and PWRs. Half of the deliveries
are to utilities abroad. The Swedish utilities buy part of their fuel elements from abroad. The spent fuel
from all the Swedish nuclear power plants is transported by boat to the central interim storage CLAB.
The facility started operation in 1985 and is situated close to the Oskarshamn nuclear power plant.

Some low level waste is finally deposed of at local dumps and some of it is incinerated at
Studsvik. All other waste from reactor operation is transported to SFR, the final repository for
radioactive operational waste, in operation since 1988. SFR is located close to the Forsmark nuclear
power plant. Most of the waste from decommissioning of the reactors will be disposed at SFR.

Svensk Karnbranslehantering AB, SKB (Swedish Nuclear Fuel and Waste management
Company) has built and owns the CLAB, SFR and the Aspo Hard Rock Laboratory. SKB is acting on
behalf of the nuclear utilities in conducting the extensive research and development and demonstration
work with regard to the remaining facilities for final disposal of long-lived spent nuclear fuel. SKB is
also responsible for co-ordination and investigations regarding the costs for nuclear waste and future
decommissioning. SFR and CLAB are operated by Forsmark Kraftgrupp and OKG respectively on
behalf on SKB. SKB is jointly owned by the Swedish utilities (Vattenfall 36%, Forsmark Kraftgrupp
30%, OKG 22% and Barseback Kraft 12%).

4.4. Research and Development

AB Atomenergi started in the late 1950s the national nuclear power laboratory at Studsvik.
Later it was transformed to a general energy laboratory but now most of the activities at the site are
managed by Studsvik AB, still heavily involved in the nuclear area. One of the main tools is the
materials test reactor R2 (50 MW) with extensive material laboratory facilities. Studsvik AB is today a
commercial organization not owned by the state any more. Studsvik AB offers components, services
and consulting. Today there is no central planning of the research and development activities in the
nuclear field in Sweden.
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Most of the reactor safety research and development is directed by the nuclear power operators
and by SKI and SSL It is performed at universities - also abroad -, Studsvik, at the Vattenfall central
laboratory and at other research institutes.

SKB has been directing a large research programme for developing safe waste disposal
methods. The research has been conducted in collaboration with universities, institutes of technology,
research institutions in Sweden and abroad.

4.5. International Co-operation

Most of the Swedish contacts with IAEA and OECD/NEA are through official channels
managed in the nuclear field by SKI and SSI.

KSU analyses and evaluates operating experience gained at other nuclear power worldwide
which can benefit the operation of the Swedish plants. KSU have also been the main communication
channel between the Swedish utilities and the nuclear safety organizations WANO and INPO.

SKB has a broad network of international contacts. Formal co-operation agreements exist with
the following organizations:

CEC/EURATOM
TVO/IVO
CEA/ANDRA
JNFL
AECL
Nagra
USDOE

EU
Finland
France
Japan
Canada
Switzerland
USA

The following organizations have signed agreements of participation in the Aspo Hard Rock
Laboratory project: Atomic Energy of Canada Limited (AECL); Power Reactor & Nuclear Fuel
Development Corporation (PNC) of Japan; Central Research Institute of Electric Power Industry
(CRIEPI) of Japan; ANDRA of France; TVO of Finland;, NIREX of UK; USDOE and Nagra of
Switzerland.

5. REGULATORY FRAMEWORK

5.1. Safety Authorities and the Licensing Process

Statens Kdrnkraftinspektion, SKI (Swedish Nuclear Power Inspectorate)

SKI is responsible for supervising the implementation of the Act on Nuclear Activities in
Sweden. SKI reports to the Ministry of Environment and has the following overall tasks :

• Ensuring that Swedish nuclear installations have adequate defence-in-depth methods that prevent
serious incidents or accidents originating from technology, organization or competence. In
addition, the dispersion of nuclear substances must also be prevented or limited if an accident
should occur.

• Adequately protecting nuclear installations and nuclear substances under Swedish jurisdiction
against terrorist activities, sabotage or theft.

• Ensuring that the Swedish government, in co-operation with the competent international safeguards
agencies, is provided with adequate information on and control over nuclear substances and nuclear
technology, which are held, used and traded, and which come under Swedish jurisdiction. This
must be done to ensure that such substances or technology will not be used in any way contrary to
Swedish legislation and Sweden's international obligations in the area of non-proliferation.

• Carrying out the final disposal of spent nuclear fuel and nuclear waste in such a way that any
possible leakage of radioactive substances should, within various periods of time, be expected to
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remain under tolerable levels. Future generations should not be exposed to greater health and
environmental risks than are tolerated by society today.

• Ensuring that the nuclear industry carries out comprehensive and appropriate research and
development programmes to achieve the safe handling and final disposal of spent nuclear fuel.
Methods must also be developed for decommissioning and dismantling nuclear installations, and
sufficient funds should be set aside for such future expenses.

• Keeping decision-makers and the general public well informed about nuclear risks and safety, and
about supervision and the final storage of spent nuclear fuel and nuclear waste.

• Actively contributing to developing and strengthening efforts in the areas of international nuclear
safety and non-proliferation, particularly within the framework of the European Union (EU). As a
member of the EU, Sweden should actively work for increased and effective environmental
measures in neighbouring countries, especially in the Baltic area and in central and Eastern Europe.

Also, SKI shall:

• Provide a clear definition of safety requirements.
• Control compliance with requirements by supervision focussing on processes influencing safety.
• Report and inform. SKI shall issue regular reports on the safety status of plants and the quality of

licensee safety work, and, in general, implement active public information services with regard to
events and circumstances within its area of regulatory responsibilities

• Initiate improvements in safety and non-proliferation whenever justified by operating experience,
research and development.

• Maintain and develop competence. SKI shall promote maintenance and development of
competence for safety at licensees, SKI, and nationally.

• Maintain emergency preparedness at SKI. SKI shall be prepared to advise emergency management
authorities in order to limit detrimental health effects and social consequences in case of
radioactive releases or situations where there is a threat of such releases.

Licensees are responsible — SKI supervises.
By law, anyone conducting nuclear activities has the full and undivided responsibility for taking

the necessary steps to ensure safety, to meet non-proliferation requirements and to ensure that spent
nuclear fuel and nuclear waste are managed and disposed of safely. SKI should monitor the way in
which licensees meet these responsibilities by establishing a clear, independent picture of the safety
situation at the facilities and of the quality of the licensees' safety work.

Comprehensive international work.
SKI has extensive bilateral and international co-operation, in particular through the IAEA

(International Atomic Energy Agency), OECD/NEA (Nuclear Energy Agency), WENRA (Western
European Nuclear Regulators Association), the EU Commission and ESARDA - European Safeguards
Research and Development Association. SKI's allocation for 2001 was SEK 83 million for
administrative expenses and approximately SEK 67 million for nuclear safety research expenses. Fees
from the nuclear power industry finance SKI's operations. Allocated funds are channelled to SKI
through the national budget according to normal routines. SKI has also an extensive assistance
programme to the East through its project organization SIP (Swedish International Projects Nuclear
Safety) and the Swedish Support Programme on Nuclear Non-proliferation in Central and Eastern
Europe and Central Asia.

An authority within the Ministry of Environment. SKI is grouped under the Ministry of
Environment. SKI's board is appointed by the government and consists of politicians and experts, and
is chaired by the Director General of SKI. SKI has three advisory committees: the Reactor Safety
Committee, the Safeguards Committee and the Research Committee. SKI has approximately 120
employees.
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5.2. Main National Laws and Regulations

1. Nuclear Power Decommissioning Act (Jan. 1998)

2. Act on Nuclear Activities (1984, latest amendment by May 2000.
Ministry: Environment
Authority: SKI

3. Radiation Protection Act (1988)
Ministry: Environment
Authority: SSI

4. Act on Financing of Future Expenses for Spent Fuel (1981, latest amendment 1986).
Ministries: Finance and Environment
Authority: SKI

5. Nuclear Liability Act (1968, latest amendment 1995)
Ministry: Justice
Authority: The Private Insurance Supervisory Service.

The costs of managing and disposing of the spent nuclear fuel shall be paid by owners of the
nuclear power plants. The costs are financed by today's electricity production and must not burden
future generations. This also applies to the costs of decommissioning and disposing of the
decommissioning waste. To ensure that adequate funds will be available in the future, a special charge
is levied on nuclear power production. It is paid to SKI and is deposited in interest-bearing accounts
in the Bank of Sweden. The charge is fixed annually by the Government and is based on a cost
calculation submitted by SKB to SKI. All costs for the necessary systems and facilities are included,
i.e., transportation system, CLAB, SFR, encapsulation plant and deep repository for spent fuel and
other long-lived waste. The calculations also includes costs for research, development, demonstration
and information about the waste issue.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• Amendments of Article VI &XIV. A Ratified: 13 July 2001
of the IAEA statute

• EURATOM/LAEANPT Entry into force: 1 June 1995
related safeguards agreement
EMFCIRC/193

• Improved procedures for designation Following EU policy,
of safeguards inspectors

• Additional Protocol Signature: 22 September 1998
(GOV/1998/28)

• EURATOM (Ref. EU ongoing negotiations)

• Agreement on privileges Entry into force: 8 September 1961
and immunities
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OTHER RELEVANT INTERNATIONAL TREATIES ETC.

• NPT

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident
or radiological emergency

• Conventions on civil liability
for nuclear damage

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Ratification of
Paris Convention:

9 January 1970

8 February 1987

30 March 1987

25 July 1992

27 January 1992

• Joint protocol

• Protocol to amend the Vienna
convention on civil liability
for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of
spent fuel management and on
the safety of radioactive waste
management

• ZANGGER Committee

• Nuclear Export Guidelines

• Acceptance of NUSS Codes

• Nuclear Suppliers Group

• EURATOM treaty

MULTILATERAL AGREEMENTS

Entry into force:

Not signed

Not signed

Entry into force:

Entry into force:

27 April 1992

Member

Adopted

Summary: Codes well suited
for national safety rules.
Compatible with Swedish law
and other rules.

Member

Member

24 October 1996

18 June 2001

12 June 1990

Exchange of ministerial notes between Sweden, Denmark, Finland and Norway about guiding
principles for contacts about nuclear safety concerning nuclear plants at the borders between
Denmark, Finland, Norway and Sweden. (SO 1977:48)
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BILA TERAL A GREEMENTS

• Agreement between the government of Sweden and the government of Switzerland for co-
operation in the Peaceful uses of Atomic Energy. (SO 1969:1)

• Treaty with Finland about co-operation in the field of the peaceful use of atomic energy. (SO
1970:8)

• Agreement with the Soviet Union (now with Russia) about co-operation in the field of the peaceful
use of atomic energy. (SO 1970:9)

• Agreement with Canada concerning the uses of nuclear material, equipment, plants and
information transferred between Sweden and Canada. (SO 1981:89-90)

• Agreement with Australia on conditions and control for nuclear transfers for peaceful purposes
between Australia and Sweden. (SO 1982:86-87)

• Exchange of notes with Finland in the field of nuclear power (SO 1983:1)

• Agreement with the United States of America about the peaceful use of nuclear power. (SO
1984:66)

• Treaty with Denmark about exchange of information about the Barseback Nuclear Power Plant.
(SO 1986:15)

• Treaty with Denmark about exchange of information and notice about Swedish and Danish nuclear
facilities etc. (SO 1987:12)

• Treaty with Finland about exchange of information and notice about Swedish and Finnish nuclear
facilities etc. (SO 1987:16)

• Treaty with Norway about exchange of information and notice about Swedish and Norwegian
nuclear facilities etc. (SO 1987:26)

• Treaty with the Soviet Union (now with Russia) about notice in the case of a nuclear power
accident and about exchange of information about nuclear facilities. (SO 1988:5)

• Treaty with Germany about notice in the case of a nuclear power accident and about exchange of
information about nuclear power facilities.
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Appendix

DIRECTORY OF MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY A UTHORITY

Ministry of the Environment
S-103-33 Stockholm
Sweden

Swedish Nuclear Power Inspectorate
Statens Karnkraftinspektion (SKI)
S-106 58 Stockholm
Sweden

Swedish Radiation Protection Institute
Statens Stralskyddsinstitut (SSI)
S-171 16 Stockholm
Sweden

Board of the Swedish Nuclear Waste Fund
C/o Kammarkollegiet, Box 2218
S-103 15 Stockholm, Sweden

OTHER NUCLEAR ORGANIZATIONS

Swedish National Council for Nuclear Waste
(KASAM)
c/o Ministry of the Environment
SE-103 33 Stockholm, Sweden

MAIN POWER UTILITIES

Vattenfall AB
S-162 87 Stockholm
Sweden

Sydkraft AB
S-205 09 MALMO,
Sweden

Birka Energi AB
S-115 77 Stockholm
Sweden

Tel: +46 8 405 10 00
Fax: +46 8 24 16 29
Telex: 15499 MINENS

Tel: +46 8 698 84 00
Fax: +46 8 661 90 86
Telex: 11961 SWEDATOM S
http:www.ski.se/

Tel: +46 8 729 7100
Fax: +46 8 729 71 08
Telex: 11771 SAFERAD S
http://www.ssi.se/

Tel: +46 8 700 08 00
Fax: +46 8 20 38 81

Tel: +46-8 405 17 92
Fax: +46-8 20 10 66

Tel: +46 8 739 50 00
Fax: +46 8 37 01 70
www.vattenfall.se/orwww.vattenfall.com

Tel: +46 40 25 50 00
Fax: +46 40 97 60 69
http://www.sydkraft.se/

Tel: +46 8 671 70 00
Fax: +46 8 671 70 60
http://www.BirkaEnergi.se

NUCLEAR POWER PRODUCTION COMPANIES AND SUBSIDIARIES

Ringhals AB
S-430 22 Varobacka,
Sweden
(operator of Ringhals NPP and owner
of both Ringhals NPP and Barseback NPP)

Tel: +46 340 66 70 00
Fax: +46 340 66 51 84
www.ringhals.se
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Barseback Kraft AB
Box 524
S-246 25 Loddekopinge, Sweden
(operator of Barseback NPP)

OKGAB
S-573 83 Oskarshamn
Sweden
(operator of Oskarshamn NPP)

Forsmark Kraftgrupp AB
S-742 03 Osthammar
Sweden
(operator of Forsmark NPP)

Svensk Karnbranslehantering AB (SKB)
Box 5864
S-102 40 Stockholm, Sweden

Karnkraftsakerhet och Utbildning AB (KSU)
Box 1039
S-611 29 Nykoping, Sweden

Tel: +46 46 72 40 00
Fax: +46 46 77 57 93
wwwl .svdkraft.se/bkab

Tel: +46 491 860 00
Fax: +46 491 869 20
http://www. okg. se/

Tel: +46 173 810 00
Fax: +46 173 551 16
http://www.forsmark.se/
www.forsmark.com (valid from Dec. 01)

Tel: +46 8 665 28 00
Fax: +46 8 661 57 19

Tel: +46 155 26 35 00
Fax: +46 155 26 30 74
http: //www .ksu. se/

SUPPLIERS OFNPPS, COMPONENTS AND SERVICES

Westinghouse Atom AB
S-721 63 Vasteras,
Sweden

Tekniska Roentgencentralen AB
Box 121
SE-183 22 Taby, Sweden

Alstom Power Sweden AB
S-612 72Finspang
Sweden

Sandvik AB
S-811 81 Sandviken
Sweden

Studsvik AB
S-611 82 Nykoping
Sweden

SQC Kvalificeringscentrum AB
Box 519
SE-183 25 Taby, Sweden

Det Norske Veritas
Nuclear Technology AB
Box 49306
SE-100 29 Stockholm, Sweden

Tel: +46 34 70 00
Fax: +46 21 18 71

Tel: +46 8 630 81 00
Fax: +46 8 630 82 01

Tel: +46 122 810 00
Fax: +46 122 197 000

Tel: +46 26 26 00 00
Fax: +46 26 26 13 50

Tel: +46 155 22 10 00
Fax: +46 155 26 30 00
http://www.sttidsvik.se/'eng.'''etig-index.asp

Tel:+46-8 638 71 10
Fax: +46-8 638 71 20

Tel: +46-8 587 940 00
Fax:+46-8 651 70 43
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ES-konsult
Gustavslundsvagen 151 G
SE-167 51 Bromma, Sweden

UNIVERSITIES

Chalmers University of Technology
GOTEBORG

Dalarna University College

FALUN

Goteborg University

Karlstad University

Linkoping University

Lulea University of Technology

Lund University

Orebro University

Royal Institute of Technology
STOCKHOLM

Stockholm University

Umea University

Uppsala University

Vaxjo University

INTERNATIONAL ORGANIZATIONS

International Commission on Radiological
Protection (ICRP)

Stockholm International Peace Research
Institute (SIPRI)

OTHER ORGANISATIONS

Natural Science Research Council (NFR)

Tel: +46 8 634 22 40
Fax: +46 8 634 22 55
www.eskonsult.se/others/company.htm

http://www.charmers.se/

http: //www, du. se/

?://www.gu.se/

http://www.kaii.se/

3://www.iiu.se/

http://www.luth.se/

http://www.lu.se/

http://www.oru.se/

http://Vww.kth.se/

http://www.sti. se/

http ://ww w. umu. se/umu/

http://w w w. uu.se/

http://www.vxu.se/

http://www.sipri.se/

http://www.nfr.se/
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SWITZERLAND

1. GENERAL INFORMATION

1.1. General Overview

Switzerland is one of the most mountainous countries in Europe, with most of its area covered by
the Alps and the Jura. Between these mountain systems lies the Swiss Plateau, about 400 m above sea
level and about 50 km wide. The principal river system is formed by the Rhine and its tributaries: Aare,
Limmat etc. Other important rivers are the Rhine, Ticino, Inn. The Swiss rivers are not navigable for any
appreciable extent. The most important lakes are those of Geneva, Constance, Lugano, the Lago
Maggiore, and the lakes of Neuchatel, Lucerne, Zurich, Brienz and Thun.

On the Plateau and in the lower valleys a temperate climate prevails with a mean annual
temperature of about 10 °C. Precipitation on the plateau is about 900 mm annually, higher regions
generally receive more precipitation. Much of the precipitation occurs as snow during the winter. In the
Alps are large glaciers and the peaks of most mountains are snow covered throughout the year.
Predominant winds come from the north-east (cold) or from the west and in certain regions from the
south (warm and dry).

The population of Switzerland, roughly 7 million people, is essentially concentrated in small
towns of the Swiss Plateau (Table 1). The main languages are German, French, and Italian with a
minority of Retho-romansch. Foreigners and their families represent some 15% of the population.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

5.4
130
51

41.3

1970

6.3
152
55

1980

6.3
153
57

1990

6.7
163
60

1997

7.1
172
68

1998

7.3
177.4

68

1999

7.2
173.7

68

2000

7.2
173.7

Growth
rate (%)

1980
to

1998

0.8
0.8

Source: IAEA Energy and Economic Data Base; Data & Statistics/The World Bank).

Switzerland has a highly developed industrialized economy and one of the highest standards of
living in the world. Manufacturing, based on private enterprise, is the dominant economic sector,
followed by trade, finance and services. Agriculture accounts for less than 4% of the national output.
The natural resources are essentially limited to the hydro electric potential.

Switzerland is a Confederation of States governed under a Constitution adopted in 1874 and
amended several times since. The Swiss political system combines direct and indirect democracy, the
electorate chooses its representatives and decides on important issues by means of referenda,
initiatives or petitions. The executive power is the Federal Council, seven members elected by the
Swiss Parliament, one of them being elected President for one year. The Swiss Parliament consists of
two houses: The Council of States (46 members) and the National Council (200 members). All
powers not delegated to the Confederation by the Constitution are reserved to the Cantons. Each of
the 20 Cantons and 6 half Cantons has an elected legislative council and an executive council.

1.2. Economic Indicators

The historical Gross Domestic Product (GDP) data are shown in Table 2.
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TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP (1)

GDP(2) per capita

1970

21,922
3,496

1980

107,470
17,005

1990

228,410
34,040

1997 0)

256,000
36,056

1998 (3)

262,000
35,890

1999 (3)

259,000
35,000

Growth rate (%)

1980
to

1998
5.1
4.4

Data & Statistics/The World Bank(1) Mil l ions of current U S $ . (3)

(2) Current US$ per capita.
Source: I A E A Energy and Economic Data Base; Data & Statistics/The World Bank) .

1.3. Energy Situation

Switzerland has no major energy resources except for hydro, which reserves amount to about
14 Exajoules according the IAEA Energy and Economic Data Base (Table 3). The Swiss energy
statistics are shown in Tables 4.1 and 4.2.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid Liquid Gas Uranium(1> Hydro (2)

13.88

Exajoule
Total

13.88

^ This total represents essentially recoverable reserves.
(2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

TABLE 4.1. ENERGY STATISTICS
Exajoule

Energy consumption
- Total(1)

- Solids(2)

- Liquids
- Gases
- Primary electricity<3>

Energy production
- Total
- Solids
- Primary electricity(3)

Net import (Import - Export)
-Total
- Solids
- Liquids
- Gases

1960

0.40
0.08
0.15

0.17

0.18

0.18

0.24
0.08
0.16
0.00

1970

0.80
0.03
0.51

0.25

0.31
0.01
0.30

0.58
0.02
0.55
0.00

1980

0.92
0.02
0.51
0.04
0.35

0.45
0.01
0.44

0.61
0.02
0.55
0.04

1990

1.10
0.03
0.51
0.08
0.49

0.52
0.01
0.51

0.64
0.02
0.55
0.08

1999

1.13
0.01
0.50
0.11
0.51

0.56
0.01
0.55

0.68
0.00
0.57
0.11

2000

1.16
0.01
0.51
0.12
0.52

0.57
0.01
0.56

0.70
0.00
0.58
0.12

Average annual
growth
1960
to

1980

4.31
-5.56
6.21

-38.64
3.70

4.69

4.58

4.83
-5.82
6.28

-38.64

rate (%)
1980
to

2000

1.13
-4.62
-0.04
5.53
2.05

1.16
-0.89
1.19

0.71
-13.00

0.32
5.53

(" Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2) Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Data Base.

Switzerland depends to 81 % (1999) on imported energy (in terms of primary energy supplies).
There are no domestic oil and gas resources. The share of electricity - partially a domestic energy - in
total final energy consumption was 21.4 % in 1999. The Government promotes the use of new
renewable energies like solar energy and environmental heat. This helped the renewables, incl.
hydropower, to reach 16.3 % of final energy consumption. The share of electricity from renewable
sources was 12.3 %, wood contributed 2.4 %, waste 0.9 % and other renewable energy sources the
remaining 0.7 %.
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TABLE 4.2. NATIONAL ENERGY STATISTICS

Coal
Oil
Gas
Nuclear
Hydro
Other
Total*
Electricity trade

1996

TJ
5 950

535 070
99 490

258 760
133 640
66 090

1 099 000
-3 400

%

0.5
48.8
9.1
23.6
12.2
6.0

100.3
-0.3

1997

TJ
4 590

528 480
96 060

261 500
156 570
66 360

1 113 560
-24 310

%
0.4
48.5
8.8
24.0
14.4
6.1

102.2
-2.2

1998

TJ
3 810

547 860
98 880

265 830
154 330
69 610

1 140 320
-21 430

%

0.3
49.0
8.8

23.8
13.8
6.2

101.9
-1.9

1999

TJ
3 980

547 200
102 450
256 610
182 770
71880

1 164 890
-36 820

%
0.4

48.5
9.1
22.7
16.2
6.4

103.3
-3.3

Includes electricity trade
Source: Swiss Energy Statistics (Swiss Federal Office of Energy).

Total final energy consumption fell 0.8 % in 2000 after rising 1.7 % in 1999. The warmer
weather, a marked increase in the oil price and the activities within the scope of the energy policy
programme "Energy 2000" led to energy savings in spite of rising economic activity and further
population growth.

1.4. Energy Policy

In 1999, Parliament approved a law on the reduction of CO2 emissions, which allows the
government to introduce a CO2 tax from 2004 if the national target cannot be achieved otherwise. The
law was put into force on 1 May 2000. Furthermore, Parliament agreed to introduce an energy levy
and an energy tax on non renewable energy. In the first case, the revenues will be used to lower the
compulsory supplementary wage costs, in the second case to promote renewable energies, energy
efficiency and hydroelectric power. A plebiscite about this package will take place on 24 September
2000.

The follow-up programme to the ,,Energy 2000 Action Plan" has been launched in January
2001 under the name of "Swiss Energy". Its objectives are to reduce the consumption of fossil fuels,
to stabilise the consumption of electricity and to increase the contribution of renewables to energy
supply.

As the European Union opens the electricity market across the continent, the Swiss government
is following suit. The draft of the Electricity Market Law takes a step-by-step approach to the opening
of the Swiss market, which would be accessible to all consumers six years after the law takes effect.
The proposed law will open Switzerland's electricity market on the basis of regulated third party
access. The law has been accepted by Parliament on 15 December 2000. Due to a referendum, a
popular ballot on the law will probably be held in March 2002.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

The electricity industry consists of 1 200 production and distribution utilities. Of these, 970
utilities account for 65 % of supply and are owned or controlled by local authorities. Many of these
are also responsible for the provision of water services. The private sector companies account for
25 % of supply and the remaining 10 % comes from auto producers. There are six main regional
suppliers and three large municipal suppliers in Basel, Bern and Zurich. Except for nuclear energy,
the Federal Government's influence is relatively low on the electricity sector. Local authorities exert
influence through their participation's or through cantonal legislation.
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A new law on water protection has taken effect on 1st November 1992, it places minimum flow
requirements on all new hydro plants and on existing plants when present concessions are to be
renewed. The Government estimates that this law will eventually reduce existing plant capacity by no
more than 6 % by 2070 and that cantonal regulations will double this estimated loss; new plants and
the expansion of existing ones should nonetheless more than offset the total loss of capacity.

Since individual electricity undertakings apply tariffs on an independent basis, there are no
binding federal regulations for the establishment of these tariffs. Even the Swiss Association of
Electricity Supply Undertakings (VSE) has no authority in this area. However, the VSE tariffs
committee prepares regular guidelines and recommendations for the use of member companies. These
recommendations are generally incorporated into tariffs applied by electricity utilities.

Charges for construction costs are levied by electricity distributors when new electric power
plants are installed or when existing plants are enlarged. In general, a distinction is drawn between
system costs and connecting costs, with many electricity companies incorporating these two cost
elements into a single charge. These construction charges are generally levied on a one-off basis when
the customer is connected to the electricity supply system, with a variety of procedures being applied
by individual companies. A small number of companies increase the energy rate (and/or the demand
rate) in the area, which they supply, rather than charging newly connected customers for construction
costs. In some cases, prices fixed by the utilities are subject to formal approval by the local authority
concerned. The recommendations published by the Federal Department of Transport, Communication
and Energy in 1989 cover the principles of tariff setting in networks.

2.2. Decision Making Process

The Swiss Federal Government has adopted the action programme "Energy 2000" which
concern the energy as a whole (see Section 1. 4). This action programme defines also the objectives in
the electricity sector. The Federal Department of Transports, Communications and Energy is the
Swiss regulatory body for this action programme, in co-operation with the authorities of the Cantons.
It supports R&D programmes, elaborates recommendations and regulations, but not the policy. The
policy and decision making is in the hands of the electricity generation industry within the regulatory
framework. Because electricity in Switzerland is decentralized and the electric utility industry and
non-utility generators are, for the most part, privately owned, policy and decision making in the
electricity generation industry is decentralized, subject to Federal and Cantonal laws and regulations.
The regulatory body examines the submitted projects, eventually proposes some modifications and
prepare a proposition to the cantonal or federal concerned political organization for a decision. By the
way of an initiative or referendum the electorate may make the final decision.

2.3. Main Indicators

On a yearly basis, Switzerland is still an electricity exporting country. The whole year of 2000
resulted in a positive export balance of 7.1 TW-h, i.e. 10.8 % of produced electricity. 39.9 TW-h had
to be imported and 47.0 TW-h were exported. In the winter of 1999/2000, exports exceeded imports
by 1.9 TW-h after a surplus of 0.02 TW-h in the winter of 1998/1999. Table 5.1 shows the electricity
generation and Table 5.2 the electricity use based on national data. Table 5.3 shows the electricity
statistics from EEDB. Table 6 shows the energy related ratios.

TABLE 5.1. ELECTRICITY GENERATION

Hydro
Nuclear
Fossil
Total

1996
TW-h

29.7
23.7

1.7
55.1

%
53.9
43.0

3.1
100.0

1997
TW-h

34.8
24.0

1.8
60.6

%
57.4
39.6
3.0

100.0

1998
TW-h

34.3
24.3
2,3

60.9

%
56.3
40.0

3.7
100.0

1999
TW-h

40.6
23.5
2.6

66.7

%
60.9
35.3

3.8
100.0

2000
TW-h

37.9
24.9
2.5

65.3

%
57.9
38.2
3.9

100.0
Source: Country Information.
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TABLE 5.2. ELECTRICITY USE

Households
Agriculture
Industry+Craft
Services
Transportation
- Railways only
Total

1996
TW-h

15.3
0.9

16.0
12.6
3.9

(2.4)
48.7

%
31.4

1.9
32.9
25.8

8.0
(4.9)
100.0

1997
TW-h

14.9
0.9

16.2
12.7
3.9

(2.4)
48.6

%
30.6

1.9
33.4
26.1

8.0
(5.0)

100.0

1998
TW-h

15.1
0.9

16.7
12.9
4.0

(2.5)
49.6

%
30.5

1.9
33.5
26.1

8.0
(5.0)

100.0

1999
TW-h

15.6
0.9

17.0
13.6
4.1

(2.5)
51.2

%
30.4

1.9
33.2
26.6

7.9
(5.0)

100.0

2000
TW-h

15.7
1.0

18.1
13.4
4.1

(2.6)
52.4

%
30.0

1.9
34.5
25.6
8.0

(5.0)
100.0

Source: Country Information.

TABLE 5.3. ELECTRICITY PRODUCTION AND INSTALLED

Electricity production (TW-h)
- Total (1>
- Thermal
- Hydro
- Nuclear

Capacity of electrical plants (GWe)
- Total
- Thermal
-Hydro
- Nuclear

1960

19.07
0.25

18.83

5.84
0.20
5.64

1970

32.57
1.39

28.72
2.45

10.54
0.57
9.62
0.35

1980

47.06
0.96

32.44
13.66

13.99
0.60

11.45
1.94

1990

55.80
2.51

30.98
22.30

16.30
0.77

12.35
3.18

CAPACITIES

1999

62.20
4.95

33.72
23.52

16.78
0.97

12.61
3.19

2000

62.13
3.72

33.46
24.95

16.81
1.00

12.62
3.19

Average annual
growth rate (%)
i960

to
1980

4.62
7.03
2.76

4.46
5.65
3.60

1980
to

2000

1.40
7.02
0.15
3.06

0.92
2.56
0.49
2.52

(i) Electricity losses are not included.
Source: IAEA Energy and Economic Data Base.

In order to ensure the supply for the coming decades, Swiss electricity companies signed
contracts with foreign suppliers. Long-term agreements with the French Electricity Company (EDF),
covering the years 1977 to 2040, give them access to a maximum power capacity of 2 455 GWe.
Appropriate sites for profitable new hydroelectric power plants have become scarce in Switzerland.
Upgrading of existing plants is more common than the construction of new facilities. Hydraulic power
capacity will thereby rise by 0.02 GW (+0.2 %) and the electricity production by 54 GW-h (+0.1 %)
in the next few years. 20 GW-h (+0.1 %) will be gained in winter production and 34 GW-h (+0.2 %)
in the summer.

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kWh/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(1>

Load factor of electricity plants
- Total (%)
- Thermal
-Hydro
- Nuclear

1960

74
3,311
101

0
60

37
14
38
-

1970

130
4,494

102
8

72

35
28
34
80

1980

146
5,878
100
29
66

38
18
32
80

1990

161
7,604

100
41
58

39
33
29
83

1996

160
7,585

102
43
60

39
42
27
88

1998

152
7,510

102
40
60

43
45
32
87

1999

157
7,756

104
39
60

42
58
31
84

2000

161
7,818

102
41
61

42
43
30
89

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Database.
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3. NUCLEAR POWER SITUATION

3.1. Historical Development

In November 1945, the Swiss Government established the independent Atomic Energy
Committee with the mandate to advise the Government in all civilian and military matters dealing
with nuclear energy. In 1946, the Swiss Government mandated the Atomic Energy Committee to
investigate all aspects dealing with nuclear weapons, i. e. to prepare the necessary measures for
protecting army and population against their impact and also to study what would be required to
develop such weapons. On 18 March 1957, the Swiss Parliament ratified the IAEA Statute which has
been brought into force on 29 July 1957. In 1969, Switzerland signed the Non-Proliferation Treaty
and the Parliament ratified it on 9 March 1977.

As early as 1946, Brown Boveri & Cie (BBC), now Asea Brown Boveri AG (ABB), took the
first steps to build up a team of physicists and to launch a development programme. BBC was later
joined by Sulzer Brothers and Escher-Wyss. Initial studies dealt with graphite-carbon dioxide reactor
concepts, but from 1952 on, development was concentrated on heavy water with the subsequent
planning of the research reactor DIORIT. In 1955, more than 150 private companies joined forces and
formed the company "Reactor Ltd" to build and operate the new privately-owned research center, in
Wurenlingen, with two reactors on the site: SAPHIR and DIORIT. In 1960, the Swiss Government
took over the research center, well known under its abbreviation EIR (Eidgenoschisches Institut fur
Reaktorforschung). In 1988, the fusion of the EIR and SIN (Schweizerisches Institut fur
Nuklearphysik) led to the creation of the Paul Scherrer Institute.

In Switzerland, the nuclear age began on 30 April 1957, when the SAPHIR reactor went critical
under the responsibility of Swiss scientists and engineers. This swimming pool reactor had been
purchased in 1955 from the American Government, after being exhibited in Geneva during the First
International Conference on the Peaceful Uses of Atomic Energy. SAPHIR has been definitely shut
down at the end of 1993. On 22 November 2000, the Government granted permission to the Paul
Scherrer Institute (PSI) to decommission its SAPHIRE research reactor. Based on reports by the
Swiss Federal Safety Inspectorate (HSK) and the Federal Commission for the Safety of Nuclear
Installations (KSA), the Government accepted the PSI's decommissioning concept. DIORIT, the first
reactor designed and constructed by Swiss scientists, reached criticality on 15 August 1960. DIORIT
has been definitely shut down in 1977.

In 1962, began the construction of the experimental nuclear power reactor in Lucens, a 30
MW(th), 6 MW(e), heavy-water moderated, carbon dioxide cooled reactor located in an underground
cavern. Criticality was reached in late 1966 and commissioning in early 1968. In spite of numerous
difficulties, the supply consortium led by Sulzer Brothers had demonstrated that Swiss industry was
capable of building nuclear plants. Unfortunately, on 21 January 1969, the Lucens plant was abruptly
put out of service by a partial core meltdown that destroyed the integrity of the primary system and
released radioactivity into the cavern.

A turnkey contract was awarded, by Nordostschweizerische Kraftwerke AG (NOK), in August.
1965 to a consortium made up of Westinghouse International Atomic Power Co, Ltd. and Brown
Bovery & Cie for the supply of a 350 MW(e) plant equipped with a pressurized water reactor and two
turbo-generators (Beznau). In late 1967, NOK took the option to order a duplicate of the first unit.
Beznau I reached criticality by the end of June 1969, and Beznau II in October 1972.

In 1965 too, Bernische Kraftwerke AG (BKW) chose a 306 MW(e) plant equipped with a
boiling water reactor manufactured by General Electric (GE) and twin turbo-generators from BBC
(Muhleberg). In July 1971, full power was achieved, but on 28 July a turbine fire broke up. Sixteen
months later the plant was officially handed to the owner.
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In 1973, a supply contract was signed by a consortium of Swiss utilities with Kraftwerk Union
(Siemens) for the delivery of a 900 MW(e) pressurized water reactor and turbo-generator (Gosgen).
Construction of the plant went very smoothly until the first connection to the grid in February and
80% power test in March 1979. However, the accident at Three Mile Island on 29 March 1979 led to
an 8 month delay in commissioning.

In December 1973, a consortium of Swiss utilities and one German utility awarded a turnkey
contract to General Electric Technical Services Overseas (GETSCO) and BBC for the supply of a 940
MW(e) nuclear power plant equipped with a boiling water reactor (Leibstadt). Construction began in
1974 and the plant was commissioned in December 1984.

The nuclear controversy began in Switzerland in 1969 with the first signs of local opposition to
a nuclear plant project at Kaiseraugst, near Basel. For 20 years, the Kaiseraugst project was to remain
center stage in the nuclear controversy: site permit, local referenda, legal battles, site occupation by
opponents in 1975, parliamentary vote in favour of construction in 1985, and finally parliamentary
decision in 1989 to kill the project definitively. The Chernobyl accident of spring 1986 had drastically
affected the political climate. An other project, less advanced than Kaiseraugst, Graben has also been
cancelled.

The nuclear controversy led to several anti-nuclear initiatives:

i) an attempt to forbid all nuclear plants, both new and those already in operation - rejected by
51.2 % of the voters in February 1979;

ii) aimed at forbidding future nuclear plants, leaving untouched the plants in operation, two
initiatives differing only in the treatment to be applied to Leibstadt, then under construction -
rejected by 4.2 and 55 % of the voters in September 1984;

iii) nuclear phase-out - rejected by 52.9 % of the voters in September 1990;
iv) 10-year moratorium - accepted by 54.6 % of the voters in September 1990;
v) In 1999, two new initiatives were organised aiming at the ban of the construction of new NPPs

until 2010 and the closure of all NPPs after a 30 year live-span.

In 1972, specific steps toward the realization of Swiss disposal facilities were initiated through
the formation of the national co-operative for the disposal of radioactive wastes (NAGRA), which
brings together the operators of nuclear power plants and the Federal Government. NAGRA must
ensure that in the near future (about 2000) low and medium level radioactive wastes could begin to be
stored in a final repository, and that at a later stage (about 2020) a separate deep disposal site will be
ready to receive the high-level radioactive wastes to be returned by the fuel reprocessing plants
abroad. Two interim storages for low and medium level radioactive waste are operative since 1993:

- "ZWIBEZ" on the site of BEZNAU
- "BZL" on the site of the Paul Scherrer Institute

A third one "ZWILAG" (interim storage for radioactive wastes from nuclear power plants), on
the site of the Paul Scherrer Institute, should be operative in 2000, and a final storage for low and
medium level radioactive wastes should be erected at the Wellenberg, in central Switzerland, in the
coming years.

3.2. Status and Trends of Nuclear Power

The five nuclear units in operation in Switzerland contribute more than 35% of the electricity
generation in the country. In December 1994, Beznau-II, a 350 MW(e) PWR unit in operation since
1971, was issued a license for operation until the end of 2004. Similarly, the 355 MW(e) BWR unit in
operation at Muehleberg was issued a ten year operation license after refurbishment and 10% capacity
upgrade in 1992. In both cases, the operating utilities intend to seek for an extension of the license
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before it expires. The three other units in operation have unlimited operating licenses. Table 7 shows
the status of the Swiss nuclear power plants.

In September 1990, Switzerland voted by referendum to impose a ten year moratorium, which
prevents any plan to undertake the construction of a new nuclear unit before the turn of the century.

TABLE 7.1. STATUS AND TRENDS OF NUCLEAR POWER PLANTS

Station

BEZNAU-1
BEZNAU-2
GOESGEN
LEIBSTADT
MUEHLEBERG

Type

PWR
PWR
PWR
BWR
BWR

Capacity

365
357
970
1145
355

Operator

NOK
NOK
KKG
KKL
BKW

Status

Operational
Operational
Operational
Operational
Operational

Reactor

Supplier

WEST
WEST
KWU

GETSCO
GETSCO

Station

BEZNAU-1
BEZNAU-2
GOESGEN
LEIBSTADT
MUEHLEBERG

Construction
Date

Ol-Sep-65
Ol-Jan-68
Ol-Dec-73
01-Jan-74
01-Mar-67

Criticality

Date

30-Jun-69
16-Oct-71
20-Jan-79
09-Mar-84
08-Mar-71

Grid

Date

17-M-69
23-Oct-71
02-Feb-79
24-May-84
Ol-Jul-71

Commercial

Date

Ol-Sep-69
Ol-Dec-71
Ol-Nov-79
15-Dec-84
06-Nov-72

Shutdown

Date

Source: IAEA Power Reactor Information System as of 3 l-Dec-2000.

TABLE 7.2. PERFORMANCE OF NUCLEAR POWER PLANTS

Power Plant

Beznau 1
Beznau 2
Miihleberg
Gosgen
Leibstadt
Total

Production
TW-h
2.81
2.21
2.71
7.47
8.32

23.52

1999
Availability

%
88.4
70.7

•87.2
88.6
88.0
86.2

Production
TW-h
2.50
3.05
2.83
7.74
8.83
24.95

2000
Availability

%
78.5
95.1
90.7
91.7
87.7
89.1

Source: Country Information.

The performance of the Swiss NPPs has been good in 2000. Their load factors attained values
between 79,4 % and 95.8 %. One unplanned scram had no consequences for installations, personnel
or the environment. Among 7 events subject to notification, all were classified ESfES level 0. The
Beznau and Gosgen plants also produced 1 100.9 TJ of process and district heat in 2000.

Once more, efficient radiation protection led to low values of collective occupational exposure
accumulated by persons at the Swiss NPPs in 2000. The values of collective doses, in person-Sievert
(person-Sv), at each plant in 2000 were as follows: 0.64 (NPP Beznau Unit 1 - KKB-1), 0.14 (NPP
Beznau Unit 2 - KKB-2), 0.79 (NPP Muhleberg - KKM), 0.53 (NPP Gosgen - KKG) and 0.98 (NPP
Leibstadt - KKL). At NPP Beznau 1, the reactor protection and control system was replaced in the
summer of 2000 after 31 years of operation. The new system is computer based and has the same
functions.

Due to contaminations, all authorisations for spent fuel transports from Swiss nuclear power
plants were suspended in May 1998. The operators were asked to investigate the causes of
contamination and to propose remedial actions to prevent them in the future. The results of the
investigations performed were published in a report issued in March 1999 by the Swiss Federal
Nuclear Safety Inspectorate (HSK). According to the causes identified, HSK defines technical,
organisational and radiological measures to be taken in view of future spent fuel transports. These
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measures are expected to markedly reduce the frequency and degree of contamination, thus ensuring
safe spent fuel transportation.

Based on this assessment and after implementation of the requested measures, new
authorisations for the shipment of spent fuel to the reprocessing facility of COGEMA in La Hague (F)
were granted to the nuclear power plants Gosgen and Beznau. At the occasion of the first transport in
September 1999 from the Gosgen plant, the media was supplied with detailed information. By the end
of 1999, four transports (three from Gosgen and one from Beznau) hade been carried out without any
contamination exceeding the limit. It is expected that spent fuel transports from the other Swiss
nuclear power plants Muhleberg and Leibstadt, and to the reprocessing facility of BNFL in Sellafield
(GB), will resume in the year 2000.

3.3. Current Policy Issues

The opponents to nuclear energy handed in two propositions for national referendums
demanding constitutional amendments. "MoratoriumPlus" aims at the extension of the ban on the
construction of new NPPs for another ten years until 2010. To the difference of the first moratorium,
even power upgrades in existing plants should be banned. Also, the voters would be enabled to decide
if a NPP should be authorised to operate in excess of 40 years. "Strom ohne Atom" demands the
gradual closure of all existing Swiss NPPs after a 30 year life-span. The plants of Muhleberg and
Beznau would have to be shut down two years after the acceptance of the amendment by the voters,
Gosgen in 2009 and Leibstadt in 2014. The referendum also wants to stop any reprocessing of spent
fuel. To force a federal vote, the opponents to nuclear energy had to collect at least 100 000 signatures
before the end of September 1999. They gathered 120 000 signatures. The Government will take a
position on the proposal. Parliament will then discuss the matter and take a decision. Finally, there
will be a public vote on both initiatives probably in 2003.

The Federal Act regarding the Atomic Energy Law has been extended to the end of 2010. Both
the Federal Act and the Atomic Energy Law are incomplete. In the summer of 2000, the draft of a new
Nuclear Energy Law was sent to the Cantons, political parties and interested associations for
consultation. On 28 February 2001, the Federal Council (Government) sent his "message" on the new
initiatives and the draft for the new Nuclear Energy Law to Parliament. The government decided to
use the draft law to counter the two new initiatives. The main points of the draft are: the possibility to
build new NPPs, the abstention from a legal time limit on the operation license of NPPs, the
maintenance of the general license with the possibility of a referendum, the interdiction to reprocess
nuclear fuel (existing contracts can be fulfilled), provisions on the decommissioning of nuclear
installations, the concept of monitored long-term geological disposal (combines elements of final
disposal and reversibility), a funding system for decommissioning and waste management costs, the
simplification of licensing procedures, the general possibility to appeal.

Parliament will discuss the initiatives and take a decision. Regarding the Nuclear Energy Law,
it may change the draft and then pass it. Finally, there will be a public vote on both initiatives in about
2003 and probably on the same date on the new Nuclear Energy Law in case a referendum against this
law is sought.

In 1994, the Federal Council renewed the licence for the operation of the nuclear power plant of
Beznau II. Several persons claimed in Strasbourg against Switzerland on grounds of violation of the
European Convention on Human Rights (ECHR), as it is not possible to appeal against such decisions
to a Swiss court. In his decision of 6 April 2000, the European Court of Human Rights found no
violation of the Articles 6 para. 1 and 13 of the Convention.

In the spring of 1998, reports became public about radioactive contamination above
recommended levels on rail wagons transporting spent nuclear fuel from Swiss NPPs to the French
reprocessing plant of La Hague in 1997 and 1998. The questions arising from these contamination and
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especially their uncertain origin convinced the Swiss Federal Office of Energy to suspend until further
notice all authorisations for rail and road transports of spent nuclear fuel on 8 May 1998. The
transports were resumed in August 1999 based on a report by the Swiss Federal Nuclear Safety
Inspectorate (HSK) of March 1999 which confirmed that the contamination hat no health
consequences for the employees of the railway nor the population.

3.4. Organizational Chart

The institutional structure of the Swiss regulatory nuclear sector and the relationship among
different organizations are shown in Figure 1. The Federal Department of Transports,
Communications and Energy (EVED) is a regulatory body, which reports to the Federal Council. The
Federal Office of Energy (BEW), also a regulatory body, reports to the Federal Department of
Transports, Communications and Energy (EVED). The Swiss Nuclear Inspectorate is part of the
Federal Office of Energy (BEW). The Commission for Safety of Atomic Installation Reports to the
Federal Council via the Federal Office of Energy (BEW).

Swiss Federal Council

Parliament Department of Transport,
Communications and Energy

National
Council

Council
of States

ELECTORATE

Swiss Federal Office of
Energy

•Federal
Commission for

Export of Electricity

•Federal
Commission for the

Safety of Atomic
installations

•Federal commission
for decommissioning

of nuclear
installations

Nuclear

Generator

Utility

Energy
Economic

Division

Energy
Technology

Division

Main Division

for Nuclear

Safety

Division on

International and

Nuclear Questions

Nuclear Power Plant
Suppliers

Architect

Engineer

Fuel Cycle

Services

Operation

Services

Wastes
Treatment

Conditioning
Disposal

FIG. 1. Institutional Structure

4. NUCLEAR POWER INDUSTRY

4.1. Supply of Nuclear Power Plants

- ABB, Asea Brown Boveri AG

(Nuclear power plants, nuclear wastes facilities, LWR fuel, fuel channels, BWR control rods, fuel
management services, nuclear services, engineering services)

- Colenco Power Consulting Ltd
(Nuclear technology surveys, bid process, contractual advice, procurement of nuclear systems,
radioactive waste conditioning/disposal, emergency training)

- Elektrowatt Engineering Services Ltd

750 SWITZERLAND



(Nuclear system engineering and design, containment protection features for severe accidents,
probabilistic safety analysis, conditioning of radioactive solids, treatment of radioactive liquids,
plasma incineration of radioactive waste.)

- GE Nuclear Energy (GETSCO)
(Integrated, full scope services including upgrades, modifications and outage support, BWR reload
fuel, control rods, fuel channels, advanced reactors 600-1300 MW(e))

- Mtschi Pumpen AG
(Pumps for all circuits in nuclear engineering, canned motor pumps, pumps with shaft seals,
complete piping systems with instruments and accessories; authorized by ASME-N-Stamp Class 1,
2,3).

- Sulzer Thermtec Ltd, Nuclear services and valves
(Development and manufacture of valves for safety and isolating functions of NPPs. Control
valves, system-medium operated valves, solenoid and pilot operated valves, inductive position
indicators and transmitters, high density fuel storage racks, systems for filtered containment
venting, special devices and plant equipment, primary and secondary circuit piping systems and
components, welded special constructions, structures and vessels, planning and engineering
services for new design, retrofit and component re-qualification, plant life extension, preliminary
investigations and studies, structural mechanics and fluid dynamics consulting, manufacture and
procurement of equipment, planning and execution of comprehensive erection works, such as
steam generator replacements, base-line and in-service inspection services, performance of leak
test services).

4.2. Operation of NPPs

4.2.1. Owners/Operators

- Bernische Kraftwerke AG, Kernkraftwerk Miihleberg.
(BWR, 355 MW(e) (net); NSSS supplied by GETSCO; turbine island supplied by BBC)
- Nordostschweizerische Kraftwerke AG, Kernkraftwerk Beznau I & II.
(PWR, 2 x 350 MW(e) (net); NSSS by Westinghouse, turbine island by BBC)
- Kernkraftwerk Goesgen-Daeniken AG.
(PWR, 965 MW(e) (net), NSSS by KWU, turbine island by KWU)
- Kernkraftwerk Leibstadt AG.

(BWR, 1030 MW(e) (net); NSSS by GESTSCO, turbine island by BBC)

4.2.2. Operation and maintenance service suppliers

- ABB, Asea Brown Boveri AG (see also 4. 1)
- ARC Machines, Inc.
(Automatic orbital TIG welding/equipment. For heavy wall piping, fuel pins, instrumentation tubing,

process piping. Remote control systems)
- GE Nuclear Energy (GETSCO) (see also 4. 1)
- ICT Inter Control Technology AG
(Installations and equipment for examination of spent fuel elements and fuel rods, remote handling

systems, MS manipulators, nuclear robots)
- PediAG
(Systems for protection of persons for production, supervision, maintenance and emergencies; Remote

handling tools, lead shielding, working tents)
- Sulzer Thermtec Ltd, Nuclear services and valves (see also 4. 1)
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4.2.3. Operator training

- Reaktorschule PSI
(Theoretical formation of operation personal for nuclear facilities at all levels and of engineers
involved in maintenance works in nuclear facilities)

4.3. Fuel Cycle and Waste Management Service Supply

4.3.1. General Survey

The owners and operators of NPPs are responsible for the planning and decision making
relative to the fuel cycle. They conclude contracts within the framework of the law and international
agreements. The activities of the Government and its administration are of a subsidiary nature, e.g.
accounting and controlling nuclear materials as required by the Non Proliferation Treaty,
import/export controls in accordance with bilateral agreements and the guidelines of the Nuclear
Suppliers Group (NSG) as well as negotiating bilateral agreements.

4.3.2. Uranium Supply, Enrichment and Reprocessing

Natural uranium is currently procured from three sources: Partnership or joint-venture
production, long term contracts and spot market contracts.

Enrichment is provided by the U.S., Russia and the European Community (France, Germany,
United Kingdom, the Netherlands). The fuel elements are manufactured in the U.S., the European
Community (Belgium, Germany, United Kingdom, Spain, Sweden) and Russia.

Reprocessing contracts with COGEMA and BNFL cover about one third of total nuclear fuel to
be irradiated. MOX elements with recycled plutonium have been used in the Beznau I power plant
since 1978. Today, the use of MOX is a standard operational procedure in both Beznau plants. The
Gosgen NPP uses MOX elements since June 1997.

4.3.3. Waste Management and Storage

According to Swiss law, radioactive waste generated in Switzerland has to be disposed off in
our country, although exceptions may be granted by the Government. The Government considers the
feasibility of the safe final storage of radioactive waste in Switzerland to have been proven as far as
low and intermediate level waste (L/ELW) is concerned. For high level waste (HLW), the safety of
disposal in deep geological formations is considered to be proven in general.

Centralised interim storage of radioactive wastes

The utility-owned organisation ZWILAG is responsible for storing spent fuel, HLW and other
wastes, for conditioning specific L/TLW waste streams and for incinerating wastes. Construction of
the facility has been finalised and the operational license was issued in March 2000. Operation of
ZWILAG will commence this year in a step-wise process which is based on a step-wise regulatory
clearance process. The successful realisation of this interim storage facility relieves the time-pressure
for establishing final disposal routes.

Programme for disposal of L/ILW

In 1994, the application for the federal general licence for a L/ELW repository at the
Wellenberg site was submitted and a request for a mining concession for the repository was made to
the Canton of Nidwald, where the proposed repository should be sited. A public referendum in June
1995 refused to grant the mining concession by a narrow margin (52 to 48 %). Within the framework
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of the general licence application, the safety authority's review came to positive conclusions.
However, because the project is blocked on the political level, the general licence procedure has been
suspended since 1997.

On request by the federal energy minister, a working group discussed technical and socio-
economical aspects of the Wellenberg project. In September 1998 the work of the technical group
came to an end with positive results. From mid 1999 until early 2000 a new governmental working
group EKRA (Expertengruppe Entsorgungskonzepte Radioaktive Abfalle) evaluated different waste
management concepts and reviewed the Wellenberg project. Their report issued in February 2000
recommends to continue with the site investigation process.

In order to take into account public concerns (mainly monitoring/retrievability and public
involvement in decision-making), the strategy for repository implementation has been adapted by the
implementers. They adopted a step-wise approach. In a first step, the concession will be restricted to
an exploratory drift. The repository project has been modified to include a phase of long term
monitoring and easier retrievability.

In March 2000, the federal government and the government of the Canton of Nidwald agreed to
continue site investigations and defined the steps to be taken. In early June it was agreed that this
process will be guided and monitored by an expert group "Kantonale Fachgruppe Wellenberg", KFW,
chaired by Prof. Walter Wildi. The main issues to be covered by this group include (i) the review of
transparent exclusion criteria to be applied in the pilot tunnel for site investigation, (ii) the review of
the waste inventory for the proposed repository, (iii) the review of the exploration concept taking into
account the modified repository concept. For that purpose both the implementers (GNW/Nagra) and
the regulatory body provided corresponding reports. Based on the work of KFW, it has been possible
for the implementers to submit an application for a concession for the exploratory drift at the end of
January 2001. A popular ballot in Nidwald on a concession for the exploratory drift is expected late in
2001 at the earliest.

Programme for disposal of HLW and long-lived ILW

Within the HLW/TLW repository programme, two host rock options are considered: Crystalline
Bedrock (for which a comprehensive evaluation has been performed in 1994) and Opalinus Clay. The
next milestone of the HLW programme is to demonstrate that a site for a repository exists in
Switzerland. The corresponding documentation will be submitted to the authorities in 2002. The
implementation of a repository would take place only towards the middle of this century and depends
upon the evaluation of multinational options.

For the Opalinus Clay option, the drilling of a 1050 m bore hole at Benken (25 km north of
Zurich) was finalised in spring 1999. The results of this bore hole together with a 3D-seismic survey
over an area of about 50 km2 around Benken and the results from the Mont Terri Project provide an
excellent and very promising database to assess the feasibility of a HLW repository.

4.4. Research and Development Activities

The basis of the Swiss federal energy RD&D (research, development and demonstration) policy
has been set in the Concept of Swiss Federal Energy Research 2000-2003. It is the fifth such
document since 1984. The Concept is intended to serve as a guideline for decision-makers in the
energy research field within the Swiss federal administration, and at the same time as an energy
research "roadmap" for the Cantons and the local authorities. These energy research concepts have
been applied and been proven to be sound guidelines. According to the concept, the aim of RD&D is
to help the realisation of the basic objectives of Swiss energy policy: To ensure an energy supply that
is safe, environmentally sound and economically feasible in the long-term, to secure the production
and distribution of a sufficient amount of energy under optimal economic and ecological conditions,
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and to contribute to the rational and efficient use of energy. Its long-term goal is a significant
reduction of carbon dioxide emission, leading to what is known as the "2000 Watt Society". In the
shorter term, this calls for serious efforts to reduce pollution through the development of improved
energy technology as well as through a more efficient use of energy. Technical progress alone will not
be sufficient to accomplish these objectives: significant socio-economic changes will also be required.

The goals of the RD&D strategy of the present Concept 2000-2003 are set in the perspective of
a sustainable development and the strategy is:

• to increase the RD&D activities in the "conservation" field, particularly by promoting the P+D
(pilot and demonstration installations) projects; the funding will increase from 31 % today to 34
% of the total RD&D budget in 2003;

• to continue the effort in the field of "renewable energy sources" (including an important
support of P+D projects) maintaining the funding at 34 %;

• and to reduce the "nuclear energy" research funding from 26 % to 23 %.

The co-ordination and monitoring of public sector energy RD&D programmes is one of the
tasks of the Swiss Federal Office of Energy (SFOE). It acts on advice from the Federal Energy
Research Commission. The Office's duties include the updating of Swiss energy RD&D, putting
research findings to good use, leasing with private sector energy RD&D programmes and ensuring the
links with international research projects.

hi 1998, public energy RD&D was funded with 182.6 MCHF (million Swiss francs) and in
1999 with 179.9 MCHF, of which 32.7 MCHF were available for R&D projects. The total amounts
are equivalent to 122.07 and 119.7 MUSD (million US dollars at 1999 conversion rate). From these
figures 35.4 MUSD (i.e. 29.1%) in 1998 and 30.6 MUSD (i.e. 25.6%) in 1999 were invested into
"nuclear energy" research and 43.9 MUSD (i.e. 36.0%) in 1998 and 43.8 MUSD (i.e. 36.6%) in 1999
into research on "renewable energy sources". The figures for the year 2000 are estimated at 187
MCHF (124 MUSD); about 25% of this amount went into "nuclear energy" research and about 37%
into research on "renewable energy sources" (Table 8).

TABLE 8. SWISS GOVERNMENT ENERGY RD&D EXPENSES IN MCHF (MILLION SWISS
FRANCS) NOMINAL AND IN MUSD (MILLION US DOLLARS) AT 1998 PRICES
Total energy RD&D
MCHF (nominal)
MUSD (1998)

1990
187.2
144.5

1991
199.0
144.9

1992
220.6
156.3

1993
223.3
154.2

1994
220.8
149.9

1995
215.1
144.5

1996
206.7
138.2

1997
196.9
131.9

1998
182.6
122.0

1999
179.99
119.7

2000
187
124

Source: as published in the "Energy Policies of IEA Countries -1999 Review", Paris 2000, except for the figures for 1998,
1999 and 2000.

Paul Scherrer Institute (PSI)

The Paul Scherrer Institute (PSI) is a multi-disciplinary research centre for natural sciences and
technology. In national and international collaboration with universities, other research institutes and
industry, PSI is active in solid state physics, materials sciences, elementary particle physics, life
sciences, nuclear and non-nuclear energy research, and energy-related ecology.

The Institute's priorities lie in areas of basic and applied research, particularly in fields which
are relevant for sustainable development, as well as of major importance for teaching and training, but
which are beyond the possibilities of a single university department. PSI develops and operates
complex research installations which call for especially high standards of know-how, experience and
professionalism, and is one of the world's leading user laboratories for the national and international
scientific community. Through its research, PSI acquires new basic knowledge and actively pursues
its application in industry.
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The mission of PSI is:

• To conceive, design, build and operate large, complex research facilities for the scientific
community (User-Lab mission for universities, other research institutes and industry).

• To carry out fundamental and applied research in:
- Solid state physics and materials sciences (investigation of the atomic structure of solid matter

and liquids by means of particle beams and radiation; micro- and nano-technology).
- Particle physics (study of fundamental interactions of matter; search for rare decays of

elementary particles) and Astrophysics (study of stellar atmosphere, dark matter, solar
spectroscopy; development of X-ray detectors).

- Life sciences (cancer therapy and medical diagnosis using particle beams, effects of radiation
on living organisms, structural biology).

- Nuclear and non-nuclear energy and energy related environmental research (reactor safety
related research and scientific services, safety studies on the disposal of radioactive wastes;
new methods for energy production and storage, energy systems analysis).

PSI started in 1998 with the construction of an advanced Swiss Synchrotron Light Source
(SLS), which will go into operation in August 2001. The investment costs for this facility are 159
million Swiss francs. The Spallation Neutron Source SINQ is in operation since 4 years and produces
neutrons with a proton beam on the SINQ target of more then 1.7 mA in 2000. SINQ is a continuous
Spallation Neutron Source with a flux of about 10E14 n s"1 cm"2, the first of its kind in the world.

SINQ and SLS initiated a strong shift of the research focus towards the study of the structure of
materials and strengthen the national and international User-Lab mission of PSI for universities, other
research institutions and for industrial laboratories. About 2/3 of the annual budget of PSI are
dedicated to the user-lab mission.

In 2000, the extension of proton therapy facilities (PROSCAN project) started with the
evaluation of a dedicated cyclotron (250 MeV) and the development of an advanced spot scanning
gantry for the treatment of deep-seated tumours with protons. The goal of this project is the
development of proton beam technology, which can be transferred to major hospitals for high quality
cancer treatment.

For the year 2001, PSI has a budget of about 250 million Swiss francs (external funding and
social and infrastructure costs included) and a staff of about 1200 employees, including 250 scientists
and technicians paid by external funds. More than 200 doctoral students are working at PSI on their
thesis.

Energy Research

About 30 % of PSI's annual government funding of 222 million Swiss francs is being used for
energy and energy related environmental research. The non-nuclear energy research has increased by
25 % over the last 10 years. Over the same period a more than 30 % reduction in PSI (government)-
funded research activities related to nuclear energy was achieved. This reduction in the nuclear sector
could be compensated, to a large extent, by external funding (i. e. utilities, safety authorities). The
resources thus released where used for new research projects, primarily for the construction of new
facilities and instrumentation (i.e. SINQ and SLS).

Nuclear energy research at PSI will be reduced further and concentrate for the next planning
period 2000-2003 on reactor safety and safety-related operational problems of Swiss NPP and on
nuclear waste disposal. With a reduced effort, safety features of advanced reactor concepts, which
rely on inherent safety mechanisms and on passive system layouts (to a greater extent than today's
plants), will continue to be investigated.
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Presently, PSI invests almost 180 personal years per year in nuclear energy related activities.
One third of the overall costs of nuclear energy research is being externally funded by the Swiss
Utilities and the NAGRA, the Safety Authority (HSK) and other research supporting agencies. Most
of this support occurs in the framework of long-term research contracts, several projects have been
approved under the EU Framework Programmes.

The goals of nuclear energy research at PSI are

• To maintain and further develop the scientific competence on an internationally high level with
the aim of a safe use of nuclear energy also in the future;

• To educate the next generation of scientists and technicians in the framework of attractive
research, in a possibly close co-operation with the universities;

• To treat scientific issues up to expertises on specific questions and to provide scientific /
technical services including the safe operation of plants needed hereto;

• To actively follow discernible evolutions in safety requirements and characteristics of future
nuclear power plants and fuel cycles, primarily reflecting the sustainability potential of nuclear
power.

The LWR safety research programme is centred on transient analyses of Swiss NPPs and on
NPP life extension (ageing and other material problems). Further effort is invested in safety related
operational issues of existing NPPs (e.g. primary water contamination, PIE). Research on severe
accidents is conducted in the framework of international co-operation (i.e. the PHEBUS programme
in France).

The waste management research programme mainly focuses on performance and safety
assessment of waste repositories (i. e. characterisation of waste forms, repository near-field and far-
field studies). Emphasis is put on development of models of relevant mechanisms for nuclide
transport in the geosphere and their validation by experiments, and on data acquisition for safety
analysis. The work is done in close co-operation with NAGRA.

The research programme on the safety of advanced reactor systems concentrates today mainly
on topics of advanced LWRs. Over the last 3 years, an experimental programme for the investigation
of passive decay heat removal and fission product retention in advanced LWRs was undertaken at PSI
with a large experimental facility (PANDA), in close co-operation with the EPRI research programme
and with the financial support of the Swiss utilities. The aim of the programme was to analyse passive
safety features of advanced PWR and BWR concepts from industrial partners.

Substantial experimental and analytical effort was invested over the last years in issues of
advanced fuel cycles, mainly the development of uranium-free (inert matrix) fuels for increased
'burning' of plutonium. This programme will be terminated in 2003.

In 1999, an initiative was started to design, build, operate and examine an exploratory liquid
lead-bismuth spallation target for 1 MW of beam power MEGAPIE (MEGAwatt Pilot Experiment),
taking advantage of the existing spallation neutron facility at PSI. This 4-years programme costs about
10 million Swiss francs and will be conducted in an international collaboration with partners from
France (CEA/CNRS), Germany (FZK) and other interested countries. The project will be an
important contribution for the development of accelerated driven system (ADS) concepts.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

Well established bilateral relations with French and German authorities in the nuclear field
have been cultivated by the Swiss Government. Within this framework, French and Swiss regulatory
authorities began with common inspections of their nuclear installations. Differences between the two
inspection systems were found mainly regarding the formality of inspections, the extension of
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inspection programmes and the formation of inspectors. Since these inspections have been very
instructive for both parties, they will be repeated in the coming years.

Switzerland welcomes the efforts made by the OECD to enforce collaboration between the
International Energy Agency (DBA) and the Nuclear Energy Agency (NEA). Nevertheless,
Switzerland stated that difficulties were encountered during the process undertaken in this direction
and noted that the competence of both agencies could be respected better. Switzerland will follow
closely this subject.

Regarding the International Atomic Energy Agency (IAEA), the necessary documents have
been prepared to allow the signature of the Additional Protocol. Furthermore, the Swiss government
has already agreed to the modifications to the statutes of the agency as decided by the General
Conference in 1999.

Finally, Switzerland will continue to follow with great attention the evolution of the
international nuclear projects, in particular the MEGAPIE project, being realised within the 5th

European framework programme and has ambitions to join the "Generation IV NPP Initiative" of the
DOE, with PSI being the scientific agent involved in this co-operation..

5. NUCLEAR LAWS AND REGULATIONS

5.1. Regulatory Framework

The construction and operation of nuclear facilities and any changes in their purpose, nature or
size require a general license prior to the granting of technical licenses. Nuclear facilities are
installations designed for producing nuclear energy or for obtaining, processing, storing or rendering
harmless nuclear fuels and radioactive wastes. The general license determines the site and the main
features of the project. The application for a general license must be accompanied by:

• proof of need: The installation or the power to be generated must meet a real need in the country.
When determining such a need, account should be taken of possible financial savings, oil
substitution and the development of other forms of energy;

• proof of safe disposal: The safe long-term disposal as well as final storage of the radioactive
wastes from the installation are to be provided for along with decommissioning and possible
dismantling after final shutdown.

The applicant must fulfill further conditions relating to insurance cover and technical
capability. The written application sent to the Federal Chancellery is published in the "Feuille
Federale" (Swiss Official Gazette) and made available to the public along with any supporting
documents. Anyone may then submit written objections to the Federal Chancellery concerning the
granting of the general license, within 90 days following publication of the application. The Federal
Council transmits the application to the cantons and federal Departments concerned, for consultation.
It also arranges for various expert reports to be prepared, mainly by the Safety Division
(Hauptabteilung fur die Sicherheit der Kernanlagen : HSK) of the Federal Office of Energy
(Bundesamt fur Energiewirtschaft : BEW). The outcome of the consultations and reports in the
"Feuille Federale" mark the onset of a new 90-day period during which anyone may submit objections
to the Federal Chancellery. The Federal Council then invites the cantons, federal Departments and
the experts whose conclusions have been challenged to state their case. Finally, after having
examined the application, the opinions given during the consultations, the experts' reports and any
objection made, the Federal Council reaches a positive or negative decision; the granting of a general
license must also be approved by the Federal Assembly.

Licenses for constructing, operating or modifying a nuclear installation are primarily technical
since the main requirements relate to nuclear safety. The conditions to be met and the procedure are
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identical in all cases. The application for a license for constructing, operating or modifying a nuclear
installation must be accompanied by a technical report (safety analysis report) which demonstrate the
safe operation of the facility under normal, abnormal and accidental conditions. The application and
the safety report are published in the "Feuille Federale". During a period specified by the BEW, third
parties may oppose the application. The HSK prepares a safety assessment accompanied with
conditions and recommendations. This assessment is published in the "Feuille Federale". Finally, the
canton where the installation is to be located is consulted. The Federal Council is responsible for
issuing such licenses, the Federal Assembly is not consulted. Construction and operating licenses
may be split up: the construction license into no more than three sub-licenses, the operating license
into a commissioning and an operating license proper.

In addition to the Federal Government authorization, the applicant must obtain various
authorizations under cantonal law (law on construction and land use planning, protection of the
environment and landscape, protection of workers, forestry, fire protection, water protection, use of
river water for cooling purposes). For the import, export, transit and transportation of nuclear fuel a
license is required. This license is delivered by the Swiss federal office of Energy (BEW). The
transport must satisfy the rules of the Safety Series Nr. 6 of the IAEA.

The liability of the operator is unlimited. At the present time, all operators of nuclear
installations must take out insurance with a Swiss insurer for at least SF 500 million for each
installation, plus at least SF 50 million for interest payable and procedural costs. The same cover
applies to transport operations for which the operator is liable. In the case of transit of nuclear
material, insurance must amount to at least SF 50 million, plus at least SF 5 million for interest
payable and procedural costs.

A Nuclear Damage Fund was set up by the Federal Council, it is independent and managed by
the Federal Office of Energy (BEW). The task of the Fund is to cover nuclear operators up to SF
1,000 million for each nuclear installation or transport operation (plus SF 100 million for interest and
procedural costs), in as much as the damage exceeds the amount covered by private insurance or if it
is excluded from such cover. Operators and holders of transport licenses pay contributions into the
Fund.

5.2. Main National Laws and Regulations

Note: Reference to the original publication is given in parenthesis: (RO 732. 0).

General legislation

- Federal Law on the peaceful use of atomic energy (RO 732. 0)

- Bill on definitions and authorizations in the atomic energy field (RO 732. 11)
- Bill on export and transit of goods and technology in the field of ABC weapons and missiles (RO

946.225)

Organization and structure

- Bill on the federal commission about the safety of nuclear installations (RO 732. 21)
- Bill on the Paul Scherrer Institut (RO 414. 163. 1)
- Bill on the national alert center (RO 732. 34)
- Bill on the co-ordinated atomic and chemical protection (RO 501. 4)

Protection against Radiation

- Federal Law on radiation protection (RO 814. 50)
- Bill on the protection against radiation (RO 814. 51)
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- Bill on the training of personnel in the radioprotection field (RO 814. 532, 1)
- Bill on measures to protect the vicinity of nuclear installations in case of emergencies (RO 732.

33)

- Bill on interventions in case of increase of radioactivity levels (RO 732. 32)

Regulatory regime for nuclear installations

- Federal Law on the peaceful use of atomic energy (RO 732. 0)

- Federal resolution related to the atomic energy Law (RO 732. 01)
- Bill on the funding for decommissioning of nuclear installations (RO 732. 013)
- Bill on the surveillance of nuclear utilities (RO 732. 22)
Radioactive waste management

- Bill on preventive measures taken in respect of management of a radioactive repository (RO 732.
11)

- Bill on collecting and dispatching of radioactive wastes (RO 814. 557)

Civil liability

- Bill on coverage of nuclear civil liability (RO 732. 441)
— Law on civil liability in nuclear affairs (RO 732. 44)

The costs of decommissioning the nuclear power plants are estimated at 1.5 billion francs. To
cover this amount, a Decommissioning Fund was established in 1984. The owners of the nuclear
power plants are paying contributions to this public fund on an annual basis. At the end of 1999, the
fund totalled about 900 million francs. The amount necessary for decommissioning has to be ready 40
years after operation started. The investment strategy aims at an optimal balance of risk and
performance. Investments in companies controlled by the owners of the nuclear power plants are not
allowed.

The total costs of radioactive waste management are estimated at 13.1 billion francs. This
amount is backed by reserves of the owners of the NPPs which reached 7.24 billion francs at the end
of 1998. According to the new Ordinance on the Radioactive Waste Management Fund the plant
owners have to transfer the accumulated reserves into the fund within several years. Additional yearly
payments into the fund have to be made in order to cover the costs arising after the end of plant
operation. Costs resulting while the plant is still operating continue to be paid for directly by the
owners.

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• Membership of the International Member 5 April 1957
Atomic Energy Agency

• Amendments of Article VI & Ratified 24 August 2000
XIV.A of the IAEA Statute

• NPT related agreement Entry into force: 6 September 1978
INFCIRC/264

• Additional protocol Signature 16 June 2000
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• Improved procedures for designation Accepted on:
of safeguards inspectors

16 January 1989

• Supplementary agreement
on provision of technical
assistance by the IAEA

• Agreement on privileges and
immunities

Not applicable

Entry into force:

OTHER RELEVANT INTERNATIONAL TREATIES etc.

• NPT

• EURATOM

• Convention on the physical
protection of nuclear material
(INFCIRC/274)

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

• Conventions on civil liability
for nuclear damage

• Joint protocol

• Protocol to amend the Vienna
convention on civil liability
for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear
safety

• Joint convention on the safety
of spent fuel management and on
the safety of radioactive waste
management

• ZANGGER Committee

• Nuclear Export Guidelines

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Non-party

Signature:

Not signed

Not signed

Entry into Force:

Entry into Force:

Member

Adopted

16 September 1969

9 March 1977

Non-member

8 February 1987

1 July 1988

1 July 1988

21 September 1988

11 December 1996

18 June 2001
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• Acceptance of NUSS Codes Summary: Codes are appropriate
safety principles and a basis for national

requirements. National practice
meets requirements though are
some deviations.

• Nuclear Suppliers Group Member

BILATERAL AGREEMENTS

• Co-operation between the Government of Switzerland and the 1988
Government of Australia concerning peaceful uses of nuclear energy
• Co-operation between the Government of Switzerland and the 1989
Government of Canada concerning peaceful uses of nuclear energy
• Co-operation between the Government of Switzerland and the 1988
Government of China concerning peaceful uses of nuclear energy
• Co-operation between the Government of Switzerland and the 1990
Government of France concerning peaceful uses of nuclear energy
• Co-operation between the Government of Switzerland and the 1990
Government of Russia concerning peaceful uses of nuclear energy
• Co-operation between the Government of Switzerland and the 1968
Government of Sweden concerning peaceful uses of nuclear energy
• Co-operation between the Government of Switzerland and the 1966
Government of the United States of America concerning peaceful
uses of nuclear energy
• Agreement between the Government of Switzerland and the Government 1989
of France on information exchange in case of incidents or accidents
with possible radiological consequences
• Agreement between the Government of Switzerland and the Government 1983
of Germany on mutual information in case of construction and operation
of nuclear facilities near the border
• Agreement between the Government of Switzerland and the Government 1989
of Italy on quick information exchange in case of nuclear accidents
• Agreement between the Government of Switzerland and the Government 1987
of Germany in the field of nuclear liability
• Convention between the Government of Switzerland and the 1978
Government of Germany on the radioprotection in case of an alert
• Exchange of letters between the Government of Switzerland and 1989

the Government of France for the creation of a mixed commission
on nuclear safety
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Appendix 1

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITY

Bundesamt fur Energie
Worblentalstrasse 32
CH-3063 Ittigen (for visits)
CH-3003 Berne (postal address)

Hauptabteilung fur die Sicherheit der
Kernanlagen (HSK)
CH-5232 Villigen - HSK

MAIN POWER UTILITIES

Kernkraftwerk Goesgen-Daeniken AG
CH-4658 Daeniken

Kernkraftwerk Leibstadt AG
CH-5325 Leibstadt

NOK Nordostschweizerische Kraftwerke AG
Postfach
CH-5401 Baden

NOK Nordostschweizerische Kraftwerke AG
Kernkraftwerk Beznau
CH-5312Doettingen

OTHER NUCLEAR ORGANIZATIONS

BKW FMB Energie AG
Viktoriaplatz 2
CH-3013 Bern

BKW FMB Energie AG
Kernkraftwerk Mvihleberg
CH-3203 Miihleberg

NAGRA
Hardstr. 73
CH-5430 Wettingen

Verband Schweizerischer Elektrizitatsunternehmen
(VSE)
Postfach

CH-8023 Zurich

Schweizerische Vereinigung fur Atomenergie

The European Nuclear Society (ENS)

Tel: +41-31-322 56 11
Fax: +41-31-323 25 00
http://www.admin.ch/bfe

Tel: +41-56-310 38 11
Fax: +41-56-310 39 07
http://www.hsk.psi.ch

Tel: +41-62-288 20 00
Fax: +41-62-288 20 01

Tel: +41-56-26771 11
Fax: +41-56-247 14 37

Tel: +41-56-200 31 11
Fax: +41-56-200 37 55

Tel: +41-56-266 71 11
Fax: +41-56-266 77 01

Tel: +41-31-330 51 11
Fax: +41-31-330 56 35

Tel: +41-31-754 71 11
Fax: +41-31-754 7120

Tel: +41-56-437 11 11
Fax: +41-56-437 12 07
http://www.nagra.ch

Tel: +41-1-226 51 11
Fax: +41-1-226 5191

http://www.atomenergie.ch/index.html

http://nucnet.aey.cli/ens/
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NucNet, The World's Nuclear News Agency

NUCLEAR RESEARCH INSTITUTES

Paul Scherrer Institut
CH-5232 Villigen-PSI

OTHER RESEARCH INSTITUTES

CERN (European Laboratory for Particle Physics)

Institute of High Energy Physics
(University of Lausanne)

Swiss Light Source (SLS)

CRPP (Plasma Physics Research Center)
Lausanne

UNIVERSITIES

Ecole Polytechnique Federate de Lausanne (EPFL)

Eidgenossische Technische Hochschule Zurich (ETH)

University of Basel

University of Bern

University of Fribourg

University of Geneva

University of Lausanne

University of Neuchatel

University of Zurich

INTERNATIONAL ORGANIZATIONS

Intergovernmental Panel on Climate Change (IPCC)

United Nations Environment Program (UNEP)

United Nations Institute for Disarmament Research
(UNIDIR)

World Health Organization (WHO)

World Meteorological Organization (WMO)

http://nucnet.aey.ch/nucnet/

Tel: +41-56-310 21 11
Fax: +41-56-310 2199
http://www.psi.ch/

http://www.cern.ch/1'

http://www-ipn.unil.clx'7

http://wwwl.psi.ch/www sis hrt/

http:/7crppwww.epfl.ch/eri/'index.htm

http://www.epfl.ch/

http://www.ethz.ch/'

http://www.unibas.ch/

http://www.unibe.ch/

http:/A\rwvv.unifr.ch/home/welcome.htmi

http://www.unige.ch/welcome.html

http://www.unil.ch/

http://www.unine.cli/

http://www.unizh.ch/

http://www.ipcc.ch/

http://www.unep.org/

http://www.un.og.ch/unidif/

http://www.who.org/

http://www.wmo.cli/
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OTHER ORGANIZATIONS

Nuclear explosions recorded by the Swiss

Seismological Service (ETH) http://seism0.etrg.ch/T3sv/auclear explosions.html

Energy efficiency in Switzerland http://www.energie.ch/

European Physical Society (EPS) http://epswww.epfl.ch/
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TURKEY

1. GENERAL INFORMATION

1.1. General Overview

As of its geographical situation Turkey connects Europe to Asia. Turkey is an important
candidate to be the "Energy Corridor", for the transmission of the Middle Asia Country's rich oil and
natural gas resources to the West Market. Turkey has borders with Greece, Bulgaria, Romania,
Georgia, Armenia, Azerbaijan, Iran, Iraq and Syria. Turkey's total area is 779 452 km2, about 97% of
which is situated in Asia and 3% in Europe. Four seas, the Marmara, the Aegean, the Mediterranean
and the Black Sea surround Turkey.

Turkey's strategic location makes it a natural "energy bridge" between major oil producing
areas in the Middle East and Caspian Sea regions on the one hand, and consumer markets in Europe
on the other. Turkey's port of Ceyhan is an important outlet both for current Iraqi oil exports as well
as for potential future Caspian oil exports. Turkey's Bosphorus Straits are a major shipping "choke
point" between the Black and Mediterranean Seas.

In 2000, the population was almost 67 million and the population density reached 86
inhabitants per km2 (see Table 1). The average annual population growth rate was 1.5 %.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2) 779.5

1960

27.5
35.3

1970

35.3
45.3

1980

44.4
57.0

1990

56.1
72.0

1999

65.6
84.1

74

2000

66.7
85.5

N/A

Annual av.
growth rate (%)

1980
to

2000

2.0

Source: IAEA Energy and Economic Database, Data & Statistics/The World Bank.

1.2. Economic Indicators

The Gross Domestic Product (GDP) in 1999 was 208.7 billion US$ and grew 3.1% since the
year before. Table 2 presents the statistical GDP data. The GDP per capita was 3221 US$.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (current US$)
GDP growth (annual %)

Agriculture, value added (% of GDP)
Industry, value added (% of GDP)

Services, etc., value added (% of GDP)

1995

1.70E+11
7.31

16.36
30.47

53.17

1996

1.82E+11

6.75
17.43
27.91

54.65

1997

1.91E+11

7.53

15.05
28.2

56.75

1998

2.01E+11

3.09
18.52

24.98
56.5

1999

1.86E+11

-5.15

15.76

24.28
59.96

Source: Data & Statistics/The World Bank).

1.3 Energy Situation

The five main energy reserves from EEDB are given in Table 3, whilst Table 4 gives more
detailed national data. The energy consumption per capita in 1999 was 1192 toe. Tables 5 and 6 show
national provided data on primary and final energy consumption and Table 7 the EEDB statistical
data.
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TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

26.96

Liquid

1.43

Gas

0.32

Uranium(1)

4.97

Hydro (2)

41.74

Exajoule

Total

75.42
(1) This total represents essentially recoverable reserves.
<2^ For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

TABLE 4. PRIMARY ENERGY RESOURCES AND RESERVES

Reserves

Hard Coal
Lignite
Asphaltite
Bituminous
Shale
Hydro

Crude Oil
Natural Gas
Nuclear

Geothermal

Solar

Unit

Mt
Mt
Mt
Mt

GW-h/a
MW/a
Mt
bcm
t Uranium
t Thorium
MW/a electricity
MW/a heat
MW/a electricity
MW/a heat

Proven

428
7,339

45
555

123,040
34,729

43.1
8.8

9,129
380,000

200
2,250

Probable

456
626
29

1,086

Possible

245
110

8

4,300
28,850

Total

1,129
8,075

82
1,641

123,040
34,729

43.1
8.8

9,129
380,000

4,500
31,100

8.8
26.4

Source: National Data

TABLE 5. PRIMARY ENERGY CONSUMPTION

Source: National Data

TABLE 6. TOTAL FINAL CONSUMPTION BY SECTOR IN 1999

Mtoe

Demand
Production
Import
Export
Bunkers
Net Import
Production/Demand (%)

1996

69.40
26.93
44.33

1.88
0.46

41.99
38.8

1997

73.26
27.69
47.52

1.63
0.62

45.27
37.8

1998

74.25
28.86
48.63

2.40
0.63

45.61
38.9

1999

76.77
27.06
52.50
2.79
0.59

49.13
35.2

Sector

Industry
Residential
Transportation
Agriculture
Non Energy
Conversion sector
TPES

Mtoe

20.86
18.54
13.32
2.92
1.88

19.25
76.77

%

27
24
18
4
2

25
100

Source: National Data

1.4. Energy Policy

The Turkish energy policy is mainly concentrated on assurance of energy supply in a reliable
manner and sufficiently in time, under economic and clean terms and in a way to support and
orientate the target growth and social developments.
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TABLE 7. ENERGY STATISTICS

Energy consumption
- Total(1)

- Solids(2)

- Liquids
- Gases
- Primary electricity w

Energy production
- Total
- Solids
- Liquids
- Gases
- Primary electricity ^'

Net import (import - export)
-Total
- Solids
- Liquids
- Gases

1960

0.20
0.12
0.06

0.01

0.14
0.12
0.02

0.01

0.05
0.00
0.05

1970

0.81
0.46
0.32

0.03

0.64
0.46
0.15

0.03

0.17
-0.01
0.17

1980

1.20
0.44
0.64

0.12

0.64
0.43
0.10

0.11

0.57
0.02
0.56

1990

2.09
0.76
0.98
0.13
0.22

0.98
0.59
0.16
0.01
0.22

1.13
0.16
0.85
0.12

1999

3.34
1.10
1.26
0.49
0.49

1.31
0.71
0.13
0.03
0.44

2.01
0.39
1.16
0.47

2000

3.58
1.20
1.27
0.58
0.53

1.39
0.74
0.13
0.04
0.47

2.17
0.47
1.16
0.54

Exajoule

Average annual
growth rate (%)

1960
to

1980

9.42
6.53

12.16

13.53

7.77
6.71
9.56

12.90

12.89
-16.33
12.62

1980
to

2000

5.63
5.15
3.53

38.43
7.64

3.94
2.74
1.31

21.79
7.59

6.87
17.95
3.73

^' Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
^ Solid fuels include coal, lignite and commercial wood.
<3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database.

Although almost all conventional resources exist in Turkey, these resources are not sufficient to
meet the energy demand, except for lignite and hydro. More than half of the energy demand has been
met through imports. Energy planning studies show that energy demand of the country will increase
parallel with its development and industrialization. In order to meet its demand reliably, a significant
increase is expected both in energy production and in supply during the coming years.

The Turkish environmental policy considers that energy policy should take into account
environmental problems and that a balance should be found between increases in energy demand,
which are required for economic development, and environmental concerns. Some of the main
criteria, which are stated in the Seventh Five-Year Development Plan, are given below:

A dynamic and feasible master plan which accomplishes the optimum planning of resources
in an economical and reliable way and which minimises the environmental problems taking
place during the production and consumption of energy has been prepared;
For Turkey, it is necessary to meet energy requirement with national resources as much as
possible and to use new technologies, which eliminate and the adverse effects of energy
production on the environment;
According to the development plans, "energy saving" is one of the basic principles.

Although a member of OECD, Turkey is not a party to the United Nations Framework
Convention on Climate Change (UNFCCC). Turkey's current position in this regard is that, if the
agreement is to be signed, Turkey would be classified as a developed country and included in Annex
1. The convention places commitments for the developed countries in Annex 1 according to the
principle of "common, but differentiated responsibilities" and considering that the commitments
should reflect the relative development levels of the countries. In this regard, Turkey is still in the
process of rapid industrialization. Thus, the burden of the commitments imposed on Annex 1
countries is not in conformity with the social and economic circumstances and level of development
of the country.

TURKEY 769



2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

The Ministry of Energy and Natural Resources is the main body of the Turkish energy sector
and is responsible for the preparation and implementation of energy policies, plans and programmes
in co-ordination with its dependent and related institutions and other public and private entities.

The Turkish Electricity Generation and Transmission Corporation (TEAS) is in charge of
planning, building (only thermal power plants), operation and maintenance of electricity generation
and transmission installations in the framework of general energy planning studies. Transfer of
Operating Rights of main thermal and some hydro plants are being carried out. TEAS separated into
three entities on 4 April 2000. The Turkish Transmission Company is responsible for electricity
transmission and load dispatch activities. The Electricity Generation Company is responsible for
operation of existing power plants owned by the public. The Turkish Electricity Trading Company is
responsible for electricity wholesale sales and purchases.

The Turkish Electricity Distribution Corporation (TEDAS) is responsible for carrying out
electricity distribution activities. Related to these activities are activities such as necessary
construction, operation and maintenance of installations, buying electricity from generating utilities
and selling electricity to purchaser, which are also under TEDAS responsibility. Privatization, under
the scope of the privatization of the 20 regions through the Transfer of Operating Rights formula, is at
an advanced stage.

The State Water Works (DSI) is in charge of the planning, design and building of hydro plants
as well as flood protection, irrigation, water supply to big cities and land drainage works.

2.2. Decision Making Process

The "Electricity Market Law" no:4628, published in the Official Gazette dated 3 March 2001,
is enacted to unbundle electricity market activities, enable progress into a liberalized electricity
market and provide for fair and transparent market regulation.

In summary, the new laws include the following key elements:
- An autonomous Energy Market Regulatory Authority, governed by a Board;
- A new licensing framework for market participants;
- An energy market, to comprised bilateral contracts between market participants;
- Eligible consumer concept, eligible consumers to be free to choose their suppliers;
- A transition mechanism to be implemented over a two year programme for electricity and 1.5

year programme for gas.

In addition, all over the world energy sector investments are gradually being undertaken by the
private sector and Turkey is following this global trend as well. It is important to ensure that this
transition smooth and effective. The purpose of this law is to ensure the formation of an electricity"
market which is financially strong, transparent and operates in accordance with provisions of private
law in a competitive environment, to achieve a stable supply of adequate, low-cost, and environment-
friendly electricity of good quality, and to ensure autonomous regulation and supervision of this
market.

The main objective of this law is to create a competitive electricity market with the great
majority of the participants in this market being private firms and most of the assets used to supply
electricity being privately owned (see Figure 1). The role of the State would be greatly reduced. The
law has a number of provisions. These are:
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T

IMPOST
EXPORT

AUTO
PRODUCERS

BOO: Build Own Operate
BOT: Build Operate Transfer

IPP: Independent Power Producers
TOOR:Transfer of Operating Rights

FIG. 1 Schematic view of the new market model

First it creates a framework in which there will be privately owned generation
companies, privately owned retail and wholesale companies, and Government owned
transmission company. The private generation companies will sell electricity to the
supplier companies with the transmission company transmitting the electricity. All
participants must obtain license to perform activities in the market.
Second, the law allows larger electricity consumers (eligible consumer) to buy power
from any source rather than just from the local distribution company. This is designed to
introduce competition and to meet the requirement of the European Electricity Directive.
Third, it establishes a Regulatory Body to issue licenses and oversee the market;
especially the transmission and distribution charges and the tariffs for captive consumers.
Fourth, the law limits monopoly in the sector.
Fifth, the law allows the privatization of electricity assets according to the Privatization
Law (Law no:4046).
Sixth, the law allows all those TOORs which cannot be finalized by June 30, 2001 to
lapse.
Seventh, the law limits Tresury Guarantess for new BOT's and BOO's to certain plants
which have already been agreed between Treasury, State Planning Organization (SPO)
and Ministry and even then the guarantee applies only if these plants can be in operation
before the end of 2002.
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Generation, transmission, distribution, wholesale, retail-sale and retailing services, import,
export of electricity and the establishment of the Energy Market Regulatory Authority and rules and
principles related to it's operations, is the subject of the law.

The Electricity Generation Company and private sector generation companies may sell
electricity and/or capacity to customers in accordance with their licenses. The Electricity Generation
Co. Inc. may build, lease and operate new generation facilities on behalf of the State where deemed
necessary in accordance with the Board-approved generation capacity projection, taking into account
private sector generation investments. The total market share of a private sector generation company,
which it may acquire through the generation facilities it operates together with its affiliates, may not
exceed twenty percent of the published figure for the total actual installed electricity generation
capacity in Turkey in the preceding year. Generation companies may enter into affiliate relationship
with distribution companies without having controlling power over them. Generation companies may
not engage in any market activities other than those described above.=

An Auto-producer and Auto-producer Group can sell within a competitive environment, a
certain percentage (not exceeding twenty percent in any case) to be determined by the Board of the
electricity it has generated in a calendar year. The Board, under exceptional circumstances, can
increase this percentage by half. Obtaining a generation license is required in case the amount of the
electricity sold in a calendar year exceeds this percentage.

The Turkish Electricity Transmission Co. Inc. is empowered to take over all transmission
facilities owned by the public and plan the transmission investments for the proposed new
transmission facilities and to build and operate these new transmission facilities. The Turkish
Electricity Transmission Co. Inc. will perform international interconnection activities in line with the
decision of the Ministry and will provide transmission and connection services to all system users
including eligible consumers connected and/or to be connected to the transmission system, without
discrimination, in accordance with provisions of grid code and transmission license. The Turkish
Electricity Transmission Company may not engage in any activity in the market other than the
transmission activity.

Distribution companies in areas specified in their respective licenses shall conduct the
electricity distribution activities. Distribution companies by obtaining a retail sale license can sell
electricity to consumers in their respective areas on a retail basis and/or can provide retail sale
services even if there are other retail companies in their designated regions. Apart from distribution
and retail sale operations, private sector distribution companies are allowed to establish a generation
facility in the region specified in their licenses, provided that they have obtained a generation license
and that the amount of the annual electricity then generate does not exceed 20 percent of the total
amount of electricity offered for sale in this region during the previous year.

Distribution companies may not purchase more than 20 percent of the electricity that they have
distributed during the previous year in the area defined in their license from generation companies
that they own or are affiliated with.

The Turkish Electricity Trading and Contracting Co. Inc. and private sector wholesale
companies shall conduct wholesale activities. The total market share of any private sector wholesale
company together with its affiliates may not exceed ten percent of the total electricity consumed in the
market during the preceding year.

Retail sale companies shall conduct activities involving retail sale of electricity and/or capacity
and of retail sale services. Retail sale companies are allowed to engage in retail sale or retail sale
service activities without being subject to any regional limitation.
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Any distribution company having a retail sale license may sell electricity and/or capacity to any
eligible consumer in another distribution company's area provided that its retail sale license includes
such a provision.

Import or export of electricity with the Board approval from or to countries that fulfil the
requirement of international interconnection in accordance with the Ministry's policy, may be
conducted by the Turkish Electricity Trading and Contracting Co., Inc. and private sector wholesale
companies and retail companies in accordance with provisions of this Law, applicable regulations,
their respective licenses, grid code and distribution code.

This law defines the framework, but requires a large number of secondary regulations and
procedures to make it work properly. This is standard since Laws should not establish detailed
regulations and procedures as this can be done better by experts in the field and by independent
regulators. Also these regulations and procedures will need to be changed over time and it is difficult
to do this if the regulations and procedures are part of a law.

2.3. Main Indicators

Tables 8 - 1 2 show characteristic electricity data.

TABLE 8. INSTALLED GENERATION CAPACITY AND PRODUCTION
BY ENERGY SOURCE IN 1999

Energy source

Hard coal
Lignite
Oil
Natural Gas
Geothermal
Others*
Total Thermal
Total Hydro
TOTAL

Capacity (MW)

335
6,352
1,542
6,150

15
1,186

15,580
10,537
26,117

Production (GW-h)

3,123
33,908

8,080
36,346

81
224

81,762
34,678

116,440
* Includes wood, wood wastes, liquid sulphur, sulphur cake, wind, multi-fuel fired etc.

TABLE 9. THE DISTRIBUTION OF INSTALLED CAPACITY AND GROSS ELECTRICITY
GENERATION BY THE TURKISH ELECTRICITY UTILITIES IN 2000

Installed capacity
(MW)
Gross electricity
generation
(GW-h)

TEAS

17,968

73,942

Affiliated
Partnerships of

TEAS

3,284

19,292

Concessionary
Companies

610

1,902

Production
Companies

1,985

12,039

Auto-
producer

2,996

15,962

Mobile
Power
Plants

91

644

Toor

330

1,140

TOTAL

27,264

124,921

* Transfer of operating rights

TABLE 10. NATIONAL ELECTRICITY DATA FOR 1999

Total Electricity Production
Total Electricity Consumption
Per capita Consumption (Net)
Share of electricity in total energy consumption

116,440
91,202
1,416
13

GW-h
GW-h
kW-h
%

Source: National Data
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TABLE 11. HISTORICAL ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)
- Total(1)

- Thermal
-Hydro
- Geothermal

Capacity of electrical plants (GW(e))
-Total
-Thermal
-Hydro
- Geothermal

1960

2.82
1.81
1.00

1.67
1.26
0.41

1970

8.62
5.58
3.04

2.31
1.59
0.72

1980

23.28
11.93
11.35

5.59
3.21
2.38

1990

57.54
34.32
23.15

0.08

16.32
9.54
6.77
0.02

1999

121.15
75.19
45.87

0.09

24.03
13.60
10.42
0.02

2000

131.89
82.84
48.96

0.09

24.90
14.32
10.57
0.02

Average arm.
growth rate (%)

1960
to

1980

11.14
9.88

12.90

6.22
4.79
9.16

1980
to

2000

9.06
10.18
7.58

7.76
7.76
7.74

(1> Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

TABLE 12. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(1)

Load factor of electricity plants
- Total (%)
- Thermal
-Hydro

1960

7
102

19

26

19
16
28

1970

23
233

12

21

43
40
48

1980

27
526
33

48

48
42
54

1990

37
954

54

54

40
41
39

1999

51
1,823

85

60

58
63
50

2000

54
1,979

87

61

60
66
53

(l) Net import / Total energy consumption
Source: IAEA Energy and Economic Database.

2.4. Impact of Open Electricity Market in the Nuclear Sector:

The "Electricity Market Law" was published in the Official Gazette and enacted by 3 March
2001. The purpose of this Law is to establish an electricity market, which is financially strong and
transparent that operates in accordance with provisions of the private law in a competitive market
with the objectives of supplying sufficient, stable, cheap and environment-friendly electricity with
good quality, and to ensure autonomous regulation and supervision of this market. With this new
Law; private companies will be able to build independent power plants (IPP) and produce electricity
with fewer bureaucratic procedures, the freedom of market participants will be able to choose their
electricity from suppliers or customers and as of March 2003, eligible consumers which consume
more than 9 GW-h, can receive power from their choice of electricity suppliers.
3. NUCLEAR POWER SITUATION

3.1. Historical Development:

Studies to build a nuclear power plant in Turkey were started in 1965. Later, between 1967 and
1970, a feasibility study was made by a foreign consultant company to build a 300-400 MW NPP. The
NPP would have been in operation in 1977. Unfortunately, because of the problems relating the site
selection and other issues the project could not come into life.

In 1973, Turkish Electricity Authority (TEK) decided to build an 80 MWe prototype plant.
However, in 1974 the project was cancelled due to reason that this project could delay the
construction of a greater capacity nuclear power plant. Instead of this prototype plant, TEK has
decided to build a 600 MWe NPP in southern Turkey.
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Site selection studies have been made in 1974 and 1975 and the Giilnar-Akkuyu location was
found suitable for the construction of first NPP. In 1976, the Atomic Energy Commission granted a
site license for Akkuyu. In 1977, a bid was prepared and ASEA-ATOM and STAL-LAVAL
companies were awarded as the best bidders. Contract negotiations continued until 1980. However, in
September 1980, due to Swedish Government's decision to withdraw the loan guarantee, the project
was cancelled.

The third attempt was made in 1980. Three companies were awarded to build four nuclear
power plants (1 CANDU unit by AECL and 1 PWR unit by KWU in Akkuyu and 2 BWR units by GE
in Sinop). Due to Turkey's request to apply the BOT model, KWU resigned from the bid. Although
AECL accepted the BOT model, it insisted upon the governmental guarantee on the BOT credit. The
Turkish government refused to give the guarantee and as a consequence the project was cancelled.

In 1992, the Ministry of Energy and Natural Resources stated in a report submitted to the
Government that without the installation of new energy resources before 2010, the country would face
an energy crisis, suggesting that nuclear energy generation should be considered as an option.

In 1993, the High Council of Science and Technology identified nuclear electricity generation
as the 3rd highest priority project of the country. In view of this decision, the Turkish Electricity
Generation and Transmission Company (TEAS,) included a NPP project in its 1993 investment
programme. In 1995, TEAS, selected the Korean KAERI as the consultant for the preparation of the
bid specifications. The bid process started in 1996. Three companies offered proposals in 1997:
AECL, NPI and Westinghouse. After a series of delays, the Government decided to postpone the
project in July 2000.

The Need For Nuclear Energy

During the period of 1996-2000, the primary energy consumption in Turkey increased by 4.5 %
per year and reached to 78.8 Mtoe by the year 2000. During the same period, the electricity demand
increased about 8.2 % per year, and reached to about 125 TW-h at the end of this period. The primary
energy consumption per capita is about 1.2 toe and the electricity consumption per capita is about
1,416 kW-h in 2000. Electricity production has been rising steadily; it grew from 111 TW-h in 1998 to
116 TW-h in 1999. The installed capacity, during the same period, increased from 23,352 MWe to
26,117 MWe. The projected installed capacity and electricity production rate are expected to grown
annually by about 8 % - 10 % till 2010. The projected electricity consumption for 2010 is about 290
TW*h. Thus nuclear energy is the most important alternative to fossil resources when diversity and
energy supply security are taken into consideration. Today, the electricity generation composition is
about 70 % thermal (coal, gas, oil, geothermal) and 30 % hydro.

It is well known that the fossil fuel utilization is dominant over other energy types and its share
in the global electricity generation is around 65 %. The main draw back of fossil fuel utilization is the
environmental pollution, especially the CO2 emission. Today, the total CO2 emission reached about
22,000 Mtonne (about 3800 kg/capita) and the share of power generation is about 8,000 Mtonne. The
nuclear energy is an important option and alternative to fossil fuels provided that the economical
aspect of a NPP is improved, so as to become more competitive in a deregulated market and the
problem of public acceptance is solved. The economic aspect of nuclear power is highly significant
for industrializing countries like Turkey, since the capital cost share of nuclear electricity generation
is about 60 - 70%, contrary to that of fossil fuel plants, i.e. 20 - 40%. This fact endangers the NPP
projects in developing countries, since external credits are necessary and credit guarantees and
reimbursement of credit play a central role in the decision making process on NPP.

Postponement of the Akkuyu Project

In spite of the fact that nuclear energy contribution was planned to be 2,000 MWe by the year
2015 ( 2.34 % share of total electricity generation) and that there was a strong intention of the
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Government to install the first NPP in Akkuyu, the Government had decided to postpone the Akkuyu
NPP project, following the meeting of the Cabinet held on 25 July 2000. The Government's statement
on this decision made it clear that the reasons were not related to safety issues. Since Turkey needed
to concentrate on a programme of economic stability aiming to reduce inflation rates at considerable
amounts, under supervision of the IMF, the government could not afford the estimated three to four
billion US dollars needed for construction of the country's first nuclear power plant. The Government
declared also that the cancellation of the Akkuyu NPP project did not mean that Turkey will refrain
from using nuclear energy in the future. The Cabinet's announcement also included the need of
contributing to the technological improvements of new generation nuclear power plants.

Future Plans

Since the future nuclear power programme of Turkey depends on the nuclear policy, the
Turkish Atomic Energy Authority (TAEA) has recently initiated a project to revise the nuclear policy
of the country. This project will include the application of nuclear energy sectors, including nuclear
power, and programmes associated to each sector. One of the sectors that should be considered is the
"Research and Development" Sector, which also includes innovative designs and small and medium
sized reactors (SMRs).

Co-operation with international/national groups on theoretical and experimental projects
concerning SMRs and innovative technologies would lead to an increase of staff capabilities and
experience on nuclear technology in Turkey. To achieve this goal, TAEA decided to participate in the
"International Project on Innovative Nuclear Reactor Technologies and Fuel Cycles", the new project
of IAEA, by sending a cost-free expert to the IAEA Headquarters.

4. NUCLEAR POWER INDUSTRY

There is no nuclear power industry in Turkey.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

The authority responsible from the enforcing nuclear safety is the Turkish Atomic Energy
Authority (TAEK), a governmental body directly under the supervision of the Prime Minister. TAEK
is the main driving force for enhancing and broadening of all nuclear related activities in Turkey.
Besides her other duties such as promoting peaceful use of nuclear energy and research and
development in nuclear field, TAEK undertakes all established regulatory activities over the special
nuclear materials, radioactive materials and nuclear facilities, including licensing, issuing regulations,
inspections, etc.

The bodies of TAEK are:
• The Atomic Energy Commission;
• The Advisory Committee,
• The Specialized Departments, and
• The Affiliated Centres.

The licensing activities for nuclear facilities are primarily the responsibility of Nuclear Safety
Department (NGD) of TAEK. Review, assessment and evaluation activities are performed by NGD.
Issuing licence, on the other hand, depends on the decision making body of TAEK, the Atomic
Energy Commission, and the signature of the Prime Minister. The Vice President for Nuclear Power
and Safety co-ordinates and supervises the licensing activities of the Authority. In order to support the
Nuclear Safety Department for review, assessment and evaluation activities during licensing, a new
structure has been established utilizing all human resources of TAEK.
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Licensing of nuclear facilities has three main steps. The first step is the site licence. The
Nuclear Safety Department prepares an evaluation report and submits it to the Vice President. The
Vice President conveys this report to the President, adding a report of his/her own. The President
brings these reports to the Atomic Energy Commission meeting for adoption. If adopted, the site
licence is issued after the signature of the Prime Minister. The second stage is the limited work permit
and the construction licence. The same procedure is followed for both permit and licence after
evaluation of preliminary safety analysis report of the nuclear facility. The final stage of the licensing
activity is composed of commissioning permit, fuel loading and start up tests permit and operating
licence. Licensing activities are completed after evaluation of the final safety analysis report of the
facility. The report prepared by NGD follows the same procedure for issuing the operating licence.

5.2. Main National Laws and Regulations

The 1982 Act (No. 2690, published in Official Gazette No. 17753 on 13 July 1982) established
TAEK and superseded the former organization - the Atomic Energy Commission. The Act defines the
structure of the TAEK, the duties, responsibilities and jurisdiction of each unit. According to the Act,
TAEK is the judicial organization for preparing the regulatory framework concerning radiation
protection, nuclear safety.

Beside the Act mentioned above, TAEK issued two decrees concerning the licensing
procedures of nuclear installations and radiation safety. "Decree on Licensing of Nuclear
Installations" (OG No. 18256, 19 December 1983) regulates the licensing procedures and necessary
documents for application of a licence.

There are thirteen Codes of Practice issued by TAEK to cover more detailed issues like
licensing of radioactive devices, quality assurance for nuclear installations and site selection for
nuclear power plants. A few more Codes of Practice are ready to be issued. Guides and
recommendations of the Atomic Energy Commission serve only for advisory purposes.

Finally, a new set of regulatory documents called the TAEK Nuclear Safety Series is under
preparation and it is expected that they will be issued as Atomic Energy Commission Decisions. The
list of issued regulations is as follows:

• Regulations on General Project and Safety Criteria for Design and Construction of Nuclear Power
Plants
03.09.1975, RG1 (under revision)

• Regulations on Physical Protection of Special Nuclear Materials
RG No: 16702 of 20.07.1979

• Decree Pertaining to Issue of Licenses for Nuclear Installations
RGNo: 18256 of 19.12.1983

• Decree on Radiation Safety
RGNo: 18861 of 7.9.1985

• A Guide on the Earthquake Related Subject Requested in the Issuance of Limited Work Permit and
Site License, 1989.

• Regulations on Radiation Safety {under revision)
RGNo: 20983 of 06.09.1991

• A Guide on Seismic Design and Qualification of Nuclear Plant Facilities.

1 RG : Official Gazette
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Approved by AEC on 29.5.1996

Regulations on Quality Assurance and Inspection of Nuclear Installations
RG No: 22932 of 13.3.1997

Regulations on Nuclear Materials Accounting and Control
RGNo: 23106 of 10.9.1997

Regulations on Safe Transport of Radioactive Materials
RGNo: 23106 of 10.9.1997

Regulations on the Establishment and Working Procedures of Nuclear Safety Advisory Committee
RGNo: 23106 of 10.09.97

Regulations for Quality Assurance Requirements in Scope of PSAR
RG No: 23965 of 15.02.2000

Regulations for Siting Activities of Nuclear Power Plants
RGNo: 23975 of25.02.2000

A Guide on Fire Protection in Nuclear Power Plants
Approved by AEC

A Guide on External Man-Induced Events in Relation to Nuclear Power Plant Design
Approved by AEC

Regulations for Quality Assurance Programme for Nuclear Installations
Waiting for approval by AEC

Regulations for Quality Assurance for the Survey and Evaluation of Nuclear Power Plant Sites
Waiting for approval by AEC

Regulation on Principles for Preparing, Adopting, Enforcing and Amending of Nuclear Safety
Series Documents
Waiting for approval by AEC

Regulations Related to Quality Assurance in the Procurement, Design and Manufacture of Nuclear
Assemblies
Under Discussion

Regulations for Design Basis Flood for Nuclear Power Plants on Coastal Sites
Under Discussion

Regulations related to Handling and Storage of Nuclear Fuels in Nuclear Power Plants
Under Discussion

Objectives for the Safety of Nuclear Installations
Approved by AEC

Basic Principles for the Safety of Nuclear Installations
Approved by AEC

Specific Principles for the Safety of Nuclear Power Plants
Under Discussion

Nuclear Safety Series AR-1, Unusual Event Reporting in Research Reactors
Waiting for approval by AEC
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• Nuclear Safety Series AR-2, Records and Reports in Research Reactors
Under Discussion

• Nuclear Safety Series AR-3, Inspection of Research Reactors
Under Discussion

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

• NPT related Agreement
INFCIRC/295

• Additional protocol

• Improved procedures for designation
of safeguards inspectors

• Supplementary agreement on provision
of technical assistance by the IAEA

• EURATOM

• RCA

• Agreement on privileges and
immunities

MAIN INTERNATIONAL TREATIES etc.

• NPT

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

• Paris convention on civil liability
for nuclear damage

Entry into force:

Signed on:

Accepted on:

Entry into force:

Entry into force:

Non-Party

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Joint protocol relating to the application Signature:
of the Vienna and the Paris conventions

I September 1981

6 July 2000

18 January 1989

II November 1980

September 1984

26 June 1978

17 April 1980

6 February 1987

3 February 1991

3 February 1991

10 October 1961

21 September 1988

Protocol to amend the
Vienna convention on civil
liability for nuclear damage

Not signed
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Convention on supplementary
compensation for nuclear damage

Convention on nuclear safety

Joint convention on the safety of spent
fuel management and on the safety
of radioactive waste management

Not signed

Entry into force:

Not signed

24 October 1996

OTHER RELEVANT INTERNATIONAL AGREEMENTS

ZANGGER Committee

Nuclear Export Guidelines
(INFCIRC/254)

Acceptance of NUSS Codes

Nuclear Suppliers Group

International convention No: 42 on the
compensation of professional disease

Convention on the co-operation in the
atomic energy field between the NATO
members and its amendment

Member

Not adopted

21 October 1999

Summary: Codes are used as reference
In preparing national nuclear legislation
and regulations. S1 and S2 are used as
safety guides. Letter of: 31 October 1988

Member

Ratification:

Signature-
Ratification:

20 April 2000

16 February 1946

22 June 1955
1 September 1956

• Convention on the establishment of a Signature:
security control in the field of nuclear Ratification:
energy, protocol on the establishment of
a court and convention on the European
company for the chemical separation of
radioactive fuel (EUROCHIME)

• Treaty banning nuclear weapons tests Signature:
in the atmosphere, in outer space and Ratification:
under water

20 December 1957
25 May 1959

5 August 1963
13 May 1965

International labour conference Ratification:
convention number 115 concerning the
protection of workers against ionizing
radiations

Treaty on the prohibition of the ratification:
emplacement of nuclear weapons and
other weapons of mass destruction on
the seabed and ocean floor and in the
subsoil thereof

7 March 1968

27 April 1972
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• Convention for the protection of the Signature: 16 February 1976
Mediterranean sea against pollution Ratification: RG: 12 June 1981

• Protocol for the protection of the Ratification: 18 March 1987
Mediterranean sea against pollution
from land originated sources

• The international convention on Ratification: 21 March 1985
railway transportation

• Convention on the protection of the Ratification: 7 December 1993
Black Sea against pollution

• Comprehensive test ban treaty Signature: 1996

BILATERAL CO-OPERATION AGREEMENTS

• Agreement For Cooperation Concerning Civil Uses of Atomic Energy Between the Government of
Turkey and the USA
Signature: 10 June 1955
Ratification date: 4 December 1956
Several amendments and revisions (1956-1981)
Extension (1981-1985)
Termination: 1985

• Agreement Between The Government of Canada and The Government of Turkey for Cooperation
in The Peaceful Uses of Nuclear Energy
Signature: 18 June 1985
Ratification: 23 February 1986

• Agreement Between The Government of Argentina and The Government of Turkey for
Cooperation in The Peaceful Uses of Nuclear Energy
Signature: 3 May 1988
Ratification date: 21 May 1991

• Agreement Between The Government of South Korea and The Government of Turkey for
Cooperation in The Peaceful Uses of Nuclear Energy
Signature: 26 October 1998

• Agreement Between The Government of Germany and The Government of Turkey for
Cooperation in The Peaceful Uses of Nuclear Energy
Initialled: 14 January 1998

• Agreement Between The Government of France and The Government of Turkey for Cooperation
in The Peaceful Uses of Nuclear Energy
Signature: 21 September 1999

• Agreement Between The Government of USA and The Government of Turkey for Cooperation in
The Peaceful Uses of Nuclear Energy
Initialled: 26 July 2000

BILATERAL AGREEMENTS ON EARLY NOTIFICATION

• Agreement Between The Government of Republic of Bulgaria and The Government of Republic of
Turkey on Early Notification of a Nuclear Accident and on Exchange of Information on Nuclear
Facilities
Signature: 28 July 97
Ratification: 11 Sept. 1997
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• Agreement Between The cabinet of ministries of Ukraine and The Government of Republic of
Turkey on Early Notification of a Nuclear Accident and on Exchange of Information on Nuclear
Facilities
Signature: 23 November 2000

• Agreement Between The Government of Russia and The Government of Republic of Turkey on
Early Notification of a Nuclear Accident And on Exchange of Information on Nuclear Facilities
Initialled: 29 July 1988

• Agreement Between The Government of Romania and The Government of Republic of Turkey on
Early Notification of a Nuclear Accident And on Exchange of Information on Nuclear Facilities
and for Cooperation in The Peaceful Uses of Nuclear Energy.
Initialled: 14 September 1993

REFERENCES

[ 1 ] IAEA Energy and Economic Data Base.

[2] Data & Statistics, the World Bank, www.worldbank.org/data.
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES INVOLVED IN
NUCLEAR POWER RELATED ACTIVITIES

NA TIONAL ENERGY A UTHORITY

Turkish Ministry of
Energy and Natural Resources
inonii Bulvan, No:27 Bahcelievler
Ankara

Turkish Atomic Energy Authority
Eskisehir Yolu
Lodumlu, TR-06530
Ankara

OTHER ORGANIZATIONS

Nuclear Engineering Department
Hacettepe University
06532 Beytepe, Ankara

Nuclear Engineers Society

Ankara Nuclear Research
and Training Centre
Saray
TR-06105, Ankara

Institute for Nuclear energy
Technical University of Istanbul
Ayazaga Kampusu
TR- 80626 Istanbul

Tel: (312) 212 69 15
Fax:(312)286 47 69
http://vvww.eii erji.gov.tr/

h ttp ://www. atom. gov.tr/

http://www.nuke.hiin.edu.tr/

http://www.niike.him.edu.tf/de*raek/demek.litml
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UKRAINE

1. GENERAL INFORMATION.

1.1. General Overview

Ukraine is a sovereign state in Eastern Europe. It has its own territory, higher and local bodies of
State power (the Supreme Rada and Local Soviets), Government, national emblem and a state flag). The
capital of the Ukraine is Kiev, which has a population of about 3 million. There are 24 administrative
regions, one autonomous republic (Crimean autonomous republic) and two municipalities in Ukraine.
Ukraine is bounded on the north by Belarus, on the northeast by the Russian Federation, on the west by
Poland, Slovakia, on the southwest by Hungary, Romania, and Moldova, and on the south by the Black
Sea and the Sea of Azov.

The total area of Ukraine is 603,700 square km. The area spans from west to east 1,300 km and
from north to south 900 km. Ukraine's state border extends for a total of 7,698 km: with Russia - 2,484
km; Belarus - 952 km; Romania - 608 km; Poland - 542 km; Slovakia - 98 km; Hungary - 132 km;
Moldova - 1,194 km. The total length of Ukraine's seacoast is 1,758 km (Black Sea - 1,533 km; Sea of
Azov - 225 km).

Ukraine has a moderate-continental climate; in the southern most region of the Crimea the climate
is sub-tropical. The largest river of Ukraine is the Dnipro. Its length is 2,201 km, of which 981 km flows
through Ukraine. The largest mountainous area (the Carpathian Mountains) in Ukraine is more than 270
km long and about 100 km wide. The highest peak is the Hoverla (2061 m).

The population of Ukraine is about 50.1 million (Table 1): 80% of the population is Ukrainian, the
remaining 20% is Russian, Belarussian, Jew, Crimean, Tatar, Moldavian, Polish, Hungarian, Rumanian,
Greek, German, Bulgarian or representatives of other numerically small nationalities. The urban
population comprises 68% of the total population and the population density is 83 people per square km.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Predicted population growth rate (%) 1998 to 2000
Area (1000 km2)

1960

42.5
69
47
0.0

603.7

1970

47.1
78

L 55

1980

49.9
83
62

1990

51.8
86
67

1998

51.3
85
68

1999

50.1
83
68

2000

49.7
82.3
68

2001

49.3
81.7
68

Growth
rate (%)

1980
to

1998

0.02
0.0
0.5

Source: IAEA Energy and Economic Database; Country Information.

The Ukraine is one of the largest republics of the former Soviet Union. As a constituent member
of the USSR, the Ukrainian republic, in accordance with the Soviet Constitution, formally enjoyed
certain rights and features of a sovereign state: territory, organs of state power and administration,
budget, state emblem, flag, national anthem, and Constitution, hi 1944, in accordance with a decision of
the Supreme Council of the USSR, the Union republics, including the Ukrainian SSR, were granted the
right to conduct their own foreign relations. One year later, the Ukrainian SSR became a founding
member of the United Nations. Despite its dependence on Union decision and structures, the
international status of Ukraine as a state in its own right increased over the years. During the period of
1944-1990, Ukraine was a signatory of 156 international treaties, a member of 16 international
organizations, and participated in the work of approximately 60 permanent and interim international
organs.
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On 16 July 1990, the Supreme Soviet of Ukraine adopted an important historic document - the Act
proclaiming Ukrainian state sovereignty, independence and indivisibility of power within the boundaries
of Ukrainian territory, and independence and equality in conducting foreign relations. On 24 August
1991, the Verkhovna Rada, in effecting this Declaration and proceeding from the right to self-
determination, proclaimed the act of independence of Ukraine. Its territory was proclaimed indivisible
and inviolable and the Constitution and laws of Ukraine have exclusive validity. On 1 December 1991,
an all-Ukrainian referendum was held. Results of this national referendum indicated that more than 90%
of the population favoured independence. Leonid Kravchuk, the former head of the Supreme Rada of
Ukraine was elected President of Ukraine.

On 28 June 1996, a new Constitution was adopted in accordance with which Ukraine was
proclaimed an independent republic consisting of the autonomous Crimea Republic and 24
administrative regions. The State is headed by a president who acts on behalf of the State. He is
elected by citizens of Ukraine on the basis of the universal, equal and direct voting through secret
election for a 5 years period and not more than for 2 successive terms. The uniform legislative
authority is the Parliament - Verkhovna Rada of Ukraine (Supreme Soviet of Ukraine). The higher
level of the executive authority is the Cabinet of Ministers of Ukraine. The Ukrainian is only source
of power, the possessor of the power and sovereignty in the State. The main national holiday is
Independence Day, 24th of August, when the independence of Ukraine was proclaimed.

1.2. Economic Indicators

Table 2 shows the historical Gross Domestic Product statistics.

TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP(1)

GDP(2) per capita
GDP by sector (%):

-Agriculture
-Industry
-Services
-Construction and Utilities

1992

24,197
473

20
42
31
7

1993

32,666
597

20
28
45
7

1994

37,973
731

15
38
40
7

1995

37,011
720

15
34
43
8

1996

44,558
872

13
31
49
7

1997

50,150
989

14
28
51
7

1998

41.883
829

14
28
52
6

1999

31,581
630

13
33
49
5

2000

31,792
640

14
34
47
5

Growth
rate (%)

1992
to

1998
31.8
33.0

-16.3
-18.4
29.5
-7.4

<l) Millions of current US$.
<2> Current US$ per capita.
Source: IAEA Energy and Economic Data Base; Country Information.

1.3. Energy Situation

The estimated energy resources are shown in Table 3. The historical energy supply and demand
data are given in Table 4. The decrease in electric power production and coal mining continued (Table
5), as well as the import of energy sources. These facts lead to a lower supply of energy resources to
the national economy. Table 6 shows the specific fuel consumption by the various sectors.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

971.69

Liquid

9.11

Gas

37.85

Uranium

45.86

Hydro(2)

4.34

Exajoule

Total

1068.86
( ' ' This total represents essentially recoverable reserves.
(2> For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council -1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.
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TABLE 4. ENERGY STATISTICS
Exajoule

Energy consumption
- Total(1>

- Solids(2)

- Liquids
- Gases
- Primary electricity(3)

Energy production
-Total
- Solids
- Liquids
- Gases
- Primary electricity(3)

Net import (import - export)
-Total
- Solids
- Liquids
- Gases

1970

N/A
N/A
N/A
N/A

0.04

7.7
4.84
0.62
2.18
0.04

N/A
N/A
N/A
N/A

1980

N/A
N/A
N/A
N/A

0.10

7.1
4.61
0.34
2.03
0.10

N/A
N/A
N/A
N/A

1990

N/A
N/A

3.07
4.13
0.31

5.4
3.86
0.24
1.01
0.31

N/A
N/A
N/A
N/A

1993

7.5
2.95
0.79
3.42
0.31

3.9
2.71
0.19
0.69
0.31

2.21
0.00
0.00
2.21

1994

6.2
2.07
0.82
3.00
0.30

3.4
2.21
0.19
0.66
0.30

2.50
0.01
0.00
2.49

1995

5.8
1.99
0.67
2.81
0.29

3.1
1.96
0.18
0.65
0.29

4.94
0.06
0.09
4.79

1996

5.4
1.62
0.62
2.89
0.32

2.8
1.65
0.18
0.66
0.32

N/A
N/A
N/A
N/A

1997

5.0
1.48
0.58
2.67
0.32

3.0
1.80
0.18
0.65
0.32

N/A
N/A
N/A
N/A

1998

4.8
1.42
0.61
2.47
0.33

2.9
1.80
0.18
0.64
0.33

N/A
N/A
N/A
N/A

1999

4.9
1.47
0.58
2.56
0.33

3.1
1.91
0.17
0.65
0.33

N/A
N/A
N/A
N/A

2000

4.7
1.48
0.42
2.45
0.32

3.0
1.89
0.17
0.64
0.32

N/A
N/A
N/A
N/A

(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
(2) Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Data Base; Country Information.

TABLE 5. DOMESTIC ENERGY PRODUCTION

Resources

Electricity
Annual growth rate

Oil, including gas condensate
Annual growth rate

Natural Gas
Annual growth rate

Coal
Annual growth rate

Unit

TW-h
%

mln ton
%

bin cubic metre
%

mln ton
%

1992

252.5

4.5

20.9

133.7

1993

229.9
-9.0
4.2
-6.7
19.2
-8.1

115.8
-13.4

1994

202.9
-11.7
4.2
0.0
18.3
-4.7
94.6
-18.3

1995

194.0
-4.4
4.1
-2.4
18.2
-.06
83.8
-11.4

1996

183.0
-5.7
4.1
0.0
18.4
1.1

70.5
-15.9

1997

178.0
-2.7
4.1
0.0
18.1
-1.6
76.9
9.1

1998

172.8
-2.9
3.9
-4.9
17.9
-1.1
77.0
0.1

1999

172.1
-0.4
3.8
-2.6
18.1
1.1

81.7
6.1

2000

171.4
-0.4
3.7
-2.6
17.9
-1.1
81.0
-0.9

Source: Country Information.

Among the primary energy sources used worldwide — oil, coal, gas and uranium - Ukraine
possesses sufficient reserves of only two of them, namely: coal and uranium. The Coal Industry of
Ukraine is based on substantial enough coal reserves that are able to cover Ukraine's needs for 200—
300 years. Taking into account these reserves as well as the availability of substantial energy
capacities using the coal as a primary energy source, the future leading role of coal is projected within
the energy sector of Ukraine. At the same time, the very important aspect should be taken into account
that more than 40% of electric power in Ukraine is produced by nuclear power plants, but only 30%
of needs for raw components required for nuclear fuel manufacturing is produced in Ukraine (natural
uranium concentrate). However, Ukraine has all opportunities for providing national nuclear power
plants with domestic raw materials. For the total uranium reserves, Ukraine is in the first ten of
countries. The majority of its reserves were widely explored, that defines their high level of
preparedness to the commercial mining.

1.4. Energy Policy.

The energy policy of Ukraine and its top priorities are established in the "National Energy
Programme of Ukraine for the period till 2010" (NEP). This programme approved by the Verkhovna
Rada (Parliament) on 15 May 1996 includes the following main tasks:
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TABLE 6. SPECIFIC FUEL CONSUMPTION
1994

Fuel type

Coal, 106 ton
Gas, 10* m3

Oil and Gas condense, 106ton

Crude oil, 10J ton
Furnace Fuel domestic use, 10J ton
Peat, 103ton
Firewood for heating, 103 m3

Total in

Ukraine

88.5
83.6
18.3

8947.4

208.8
902.8
2567.7

Sector (%)

Industry

86.5
66.9
100
88.6
27.2

96.3
32.8

Construction

0.4
0.9
-

1.2

4.6
-

0.4

Agriculture

1.3
2.2

-

1.5
16.8
0.2
13.2

Transport

0.8
4.1
-

3.9
5.7
0

1.7

1996

Fuel type

Coal, 106 ton
Gas, 10* m3

Oil and Gas condense, 10s ton
Crude oil, 10J ton
Furnace Fuel domestic use, 10J ton
Peat, 103ton
Firewood for heating, 103 m3

Total in

Ukraine

69.3
80.5
13.7

5223.9
14.8

875.7
2261.3

Sector (%)

Industry

90.9
58.5

99
87.5
33.1
98.9
26.6

Construction

0.3
0.4

0.1
1.1
13
0

0.5

Agriculture

0.9
1.2
0

0.8
12.4
0.9
14.5

Transport

1

5.4
0

6.6
4.2

0.1
1.9

1998

Fuel type

Coal, 106 ton
Gas, 10* m3

Oil and Gas condense, 10s ton
Crude oil, 10J ton
Furnace Fuel domestic use, 10J ton
Peat, 103 ton
Firewood for heating, 10' m3

Total in

Ukraine

60.8
71.1
13.7

3381.9
87.8

527.5
2484.3

Sector (%)

Industry

89.6
53.9
99.0
88.4
36.4
96.3
5.2

Construction

0.2
0.3
0.1
1.2

12.1
0.0
0.4

Agriculture

0.5
0.7
0.0
0.6
9.3
0.0
3.9

Transport

0.7
6.4
0.0
4.1
5.7
-

0.6

1999

Fuel type

Coal, 106 ton
Gas, 109 m3

Oil and Gas condense, 10dton
Crude oil, 103 ton
Furnace Fuel domestic use, 103 ton
Peat, 10' ton
Firewood for heating, 10' m3

Total in

Ukraine

63
71.5
13.3

2124.6
79.1
502.8

2373.5

Sector (%)

Industry

90.9
56

99.8

84.3
40.5
96.5
4.2

Construction

0.2
0.2
0.1
1.5

12.2
0.0
0.3

Agriculture

0.3
0.6
0.0
0.9
10
0.0
3.4

Transport

0.6
6.9
0.0
6.0
13.6

0
0.8

2000

Fuel type

Coal, 106 ton
Gas, 10" m3

Oil and Gas condense, 10s ton
Crude oil, 103 ton
Furnace Fuel domestic use, 103 ton
Peat, 103 ton
Firewood for heating, 10" nr5

Total in

Ukraine

63.3

68.4
9.4

1222.4
82.1

416.9
2572.5

Sector (%)

Industry

92.6

57.8
99.7

80.3
41.1

96.6
3.6

Construction

0.2

0.2
0.2

2.0
10.5

0.0
0.3

Agriculture

0.2

0.4
0.0

1.7
10.8
0.0
2.7

Transport

0.6

6.5
0.0

8.3
2.6
0.0

0.9

Source: Country Information.
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• solution of the problems related to a stable and reliable supply of fuel and energy resources in
order to meet Ukraine's demand;

• decrease in foreign economic dependence of fuel and energy resources;
• wide and large-scale implementation of energy saving technologies;
• expansion of utilization of non-conventional energy sources;
• decrease in harmful effects on the environment of the fuel-energy complex's sectors;
• expansion of the share of extra budgetary sources for programme financing, due to the budgetary

deficit and because of the development of market relations;
• development of domestic basis for machinery building to meet the fuel-energy complex's needs.

In accordance with the NEP of Ukraine, it is planned to decrease the import of energy sources
by 69 Mt compared to 1990 imports. Till 2010, coal mining has to increase its production to 170 Mt
that will ensure and meet the needs in Ukraine for solid fuels. Domestic extraction of oil is expected
to increase to 7.5 Mt and that of natural gas to 35.3 billion m3 by 2010. Currently, the reliability of the
Ukraine power supply depends on imported energy. Domestic supply of fuel-energy resources (FERs)
covers approximately 40% of the Ukrainian energy needs. The main FERs are imported either from
Russia directly or through their territory.

Hence, one of the most important and complicated tasks of the state is the provision of reliable
and effective FERs. Implementation of this task requires the development of a real long-term national
energy policy for supply of FERs. Decisions are needed in the following areas:

• creation of stable conditions for activities on the fuel and electricity market: legislative
and normative base, taxation system, state regulation mechanism and so on;

• overcoming the financial crisis due to non-payment and account exchange removal;
• creation of conditions for investment of domestic fuel-energy complex development,

diversification of power supply resources, energy saving and increase of FER efficiency;
• direction on priorities with regard to supply of FERs and provision (assistance) of state

mechanism for their realization.

In order to adequately implement the task, it is very important to provide self-financing
conditions for developing projects on FERs and not to accept the possibility of foreign credits as
investment source. According to the President Order N°42/2001 from 27.02.2001, the Ukrainian
Energy Strategy has been developed for the period until 2030. The strategy includes programmes for
the electricity, coal, nuclear and oil-and-gas industry.

2. ELECTRICITY SECTOR.

2.1. Structure of the Electricity Sector

Electricity generation is the basic branch of industry in any country, within any economic
system. Electricity generation is used as a production factor for the other branches of the national
economy and in many respects defines competitiveness of energy consuming products and services. A
stable and reliable energy system is the basis for national economic and political safety.

The installed electrical capacity is currently 53.8 GW (e) of which 67% is thermal power 24%
nuclear power and 9% hydropower. Table 7 lists the major electric power plants. Moreover, the
electricity sector comprises 20 000 kilometres of 220-750 kV trunk transmission lines, more than
100 000 kilometres of 35, 110, 154 kV distribution networks and more than 800 000 kilometres of 0.4
—10 kV distribution networks. Mostly, thermal power plants capacities were put into operation in the
1960-70s and have actually exhausted its resource. Wear of main equipment is continuously intensive
due to use of low quality fuel, operation of the equipment on the fuel and in the modes that are not
provided for by design, lack of funds for reconstruction and maintenance of equipment.

UKRAINE 791



TABLE 7. MAJOR POWER PLANTS

Power Plant/Fuel type

Nuclear Power Plants

Major Thermal Power Plants

Major Hydroelectric Power
Plants

Name of station

Zaporozhe NPP
South-Ukraine NPP
Rovno NPP

Khmelnitski NPP

Vuglegirska

Zaporizhye TPP

Kryvorizka
Burshtyn

Zmiiv

Ladyzhyn
Trypilia
Starobesheve
Prydniprovska

Sloviansk

Lugansk

Kurakhove

Zuivska
Dobrotvor

Kyiv HaPP

KyivHPP

Kaniv HPP
Kremenchuk HPP
Dniprodzerzhynsk HPP
Dnieper HPP

KakhovkaHPP
Dniester HPP

Number of units times
unit electrical capacity

pcs*MW
6*1000
3*1000
1*1000
1*420
1*415

1*1000

3*800
4*300
3*800
4*300
10*282
8*195
4*185
4*275
6*175
6*300
6*300
10*175
4*285
4*150
1*800
1*100
1*720
1*80

8*175
1*100
6*210
1*200
4*300
3*100
2*150
3*41,5
3*37,0
16*18,5
4*16,3
24*18,5
12*52,0
8*44,0

6*113,1
2*104,5
9*72,0
1*2,6

6*58,5
6*117,0

Installed capacity
of station

MW
6 000
3 000
1835

1000

3 600

3 600

2 820
2 300

2 150

1 800
1800
1750
1740

1700

1500

1460

1200
600

236

361

444
625
352

1538

351
702

Nuclear power plants have already reached 50% of their designed service life. New capacities
have not been put into operation for the latest 10 years (with the exception of unit 6 at Zaporozhe
NPP). It can be expected that within the next 10 years two nuclear units will be put into operation.
Equipment at the majority of the thermal and hydroelectric plants is obsolete and has a low efficiency.
Measures on nuclear power plant safety improvement are required. Thus one half of the installed
capacities should be written off, another half could be still operated for 10-20 years if refurbishment
and modernization activities would start immediately.

Recently, the prices for fuel that constitute to the main part of electricity generation costs, have
grown sharply and reached the world market level. This in the situation where 85 % of the fuel oil and
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100 % of the nuclear fuel are imported. The price for coal that is extracted in Ukraine is higher than
the price for coal at the markets of neighbouring countries due to its low quality and high cost of
extraction. High prices and the need of cash payments for imported fuel with insufficient funds
available limit the amount of fuel purchases. The other variable recourses (e.g. labour) are less
evident at this background but may become a decisive factor in the future.

Since 1991, electricity generation in Ukraine has been functioning under conditions of political
and economic reforms. Reduction of fixed capital and floating stock, consumers inability to pay,
excessive social orientation of price and tariff formation policy of the State, are the factors that
complicate the market reforms and make adaptation to the work under market conditions more
difficult. With the start of reforms in the national economy of Ukraine, the Ministry of Energy
developed the principles of reforming the industry and electricity market. The reforms should ensure
the integrity of the unified energy system, competition between generating companies, privatization
and creating conditions attractive for investments.

It was envisaged to transfer from the expense-based mechanism of price formation to the mixed
scheme with a competitive mechanism at the wholesale and retail markets as well as a controlled
component for transmission and distribution. Thus, the retail price should have been formed as a sum
of the wholesale price that is freely formed by the market, and regulated tariffs for transmission and
distribution to the consumer. The regulation of the wholesale and retail price has not been envisaged.

The National Commission on the Energy Issues, set in 1994 by President's Decree N° 738 dated
8 December 1994, was reorganized into the National Energy Regulation Commission (NERC) by
President Decree N° 335/98 dated 21 April 1998. This Commission took under state control all the
activities in the energy sector. Recent practice is such that the documents issued by the NERC
establish tariffs of power-generating companies, tariffs used by Oblenergos, and retail prices of
electricity. Naturally, with such arrangement the profits of market participants are redistributed.

In view of the non-payments for consumed electricity, two markets working in different
environments have been formed in Ukraine. They are the electrical energy market itself, where
electricity is being sold and purchased, and the market of debts for consumed power. Amount of sales
on the first market in 2000 was 58% (recently, it amounted only to 15-20%). The electricity that had
been consumed but was not timely paid for constitutes the other portion. This gives rise to the origin
of various forms of obligations, e.g. promissory notes. There exist numerous structures that sell such
debt obligations and pay the producers with actual resources, including money. Here, only a portion
of the value of produced (consumed) electricity is returned.

Such situation gives rise to two prices of electricity and two pricing mechanisms. Obviously, in
the absence of normal tools of circulation of promissory notes, lack of transparency of the market of
debts for consumed power and absence of any rules of its functioning, such market is less subject to
the State influence but at the same time is more controllable by major intermediaries. The electricity'
sector can be summarized as follows:
• The status of fixed assets in the traditional power sector is critical and requires huge and long-

term investments;
• In the short-term run, production of electricity is defined by the status of payments for

consumed electricity, i.e. by availability of floating assets required for purchasing variable
production factors;

• Under conditions of non-payments, the market of debts for consumed power has emerged in
Ukraine. The market of debts for consumed power is alternative with respect to the wholesale
market of electricity.
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Figure 1 shows the structure of electric power sector and Figure 2 a diagram of the wholesale
electricity market. Figure 3 presents a list of the Ukrainian power generating companies and Figure 4
lists the electricity distribution companies.

Vice-Prime Minister of Ukraine on Industrial Policy

The Ministry oFFuel and Power Industry of Ukraine

Stale Departments:

Power Engineering

of Ukraine

Oil, Gas and

Oil Refining

Industry of Ukraine

(Coal Industrv of Ukraine

Nuclear Energy
of Ukraine

"Nadra of Ukraine" "Energorynok"

"Ukrenergo",

Thermal, Hydroelectric Power

Plants, Hydro-accumulator Power

Plants and degenerations Plants

"Naftogaz of Ukraine"

" Ukrnaftoproducl"

private and joint companies

"Ukrvuglerestructurizatsi a"
."Ukrtorf"
mining companies

"Energoatom"
NPP, ore mining
and processing complex

Privatised

Energy Cor

with State-c utied Share

FIG. 1. Structure of the Ukrainian electric power sector
(status end of 2000)

** WEM- Wholesale Electricity Market
State Enterprise "Energorynok"
which has a licence on
implementation of entrepreneurial
activity on gross electricity supply

*** Supplier
(Power Supply Companies and Independence Suppliers)
which had recieved a licence on
activity on gross electricity delivery
with Administared / Unadministared tariff

Electricity generator*

~f "
Electricity sale
on generation
cost

*Electriciry generator

(Power Generating Companies)
which gets a licence on
implementation of entrepreneurial
activity on electricity generation

WEM** . . f

Electricity sale
on gross
cost

Administraied tariff

Power Supply v
Companies \v.

Indepecdence _/S^*

Unadniinistrated tariff

Supplier ***

\l5r^-r -> |Consumer |

•^K\T^Ji^~^l Consumer |

\ \
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I

FIG. 2. The Wholesale Electricity Market (WEM) in Ukraine
(status end of 2000)
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l.NNEGC'Energoatom"
ZNPP*(Ni=6<1000MW (e): WER-1000)
SUNPP(Ni=3*1000MW (e): WER-1000)

RNPP (Ni=402+416+1000MW (e)
WER-440 and WER-1000)

KHNPF(Ni=1000: WER-1000)

Notes:

NPP* -Nuclear Power Plant
TPP** -Thermal Power Plant
HaPP*** -Hydro-accumulator Power Plant
fjpp**** -Hydroelectric Power Plant

Electricity generator
( P o w e r G e n e r a t i n g C o m p a n i e s ) state on 01.1999

— •

2JDniprenergo
Zaporo2hye TPP**(Ni=3*800+4*300)

Prydniprovska(Ni=4285+4*150)
Krivorizka(Ni=10*282)

3J)onbassenergo
Zuivska(Ni=4*300)

Lugansk(Ni=8*175+l*100)
Sloviansk(Ni=800+720+100+80)

Starobesheve(Ni=10*175)
KuraWrave(Ni=6*21CH-l*200)

4.ZahkhideDergo
Bmshtyn(Ni=8*195+4*185)

Dobrotvor(Ni=3*100+2*150)
Ladyshyn(Ni=6*300)

5.Tsentrenergo

Vu«legirska(Ni=3*800+4*300)

TrypUia(Ni=6*300)

Zmiiv(Ni=4*275+6*175)

6.Dniprohydroenergo
KyivHaPP***(Ni=3*41,5+3*37)

Kyi\-HPP***»(Ni=16*18,5+4*16,3)
Kaniv HPP(Ni=24*18.5)

Kremenchuk HPP(Ni=12»52,0)

Dniprodzerzhynsk HPP(Ni=8*44,0)
Dnieper HPP(Ni=«*n3,l+2*104,5+9*72+2,6)

Kakhovka HPP(Ni=6»58,5)

-

7J)nlsterIiydroenergo
Dnister HPP(Ni=6* 117,0) -*1

Ni - Installed capacity, MW (e)

FIG. 3. Structure of Power Generating Companies

l.South-West Power System:
Vinnytsi aobl energo
Temopiloblenergo*
Khmelnytskoblenergo
Chemivtsioblenergo

I.Dnieper Power System:
Dniprooblenergo
Zaporizhiaoblenergo
Kirovogradoblenergo:
(51%-VSEZ. Slovak Rep)

- •

- >

Supplier
(Power Supply/Distributor Companies)

3.Donbass Power System:
Donetskoblenetgo
Luganskoblenergo*

4.Central Power System:
Kyivenergo
Kyivoblenergo: (75%-AES,US)
Chernigjvoblenergo*
Cherkasyoblenergo
Zhytomyroblenergo:
(75,6%-AES,US)

5.Krym Power System:
Krymoblenergo
Sevastopolenergo:
(70%-VSEZ. Slovak Rep)

6.West Power System:
Volynoblenergo
Zakarpatiaoblenergo
Prykarpan'aoblenergo*
Lvivobleiiergo*
Rivneoblenergo:
(75%-VSEZ, Slovak Rep)

4

4

7.Soutu Power System:
Mykolaivoblenergo
Odesaoblenergo*
Khersonobleaergo:
(31WSEZ, Slovak Rep)

8.North Power System:
Poltavaoblenergo*
Sumyoblenergo*
KJiarkivoblenergo

* - Public Limited Company

FIG. 4. Structure of Power Supply/Distributor Companies

2.2. Decision Making Process

The Law «On the Electric Power Industry* was accepted on 16 November 1997. It is a very
complicated legislative act, which regulates the relations in the electric power industry. The law
defines the legal, economical and organizational statute of activities related to electricity. It regulates
the contacts, connected with generating, transmission, distribution and use of electricity; energy
security provision; competition and protection of consumers and industry employees. It fixes the
complex market reform, which already started in the electricity branch on a legal level. The law
defines electricity and heat energy as a commodity, lays the foundation of tariff policy and defines the
concept of the Wholesale Electricity Market (WEM) of Ukraine.
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The Law «On the Electric Power Industry)) determines the necessity for developing two draft
bills entitled "Main Statements on the WEM Functioning in Ukraine". The above draft submitted by
Mr. M. Pavlovsky, People's Deputy, was adopted in the first reading on 5 July 2001. However, its
concept requires considerable modifications before the considerations in the Verkhovna Rada will be
completed. The President of Ukraine has put a conceptual veto on it and suggested the Parliament to
reject it during the second reading. In remarks provided by the President, specifically, it is indicated
that the given law has no transitional provisions, and therefore can destroy the current whole sale
market' s system, that will lead to electricity tariffs increase, monopolization of the low-cost
electricity purchase by individual suppliers and customers, and moreover, can destroy the energy
market's clearing account system. In addition to that, some former managers of the fuel and energy
complex and utilities supported the law believing that the latter allowed the creation of a competitive
environment in the energy market, that, specifically, would improve the efficiency of the electric
power sector operation and its investment attractiveness. At present, the state enterprise
«Energorynok» remains the only wholesale electricity trader in Ukraine. This enterprise also performs
the functions of administrator responsible for the wholesale market assets and settlement systems.
This enterprise is directly subordinate to the Cabinet of Ministers. In 2001, the wholesale market's
turnover amounted to 15.8 billion UAH. The Verkhovna Rada can lift the President's veto on the law
with 300 votes (the total number of people's deputies is 449).

On 22 June 2000, the Verkhovna Rada made changes to the Law «On the Electric Power
Industry* with the aim to regulate relations in the WEM, providing energy security and stable
operation of the power grid. These items highlight key points in the area of WEM payment adoption
order. The offered mechanism increased the payment greatly.

The issues related to privatization cause the greatest difficulties. It's clear that the society is
striving to establish finally the order in privatization process of state property, particularly if it
concerns the base strategy areas having natural monopolies within their structures. The privatization
process in the electric power industry will be conducted with taking into account the Ukrainian
President's Decree N° 944/99 dated 2 August 1999 "On Some Issues Concerning Privatization of the
Electric Power Complex (EPC)'s Facilities". This President' s Decree gives an opportunity to regulate
the procedure for participation of strategic investors including foreign ones, in the EPC s enterprise
privatization))

According to the NEP (National Energy Programme), the following main measures and
activities on the prospective development of electric power must be undertaken:

i. implementation of energy saving measures;
ii. orientation towards a Ukrainian fossil fuel base (coal): the refurbishment of a fossil fuel balance

focused on increasing the share of coal in the electric power production and on decreasing the
natural gas and crude oil utilization;

iii. development of the nuclear industry in the future, taking into account the present deficiency in
fossil fuel in Ukraine. Ukraine is planning to commission 2 nuclear units with a high priority at
Khmeltnitski and Rovno and 2 units with a medium priority at Khmeltnitski;

iv. the commissioning of new hydropower capacities is foreseen at Dnestr and Kanev, taking into
account the deficiency of the hydropower plants whose capacity can be changed;

v. a primary task comprises the technical upgrading and rehabilitation of thermal power plants in
order to extend their plant life to an additional period of 15 to 20 years and to improve their
environmental and economic conditions. Before the year of 2000, the rehabilitation of thermal
power plants shall be carried out by means of replacement of components and parts of turbines and
boilers. After 2000, upon creating new boiler types and new technologies, it is intended to carry
out a comprehensive technical upgrading in which the major equipment will be replaced with a
more economical and environmentally friendly one.
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In order to provide rehabilitation and technical upgrading of thermal power plants it is required
to raise funds. However, the funds raised by means of tariff escalation will not be sufficient, unless
other financial sources from outside, including those obtained as a result of establishment of stock-
holding companies and privatization of thermal power plants, are provided.

2.3. Main Indicators

Yearend 2000, the gross installed capacity of all electric power plants was 53.8 GW(e), i.e.:

nuclear power plants 12.8 GW(e) (24%);
thermal power plants 36.3 GW(e) (67%);
hydro power plants 4.7 GW(e) (9%).

Table 8 and Figure 5 show the historical electricity production and installed capacity data.
Figure 6 shows a comparison of the electricity generation by fuel types in 1996 and 2000 and Table 9
the EEDB energy related ratios.

TABLE 8. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)
- Total(1)

-Thermal
- Hydro
- Nuclear
- Imports
- Gross Domestic Consumption
- Distribution Losses
- Final Consumption

Capacity of electrical plants (GW(e))
- Total
- Thermal
-Hydro
- Nuclear

1960

53.9
49.9
4 0
on
N/A
N/A
N/A
N/A

11.7
9.9
1.8
0.0

1970

137.6
126.0
11.6
on
N/A
N/A
N/A
N/A

27.9
25.4
2.5
0.0

1980

236.0
208.4
13 4
14?
-17.5
218.5
19.2

199.3

43.9
37.4
4.0
2.44

1990

298.5
211.7
10 7
76 1
-28.5
270
21.9
248.1

55.6
37.1
4.71
13.8

1994

202.9
120.5
12.3

68 85
-1.0

201.9
21.7
180.2

55.2
37.7
4.70
12.8

1995

194.0
113.4
10.1
70 5
-3.0

191.0
18.8

172.2

53.9
35.4
4.70
13.8

1996

•

183.0
94.6
8.8

79 6
-2.0
181.0
25.0
156.0

54.0
35.7
4.70
13.6

1997

178.0
88.6
10.0
79 4
-0.2
177.8
28.4
149.4

53.9
36.5
4.70
12.7

1998

172.8
81.7

7 5 ?

-0.7
172.1

30
142.1

53.8
36.3
4.70
12.8

1999

172.1
81.7
14.5
75 Q
-3.4

168.7
30.2
138.5

53.9
36.4
4.70
12.8

2000

171,4
82,6
11 5
77 3
-3,8
167,6
31,2
136,4

53.8
36,3
4,7
12,8

^Electricity losses are not deducted.
Source: IAEA Energy and Economic Database and Country Information.

The specific character of power production and consumption permits the presence of a high
power intensive industry. However, this industry considerably depends on the primary energy sources
supplied from Russia (e.g. coal, oil and gas), Poland (coal) and Turkmenistan (gas). Due to the
economic difficulties, the considerable decrease in the electric power production, from 298.5 TW-h in
1990 to 171.4 TW-h in 2000, has lead to a redistribution of the consumption structure towards the
domestic services industry.

The total electricity production in 2000 was 171.4 TW-h (hydro: 6.7%, nuclear: 45.3%, and
thermal: 48%). The maximum electricity production was 298.5 TW-h in 1990, one year before the
Soviet Union ceased to exist. The electricity consumption decreased from more that 5,762 kW-h/per
capita in 1990 to less than 3,000 in 2000. Electricity export was 2.4 TW-h in 2000 in compared to
43.8 TW-h in 1990. The final consumption was 136.4 TW-h in 2000.
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TABLE 9. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)

Electricity per capita (kW-h/capita)

Electricity production/Energy production (%)

Nuclear/Total electricity (%)

Ratio of external dependency (%) ( l )

Load factor of electricity plants
- Total (%)
- Thermal
-Hydro
- Nuclear

1999

118

3,031

45

44

46

35
25
43
63

2000

115

2,937

43

49

44

34
21
50
74

(1) Net import / Total energy consumption.
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Demand, particularly in the heavy industry, has fallen as a result of the severe economic
recession. According to international estimates, it is not expected that the demand regains the 1990-
levels before 2010-2015, with a shift away from industrial consumption and an increase in the
consumption by the municipal service and population. Top officials in Ukraine do not accept this
gloomy scenario. Concern over large-scale energy shortages has been a major argument in the
discussions about the status and the future of the Ukrainian fuel-power complex.

The national electricity supplier is the Ministry of Fuel and Power Industry (Mintopenergo). It
owns and operates the transmission and distribution system and some 97% of the country's generating
capacity. The Ministry is also responsible for the design and construction of power plants. Heat
produced by Mintopenergo for district heating distributes by the State Committee of Communal
Services.

Mintopenergo is experiencing difficulties in obtaining payments for electricity supplied. The
press centre of the Ministry reported that in September 1999 close to 6,649 mln UAH1 or US $1,445
million remained unpaid (note: consumers, practically, did not pay for 6 months consumption of
electricity) and only 18.3% of the electricity produced from January to September 1999 had been paid
through banking remittance. Electricity consumption was partly paid through barter. About one
quarter of the generated power was not paid. As to the end of September 1999, payable notes of the
Ministry (debt of debtors) were 11,229 mln UAH (US $2,441 million). At the same time, the Ministry
should pay to creditors 13,743 mln UAH (US $2,987 million). Practically, the Ministry described
itself as essentially bankrupt.

Current electricity tariffs do not cover average costs let alone leave a margin for investments,
which means that the power industry depends on state funding for renovation and development.
Moreover, deductions to the NPPs decommissioning fund, radwaste management and nuclear liability
are not included in the electricity tariff. According to the Ministry in 1998, the average tariff of
electricity generated by all power plants was 6.82 kopeks/kW-h (about 3.4 US cents). The breakdown
of specific generating costs are for TPPs - 3.72, NPPs - 1.61, HPPs - 0.295 and WPPs - 11.25 all in
US cents/kW-h. During the last two years, the rules of electricity sales to end consumers and the
electricity prices changed many times. At the beginning of September 1999, more then 214 mln UAH
(US $46.5 million) salary was not paid to personnel of the power industry.

All problems connected to the acquisition of fuel for power generation is strictly tied to
financial resources. Fuel supplies to TPPs are made from both Ukrainian sources and from Russia and
Poland (50% domestic and 50% foreign). The situation is aggravated by the fact that in 1998 all
reserves of nuclear fuel supplies on a compensation basis (against nuclear warheads returned to
Russia) were exhausted. As a result, Ukraine needs to find additionally more than US $200 million to
pay Russia for fresh nuclear fuel2.

The poor financial conditions resulted in shortage of fossil and nuclear fuel and decreasing
quality of power plants maintenance. It led, as consequences, to unreliability in electricity supply to
all sectors of the economy. There have been problems stabilizing the grid at 50 Hz (during 2000 there
were some events with frequency decreasing till 49 Hz) that resulted in periodic disconnection of the
Ukraine national grid with its neighbour's grid.

There are 104 thermal power units ranging from 100 MW to 800 MW in capacity of which 90
units are coal-fired. There are six 150 MW units (commissioned in the period 1959 to 1964), forty-
three 175 to 210 MW units (commissioned between 1960 and 1975), forty-two 282 to 300 MW units
(commissioned between 1963 and 1988), five 250 MW units (commissioned in the 80's) and eight

1 UAH - hrivna, Ukrainian currency

shortage of money resulted in absence of fresh fuel for reloading of three units with WWER-1000 reactors at the beginning
of October 1999.
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720 to 800 MW units (commissioned between 1967 and 1977). More then 95 % of the thermal power
units have completed their projected service life of 100,000 hours. A large portion of them (72%) has
been in operation for 170,000hours, which exceeds the internationally accepted limits for wear-out
and obsolescence. Due to aging of equipment, shortage of high quality fuel and low-level quality of
maintenance, specific fuel consumption has considerably increased from 345 g/kW-h in 1990 up to
369 g/kW-h. The house loads also increased from 5.5% in 1990 to 8.5% in 2000. No new capacity
was commissioned during 1991-2000. The average load (capacity) factor of the thermal power plants
is 28% (Figure 7). This is largely due to the decline in electricity consumption and the non-payment
problem in Ukraine.

Figure 7. Trend of Load factor

The estimated potential of the Ukrainian hydropower generation is close to 20 TW-h electricity
per year. In 1998, almost 80% of this potential was used and was the highest result in the history of
the national power industry. Major equipment of the HPPs has operated for about 40 years and needs
upgrading. Construction of the Dniester and Tashlyk hydro power complexes has been delayed due to
shortage of finance and negative attitude of local authorities to construct the Tashlyk complex that
includes a HPP and hydro-accumulator PP3.

Currently, the Ukraine is in transition from a centralized to a market economy. A number of
mistakes has been made and resulted in a very deep economic recession, which resulted in a negative
influence on the national power industry. The privatization and deregulation experience in the power
industry of Ukraine was also rather negative then positive.

2.4. Impact of Open Electricity Market in the Nuclear Sector

During 1998, the State Property Fund of Ukraine was selling shares of the electricity generating
companies by small lots. About 11% of the shares were sold at the stock exchange. Shares also were
sold on a competitive basis. About 35% of the shares of the power supplying/distributing companies
were sold. However, the experience has proved that the new shareholders were too unaware of the
problems faced by the power industry and were not able to initiate any positive innovations. The law
prohibits privatization of NPPs. It should be noted, that shares were sold at a very low price and the

Tashlyk water storage basin is the cooling pond for SuNPP.
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state budget of Ukraine received only about US $90 million (to compare, in the similar situation
Hungary received for the budget US $1,700 million). But the main problem was that the new
shareholders did not make any adequate investment, for various reasons, to enhance the situation for
the power industry. The 6 oblenergos control stock of were sold in April 2001 (Table 10).

TABLE 10. PRIVATIZATION PROCESS

1
2
3
4
5
6

Name of Oblenergo for
selling

Kievoblenergo
Rivneoblenergo
Zhytomyroblenergo
Khersonoblenergo
Kirovogradoblenergo
Sevastopolenergo
Total, mlii UAH
Total, mln $

Share holding
for selling, %

75
75

75.6
65
51
70

Start price
Mln UAH

174,032
100,612
95,174

11,4
87,016
35,3

503,534
92,7

Sale price
Mln UAH
248,686
125,697

190
112,138
88,234
100,960
865,715

159

Buyer company name
(new shareholder)

AES*
AES*
VSE**
VSE**
VSE**
VSE**

AES* - Applied Energy Services, Inc., AES Washington Holding B.V. (USA)
VSE**- Vychodoslovenske Energeticke Zavody S.P. (Slovakia)

A formal declaration of the power market had even less success. There were a number of
intermediary companies (paying agent) that, having nothing to do with power generation, supply and
distribution, got rather high profits from power resale. For example, in January and February 1999,
the NNEGC "Energoatom" was paid 2.5% for electricity produced and intermediary companies got
14.3%. In other words, intermediary companies got 5.2 times more "real" money per kW-h compared
to those who generated the electricity.

The Wholesale Electricity Market (WEM) is operating now in accordance with the Ukrainian
Law on the "Electric Power Industry" issued on 22 June 2000 (No. 1821-III). The WEM' s activity is
regulated by:

• WEM regulations;
• agreement concluded by the WEM participants;
• bilateral electricity sale-purchase contracts concluded within the Agreement' s frameworks;
• licenses issued by the National Energy Regulatory Commission of Ukraine for the electricity

production, transmission and supply.

Any WEM participant can be subject to those economic activities, which have the license for
the corresponding activities and adhere to the WEM participant's Agreement. The main governing
bodies of the WEM are the general meetings of WEM participants (members) and the WEM Board.
The responsibilities to ensure the functioning of WEM are entrusted to the state enterprise «Energy
Market)), which, on one side, is subordinate to the Cabinet of Ministers of Ukraine, and, on the other
side, represents the executive authorities of the WEM.

The WEM activity is regulated by the state agency - the National Energy Regulatory
Commission. At that, the wholesale market' s activity is seriously monitored by the Ministry of Fuel
and Energy as an owner of corresponding blocks of shares of generating and regional power supply
companies. (All regional companies, so-called "oblenergo " are at the same time power transmission
and supply companies. They have corresponding licenses for these activities issued by NERC.
Regardless the property types, the oblenergos supply electricity only on regulated tariffs.)

The main function of WEM is to ensure the electricity wholesale. The electricity wholesale
represents the modern and advanced technology of electricity purchase from generators and its sale to
power suppliers in real time within the unified energy system of Ukraine.
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Licenses issued by the NERC.
The licenses for electricity generation, transmission and supply are formal documents, which

confirm the right of their owners to perform the proper activity upon the conditions of rules and
fulfilment of terms established in the above licenses. The license is issued individually for each type
of activity:

for the business activity to be conducted in the field of electricity generation;
for business activities conducted in the field of bulk electricity transmission and
intergovernmental power supply lines;
for business activities related to electricity transmission by local power supply lines;
for business activities related to the electricity supply via regulated tariffs;
for business activities related to the electricity supply via non-regulated tariffs;
for business activities related to the wholesale electricity supply.

The decision to issue a license is adopted by NERC and documented in a protocol of the
meeting after all conditions and requirements imposed by the «Procedure for issuing licenses to the
business entities regardless the property's forms for the electricity generation, transmission and
supply", are met. The license is granted and valid for unlimited time period.

Pricing mechanism.
The pricing mechanism is currently based on hourly rates of the electricity purchase sale. The

electricity prices of fossil power plant utilities are defined based on the price proposal submitted by
these companies in accordance with WEM rules. The electricity price of generators that have special
working schedules, are established by the NERC (HPP, FPP etc.). In view of prices defined in
accordance with the WEM regulations and established by the NERC, the hourly average prices of the
electricity are set up for the electric power wholesale to the electricity suppliers.

Based on wholesale electricity prices the electric power suppliers form the retail prices for
electric power consumers (except for population). The retail market represents the electric power sale
to the electricity suppliers delivering it directly to customers.

Cash collection.
As a rule, the settlements for the electricity in the WEM is performed through bank accounts.

The bank assets are transferred through clearing accounts. Funds collected on these bank accounts
represent the common properties of all WEM participants (members) and are distributed in
accordance with the algorithm approved by the WEM Board and NERC.

The main internal problem of the WEM is the failure of suppliers to provide the electricity via
regulated tariffs to fulfill the contract obligations. This became possible because of the transit
account' s dependence on of electricity suppliers' administration and due to the lack of legal
regulation of these issues.

The non-payments of customers for the electricity supplied and barter operations represent the
major external problems of the WEM. This, on one hand, does not provide any possibility for all
WEM participants, specifically, for the generators, to perform their functions normally, and on the
other hand, this is used for discrediting the WEM model and backbone. As of 01 January 2001 the
indebtedness totals 9.8 billion Hryv.

In 2000, the settlements through all payment transactions amounted to 13.7 billion UAH or 85%
of the cost of electricity purchased in the WEM. This is 6% higher than the payment level in 1999.
The payments provided for electricity purchased through the bank assets reached 5.2 billion UAH that
is five times as large than the similar indicator for 1999.
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WEM balance.
In 2000, the WEM sold 145 814 million kW-h that is 2.11% less than the similar indicator in

1999. At that, the specific share of NNEGC ENERGOATOM accounted for 49.7% compared to
45.2% in 1999, the share of FPP electricity generators - 39.2% compared to 41.6%; HPP generating
companies- 7.9% compared to 9.4%; leasehold power units -1 .1% against 0.75%; co-generation
plants - 1.7% compared to 3%.

hi 2000, the WEM system for payment estimations has been seriously changed. From June
2000, the electricity supply companies have purchased electricity from WEM at the wholesale prices
that have been calculated based on the daily kW-h payment calculation. This transition ensures the
balance of payments between generators and suppliers and brings the electricity purchase-sale to the
conformity to rules of the Ukraine WEM operation.

The Ukraine's WEM system enables the electricity generators along with other suppliers to sell
the electricity directly to customers on the basis of bilateral agreements. At that, the sale prices of
electricity for customers are contractual prices and are not subject to the state regulation. For instance,
the electricity generator - ENERGOATOM is simultaneously an electricity supplier providing
electricity via non-regulated tariffs.

For a long time, the Ukrainian NPPs have produced products without selling but just by
distributing them. Thus, in 1998 only 7.3% of the total amount of electricity delivered was paid in
cash and the rest was paid through various offsets and promissory notes. In 2000, the Ukrainian
electric power sector started striving and moving toward receiving only cash payment. However, all
payment types for electricity supplied to the energy market made up 87.9% of its cost.

In 1999-2000, the fossil and nuclear power plants have been operating under conditions of lack
of conventional and nuclear fuel resulting from non-payments for the electricity supplied. The fact
that the Ukraine' s energy system is not able to ensure the electricity generation/consumption balance
during maximum daily load, leads to 49.3 Hz grid frequency and unloading of the NPP power units.
The lack of cash at NPPs has significantly affected the outage and maintenance duration and quality.

The system of electricity payment by means of various surrogate methods applied for several
years (set-off, barters and etc.) led to losses of many millions. The NNEGC should pay a very high
price because of the resulted large bill receivables, wage debts and indebtedness at various budget
levels.

The situation in the energy market started improving after the Government of Ukraine took
several decisions in 2000. First of all, it introduced the practice of cash payment that resulted in
substantial improvement of situation with payment for electricity delivered to the state enterprise
«Energy Market». The cash collections increased up to 60—70%, which enabled to improve the
proceeds to the Company's accounts up to the level of 45—50%. As a result the nuclear industry's
personnel wage debts were discharged and the social tension was reduced in work collectives. Earlier,
in 1996 one could only dream of this.

However, the current financial status of the Company is still far from being ideal. Until 100%
of payment is received for the electricity supplied, the severe problems, such as the stable and timely
maintenance and outage campaign at NPP power units, the fresh nuclear fuel supplies and spent fuel
withdrawal, and moreover, timely wage payment to the NPP personnel, remain unsolved. The lack of
actual earners for settlements with budget and creditors also affects the present situation.

The "emergency situations" implemented in the Energy Market are stipulated by the law and
represent tools for assets mobilization in critical areas to ensure the stable and reliable operation of
the unified power system. This is the normal mutual crediting mechanism subject to credit repayment
in accordance with schedules approved.
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The practice of the loan non-repayment or its repayment within the non-approved dates
destabilizes the financial activity of the enterprise and leads to significant economic damage and
losses. In addition, when implementing «emergency situations)) the assets withholding in favour of a
needy participant of the market should be made at the expenses of the other market's participants.
During the last two years (in 2000-2001) such withholding was realized solely at the
ENERGOATOM' s expenses. Unfortunately, the practice of "manual" redistribution of cash assets
has been applied more and more frequently. In accordance with the algorithm these cash assets
accrued by the ENERGOATOM are transferred, in accordance with some NERC's resolutions, to
others power producers. Thus, more than 300 million UAH was redistributed totalling the average
monthly amount of cash assets transferred to the Company's accounts. This situation forced the
ENERGOATOM to attract significant credit resources, first of all to pay for the fresh nuclear fuel
supplies. These problems become more acute specifically when the NPPs prepare for the winter
period.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

Nuclear energy in Ukraine started its development in the early 70s with the construction of the
first nuclear reactor at Chernobyl. The reactor is an RBMK reactor with a capacity of 1000 MW(e)
and commenced operation in 1977. The Ukrainian nuclear energy programme was developed as part
of the nuclear energy programme of the former Soviet Union in order to ensure the military defence of
the country. A close co-operation was set up between research centres and relevant industries to
include all areas needed for the utilization of nuclear energy, such as geology, ore mining and
processing industry, metallurgy, chemistry, etc. A significant part of the technical and scientific
nuclear complex was based in the Ukraine: 15 power reactors (some of which are under construction,
including 10 units of the 3rd generation), - uranium ore mining and processing enterprises, - metallic
zirconium and hafnium production centres (used as construction materials in the new reactor types),
and - some of the S&R and R&D institutes. The reactors have been built at 5 sites: Chernobyl
(ChNPP), Rovno (RNPP), South Ukraine (SUNPP), Zaporozhe (ZapNPP) and Khmeltnitski (KhNPP).

After the accident at the 4th reactor unit at Chernobyl, the Supreme Soviet of Ukraine adopted
on 2 August 1990 a moratorium to build new nuclear power units in the Ukraine. The construction
work at unit 6 at Zaporozhe was interrupted and the construction of 4 new WWER type reactors at
Khmelnitski and Rovno was also halted.

In the second part of 1991, the breakdown of the USSR has deeply affected the structure of the
energy complex resulting in the separation of its enterprises and loss of the centralized management
system. In that situation, the Cabinet of Minister has made the NPP managers personally responsible
for the NPP safe operation. Some changes were introduced into the management structure and into the
document needed by NPP for receiving the permission for the operation. All these documents have
been submitted to the Regulatory body - GOSATOMNADZOR.

In order to create the State management system, ensuring the safe operation of the nuclear
energy, the Ukrainian State Committee on Nuclear Power Utilization has been established
(GOSKOMATOM) by the Decree of the Cabinet of Ministers of Ukraine on 16 January 1993.

On 6 May 1997, a Ministry of Energy of Ukraine was established in accordance with a Decree
by the President on the basis of the former Ministry of Energy and Electrification as well as on the
basis of the State Committee on Nuclear Power Utilization. This new ministry includes the State
department for Nuclear Power that was entrusted with the functions of the state authority responsible
for nuclear power sector administration.
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On 14 April 2000, the Ministry of Fuel and Power Industry of Ukraine (Mintopenergo) was
established by the Decree of the President of Ukraine #598/2000 on the basis of the Ministry of Coal
Industry of Ukraine; Ministry of Power Industry of Ukraine; State Department of Ukraine on Electric
Power Issues; State Department of Ukraine on Oil, Gas and Oil-refining Industry; State Department of
Ukraine on Nuclear Power. The main task of Mintopenergo is the state management of the fuel energy
complex.

The National Nuclear Energy Generating Company "Energoatom" (NNEGC "Energoatom")
has been set up in accordance with the decree of the Government on 16 December 1996 (Figure 8).
This Company has been set up with the aim of improving the electricity supply to the national
economy and the population, the NPPs operation, the competition ability under market conditions and
modifying the structure of nuclear energy management in accordance to the requirements of the acting
legislation. In May 1997, NNEGC "Energoatom" joined the World Association of Nuclear Operators-
Moscow Centre as an associate member.

Vice-President

chief executive

director

Vice-President assistant

I proi eel direct orale

[directorate on Quality

relation department

personnal training
nd license
jepartmect

g office

Idecomnussionnmaofllci

audit
directorate

book keeping

SS* - Separate Section

[President [president adviser on safety issue

President assistant

Legal

director

phisical
protect! on&
special work
du«

directorate
on safety
surveillance

JVice-Prtsident

iViw-President assistanl

executive

directorate

executive
directorate o

e\ecutive
directorate on
personal! labor-

rial aspects

Tticc oa corporate rights
id property relations

FIG. 8. NNEGC "Energoatom " Directorate Structure,
(status end of 2000)

The year 1996, when the National Nuclear Energy Generating Company ENERGOATOM was
established, was very difficult and crucial for the nuclear power industry of Ukraine. The financial
and economic situation in the whole nuclear power industry has fully depended on the general status
of the national economy that was in the process of liberalization.

The energy carrier prices were released but the electricity price remained fixed. Actually, the
energy market has been controlled by so-called independent suppliers, i.e. intermediaries who were
able to «cut off» electricity generators from financial flaws. The barter operations have thrived and
there was the real risk of energy enterprises acquisition by vertically integrated regional structures and
the liquidation of the unified energy system. The current assets of nuclear power plants have been
«washed away» at the critical rate.

Under these conditions the Government took the decision concerning integration of the
nuclear power plants into one single enterprise - the National Nuclear Energy Generating Company
ENERGOATOM. The company included all 5 power plants of Ukraine. This powerful structure with
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joint funding became a serious competitor for financing & industrial groups and survived despite the
rugged times.

In the present economic environment the results of activities of such a large enterprise like
ENERGOATOM, depends on coordinated and efficient work of each sub-structure. Owing to
cooperative efforts of all Ukrainian NPPs the Alexandrovska HPEP was commissioned and the dry-
cask spent nuclear fuel storage was put into the pilot-industrial operation at Zaporizhzhya NPP. Now
the works is going on to complete the KhNPP and RNPP power units as well as the Tashlyk pumped
storage and social facilities construction.

In accordance with the Cabinet of Ministers' Decree dated 26 September 2001, the NNEGC
ENERGOATOM was included into the list of enterprises that are strategically significant for the
economy and security of the country. This important decision enabled ENERGATOM to secure the
State's property and interests through improving and upgrading the mechanism intended for
protecting interests of individual strategic entities. Moreover, this will prevent any attempt of
conducting "hidden /secret/" privatization.

At present, the Nuclear Energy Complex of Ukraine includes the NPPs, the uranium ore
mining, processing and enrichment enterprises, the facilities for producing metallic zirconium and
hafnium, the R&D Institutes, the maintenance and repair enterprises and the enterprises for NPP
completion.

The nuclear power sector represents one of the most important components of the energy
complex of Ukraine. The production of electricity by the nuclear power sector remains stable at about
74 TW-h per year. At the same time, the share of electricity generated by the thermal power plants
sharply decreased. Thus, the nuclear power sector became one of the most significant factors in
overcoming the energy problems in Ukraine. Based on the above mentioned trends, the Parliament of
Ukraine adopted a Decree, dated 21 October 1993, that lifted the moratorium on new NPPs
construction, that had come into force in 1990 as a result of consequences of the accident at power
unit 4 of CHNPP. The above mentioned parliament's decision has promoted the NEP development.
The main provision of this programme concerns an urgent need for continuous development of the
nuclear energy sector aimed at providing the national economy with electricity of at least 40% of the
overall needs.

One direction in the stabilization of the nuclear energy complex situation is the creation of a
national nuclear fuel cycle. NEP foresees to create by the year 2010 the nuclear fuel cycle. Pursuant to
this programme the "Comprehensive programme of the nuclear fuel cycle creation" was established.

3.2. Status and Trends in Nuclear Power

Ukraine inherited a developed network of NPPs from the former USSR (at the time of
independence in 1991, there were 15 units in operation, 5 under construction and one at Chernobyl
that in 1986 had been destroyed by the severe accident). In 2000, Ukraine was nines in the world in
terms of the number of operational reactors; eights in terms of the electric power output and the total
capacity of its NPPs, and fifths in terms of the percentage of electric power generated at its NPPs. At
present, the Ukrainian Nuclear Energy consists of the 21 nuclear reactors at 5 nuclear power plants, of
which 13 power units are in operation, 4 power units are under construction, and 4 are under
decommissioning. The gross installed capacity of the operating plants is 12.8 GW(e), which is about
24% of the total electrical capacity in Ukraine. In 2000, the NPPs produced 45.3% of the total
generated electricity. The four reactors under construction have a net capacity of 950 MW(e) each.
The problem concerning the completion of two power units (that is: RNPP-4 and KhNPP-2) are under
consideration. Table 11 (from 10 February 2001) shows the status of the nuclear power plants and
Figure 9 the increase in commissioning.
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TABLE 11. STATUS OF NUCLEAR POWER PLANTS

Station

KHMELNITSKI-1

ROVNO-1

R0VN0-2

R0VN0-3

SOUTH UKRAINE-1

SOUTH UKRAINE-2

SOUTH UKRAINE-3
ZAPOROZHE-1
ZAPOROZHE-2

ZAPOROZHE-3

ZAPOROZHE-4
ZAPOROZHE-5
ZAPOROZHE-6
KHMELNITSKI-2

KHMELNITSKI-3
KHMELNITSKI-4
ROVNO-4

CHERNOBYL-1
CHERNOBYL-2
CHERNOBYL-3
CHERNOBYL-4

Type

WWER
WWER

WWER

WWER

WWER

WWER

WWER

WWER
WWER

WWER

WWER
WWER
WWER
WWER
WWER

WWER
WWER

LWGR
LWGR
LWGR

LWGR

Net

Capacity

950
381

376

950

950

950

950

950
950

950

950
950
950
950

950
950
950

725
925
925

925

Operator

NNEGC

NNEGC
NNEGC

NNEGC

NNEGC

NNEGC

NNEGC

NNEGC
NNEGC

NNEGC

NNEGC

NNEGC
NNEGC
NNEGC

NNEGC
NNEGC
NNEGC

NNEGC
NNEGC

NNEGC

NNEGC

Status

Operational

Operational
Operational

Operational

Operational

Operational

Operational

Operational
Operational

Operational

Operational

Operational
Operational

Under Construction

Under Construction
Under Construction
Under Construction

Shut Down
Shut Down

Shut Down

Shut Down

Reactor

Supplier

PAIP

PAIP
PAIP

PAIP

PAA

PAA

PAA

PAIP
PAIP

PAIP

PAIP
PAIP
PAIP

MNE
MNE
MNE

MNE

Construction

Date

01-Nov-81
Ol-Aug-73

Ol-Oct-73

Ol-Feb-80

Ol-Mar-77

Ol-Oct-79

0I-Feb-85

01-Apr-80

01-Jan-81
Ol-Apr-82

Ol-Apr-83
Ol-Nov-85
Ol-Jun-86
01-Feb-85

Ol-Mar-86
Ol-Feb-87
01-Aug-86

Ol-Mar-70
Ol-Feb-73
01-Mar-76

Ol-Apr-79

Criticality

Date

10-Dec-87
17-Dec-80

19-Dec-81

ll-Nov-86

09-Dec-82

30-Dec-84

Ol-Sep-89
07-Dec-84

28-Jun-85

04-Dec-86
15-Dec-87

20-M-89
06-Oct-95

02-Aug-77
17-Nov-78

02-Jun-81
26-Nov-83

Grid

Date

31-Dec-87

31-Dec-80
30-Dec-81

21-Dec-86

31-Dec-82

06-Ian-85

20-Sep-89
10-Dec-84

22-M-85

10-Dec-86
18-Dec-87

14-Aug-89
19-Oct-95

26-Sept-77
21-Dec-78

03-Dec-8I

22-Dec-83

Commercial

Date

13-Aug-88
21-Sep-81

30-M-82

16-May-87

18-Oct-83

06-Apr-85

29-Dec-89
25-Dec-85
15-Feb-86
05-Mar-87

14-Apr-88

27-Oct-89
16-Sep-96

27-May-78
28-May-79

08-Jun-82
26-Mar-84

Shutdown

Date

30-Nov-96
30-Nov-91
15-Dec-OO

26-Apr-86

Source: IAEA Power Reactor Information System as of 31 December 2000.
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FIG. 9. Commissioning ofNPPs in Ukraine

At present, Ukraine has units of three generations, built according to the designs of the 60ties,
70ties and 80ties (see Table 12 for the basic design characteristics):

• 1st generation - RBMK-1000 (ChNPP 1,2);
• 2nd generation - RBMK-1000 (ChNPP 3); WWER-1000 / V-302, V-338 (SUNPP 1,2);

WWER-440 / V-213 (RNPP 1,2);
• 3rd generation - WWER-1000 / V-320 (ZNPP 1-6, SUNPP 3, RNPP 3, KhNPP 1).

TABLE 12. BASIC DESIGN CHARACTERISTICS

Item

Reactor type

Number of loops
Thermal Capacity, MW(t)
Electrical Capacity, MW(e)
Turbine type

Number of fuel elements in assembly
Coolant temperature at inlet, degree of
Centigrade (degree of Fahrenheit)
Coolant temperature at exit from reactor,
degree of Centigrade (degree of Fahrenheit)
Coolant flow rate through reactor, m3/h
SG Steam output, t/h

WER-440/213

Water-cooled, water-moderated
energy reactor W E R

6
1375

2*220
K-220-44

126
268 (514)

296.5 (565.7)

39,200
452

WER-1000

Water-cooled, water-moderated
energy reactor W E R

4
3000
1000

K-1000-60/3000(LMZ)

or
K-1000-60/1500(KhTzg)

317
290 (554)

322 (612)

80,000
1469
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With the commissioning of ZNPP-6 (in October 1995), that site became the largest NPP in
Europe and the third in the World. The nuclear power share in national electricity production rose
from 25.5% in 1990 to 45.3% in 2000. It was reported that on 6 January 1996, all the nuclear units
had been in operation and had supplied 50.5% of the country's electricity.

In 2000, the average load factor of the operating reactors was 68.9% and the individual NPPs
have been run with the following load factors: ChNPP: 80.1; SuNPP: 61.4; RovNPP: 70.8; KhmNPP:
71.1 and ZapNPP: 70.0.

Based on the design features, the Ukrainian nuclear power units can be split into the tree
following groups:

• power units with WWER-1000 reactors (-320) large series;
• power units with WWER-1000 (-302, -338) small series;
• power units with WWER-440 (-213).

For each power unit of Ukraine the preliminary safety analysis reports (safety substantiation)
have been developed at the designing stage. Such a report forms the basis for getting license for
power units operation. Safety substantiation includes the analysis of potential safety-important
systems (components) failures. It also selects the failures affecting the safe operation of the reactor
installation. The safety substantiations also include the list of initiating events and analysis of normal
operation violations as well as the design accident analysis. The safety substantiation stipulates the
fulfilment of standards and codes being effective at the safety substantiation development date. Safety
substantiation justifies and supports operating limits and conditions, safe operation limits and
conditions as well as design limits stipulated for design accident. Safety substantiation also includes
the expert assessment of influence on the unit operational safety of deviations from the requirements
of norms and standards on nuclear and radiation safety that became effective after the completion of
construction and commissioning of power units.

For the last three years, NNEGC Energoatom has achieved significant successes in re-assessing
the safety of NPP under operation with using and applying new technologies and tools for evaluation
and calculations. The strategy of the safety re-assessment of NPPs under operation is focused on
combining the periodical assessment at the end of certain period of operation with the in-depth safety
assessment using the modern analysis techniques, such as probabilistic safety analysis, beyond -design
basis accident analysis, including some transients without scram. At the first stage, the safety analysis
is conducted for the reference Unit 1 at Rovno, Unit 1 at SUNPP and Unit 5 at ZNPP that covers all
WWER design reactors under operation in Ukraine.

In accordance with the Regulation «Requirements for content of the safety analysis report for
NPPs with WWER type reactors under operation in Ukraine» at this stage the safety analysis is
limited to the development of:

• extended (supplemented) safety substantiation;
• additional materials on safety analysis;
• design basis accident (DBA) analysis;
• probabilistic safety analysis (PSA), level 1, internal (on-site events).

At the second stage the level 1 probabilistic safety analysis would be additionally developed
(external events and low power level) along with the level 2 probabilistic safety analysis (beyond-
design basis accident) and the safety analysis report for all units based on the pilot project
implementation. The implementation of stage 1 of the assessment will allow to identify the safety
level of all type design NPPs under operation that allows the State Nuclear Regulatory Committee to
take a decision on NPP operation license issuance for each site operation based on the safety level as
well as to set up priorities for further NPP safety improvement.
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The additional materials on safety analysis developed for the pilot units, namely: South-Ukraine Unit 1
and Zaporizhzhya Unit 5 as well as additional materials on safety analysis for Rovno Unit 1 will be completed by
the end of 2001. Preparation of additional materials on safety analysis for other units (Units 1,2, 3,4, 6 of ZNPP;
Unit 1 of KhNPP; Units 2 and 3 of SUNPP; Units 2 and 3 of Rovno NPP) will be completed in 2001 - 2002.

The PSAs were implemented for pilot units, namely: Unit 1 of RNPP, Unit 1 of SUNPP, Unit 5
of ZNPP. The PSA for Units 1, 2, 3, 4 and 6 of ZNPP, Units 2 and 3 of Rovno NPP, Units 2 and 3 of
SUNPP, Unit 1 of KhNPP will be completed in 2002. Materials of developed PSA for Unit 5 of
ZNPP, Unit 1 of Rovno NPP, Unit 1 of SUNPP, Unit 1 of KhNPP have to be subjected to the
procedure of independent peer review and State Expertise on nuclear and radiation safety. DBA
analysis materials were developed for pilot units: Rovno -1 and SU-1. DBA analysis for Unit 5 of
ZNPP will be completed in the first half of 2002. At present, the materials on the beyond design basis
accident analysis are under preparation and planned to be completed in 2002 - 2003.

Measures related to the development of safety analysis report are being implemented in
accordance with «Summary time-schedule of development of the safety analysis report section for
power units with of WWER-440/ -213, WWER-1000 «small series» and WWER-1000/ -320 reactor
installations*. This schedule was agreed upon with the nuclear regulatory body.

In 2000, based on comprehensive analysis of current safety problems related to the deviations
from requirements of effective national norms, standards, rules on safety and from achieved world
level of safety and operation regulation, the NNEGC Energoatom developed the «Comprehensive
programme on priority measures on upgrading and safety improvements of nuclear power units of
Ukraine NPPs». This programme is planned to be implemented in the 3 years period. The document
was agreed upon with Regulatory Body and submitted for approval by he Cabinet of Ministers of
Ukraine. The «Programme eto> includes:

• category 3 measures (in accordance with IAEA's classification);
• individual, the most essential category 2 measures (in accordance with IAEA

classification);
• measures related to the analysis and substantiation of the safety, which form an integral

part of safety analysis report;
• individual measures aimed at avoiding deviations from the effective normative

documents or measures that have serious impact on the operation reliability.

The measures included to the Programme, are split into the 3 parts:

• measures for units with WWER-1000 reactor type installations;
• additional measures for power units with WWER-1000/-302, -338 (small series) reactor

type installation;
• measures for power units with WWER-440/-213 reactor type installation.

After developing the safety analysis report it is planned to update and adjust the programme,
specifically, the nomenclature and measures priority. These measures are postulated in the following
documents:

• «Problems of NPP safety with WWER-1000/320 type reactors and their categories))
IAEA-EBR-WWER-05;

• «Problems of NPP safety with WWER-440/213 type reactors and their categories))
IAEA- EBR-WWER-03;

• «Problems of safety and their prioritisation for NPPs with WWER-1000 (small series)
reactors)).
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This works is conducted with taking into account the contribution of measures to the safety
enhancement with considering financial costs for their implementation. Implementation of priority
tasks along with activity on support of current safety level ensures acceptable level of NPPs safety in
Ukraine. Based on the results obtained while analysing the NPP safety, the following general
conclusions can be made:

1. Neither national nor international safety analysis projects have revealed any safety deficiencies
requiring to shut down any operating unit;

2. The design safety concept of Ukrainian NPPs equipped with WWER type reactors meet the
requirements of the international approaches;

3. Implementation of the developed programme on operating power unit upgrading and
improvements of operating practices would allow increasing their safety level.

This supports the confidence that Ukrainian power units under operation are able to work
successfully during their service life (30 years). That allows establishing the tasks on measures
development aimed at extension of the WWER power units service-life.

During the period from 2013 till 2020, eight WER-1000 type units and two WER-440 type
units will be shut down. If the decision on the further nuclear power development is not being taken
today, the nuclear power will cease its existence in 2020. Thus, taking into account its exceptional
importance for the economical and political independence of Ukraine and the sluggishness of the
important investments into the nuclear power sector, the first priority task of the Ukrainian National
Economy is the decision on the development of the nuclear power industry. From many points of view
such as: ecological, economical and strategically, from the view of the provision with the new fresh fuel,
the final choice of the 21st century's reactor is extremely important for Ukraine.

The situation, which has become usual in the Nuclear Power Sector on the one hand
corresponds to the general tendencies of manufacture stagnation, and on the other has specific
features. In the whole, condition of Nuclear Power Sector is possible to characterize as the following:

• Growth of a share of electricity generation by NPS in general energy structure from 26% up to
45.3% for the period 1990-2000 (Figure 8).

• 43% reduction of general electricity production for the same period (Figure 10).

-

n

m i

-

Fl

-

Fl

-

32

-
-

I

-

I

— -

pT-

-

Fl —

- -

j

\

m Hydro

O Thermal

D Nuclear

1965 3970 1975 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 199] 1992 1993 1994 1995 1996 1997 1998 1999 2000

Fig. 10. The electricity production by the Power Plants of Ukraine, GW-h.

The reduction of general electricity production was not connected either with the reduction of
NPP installed capacity (Figure 11) or with decrease of operating reliability. Is fact, Capacity Factor
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(or Load Factor) even has grown in 1998 in comparison with 1990. Even if to take into account basic
mode of NPP operations the above stated testifies to high stability of NPS.

NPPs' stability operating is especially important, because it provides reliable power supply of
base branches of a national economy in the current situation with the supply of Thermal Power Plants
(TPP) with organic fuel. The sharp jump of the prices up the world level (both for delivered fuel from
the nearest foreign countries, and for the fuel extracted in Ukraine) is aggravated by poor quality of
black oils (high level of sulphur) and coal (high ash). Besides, the crisis in fuel supplying of TPP
coincides with mass ageing of the equipment that, first of all, concerns 200 MW units. All those have
caused 61% fall of electricity generation by Thermal Power Plants (Figure 10). In due to the absence
of the precise concept by Thermal Power development can be expected, that the reduction of its share
in Power Balance will proceed.

It is obvious, that in conditions, where input of new Hydropower capacities and real
opportunities of participation of untraditional sources of energy in industrial production of the
electricity with few (may be mush less) percents, the NPPs' share in ecologically clean kinds of
energy has the steady tendency to growth.

On the other hand, with increase of the NPP share in electricity production, and also due to
instability of manufacture on the overwhelming majority of the enterprises there is a necessity of
Nuclear Power transition to an adjustable part of the consumption diagram. It, in turn puts increased
requirements to reliability and safety.
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Zaporozhe NPP

The Zaporozhe NPP now is the most powerful energy supplier in Europe, generating one-fifth
of the Ukraine electricity. It makes 40 % of the electrical power produced by the Ukrainian NPPs.
Zaporozhe NPP is situated in the south-eastern part of Ukraine on the bank of Kakhovka reservoir in
Kamenko-Dneprovsky district, 60 km from Zaporozhe. Zaporozhe NPP is situated not far from
Zaporozhe thermal power station which operates on fossil fuels (coal, gas, fuel oil). The construction
of the Zaporozhe NPP was commenced in 1979. The plant's site occupies 104.7 hectares. Zaporozhe
NPP consists of six units with VVER-1000 units. Each of the 6 power units consists of the WWER-
1000 reactor, K-l000-60/1500-2 Turbine, TBB-1000-4 Generator. The service water supply is used
with cooling pond and cooling towers. Compensation of losses within the service water system is
conducted through the discharge channel of Zaporozhe TPP.
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South-Ukraine NPP

The South-Ukraine NPP is located in the south of Ukraine on the river Yuzhny Bug in
Nikolayev region. The NPP design foresees creation of the new type of the Utility that would resolve
the problems of the complex and rational use of the power, generated by the nuclear power plant, the
hydroelectric power plant and also by the pumped storage power station. The construction of the
South-Ukraine NPP began in 1976. At present the plant has 3 nuclear power units in operation
(Electrical capacity of each unit is 1000 MW). The civil works on hydraulic complex and on Unit 4
have been frozen. Each of power units 1 and 2 consists of the WWER-1000 reactor, K-1000-60/1500
Turbine, TBB-1000-4 Generator; unit 3 consists of the WWER-1000 reactor, K-1000-60/3000
Turbine, TBB-1000-2 Generator. The service water supply (reverse flow) with cooling tower and
cooling pond are used. Compensation of losses within the service water system is performed from
Yuzhny Bug river.

Khmelnitski NPP

The KhNPP is located in Slavuta area of Khmelnitski region, near the Pripyat's tributary. The
construction of KhNPP has been started in 1981. The total design capacity of NPP is 4000 MW. Unit
1 has been put into operation in 1988. Unit 1 includes the WWER-1000 reactor, K-l000-60/3000
Turbine, TBB-1000-2Y3 Generator. The service water supply (reverse flow) with a cooling pond are
used. Compensation of losses within the service water supply system is performed from Horyn river.
As a result of the moratorium, the construction of the other power units was halted. At present in
place of 4 nuclear power units stipulated by the design, there is only one power unit in operation. That
creates significant difficulties in the operation of the nuclear facilities in Ukraine. After the
moratorium was lifted, the work on completion of Unit 2 has been renewed again.

Rovno NPP

The Rovno NPP is located in Rovno region on the bank of the river Styr. The construction of
NPPs began in 1973. In 1980 and 1981 the power units with WWER-440 type reactor (second
generation's units) were put into operation. In 1986 Unit 3 built according to the unified design, has
been connected to the grid. At present Rovno NPP comprises 3 nuclear power units in operation, the
total electric capacity of which is 1,818 MW. Power units 1 and 2 include WWER-440 reactors, two
turbines K-220-44, 2 generators TBB-220-2; power unit 3 consists of WWER -1000 reactor, K1000-
60/3000 turbine, TBB-1000-2 generator. The service water supply (reverse flow) with cooling towers
is used. Compensation of losses within the service water supply system is performed from Styr river.
The construction of the Unit 4 the estimated capacity of which will be 1000 MW is going on.

Chernobyl NPP

The Chernobyl NPP is located in Polesye region, on the bank of the river Pripyat. The
construction of ChNPP began in 1970. From 1977 till 1984 four power units were put into operation.
The Units 1 & 2 are the first generation's units and Unit 3 and 4 are the second generation's ones. All
power units at ChNPP have only 1 heat transport circuit. Each power unit comprises the light water
cooled graphite moderated reactor (Pressurized tube reactor), 8 main circulation pumps, 4 steam
drums and two turbines K-500/65-300 with generator TBB-500. The turbines are installed in the
turbine building, which is common for all units. Each reactor is housed in a separate building.

After the accident at Unit 4 all power units of ChNPP were shut down. The start-up of the Units
1, 2 and 3 was conducted after the development and implementation of the large complex of top-
priority and long-term measures, focused on the upgrading of the safety of NPPs with RBMK type
reactors. Unit 1 was shut down at 30 November 1996. In accordance with the «Programme on
Termination of ChNPP Unit 1 Operation*, the nuclear fuel is being removed from the reactor core.
Unit 2 was shutdown in October 1991. Fuel assemblies were unloaded from the reactor and process
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equipment was preserved. At that time, the work specified by the «Programme on Termination of
ChNPP Unit 2 Operation* is going on.

Pursuant to the Memorandum of Understanding between Governments of «G-7» countries, the
European Commission and the Government of Ukraine on the closure of Chernobyl NPP, dated 20
December 1995, and following the commitments undertaken by Ukraine under the Convention of
Nuclear Safety, the Cabinet of Ministers of Ukraine approved Resolution Ne 598 dated March 29,
2000 on «Early Closure of Nuclear Power Unit N° 3 Operation and Final Closure of Chernobyl NPP».
As a result, the operation of Chernobyl Unit 3 was halted on 15 December 2000. The Resolution by
the Cabinet of Minister dated 29 November 2000 N°1747 on «Final Shut-down of Chernobyl NPP»
approved both the «Comprehensive Programme on Closure of Chernobyl Unit 3 Operation)) and
«Comprehensive Programme on Chernobyl NPP Decommissioning)). Chernobyl NPP developed the
((Comprehensive Programme on Chernobyl NPP Decommissioning)), which was approved by the
Resolution Ml747 of the Cabinet of Ministers of Ukraine dated November 29, 2000. The
Comprehensive Programme covers two decommissioning stages: termination of operation and
mothballing (preservation); further stages are given just conceptually. In accordance with the
Comprehensive Programme the annual scope of financing provided from the State Budget for the first
five years, is foreseen at the level of 500 million UAH. Based on the «Comprehensive Programme on
Chernobyl NPP Decommissioning)), the Programmes on shutdown of Chernobyl Units 1, 2 and 3 for
the next stage, the State Nuclear Regulatory Committee of Ukraine and Chernobyl NPP started
preparing a license for ChNPP decommissioning.

3.3. Current Policy Issues

Main tasks:

• draft a State Programme for Development of Ukraine's Nuclear Power Engineering with account
of IAEA andEU requirements, incorporating the Programme of Action for the Extension of NPP
Service Life and the Programme of Enhancement of NPP Safety;

• complete the establishment of the State Committee of Ukraine for Nuclear Regulation as an
independent regulating body in the field of nuclear power engineering, within one year;

• ensure fulfilment of Ukraine's commitments within the framework of the International Nuclear
Safety Convention, including completion of reassessment of safety of all nuclear reactors,
preparation of the National report on enhancement of nuclear safety for the Second conference on
verification of fulfilment of the Convention requirements (April, 2001);

• equip radiological units of Ukraine's sanitary and epidemiological service with special devices for
radiation detection; complete the construction of the second concrete sarcophagus (over the
existing one) at the "Shelter" object before 2010; commission a spent nuclear fuel storage facility
at the Zaporozhe Nuclear Power Plant in the course of one year;

• commission the first phase of a complex for radioactive waste collection, transportation, disposal
and burial in the course of two years;

• enhance control over the storage and burial of dismantled sources of ionising radiation; settle the
issue of return of dismantled powerful sources of ionising radiation, manufactured by Russian
enterprises, to manufacturers within a year;

• complete the formation of the system of physical protection of nuclear power engineering sites
within a year;

• raise the load (capacity) factor of nuclear power plants to the designed level (74.2%), particularly
at the expense of reduction of unplanned downtime;

• provide for reconstruction of systems of automated control of technological processes at all
Ukrainian NPPs within two years; solution of the issue of development, production and supply of
automated control systems for the reactors being built at the Khmelnitski and Rovno Nuclear
Power Plants;

• ensure repayment of NPP debts to contractors (over 220 million UAH) for repair work performed,
within two years;
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• form a set of regulatory-legal acts on: NPP decommissioning (including the Chernobyl NPP);
construction of substitute nuclear generating capacities; creation of elements of the domestic
nuclear fuel cycle; transformation of the "Shelter" object into an environmentally safe system;

• sign an agreement with the EU on the co-operation in peaceful use of nuclear energy and nuclear
components trade.

The very special place among the nuclear installations of Ukraine belongs to Chernobyl power
unit 4 («Shelter» Object), destroyed during the severe accident in April 1986. The undertaken
emergency operating measures allowed ensuring the current safety of this facility. This was confirmed
in a specific report on «Shelter» safety analysis and the prospective estimates of situation
development (September 1996), on the basis of which the nuclear regulatory body issued a license for
Chernobyl NPP «Shelter» operation to the operating body. Transformation of the «Shelter» object into
the ecologically safe system requires significant financial and material resources, utilisation of non-
standard innovative science and engineering solutions. Therefore, in the Ukrainian Law «On
Ratification of Convention on Nuclear Safety* Verkhovna Rada (the Parliament) of Ukraine warns of
the following:

1. Verkhovna Rada of Ukraine adopted a critical decision to ratify the Convention on Nuclear
Safety, thus supporting its adherence to the principles of nuclear safety culture and their practical
implementation, and in view of that the international community and the IAEA member- countries
recognise uniqueness of «Shelter» object located on the territory of Ukraine that is conditioned by the
global consequences of Chernobyl disaster. At present, there are no technologies for transforming the
«Shelter» object into the ecologically safe system and the complex of necessary measures have not
been yet identified to achieve high level of «Shelter» nuclear safety that meets the Convention's
requirements. In view of that, Ukraine is unable within the short term to settle on its own this large-
scale problem and relies on the IAEA's support as well as that of the international organisations and
individual states in resolving scientific and technological problems of the «Shelter» safety. This also
will contribute to achievement of the goals of the Nuclear Safety Convention.

2. The provisions of Article 3 of Convention shall not be applied to the «Shelter» object.
Pursuant to the above mentioned Ukrainian Laws this Report does not consider individual problems
that are related to the «Shelter» object safety. At the same time it should be mentioned that the Shelter
Implementation Plan aimed at guaranteed «Shelter» safety assurance was developed by experts of
Ukraine and «G-7» countries and approved by respective governments. This Shelter Implementation
Plan (SIP) while implemented has to result in and intended for:

• • reduction of the risk of building structure collapse;
• • minimisation of consequences of potential accident-induced breakdown;
• • improvement of the nuclear safety;
• • enhancement of the personnel working conditions;
• D improvement of the ecological safety;
• ^development of the strategy for transforming the «Shelter» object into

ecologically safe system, including the strategy for fuel-containing material
removal.

In accordance with the SIP the developed specific measures aimed at implementing the Action
Plan include the parties' commitments on its financing. The above plan covers all aspects of the
«SheIter» object safety. To date the first phase of the project implementation has been completed:
possible stabilisation measures were identified, the data required for design initiation stage were
obtained and integrated.

The works are widely performed to complete and commission two power units with high level
of readiness that are equipped with WWER-1000 type reactors, namely Khmelnitski Unit 2 and
Rovno Unit 4 (expected terms of their start-up - 2003 and 2005, respectively). Besides completion of
two power units (Kh2/R4) construction, last year the funding started and civil works were initiated to
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complete the Tashlyk HaPP (consisting of 6 power units rated at 150 MW each with the total capacity
of 900 MW). This facility is included to the Industrial Complex of SUNPP.

This enables the ENERGOATOM to participate in regulating frequency within the energy
system and contribute to the further strengthening of the Company' s role in the energy market. The
first stage of the THaPP construction (two power units with the total capacity of 300 MW) is planned
to complete within two years. The THaPP is expected to finally complete in 2006.

After 2010, Ukraine will have to re-new gradually our «reactor fleet». The nuclear power
industry is a specific production sector allowing for the long-term process initiated with the unit
construction start till its completion. In the former Soviet Union the power units were constructed in
7-10 years, today under current conditions this process will require 15-20 years.

Actually, the appropriate moment already came to define the type and capacity of a future
reactor, look for partners for cooperation in the power machine engineering and the raw material
mining and processing for the nuclear fuel of modification required. Now the facilities of a new
generation are proposed by the USA, France, Canada, Russia and other countries. Ukraine should
weight all "pro and contra" and make its choice in favour of either reactor type.

3,4. Organization Charts and Scheme of the Nuclear Sector Structure.

At present, the refurbishment of the nuclear energy sector is being carried out in order to:
i. to provide the population and national economy with reliable electric energy supply;
ii. to create the own nuclear fuel cycle and scientific-technical and engineering support of the

nuclear energy;
iii. to complete the market reforms in the electric energy systems of Ukraine;
iv. to improve their efficiency during state property refurbishing.

Figure 12 shows the structure of the nuclear sector.
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FIG. 12. The nuclear sector structure (status end of 2000)
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Organization Chart of the State Nuclear Regulatory Committee of Ukraine

• Chairman
• First Deputy Chairman
• Deputy Chairman
• Deputy Chairman - Chief Nuclear & Radiation Safety Inspector
• Cabinet of the Chairman
• Accountant Office
• Department of Physical Protection and Security
• Department of Planning, Coordination and Development
• Department of Regulations and Legal Matters
• Administrative Department
• Personnel Office
• Department of Safety of Nuclear Facilities
• Department of Safety of Radiation Technologies
• Department of Safety of Waste Management
• Department of Monitoring and Emergence Preparedness
• Main Nuclear and Radiation Safety Inspection Office

• Department of Inspection Coordination
• Department of Assessment of Nuclear and Radiation Safety
• Office of Safeguards

Resident Offices:
• State Inspection at Zaporozhe NPP
• State Inspection at Rovno NPP
• State Inspection at South Ukrainian NPP
• State Inspection at Khmelnitski NPP

• State Inspection at Chernobyl NPP

4. NUCLEAR POWER INDUSTRY

4.1. Supply of NPPs.

Scientific management Scientific centre "Kurchatov Institute" (Russia)
of NPP development
NPP design "Kievenergoproject" (general designer for RNPP, KhmNPP,

ChNPP); "Kharkovenergoproject" (general designer for ZNPP,
SUNPP).

Energy equipment development NIKIET (Development Institute of Power Engineering,
Moscow, Russia), OKB GP (Pilot Design Bureau "Gydropress"
(Podolsk, Russia), ZKTI (Central Boiler and Turbine Institute,
S.-Petersbourgh, Russia).

Equipment production and supply "Atommash" (Russia), "Izhorsky Plant" (Russia), LMZ PEO
"Electrosila" (Leningrad Metallic Plant, S.-Petersbourgh,
Russia); Podolsky machine manufacturing plant (Podolsk,
Russia), PO "Turboatom" (KhTZ - Kharkov Turbine Plant,
Kharkov, Ukraine), PO "Zaporozhtransformator" (Ukraine),
Khartron-Enkos (Ukraine), Westron (Ukraine), Machine works
on energy equipment and pumps manufacture (Sumy, Ukraine),
Arma (Kiev, Ukraine), Metae Plant (Ivano-Frankovsk,
Ukraine), Machine works (Kharkov, Ukraine).
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4.2. Operation of NPPs

All Ukrainian NPPs are state organizations. On 17 October 1996 the National Nuclear Energy
Generating Company "Energoatom" -NNEGC- was established by the Decree of the Cabinet of
Ministers to create the state management system and to ensure the safe operation of the Nuclear
energy facilities. According to this Decree the rights of the Operating organizations have been
channelled to NNEGC.

Analysis of needs of Ukrainian NPPs in staff proved the necessity of establishing the national
system of training and developing the network of educational institutions for training specialists for
enterprises and organisations of nuclear power and industry. It also allowed setting the ordered
quantity for training of fledgling specialists in the higher educational institutions of the Ministry of
Science and Education of Ukraine in the period until the year of 2005. The training system functions
in co-operation with the organisations, enterprises, state administrative and regulatory bodies, and
other systems in order to get advanced training, retraining, upgrading and maintaining of the staff
qualification for the purpose of gaining and maintaining knowledge, capabilities and skills required
for safe operation of nuclear power plants. The established system shall ensure fulfilment of the
following tasks:

• Planning, co-ordination and improvement of the training system;
• Regulation, licensing of and supervision over training;
• Organisation of training and staffing with qualified personnel, provision with material,

technical and financial resources, supplying with documentation;
• Personnel training and qualification maintaining.

Based on Articles 7 and 9 of the Law of Ukraine «On Permissive Activities in the Nuclear
Energy Field» and Resolution of the Cabinet of Ministers of Ukraine Ns 1683 of November 8, 2000, a
list of jobs of the personnel directly involved in the operation of the reactor installation and subject to
licensing was defined. The regulatory body on nuclear safety exercises licensing of training of NPP
personnel in compliance with the normative document «Provisions on Licensing of Training of NPP
Personnel of Ukraine». This document sets the list of requirements and procedures for assessment of
capability of the participants of licensing action to perform it; regulates control procedures of
licensing, as well as procedure for record and storage of licensing process related documentation. The
Requirements for licensee, training units of operating body are set in the normative document
«Licensing Requirements for Training Personnel of Ukrainian NPPs». NNEGC Energoatom has
obtained licences for NPP personnel training in respective training centres of Zaporozhe, Khmelnitski,
South-Ukraine and Rovno NPPs. NPP Training Centres development is on-going. At present there are
475 employees in training centres, 168 of them are instructors and teachers. Training is carried out in
classrooms, laboratories, shops and working places in compliance with the individual training
programmes based on the reference programmes. The training employs technical training aids, i.e.
base principle simulators, functional and analytical simulators, full-scope simulators, computerised
training systems. Full-scope simulators are put in operation at ZNPP 5, RNPP 3, KhNPP 1, SUNPP
1,3 Functional and analytical simulators are commissioned at ChNPP, RNPP, KhNPP and SUNPP.
The work on creation of full-scope simulators for WWER 440 is going on.

Today, all Ukrainian NPPs are staffed to full extent with trained and certified personnel. At the
same time, comparison of the staff indicator (the number of staff employed per unit of installed
capacity of a power plant) at Ukrainian NPPs and foreign ones shows that this indicator of the
Ukrainian nuclear installations is much higher. On one hand, it can be explained by the fact, that, in
addition to operators who directly carry out and control processes of electricity generation, production
personnel includes personnel of the plant services, which maintain, repair, adjust and test equipment
and process systems. On the other hand, this fact proves that some significant reserves are available
for improvement of NPP organisational structure. Certain activities are carried out in this area at the
moment, though traditional approaches and lack of jobs in NPP satellite towns are evident.
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To prevent or avoid the impact of the human factor as a NPP performance failure cause due to
the lack of correspondence of psycho-physical condition and qualification of the personnel with
applicable requirements, the operating body shall use an operating experience feedback system in the
course of personnel training at the NPP training centres. The assessment structure of the effectiveness
of the training system of Ukrainian NPP personnel, taking into account human factor is as follows:

• Analysis of reports on violations comprising off-normal events due to the human errors;
• Inspections by the nuclear regulatory body of the training centres of NPPs aimed at study of the

opportunity of issuing licence for training on specific job positions of the personnel;
• Analysis of reports on accidents due to the gaps in teaching industrial safety.

An indicator of unreadiness of operating personnel is calculated in order to assess technical
level of operating personnel preparedness to operate a power unit under various operating modes. The
active fallacious actions of the personnel resulting in violation; wrong actions or inaction of the
operating personnel during transients at violations in the NPP operation are taken into consideration.
In 1998 the annual number of these active fallacious actions was 15, in 1999 and 2000 - 10.
Apparently, the decrease in number of fallacious activities is 30 % and is maintained on the same
level as a result of the task-oriented work on operating personnel training. In addition, based on the
analysis of the factors (ergonomics, availability and quality of the documentation, working
environment, etc.), which had impact on decision-making process and performance of personnel, the
following corrective measures (done by the Ukrainian organisation with assistance of the US and
German experts) had been implemented in the industry:

• Safety Parameter Display Systems were implemented at the control rooms of the power units,
which are intended for improvement of ergonomics of the control room personnel and
facilitation of the diagnostics of the power units condition;

• Emergency Symptom Oriented Instructions (Procedures) were implemented, which are aimed at
increase of the staff reliability at power unit operation in the course of elimination of the
accident condition;

A number of administrative activities having impact on the human factor is underway. They are
as follows:

• a person is admitted to the work on nuclear installations and with nuclear materials only
following a special examination;

• psychological and physical condition of the personnel is controlled;
• the internal departmental supervision over staffing and training of NPP personnel, improvement

of safety culture is exercised;
• authorised persons who directly operate nuclear installation are subject to licensing.

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

The development of the nuclear industry of Ukraine is going on under the following
programmes:

• Comprehensive programme for nuclear fuel cycle establishment;
• Programme concerning integration of Ukrainian zirconium production into the nuclear fuel for the

WWER-1000 reactors;
• Programme dealing with the spent fuel management. Main tasks in the area of the Ukrainian NPPs'

spent fuel management for the period till 2010. This programme concerns establishment of on-site
(near-site) storage for long-term (up to 5 years) "dry" storage of spent nuclear fuel at all NPPs site
of Ukraine, moreover organization of spent nuclear fuel containers manufacture in Ukraine,
establishment of central storage for long-term "dry" storage of the spent nuclear fuel. The problem
of the reliable and safe radwaste storage also has to be solved;
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• The programme of equipment manufacture and technology mastering for the NPPs of Ukraine.

For the normal functioning and development of the nuclear industry, it is necessary to supply it
with nuclear fuel. This problem became a long time ago apparent and subsequently a comprehensive
programme for the nuclear fuel cycle (NFC) creation in Ukraine was developed. However, it didn't
materialize. Meanwhile, the conditions for organization domestic nuclear fuel production in the
Ukraine are quite good.

Figure 13 shows the structure of the possible nuclear fuel cycle. The only problem will be the
enrichment of Uranium. Realization of the scheme would facilitate the fuel supply and is expected to
be profitable for Ukraine.
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FIG. 13. Structure of the Fuel Cycle

The uranium ore mining and uranium concentrate production in Ukraine is performed by the
Vostochny Uranium Ore Mining and Processing Enterprise (VostGOK). The main product of the
enterprise is natural uranium concentrate. The commercial and industrial activity of the VostGOK on
the natural uranium mining and processing is aimed at implementing the «Comprehensive Programme
of Nuclear Fuel Cycle Creation in Ukraine». The programme on the development of the nuclear
energy's raw material sources allows for covering the NPPs demand for uranium and is focused on
two main areas: maintaining of the existing production capacities and increasing of the output up to
the level of the nuclear energy demand for natural uranium.

To settle the spent nuclear fuel and radioactive waste management problems, the Cabinet of
Ministers adopted Decree N°542 dated 5 April 1999, according to which a new «Comprehensive
Programme on Radwaste Management)) was established. Following the Order No. 7, issued by the
Minister of Fuel and Energy on 13 January 2000, the «Comprehensive Programme of Management of
NPP Spent Nuclear Fuel» was established. In accordance with the adopted decisions and with the
financial assistance of the Nuclear Safety Account (jointly established by the «G-7», the European
Commission and some other countries) a storage facility of spent nuclear fuel is being constructed on
the Chernobyl site. The design of the storage facility allows for safe storage of 25 000 spent fuel-
assemblies and additionally, 3 000 used absorbers in a dry-type storage facility. After commissioning
a new storage, the existing one will be decommissioned. Activities on the first stage of spent nuclear
fuel storage were completed at ZNPP based on the method of «dry» storage in reinforced concrete
casks. The Nuclear Regulatory Committee completed assessment of the Storage Safety Analysis
Report and granted the license to the Operating Body-Utility.

4.4. Research and Development Activities

After the USSR break down the considerable part of the scientific and technical support of the
nuclear power remained in Russia. Without such basis the Ukrainian nuclear power is not able to exist
and it must not. In Ukraine there is a sufficiently powerful scientific basis, but it was insufficiently
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specialized on the problems of the nuclear power field. NNEGC "Energoatom" supports continued
relations with respective Russian counterparts, and, first of all, with organizations of the main
designer (SDB "Gydropress" and NIKIET), VNIIAES and with Russian scientific centre "Kurchatov
Institute". At the same time, Ukraine is conducting activities aimed at creation of the national
infrastructure of scientific and technology support of the NPP safe operation. In 1997, the Institute for
NPPs operation support was established. Its main functions and tasks are as follows:
• collection, analysis and summarizing of NPPs operational experience, development of

corrective measures;
• creation and population of data bank concerning equipment's and flow diagrams' failures;
• Assessment and re-assessment of the safety of power units in operation and under construction,

participation in the preparation of safety analysis reports;
• participation in the development of the modernization programmes of units in operation for the

purpose to improve the efficiency and safety of their operation;
• execution of functions of the nuclear power sector's expert organization in the field of

scientific and technical support of NPPs operation.

The institute was established on a joint-stockholding basis and includes several organizations
that have certain work experience in the area of nuclear power utilization. Significant assistance to the
institute development, its personnel' professional skill upgrading as well as for strengthening of
procedure and technical basis, is provided by the US national laboratories an engineering companies
under the financial support provided by the US Government. .

Scientific activities are carried out by the Ukrainian Institute for Nuclear Research. The main
direction of in the institute is the development of work connected with scientific and technical support
for the safe operation of the nuclear power plants. The direction of the work is to:
• elaborate neutron-physical calculations of core operation regimes in water-water power reactors

for Ukrainian nuclear power plants;
• evaluate the multiplication factors, neutron spectra and neutron flux density space distribution in

the "Ukryttya" Shelter;
• study the effect of fast neutron fluence on water-water power reactor vessels;
• develop and ground the technical aspects for the programmes of nuclear reactor

decommissioning;
• develop the methods for evaluation of fire hazard at the facilities with the increased radiation risk.

Ukrainian INIS Centre (International Nuclear Information System) functions at INR. This
system contains information on more than 2 million publications in nuclear science and technologies.

Unfortunately, a number of scientific support's components do not meet the current
requirements. Ukraine should create a sector scientific support covering various aspects such as:
availability, diagnostics, calculation codes, water chemistry, technology for the spent fuel and
radwaste management, equipment certification, decommissioning issues and etc. Now there is such an
opportunity, that is the creation of scientific support of the nuclear power sector on the basis of the
Kharkov Scientific centre - "Physics & Technological Institute".

In Ukraine, there are specific installations, such as the "Shelter" and the Zone and there are
problems in connection to NPP decommissioning. For this purpose, it is suggested to expand the
Shelter. Establishing the Programme on Nuclear Power development in Ukraine the Cabinet of
Ministers proceeded from the assumption that Ukraine, which is taking the path of the road of market
economy creation, needs the deep social and economic reorganizations and transformations, the
effectiveness of the energy policy. At the same time it should take into account the power resources
balance, the competitiveness of the different energy sources, the ecological, political, social and
economic consequences of the different ways of the country's power development. Today all these
facts are assuming the special significance.
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4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

International co-operation intended for the provision of nuclear safety and safety culture
improvement at the Ukrainian NPPs, development and implementation of QA programmes,
development and improvement of scientific and technical support, solution of Chernobyl problems,
etc. is one of the principal areas of the NNEGC «Energoatom»'s activity. The USA, the United
Kingdom, France, Germany, Spain, Canada and other countries are the partners of Ukraine in the field
of nuclear power. Since 1992 the European Community has been rendering technical assistance
within TACIS programme to improve safety of the Ukrainian NPP's. Representatives of French,
German and Spanish companies act as consultants at ZNPP, RNPP, KhNPP and SUNPP.
Implementation of the projects under the Soviet Design Reactors International Nuclear Safety
Programme is one of the major areas of co-operation with Japan, the UK, France and the USA as well
as with international organizations such as IAEA, WANO, EC, etc., which provide assistance in the
field of personnel training and qualification upgrading and in the field of experience exchange.

VARTA - the Intention Protocol on the co-operation with GOSKOMATOM has been signed on 15
March 1994 for a storage battery supply.

SIEMENS - an agreement on the supply of a cask for radwaste accumulation, storage and
transportation has been signed on 21 April 1995.

WESTINGHOUSE ELECTRIC - co-operation in advanced technology supply and I&C systems.

EDF - the permanent group is working within the TACIS framework at Rovno NPP.

CEGELEC - the development of new modifications "Zentralog" for I&C; the preparation of the
project on Zaporozhe NPP physical protection.

DUKE ENGINEERING - the contract on the construction of a dry storage cask at Zaporozhe NPP has
been signed.

COGEMA - negotiations on joint uranium ore mining.

USA DOE - supports the following activities at KhmNPP, RNPP, SUNPP and ZNPP:

KhNPP
Scope and Status of Activities
At the KhmNPP, DOE's efforts have focused mainly on establishing the Khmeltnitski Training
Centre, a fully equipped training facility at which operators from other Ukrainian reactors can be
trained in the Systematic Approach to Training methodology (1993-1998). A full-scope simulator to
enhance the effectiveness of operator training also was provided as part of this effort. Job-specific and
general safety-related courses were developed for use at the Khmeltnitski Training Centre and at other
Ukrainian nuclear plants (1993-1998). Other major projects focus on developing improved operating
procedures and practices (1996-2004) and providing a safety parameter display system (1996-1999).
Other projects support in-depth safety assessments (1998-2003) and provision of non-destructive
examination equipment (1997-1998).

Accomplishments:

Management and Operational Safety
• A full-scope simulator was installed at the plant in December 1997; the simulator is now in

use for training plant operators.
• Basic equipment was provided for the development and support of the Khmelnitski Training

Centre. This equipment included computers, scanners, printers, photocopiers, fax machines,
office furniture, whiteboards, overhead projectors, projector screens, and various
consumables and office supplies.
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• A fully equipped nuclear power plant-training centre was established at the plant. To date,
more than 2,000 personnel have taken courses at the training centre.

• Operator exchanges that trained plant personnel to develop improved operating safety
procedures and practices were completed.

• Training specialists from the Khmelnitski Training Centre, working with U.S. specialists,
developed and conducted eight planned job-specific maintenance and operating courses and
four planned general courses on nuclear safety-related topics.

• To complement the eight job-specific maintenance and operation training courses, course-
specific equipment was provided to the plant. This equipment included soldering stations, a
refuelling simulator with video simulation capabilities, water chemistry equipment, and
AutoCAD workstations.

• The mechanical maintenance, motor-operated valve repair course was developed at the
Khmelnitski Training Center and transferred for use at the Balakovo Training Centre.

• Plant managers attended workshops to familiarize themselves with the elements of the
Ukraine national standard for quality assurance. Administrative and management changes
were started to implement the standard at Khmeltnitski.

• Computer equipment was installed to support development and pilot implementation of the
Ukraine Reliability Database at Khmelnitski.

Engineering and Technology Upgrades
• A safety parameter display system was installed, tested, and placed in operation at the plant.
• Two advanced ultrasonic flaw detectors were delivered to the plant.

Plant Safety Evaluations
• An in-depth safety assessment for Unit 1 was initiated, and data collection and system design

documentation tasks were begun. Computer equipment for the in-depth safety assessment
work was installed at the plant.

• Technical transfer training was provided in the areas of thermal-hydraulic analysis,
containment analysis, radiological inventory, and probabilistic risk assessment.

• Safety computer codes were transferred to the Ukrainian project staff: RELAP5 (thermal-
hydraulic), CONTAIN (containment), MELCOR (containment), ORIGEN (radiological
inventory), and SAPHIRE (probability).

RNPP
Scope and Status of Activities
At Rovno nuclear power plant, DOE projects include developing emergency operating instructions
(1993-1998), improving operator training (1997-2002), and performing in-depth safety assessments
(1997-2005).

Accomplishments:

Management and Operational Safety
• Emergency operating instructions that promote safety through improved accident mitigation

strategies for WWER-440/213 units were developed. Analysis for validating these
instructions is under way.

• Operator exchanges that trained plant personnel to develop improved operating safety
procedures and practices were completed.

• The Preliminary Design Specification (PDS), Interim Design Specification (IDS) and control
panels for the Rovno Unit 3 full-scope simulator were completed. The project is scheduled for
completion during 2001. Key components (e.g., computer platform, control panel, input-
output control devices) were delivered for the WWER-1000 full-scope simulator at Unit 3.

• Work is under way to develop a full-scope simulator for Rovno Unit 2. A team of Ukrainian
specialists is working with U.S. vendor GSE Power Systems to develop this simulator, which
is scheduled for completion in 2002.

• The transfer of the Systematic Approach to Training methodology and materials developed at
the Khmelnitski Training Centre to the Rovno plant continues. Pilot training courses for the
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Instrumentation and Control Technician, Unit Shift Supervisor, and Control Room Reactor
Operator positions were developed and implemented.

• To complement the pilot training course on instrumentation and control for pressure
transmitters, pressure calibration course-specific equipment was provided to the plant. Basic
equipment, including a computer with network capabilities, a printer, and associated
consumables, was provided for the development and support of training.

• Three Rovno staff members were trained to conduct internal quality assurance audits. Plant
managers attended workshops reviewing plant and Energoatom activities to implement the
Ukraine national standard for quality assurance at nuclear facilities.

• An audit was completed of nuclear fuel handling at Rovno.

Engineering and Technology Upgrades
• Six advanced ultrasonic flaw detectors were delivered to the plant.
• A safety parameter display system was installed in Unit 3. Pilot plant operation was initiated

in early 2000.
Plant Safety Evaluations

• Computer equipment for the in-depth safety assessment work was installed at the plant.
• The in-depth safety assessment for Unit 1 was initiated. Contracts were awarded for planning,

development of project guidelines, an internal-event probabilistic risk assessment, and a
deterministic risk assessment.

• Technical transfer training was provided in the areas of thermal-hydraulic analysis,
containment analysis, radiological inventory, and probabilistic risk'assessment.

• Safety computer codes were transferred to the Ukrainian project staff: RELAP5 (thermal-
hydraulic), CONTAIN (containment), MELCOR (containment), ORIGEN (radiological
inventory), and SAPHIRE (probability).

• Documentation of previous probabilistic risk assessment work was completed. Data
collection, system documentation, a baseline thermo hydraulics model, fault-tree models, and
event-tree models were completed.

• Design basis accident analysis and probabilistic risk assessment Level 1 analysis began.
These analyses are past the 50 percent completion level.

• Data collection began for internal hazards (fire and flood) and external hazards (fire, flood,
seismic, and other).

SUNPP
Scope and Status of Activities
DOE projects at South Ukraine nuclear power plant have supported development of full-scope
simulators to enhance operator training (1995-2001). In addition, in-depth safety assessments are
under way (1995-2000), and safety parameter display systems are being provided (1996-2001).

Accomplishments:

Management and Operational Safety
• A full-scope simulator for Unit 1 is being developed in Ukraine. The interim design

specifications for this simulator were completed. The control panels were installed and
acceptance testing has started. The project is scheduled for completion during 2001.

• Operator exchanges that trained plant personnel to develop improved operating safety
procedures and practices were completed.

• The transfer of the Systematic Approach to Training methodology and materials developed at
the Khmelnotski Training Centre to the South Ukraine plant was completed. Pilot training
courses for the Instrumentation and Control Technician Unit Shift Supervisor and Control
Room Reactor Operator positions were developed and implemented.

• To complement the pilot training course on instrumentation and control for soldering,
soldering equipment was purchased for the plant. Basic equipment, including a computer with
network capabilities, a printer, and associated consumables, was provided for the
development and support of training.
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• A full-scope simulator for Unit 3 was completed in May 2000.
• A South Ukraine staff member was trained to conduct internal quality assurance audits. Plant

managers attended workshops reviewing plant and Energoatom activities to implement the
Ukraine national standard for quality assurance at nuclear facilities.

• An audit of environmental radiation monitoring and related laboratory activities was
completed.

• South Ukraine staff was trained on the development of Westinghouse-based EOIs.

Engineering and Technology Upgrades
• Six advanced ultrasonic flaw detectors were delivered to the plant.
• Safety parameter display systems were installed, tested, and are now in operation at Units 1

and 2. The system at Unit 3 was installed. Testing will be completed before the end of 2000.

Plant Safety Evaluations
• The in-depth safety assessment for Unit 1 is in progress. Probabilistic risk assessment project

guidelines were completed for system descriptions, nuclear steam supply system database,
component reliability database, abnormal events database, containment database, preliminary
thermal-hydraulic models, internal-and external-event probabilistic risk assessment,
deterministic safety assessment, and containment assessment. The data collection, system
description documentation, and baseline thermo hydraulics model were completed in 1998.

• The Level 1 probabilistic risk assessment for internal events of South Ukraine Unit 1 was
completed in 1999. In April 2000, this probabilistic risk assessment was reviewed by an
IPSART Mission of the International Atomic Energy Agency. The findings of this review
were generally positive. An independent peer review of the probabilistic risk assessment by
an Ukrainian technical organization is in progress.

• Work on the design basis accident analysis for Unit 1 is in progress. All the analytical models
for the analysis of accident progression and the determination of containment response under
accident conditions have been developed. The design basis accident sequences are being
analyzed and about 70% of the overall effort has been completed.

• The first part of the external hazards (both man-made and natural phenomena) assessment and
the internal hazards (fire and flooding) assessment for Unit 1 was completed in June 2000.
This involved data and information collection, screening of hazards, and, where possible, the
preliminary assessment of vulnerabilities and risk. The tasks needed to complete the
internal/external hazards assessments were delineated and prioritized.

ZNPP
Scope and Status of Activities
DOE efforts at Zaporozhe nuclear power plant focus on improving the safety of day-to-day operations
at the plant, upgrading critical plant safety systems, and ensuring adequate storage facilities for spent
nuclear fuel. Projects include activities to improve operator training (1994-2003), development of
improved operating procedures and practices (1993-1997), provision of fire-fighting and fire-
prevention material and equipment (1993-2003), performance of in-depth safety assessments (1996-
2005), and provision of a dry storage system for spent nuclear fuel (1994-2000).

Accomplishments:

Management and Operational Safety
• Emergency operating instructions that promote safety through improved accident mitigation

strategies were developed. Analysis for validating these instructions is under way.
• All 16 management and operational control guidelines for preparing operational control

procedures that promote safety through improved operating practices were developed; plant-
specific procedures were implemented at the plant.

• The operator exchange programme, which trained plant personnel to develop improved
operating safety procedures and practices, was completed.

• A configuration management programme for keeping the plant's design basis current and
accurate was initiated at the plant.
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• A full-scope simulator upgrade for Unit 5 was completed in June 1999.
• Transfer of simulator maintenance tools was completed.
• The transfer of the Systematic Approach to Training methodology and materials developed at

the Khmelnotski Training Center to the Zaporozhe plant was completed. Pilot training courses
for the Chemical Operators and Water Chemistry Technicians Unit Shift Supervisor, and
Control Room Reactor Operator positions were developed and implemented.

• Simulator instructor training was initiated at the plant. Simulator instructor training was
provided to simulator instructors from the Zaporozhe and Kozloduy plants using the
Zaporozhe simulator.

• Basic equipment was provided for the development and support of training. This equipment
included a computer with network capabilities, a printer, and associated consumables.

• Guidelines for plant procedures for quality assessments, document control and records
management were developed and implemented during 2000. Fifteen Zaporozhe staff members
were trained to conduct internal quality assurance audits. Zaporozhe managers attended
workshops to familiarize themselves with plant and Energoatom activities to implement the
Ukraine national standard for quality assurance at nuclear facilities.

• Procedures were developed for pilot implementation of an event analysis, reporting and
lessons learned system. Training of personnel and development of a database were completed.
Pilot implementation will be completed in 2000.

• A simulator SPDS unit was completed and fully integrated with the Zaporozhe 5 full-scope
simulator.

Engineering and Technology Upgrades
• Fire-resistant penetration sealant materials, fire detectors, sprinkler heads, and firefighting

equipment were delivered to the plant. The fire-detection system, sprinkler system, and
penetration sealant material will be installed in 2000.

• Technology for manufacturing fire doors, previously transferred to the Ukrainian company
Askenn Concern, was used by Askenn to provide 125 fire doors to the plant. These doors
have been installed.

• Safety parameter display systems were installed, tested, and are now in operation at Units 3
and 5. The systems for Units 2 and 4 were installed. Testing of these systems will be
completed in 2000. The hardware for Units 1 and 6 was ordered, and these systems are
scheduled to become operational in the spring of 2001. During the summer of 2001, a
multiunit surveillance capability will be added to the plant. This will permit the plant shift
supervisor and technical support center to observe the operation of all six units at the site.

• Advanced equipment to inspect steam-generator tubing was provided to the plant. This
equipment is to be used at all Ukrainian nuclear power plants.

• Twelve advanced ultrasonic flaw detectors were delivered to the plant.

Plant Safety Evaluations
• The in-depth safety assessment for Unit 5 is in progress. Guidelines were prepared for the

quality assurance, probabilistic risk assessment, deterministic safety assessment, and
containment assessment. System description documentation, documentation of past safety
assessments, data collection for both probabilistic and deterministic analysis, and a baseline
thermohydraulics model were completed in early 2000.

• Basic training in probabilistic risk assessment methodology was provided to plant personnel.
Computer equipment to be used in the assessment was installed at the plant.

• The analyses on the Level 1 probabilistic risk assessment for internal events were completed
in September 2000 and a draft report was issued. External review of this report is now in
progress. To permit the analysis of asymmetric flow transients in the core region, work has
started on the modification of the baseline thermal hydraulic model.

Fuel Cycle Safety
• A project to provide three spent fuel dry-storage casks, a cask transporter, ancillary

equipment, and associated services and training to the plant is nearly complete. The cask
transporter, all cask hardware, and ancillary equipment were delivered. Technology was
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transferred for fabrication of the concrete casks and the plant constructed three casks. The
first cask is scheduled to be loaded with spent fuel in 2000.

• The plant received the official construction license from the Ministry of Environmental
Protection and Nuclear Safety for onsite fabrication of the dry spent fuel storage system.

• Operating procedures for the dry-cask storage system at the plant were completed.

5. REGULATORY FRAMEWORK

During the period of 1992-1995, the activities in the nuclear energy field and radiation
protection have been based on the safety rules and regulations of the former Soviet Union. They have
been put into force by the Decree of GOSATONMNADZOR of Ukraine on 04 January 1995. The
Rules and Regulations that are now in force in Ukraine do not meet the international requirements and
standards and also not the social-economic relations in Ukraine. The extreme necessity to set up new
legislation in Ukraine regulating the nuclear energy utilization and radiation safety became apparent.
At present, in this area some important laws, regulations and decrees have been adopted by the
Government of Ukraine. The System of the Regulatory, the Main Safety standards and the radwaste
management standard; the QA standards are under development now.

5.1. Safety Authority and Licensing Process

The President of Ukraine, upon submission of the Cabinet of Ministers of Ukraine, made a
decision to establish the State Nuclear Regulatory Committee as a central executive authority with the
special status on the basis of the Department of Nuclear Regulation and Main State Inspectorate of the
Ministry of Environment Protection and Natural Resources. In compliance with Decree # 1303 of the
President of Ukraine «On State Nuclear and Radiation Safety Regulation)) dated 5 December 2000,
the newly established authority is entrusted with the following functions:

• set criteria, requirements and conditions of safety in nuclear energy utilisation;
• issue permits and licenses for carrying our activities in this field;
• exercise state supervision over compliance with the legislation, norms, regulations and

standards on nuclear and radiation safety;
• exercise other functions of national regulatory body of nuclear and radiation safety as defined

in the Convention on Nuclear Safety and Joint Convention on the Spent Fuel Management and
on the Safety of Radioactive Waste Management.

The tasks, functions and mandates of the regulatory authority are defined in details in the
Statute on the State Nuclear Regulatory Committee of Ukraine, which was approved by the Decree
Nsl55 of the President of Ukraine dated March 6, 2001. In addition to the above said, this Statute
entrusts the State Nuclear Regulatory Committee (hereafter Regulatory body) with the function of the
central authority and contact point which is responsible for physical protection of nuclear material in
compliance with the Convention on Physical Protection of Nuclear Material, and with the functions of
the competent authority and contact point in charge of transmission and receipt of notifications in case
of nuclear accident in accordance with the Convention on Early Notification of a Nuclear Accident. It
is also responsible for organisation and performance of researches in the field of nuclear and radiation
safety assurance, and for co-ordination of activities of the executive authorities as regards their
performance of nuclear and radiation safety regulation. The Statute provides for the mandates
required for execution of the regulatory activity, in particular: the right to access the territory of
facilities and to obtain necessary information, mandates to apply financial sanctions and to limit or
stop activities involving violations of safety conditions, mandates dealing with the orders to carry out
activities required for maintaining the safety level, right to hear the reports of the officials and to pass
the materials to law-enforcement authorities.

The President of Ukraine following the submission by the Prime Minister of Ukraine appoints
by his decrees the Chairman of the regulatory body and his deputies. Activity of the regulatory body is

UKRAINE 827



financed out of the state budget funds. The structure of the State Nuclear Regulatory Committee of
Ukraine is given in chapter 3.4.

A system of technical support organisations for the nuclear safety regulatory body was
established in Ukraine. It includes the following organisations:
• State Scientific and Technical Centre of Nuclear and Radiation Safety, an independent

scientific and technical and expert organisation which provides support for the regulatory body
activities;

• Affiliates of the State Scientific and Technical Centre of Nuclear and Radiation Safety in
Kharkiv, Odesa and Slavutich, which perform the functions of specific scientific and technical
support to the regulatory body according to their specialisation.

Today, it is planned to expand Slavutich affiliate and to provide jobs for the specialists of
Chernobyl NPP dismissed due to the closure of the plant. In its work the State Nuclear Regulatory
Committee of Ukraine is guided by the principles of quality assurance, using a number of documents
(procedure, plans, programs), which are the components of the quality assurance system.

Clear separation between the functions of the regulatory body and those of other body or
organisation concerned with the promotion or utilisation of nuclear energy is ensured in Ukraine. In
its activity the regulatory body is independent of any central bodies of the executive authority
responsible for the nuclear energy utilisation. This provision is secured by Article 23 of the Law of
Ukraine «On Nuclear Energy Utilisation and Radiation Safety)). NNEGC Energoatom as a licence
holder bears full responsibility for the radiological protection and safety of nuclear installations
irrespective of the activity and responsibility of suppliers or state nuclear and radiation safety
regulatory bodies. In line with responsibilities laid by the Ukrainian law on the operating body,
NNEGC Energoatom shall:
• assure nuclear and radiation safety;
• develop and take measures on safety improvement of nuclear installations. For instance, based

on the previous analysis and assessment of the safety level of nuclear power plants the long-
term measures for upgrading and safety improvement of Ukraine's nuclear power plants were
developed:

• provide for radiological protection of personnel, public and environment. The new radiation
safety norms with stricter requirements were put in effect in 1998. The operating body has
developed and is implementing the programme on bringing its activity in conformity with these
requirements. The reference levels of external personal exposure, exposure dose limits of the
public in the areas of NPP locations were revised and reduced. More stringent reference levels
resulting from average actually achieved values for 5 years for each reference parameter were
introduced based the results of calculations of admissible levels of radioactive releases and
effluents;

• inform in proper time and in full scope of the violations in the nuclear installation operation.
Dispatcher's and public relations services have established the system of early notification
about violations in NPP operation of the central and local authorities, regulatory and
administrative bodies, which, in turn, notify thereof the respective international organisations.
The information on violations and changes in operation of NPPs is provided for news agencies
and web-site of NNEGC Energoatom on a daily basis. Twice a month Energoatom issues press-
releases on economic, financial situation and changes in operation;

• provide financial coverage of the liability for nuclear damage in the amount and on the
conditions defined by the Ukrainian law. Financial coverage of the liability for nuclear damage
is provided by means of insurance;

• set requirements for personnel's qualification depending on their responsibility for safe
operation of nuclear installation. The training and qualification maintenance system for all
staff, and, in first turn, or operating personnel, was established and functions in the company.
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Today, NNEGC Energoatom holds licences by the regulatory body for activities as follows:
• construction of nuclear installations - 2 licences (Unit 4 of Rovno NPP, Unit 2 of Khmelnitski

NPP);
• operation of the «Shelter» Object;
• design of nuclear facility (spent fuel storage facility at Chernobyl NPP).

A system of annual temporary licences for power unit operation (one licence per each unit)
issued by the regulatory body is and will be effective until the applicable system of the permissive
activity is put in compliance with the Law of Ukraine «On Permissive Activities in the Nuclear
Energy Field». This system is put into force by the resolution of the regulatory body until licensing
issues are settled at the legislative level.

5.2. Main National Laws and Regulations

The provision of legislation for adequate functioning of the power system became insensibly
the main condition for the establishment of the market reform in Ukraine. It marks the process of new
State building. Life based on instructions, directions and orders is replaced by life based on law. The
number of issues, which are not regulated by law of direct action, decreases insensibly and the nuclear
power sector isn't an exception.

From 1992 to 1994 the activities in the Nuclear power area and radiation protection were based
on the laws and regulations on the Safety in the Nuclear Power field of the former Soviet Union.
These laws have been implemented in Ukraine accordingly to the Decree N I issued by the Regulatory
Authorities of Ukraine on 4 January 1992.

One of the most important way to ensure the safety in nuclear power utilization is the legal
framework or legislation. In 50s in the former Soviet Union the nuclear legislation started its
development. However, the developed laws represented mostly the corporate normative acts that did
not cover in full all issues concerning rights, obligations and responsibilities of actors participating in
the nuclear power utilization sector. In addition, the administration of the nuclear power utilization
sector was fully under the control by the Union's authorities. The legislation of the republic
concerning the issues above mentioned has been practically absent despite the situation in Ukraine
that had 5 nuclear power plants in operation and several ionizing radiation sources utilized on its
territory. The Chernobyl catastrophe pushed forward the development of legislation in the area of
nuclear power utilization. Therefore, after the independence of Ukraine had been proclaimed, first
laws have appeared in this field, such as: "About the status and social protection of citizens that
suffered from the Chernobyl catastrophe" (dated 19.12.1991) e "About the legal regime on the
radioactively contaminated territory" (dated 27.02.1991).

On the 25th of January 1995 the Verkhovna Rada of Ukraine approved the Concept of the State
regulation of safety and nuclear sector administration in Ukraine. That put the basis for the state
control over the safe utilization of nuclear energy as well as fundamental principles of nuclear power
utilization that should support the nuclear legislation. These are the following principles:
• priority of the human being protection;
• prohibition to execute all types of activities in the area of nuclear power utilization without

appropriate license;
• separation of functions of the state administration and state regulation of the safe nuclear power

utilization;
• state supervision in the field of nuclear power utilization.

On 8 February 1995, the Verkhovna Rada adopted the law "On the Nuclear Power Utilization
and the Radiation Safety". It is the basic, fundamental law of the Nuclear Legislation System. It
defines the priority of the people's safety and environment, the rights and the duties of citizens in the
area of the Nuclear Power utilization. This law regulates and controls the activity related to the
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operation of the nuclear facilities and ionizing radiation, and defines the legal basis of the
international obligations of Ukraine in the Nuclear Energy field. The basic nuclear third party liability
rules are set out in this basic law.

The main provisions of the law are:
• The basic principles of the Government policy in the field of the Nuclear power utilization and

Radiation Safety.
• The rights and the obligations in the field of the Nuclear Power utilization and Radiation Safety.
• The regulation of the Nuclear power Utilization's Safety by Government.
• The legal status of the judicial and physical persons who are engaged in the work in the Nuclear

Power Utilization and Radiation Safety area.
• The placing and construction, commissioning and decommission of the nuclear facilities and sites

reserved for the nuclear waste management.
• The Specific Safety rules for the territories where there are the nuclear facilities and sites, reserved

for the nuclear waste management.
• Specific conditions for the safety regulation of the crafts, aircraft's, spaceships with the nuclear

installation or the ionizing radiation sources.
• Nuclear Waste Management.
• The transportation of the ionizing radiation sources.
• Physical protection of the nuclear materials and nuclear facilities.
• The Prevention of the utilization of the nuclear materials, equipment and technology with the

military purposes.
• The Indemnification for the nuclear damages.
• The liability for the legislation violation in the Nuclear Power Utilization and Radiation Safety

field.
• Export/import of the nuclear installations, equipment technologies nuclear materials and ionizing

radiation sources, specific non-nuclear materials and services in the Nuclear Power Utilization
area.

• International Co-operation of Ukraine in the field of the Nuclear Power Utilization.

Other important laws and Government's Decrees related to the utilization of nuclear power
and radiation safety are:

• The Law on Civil defence.
It defines the following basic tasks of the State Authorities: the prevention of the emergency;
the reduction of the, damages and losses after the accident; the early notification of the
population about the emergency. This law creates the system of the analysis and control; the
system of early notification and communication; the special system for the oversight, control
and monitoring of the radioactive contamination. This law constantly supports their readiness,
preparedness for the systems' stable functioning in cases of emergency.

• The Law on Environment Protection.
Article 54. It demands to develop and to take some measures aimed to the prevention of the
accidents and liquidation of their consequences. These functions, obligations have been charged
on the owner of the dangerous nuclear facility and the operating organization.

• Law on " Protection of the atmospheric air".
Defines the standardization as well as measures aimed at the atmospheric air protection.

• Law on "Ensuring of sanitary and epidemic welfare of population".
Article 23. Ensuring of radiation safety. Article 30. Prevention of extremely dangerous
infectious diseases, mass intoxication, and radiation damages of population.
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• Law on "Ecological expertise".
Defines the forms and procedure for conducting the ecological expertise as well as the state
regulation and administration in the ecological expertise area.

• Law on "Uranium ore mining and processing".
Regulates the peculiarities of legal relations during uranium ore mining and processing as well
as during its product utilization as a raw material to get the nuclear material. This law also
defines specific features of uranium facilities operation, their personnel, population and
environment protection against the impact of ionizing radiation sources as well as specificity of
social protection of the uranium facility personnel and population due to the ionizing radiation
impact.

• Law on "Radwaste management".
The law is aimed at ensuring the protection of people and environment against the harmful
impact of the radwaste now and in the future.

• The Decree of the Cabinet of Ministers of Ukraine on the Creation of the State Committee on
Nuclear Power Utilization - GOSKOMATOM, issued on January 16, 1993.

According to this Decree GOSKOMATOM is responsible for the Creation of the State System
for the management and the operation of the Nuclear Power facilities in Ukraine.

• The Decree of the Cabinet of Ministers of Ukraine on the Creation of "State Emergency Response
Center" on the basis of the "SPEZATOM" liquidated by the same decree (July 16, 1993).

This center should ensure the permanent preparedness for the quick and effective measures in
case of the accidents at the Nuclear Power facilities, radiation accident in the industry. This
Center should work accordingly to the Ukraine's international obligations that are meeting the
requirements of I the International Atomic Energy Agency (IAEA) to create the National
System for the liquidation of the nuclear 'dent and catastrophes' consequences.

• The Cabinet of Ministers' Decree on the Creation of the Permanent Government Commission on
the Ecological Safety and Emergency issued on August 10, 1993.

This commission should quickly resolve the problems that are related to the realization of the
Ukrainian citizens' rights to protect their life and their health from the consequences of the
accidents, catastrophes, ecological and moral damages. This decree is focused on the co-
ordination and control of all complex of works at the Government level.

• The President's Decree on the measures for the physical protection of the nuclear materials and
facilities (December 28, 1993).

The decree will permit to create the physical protection system that meets the international
requirements.

• Provisional Interdepartmental rules of the acceptance of the completed NPPs power units for the
operation, approved on June 22, 1994.

This document establishes the procedures of the acceptance of the completed NPPs for the
operation, the acceptance of their separate units and separate buildings at the NPP territory.

• The Cabinet of Ministers' Decree on the Measures for the stabilization of the NPP Work and
Operation, and for the solution of the first priority tasks in the Nuclear Power development
(October 3, 1994).

The Decree defines the special tasks of the Operating organization: GOSKOMATOM and
GOSATOMNADZOR in the further execution of the scientific-technical expertise and safety
evaluation of the NPP units in operation or under construction.

UKRAINE 831



• The President's Decree on the Creation of the Ministry of the Environment Protection and
Radiation Safety of Ukraine (On the basis of the Ministry of the Environmental Protection and the
Ukrainian State Committee for Nuclear and Radiation Safety, which were liquidated by the same
Decree of December 15, 1994).

This Decree was aimed toward the improvement of the environmental protection and radiation
safety system.

• Decree by the Cabinet of Ministers of Ukraine concerning "Establishment of the National Nuclear
Energy Generating Company "Energoatom" dated October 17, 1996.

With the purpose of improving electric power supply to the national economy and population,
completion of market reforms in the electric power sector and upgrading the efficiency of NPPs
operation under the electricity market implementation conditions.

• Decree by the President of Ukraine concerning "the Ministry of Ukraine for Emergency situations
and protection of population against the Chernobyl accident's consequences" (On the basis of the
Ministry of Ukraine for Protection of Population against the Chernobyl NPP accident's
consequences and Civil Defense Headquarters of Ukraine) dated October 28, 1996.

With the purpose to improve the administration of the civil defence in Ukraine, the protection
of the population and territories against emergencies and to implement the measures on ChNPP
accident's consequences liquidation.

• Decree by the President of Ukraine concerning "Establishment of the Ministry of Power Industry
of Ukraine" (On the basis of the Ministry of Energy and Electrification and the State Committee
on Nuclear Power Utilization) dated May 06, 1997.

With the purpose to improve the structure of administration of the energy -industrial complex to
increase its efficiency under the conditions of the national economy reforming.

• Decree by the Cabinet of Ministers of Ukraine concerning "Improvement of the systems of
payments for the electric and thermal power supplied" dated May 21, 1997.

With the purpose to ensure timely payments for the electric and thermal power supplied, to
stabilize the financial situation of the electric power sector, to provide the stable electric power
supply to the social production and to overcome the payment crisis.

• Law on "Person protection from ionizing radiation", March 1996.
The law is aimed on provision of person life, health and property protection from negative
influence of ionizing radiation, caused by practical activity, in case of radiation accidents and
during prediction and saving measurements execution.

• Law on "General principles on following operation ChNPP and transformation of blasted
ChNPP#4 to ecology safety system" December 1998.

It is directed to legal relationship regulation during following operation and pre-term ChNPP
decommissioning; transformation of blasted ChNPP#4 to ecology safety system; ChNPP staff
social protection; taxation feature of enterprise activity subjects.

• Law on "Permission activity in the Nuclear Power Utilization sphere" December 1999.
The Law was accepted in the first reading. It's designated the legal, organizational and
economical essential principles of permission activity in the sphere of Nuclear Power
Utilization, also the general states of the social relations regulation. The permission system in
the sphere of Nuclear Power Utilization is directed on National Security Interest protection,
non-admission on allowable norm exceeding for person irradiation and environment pollution
and also on requirement fulfillment for non-proliferation of Nuclear Weapons.
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• The President's Decree "On changes in the structure of executive authority central organs" dated
December 15, 1999.

• Creation of the Ministry of Ecology and Natural resources - Minecoresource (on the base of the
State Administration of Nuclear Regulation .

• The Cabinet of Ministers' Decree "List on activities connected with provision of Physical
Protection of Nuclear Installations and Materials, which are under obligatory licensing" dated
July 12, 2000.

• The Cabinet of Ministers' Decree "List on posts and professions for staff on Nuclear Installations
Operation, the training for them is under obligatory licensing. List on posts for staff, who
perform directly the Nuclear Installation Control and who's activity can perform only on the
licensee base" dated August 8, 2000.

• The Cabinet of Ministers' Decree "Some issues on State regulation for ionizing source using
activity" dated November 16, 2000. Here are the documents, which were prepared by Nuclear
Regulation Department: "List of Ionizing Source the activity for their using releases from
licensing" and "The State Registration Order of Ionizing Source"

• The Cabinet of Ministers' Decree "the Licensing Order of some activity kind in the sphere of
Nuclear Power Utilization" dated December 12, 2000.

The process of improving and setting up new regulations, standards and rules for nuclear and
radiation safety continues. Among normative-legal acts on nuclear and radiation safety, the "General
Safety Regulations" (HII 306.1.02/1.034-2000 replaced the "General Safety Regulations: OPB-88")
should be noted. This document is the first step in replacing the "soviet" regulations and rules by
national documents, which are based on national legislation and take into account recommendations
by the international organizations and experience of the Ukrainian NPPs.

Thus, Ukraine for comparatively short period of time was able to create its own nuclear
legislation that was formed as the independent sector or branch of the national legislation. The
fundamental provisions of this sector were reflected in the Constitution of Ukraine in accordance to
which the State is responsible for the liquidation of Chernobyl accident's consequences and
preservation of genetic fund of the Ukrainian people. However, the nuclear legislation has some
deficiencies. Not all the public relations are covered by the normative acts. There are some problems
with nuclear damage indemnity or nuclear liability.

In spite of the shortage of the financing for the creation of the legal basis of the nuclear and
radiation safety, Ukraine had created the State Structure for the Management and Regulation in the
area of the Nuclear Power Utilization and Radiation Safety.

5.3. International, Multilateral and Bilateral Agreements

International assistance to the Ukrainian Regulatory Body started in 1992. A large number of
efforts were directed to staff training, analysis project of legislative and normative acts in nuclear and
radiation safety, transfer of safety assessment methodology for scientific support of regulative
activities.

Ukraine was one of IAEA founders and has been taking an active part in IAEA working since
foundation time - 1957. The main direction of IAEA co-operation: favour to non-proliferation of
nuclear weapons through guarantee regime, participation in technical co-operation programme,
participation in yearly sessions of IAEA General Conference.
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The European Commission participates in the implementation of the safety improvement
strategy of Ukraine in the framework of the TACIS programme. Ukraine is the party to international
conventions in the field of nuclear and radiation safety and a number of multilateral and bilateral
international agreements.

AGREEMENTS WITH THE IAEA

• Amendments to Articles VI and XIV
of the Agency statute

• Agreement on privileges and
immunities

• NPT related safeguards agreement
INFCIRC/153

• Additional Protocol

• Supplementary agreement on provision of
technical assistance by the IAEA

MAIN TREATIES OR AGREEMENTS

• NPT

• Conventional on the physical protection of
nuclear material

• Convention on early notification of a nuclear
accident

Not ratified

Entry into force:

Entry into force:

Signed:

Entry into force:

5 October 1966

22 January 1998

15 August 2000

21 September 1990

Entry into force:

Entry into force:

5 December 1994

5 August 1993

• Convention on assistance in the case of nuclear Entry into force:
accident or radiological emergency

• Vienna convention on civil liability for nuclear Entry into force:
damage

• Paris convention on civil liability for nuclear
damage

Entry into force: 26 February 1987

26 February 1987

• Joint protocol

• Protocol to amend Vienna convention on civil
liability for nuclear damage

Entry into force:

Signed on:

Convention on supplementary compensation for Signed on:
nuclear damage

Convention on nuclear safety

Joint convention on the safety of spent fuel
management and on the safety of radioactive
waste management

Entry into force:

Ratified on:

20 December 1996

Not applicable

24 June 2000

29 September 1997

29 September 1997

7 July 1998

24 July 2000
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OTHER RELEVANT INTERNATIONAL TREATIES OR UNDERTAKINGS

• Improved procedures for designation of Not requested
safeguards inspectors

• Zangger Committee Non Member

• Acceptance of NUSS Codes No replay

• Nuclear Suppliers Group Member

• Nuclear export guidelines Not adopted

BILATERAL AGREEMENTS

• A bilateral agreement with the US government has been concluded, providing a State Guarantee
(Indemnity Statement).

• Co-operation with FRG is based on an agreement between German and Ukrainian Government
on issues, which represent mutual interest in view of nuclear-technical safety and radiation
protection. Since 1992, the Federal Ministry of Environmental Protection and Nuclear Reactors
Safety (BMU) has been organizing and financing the realization of bilateral programme on
technical assistance to Ukraine.

• Co-operation with Spain is performed according an agreement on co-operation between the
Ukrainian Ministry of Ecology (UME) and the Spanish Council on Nuclear Safety, signed on 1
October 1997 in Vienna.

• Co-operation with Italia is executed according an agreement on technical information exchange
and co-operation in the area of nuclear safety and radiation protection between the Italian
National Agency on Environment Protection (ANPA) and UME (March 23,1998, Rome).

• Co-operation with Sweden has been executed since 1992 on the base of common programmes
and protocols. Since 1999, on the base of 2 agreements between the Government of Sweden and
the Cabinet of Ministers of Ukraine (CMU) on notification of a nuclear accident, information
exchange and nuclear safety co-operation.

• Co-operation with Switzerland is executed on the base of agreement between the Swiss Federal
Inspectorate on Nuclear Safety and the Ukrainian State Committee on Nuclear and Radiation
Safety and renewed in 2000 by an agreement between the Federal Inspectorate and
Minecoresource.

• Co-operation with Bulgaria is executed on the base of an agreement on co-operation in the area
of state regulation and safety surveillance between the Bulgarian State Committee on the Use of
Atomic Energy Utilization for Peaceful Purposes and Minecoresource.

• Co-operation with Hungary is executed on the base of an agreement on notification of a nuclear
accident, information exchange and co-operation in the Nuclear Safety area between the
Governments of Hungary and Ukraine.

• Co-operation with the USA is executed on the base of a memorandum between the US Nuclear
Regulation Committee and the State Administration on Nuclear Regulation of Ukraine (28
January 2000, Washington).

• Co-operation with Canada is executed on the base of an administrative agreement between the
Commission on Nuclear Safety of Canada (CNSC) and UME and meeting protocols.

• The agreement on notification of a nuclear accident and information exchange on nuclear
installations was signed between the Government of Turkey and CMU in 2000.
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NEP
FER
NPP
TPP
HPP
HaPP
UES
NERC (Russian - NKRE)
UK
WEM
UAH
Mintopenergo
NNEGC "Energoatom"
ChNPP
RNPP
KhNPP
SUNPP
ZNPP
VNIIAES (Russian abbr.)
NIKIET (Russian abbr.)
OKBGP
KhTZ
TP
VostGOK
oblenergo
NFC
NPS

ABBREVIATIONS

National Energy Programme of Ukraine for the period till 2010
Fuel-energy resources
Nuclear Power Plant
Thermal (Fossil) Power Plant
Hydroelectric Power Plant
Hydro-accumulator Power Plant
Unified Energy System
National Energy Regulation Commission
United Kingdom
Wholesale Electricity Market of Ukraine
Hrivna, Ukrainian currency
Ministry of Fuel and Power Industry
National Nuclear Energy Generating Company (utility) "Energoatom"
Chernobyl Nuclear Power Plant
Rovno Nuclear Power Plant
Khmelnitski Nuclear Power Plant
South Ukraine Nuclear Power Plant
Zaporozhe Nuclear Power Plant
All-Russian Research Institute for NPP Operation (Moscow, Russia)
R&D Institute of Power Engineering (Moscow, Russia)
Pilot Design Bureau "Gydropress" (Podolsk, Russia)
Kharkov Turbine Plant
Temporary Permissions
Vostochny Uranium Ore Mining and Processing Enterprise
At the same time Power Transmission and Supply companies
Nuclear Fuel Cycle
Nuclear Power Sector
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL NUCLEAR ENERGY AUTHORITIES

Ministry of Fuel and Power (Mintopenergo)
Kiev, Khreshchatyk St. 30
Minister-Mr. Gaiduk

State Committee of Nuclear Regulation
Kiev, Arsenalnaya 9/11
Chairman - Mr. V. Grishchenko

OTHER NUCLEAR ORGANIZATIONS

Utility NNEGC «Energoatom»
Executive President - Mr. J.Nedashkovsky
01011,9/11 Arsenalna Str, Kyiv, Ukraine

ZNPP
Director - Mr. V. Pyshny
71500, Energodar, Zaporizhzhya region, Ukraine

SUNPP
Director - Mr. B. Bilyk
55000, Yuzhno-Ukrainsk, Mykolayiv region, Ukraine

RNPP
Director - Mr. V. Korovkin
34400, Kuznetsovsk, Rovno region, Ukraine

KhNPP
Director - Mr. B. Sophiyuk
30100, Neteshin, Khmeltnitski region, Ukraine

State Particularized Enterprise ChNPP
Director - Mr. V. Tolstonogov
07100, Slavutich, Kyiv region, Ukraine

State Emergency Technical Center
Prypyat

VOSTGOK" the ore Mining and Processing Plant
Zhovty Vody, Dnepropetrovsk region

PO "Pridnieprovsky Chemistry Plant"
Dneprodzerginsk

R&D Institute "Energoproject"
Kiev

Tel: 8 (044) 221-4394
Fax: 8 (044) 224-4021
http://\vww.me-press.kiev.ua

Tel: 8 (044) 254-33-64
http://www.snrcu.gov

Tel: 8 (044) 294-48-70
Fax: 8 (044) 294-48-70
http://www.energoatom.com.ua

Tel: 8 (06139)-32451
Fax: 8 (06139)-31912
http://www.nppzap.zaporizh zhe.ua

Tel: 8 (05136)-24988
Fax: 8 (044) 227-2661

Tel: 8 (03636)-22360
Fax: 8(03636)-22314

Tel: 8 (03848) -33350
Fax: 8 (03848)-33360

Tel: (38 044) 234-11-66
Fax: 8 (279)-25670
Fax: 8 (279)-26359

Tel: 8 (044) 225-53-24

Tel: 8(056-52) -9-35-58

Fax/Tel: 8(056-92) -3-00-43

Tel: 8 (044) 274-10-12
Fax: 8 (044) 274-60-61
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R&D Institute "Energoproject"
Kharkov

Maintenance Enterprise "Lvovenergoremont"
Lvov

Institute of Nuclear Research
Kiev

Scientific Centre "Physics-Technical Institute"
Kharkov

Ministry of Environment and Natural Resources of Ukraine

Ministry of Emergencies of Ukraine

International Chornobyl Centre for Nuclear Safety,
Radioactive Waste and Radioecology

International Nuclear Safety Centres (INSCs)

Ukrainian Nuclear Society (UkrNS)

Fax: 8 (057) 2-22-50-29

Fax: 8 (032 2) 42-23-94

Tel: 8 (044) 265-23-49

Tel: 8 (0572) 35-37-95
Fax: 8 (0572) 35-16-88

http://www .menr. gov .ua

http://acc.ic-chernobyl.kiev.ua

Phone/Fax: 8 (044) 294-4379
Phone/Fax: 8 (04479) 2-3016

http://www.insc.gov. tia

Tel: 8 (0482) 60-41-60
http://www.ukrns.odessa.net
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UNITED KINGDOM

1. GENERAL INFORMATION

1.1. General Overview

United Kingdom (UK) is an abbreviated form of United Kingdom of Great Britain and
Northern Ireland. The UK consists of England, Northern Ireland, Scotland and Wales and lies in
north-western Europe, occupying the major portion of the British Isles. The country's only land
boundary is with the Republic of Ireland. The UK is separated from the coast of western Europe by
the English Channel to the south and by the North Sea to the east. The northern and western shores
are washed by the Atlantic Ocean.

As a result of the relative warmth of the nearby seas, UK has a moderate climate, rarely marked
by extremes of heat or cold. The mean annual temperature ranges between 11.1°C in the south and
8.9°C in the north-east. Seasonal temperatures vary between a mean of about 16.1°C during July, the
hottest month of the year, and 4.4°C during January, the coldest month. Fogs, mists, and overcast,
skies are frequent, particularly in the Pennine and inland regions. Precipitation, heaviest during
October, averages about 760 mm annually in most of the UK.

During the Industrial Revolution the country became rapidly urbanized, and today more than
70% of the total population of 58.8 millions (1996) is concentrated in cities occupying 10% of the
total land area. It has a mean population density of 243.2 persons per square km with an annual
growth of 0.3% (1997). The population is highly urbanized, and the United Kingdom is the third most
densely populated nation in Europe (after Netherlands and Belgium). The most densely populated part
of the United Kingdom is England, with 376 persons per square km; Scotland has a density of 66 per
square km; Wales, 141 per square km; and Northern Ireland, 123 per square km. Population in 1998
was 59.1 millions (Table 1) and is expected to grow to 60.3 millions in 2006.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2) 244.9

1960

52.5
214
86

1970

55.6
227
88

1980

56.3
230
89

1990

57.6
235
89

1998

58.6
240
89

1999

59.3
242
89

2000

59.4
243
N/A

Growth
rate (%)

1980
to

1999

0.2
0.2

Source: IAEA Energy and Economic Database; Data & Statistics/The World Bank.

1.2. Economic Indicators

Gross Domestic Product (GDP) increased from US$ 1,240,569 million in 1997 to US$
1,286,166 million in 1998 (Table 2).

1.3. Energy Situation

Extensive coal deposits occur around the eastern and western edges of the Pennines, in South
Wales, in the Midlands (Birmingham area), and in the Scottish Central Lowland. Easily accessible coal
seams are, however, largely exhausted. Fortunately for the energy-hungry British economy, large
deposits of petroleum and natural gas under the North Sea came into commercial production in 1975 and
at present the United Kingdom is self-sufficient in petroleum (Table 3).
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TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (current US$)

GDP growth (annual %)

GDP by Sector, value added (% of GDP):

Agriculture

Industry

Services, etc.

1995

1.13E+12

2.79

1.64

28.2

70.16

1996

1.18E+12

2.55

1.58

28.25

70.16

1997

1.32E+12

3.51

1.32

27.24

71.44

1998

1.41E+12

2.64

1.14

25.95

72.9

1999

1.44E+12

2.11

1.05

25.24

73.72
Source: Data & Statistics/The World Bank.

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

36.65

Liquid

27.93

Gas

29.82

Uranium(1^

N/A

Hydro <2)

0.77

Exajoule

Total

95.17
(1) This total represents essentially recoverable reserves.
<2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross theoretical

annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base; Country Information.

TABLE 4. ENERGY STATISTICS Exajoule

Energy consumption
- Total(1)

- Solids (2)

- Liquids
- Gases
- Primary electricity(3)

Energy production
- Total
- Solids
- Liquids
- Gases
- Primary electricity<3)

Net import (import - export)
- Total
- Solids
- Liquids
- Gases

1960

6.86
4.96
1.85
N/A
0.05

5.01
4.95
N/A
N/A
0.05

1.91
-0.18
2.09
N/A

1970

8.70
3.90
4.03
0.47
0.30

4.42
3.68
0.01
0.43
0.30

4.28
-0.10
4.35
0.04

1980

8.43
2.98
3.26
1.80
0.39

8.33
3.18
3.37
1.38
0.39

0.60
0.08
0.10
0.42

1990

8.97
2.66
3.25
2.31
0.75

8.83
2.33
3.85
2.03
0.63

0.32
0.37
-0.34
0.29

1999

9.84
1.51
3.17
4.11
1.05

11.96
1.02
5.73
4.25
0.96

-1.63
0.65
-2.16
-0.12

2000

9.91
1.40
3.16
4.42
0.92

12.19
0.95
5.78
4.63
0.84

-1.65
0.72
-2.18
-0.19

Average annual
growth

1960
to

1980

1.03
-2.51
2.86
37.56
10.86

2.58
-2.18
40.71
36.23
10.86

-5.66
4.09

-14.07
46.24

rate (%)

1980
to

2000

0.81
-3.69
-0.15
4.60
4.31

1.92
-5.88
2.72
6.25
3.83

-5.23
11.78

-16.62
3.83

(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2) Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database.

Energy consumption by the industrial sector has fallen dramatically since 1970, with a sharp
reduction in the use of coal outweighing the increased consumption of gas and electricity. The greatest
growth in energy consumption has been in the transport sector mainly due to the high level of transport
activity, but electricity accounts for just under 1% of total energy consumption by this sector and is used
only for rail transportation. Table 4 shows the basic energy statistics.
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1.4. Energy Policy

The formal aim of the UK Government's energy policy is to ensure secure, diverse, and
sustainable supplies of energy in the forms that people and businesses want, and at competitive prices.
The Government believes that this aim will best be achieved by means of competitive energy markets
working within a stable framework of law and regulation to protect health, safety, and the
environment. Government policies also aim to encourage consumers to meet their needs with less
energy input, through improved energy efficiency. The key elements of the policy are:

• to encourage competition among producers and choice for consumers, and to establish a legal
and regulatory framework to enable markets to work well;

• to ensure that service is provided to customers in a commercial environment in which
customers pay the full cost of the energy resources they consume;

• to ensure that the discipline of the capital markets is applied to state owned industries by
privatizing them where possible;

• to monitor and improve the performance of the remaining state-owned industries, while
minimizing distortion;

• to have regard to the impact of the energy sector on the environment, including adopting
policies and taking measures to meet international commitments;

• to promote energy efficiency and renewable sources of energy;
• to safeguard health and safety.

In pursuit of these policies, the UK Government has privatized almost all the former state-
owned energy sector (coal, electricity, gas). The only part of the generating sector remaining in public
ownership is the newly formed company, Magnox Electric pic, which operates the UK's older
Magnox nuclear power stations.

The Government has no direct operational control over any part of the energy sector, which
comprises private companies operating on the basis of their own commercial criteria and judgement.
This includes such things as what fuels to use for power generation, their source, and the location of
facilities (although this remains subject to local planning permissions).

The gas and electricity industries are overseen by independent regulators, appointed by
Government, whose role is to promote competition where possible and to protect consumers by
providing a proxy for competition in areas of continuing monopoly. The requirement for regulatory
intervention will diminish over time, as more sectors of the energy market become open to
competition; but there will always be a need for regulation of monopoly infrastructure (the pipes and
wires).

The final stage in the liberalization of the electricity supply market was concluded in May 1999
when all remaining public electricity supply monopolies were abolished. All customers may now
choose their supplier. By September 1999, some 3.3 million had registered to change supplier and
some 2.7 million had actually done so. To make supply competition work, a major programme of
work was needed to build systems, commercial arrangements, trading arrangements, and licences,
which administer the change of supplier process. Following final agreement on the overall design of
the arrangements, end to end testing of the systems commenced at the beginning of 1998 and was
completed in all areas by the end of the year. Competition was then rolled out between September
1998 and May 1999, area by area according to the postcodes of the customers involved.

A new agreement, the Master Registration Agreement, has been established to oversee
developments in the change of supplier process and a new company MRASCo has been established to
manage such changes.
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In the gas sector, competition first started in the industrial and commercial (non-tariff) market
and there are currently 71 shippers competing in it. Domestic competition took longer to develop and
was started by the Gas Act 1995. This Act opened up the market by creating three separate licences
for Public Gas Transporters who operate the pipelines, shippers who buy gas wholesale from
producers and sell it to suppliers who in turn sell it to consumers. The roll-out of domestic
competition began in 1996 and was completed in May 1998. So far almost five million domestic
customers (roughly a fifth of total domestic gas consumers) have changed supplier.

In January 1999 the Director General of Gas Supply, Callum McCarthy, also assumed the office
of the Director General of Electricity Supply. This reflects "convergence" between gas and electricity
markets - gas is now used for electricity generation, many companies are now operating in both gas
and electricity markets so that consistency of regulation is therefore very important.

The Government remains responsible for establishing the framework of environmental
regulation within which the energy sector operates, including permissible levels of emissions and
disposal of wastes. But within these broad parameters, it is for companies to decide how best to meet
the particular environmental requirements relevant to them.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

Until 1990, when the institutional reform enacted for England and Wales by the Electricity Act
1989 was put into practice, the United Kingdom's power system had been organised as follows:

England and Wales: power generation and transmission was in the hands of the Central
Electricity Generating Board (CEGB) - a power company exerting monopoly rights over these
activities, who was responsible for supplying the twelve Regional Electricity Companies (RECs) in
charge of distribution. The Electricity Council, an intercompany co-ordination agency, was in charge
of assessing demand forecasts, investment and financing needs, and representing the industry.

Scotland: the system was supplied by two vertically integrated companies, the South of
Scotland Electricity Board (SSEB) and the North of Scotland Hydro-Electric Board (NSHEB).

Northern Ireland: supplied by a vertically integrated monopolistic company, the Northern
Ireland Electricity (NIE).

In 1990, all of the electricity supply industry, except for the nuclear generators, was privatised.
The more modern nuclear power stations, the AGRs and the PWR, were subsequently privatised in
1996 under the holding company British Energy pic, formed with two subsidiaries, Nuclear Electric
Ltd and Scottish Nuclear Ltd. Restructuring in 1998 led to Scottish Nuclear being renamed as British
Energy Generation (UK) Ltd and Nuclear Electric as British Energy Generation Ltd. The older
Magnox stations remain in the public sector and are operated as BNFL Magnox Generation.

In England and Wales around 21% of generation is carried out by Independent CCGTs; In
respect of individual generators British Energy Powergen, Innogy, TXU, BNFL, EDF, Edison and
AES are all active in the market. There are twelve distribution companies and one transmission
company, the National Grid Company (NGC). NGC also manages the despatch and administers the
market in wholesale power.

The retailing or supply of electricity, formerly a monopoly of the local distribution company for
all but the largest consumers, is now completely open to competition. In the case of Scotland two
companies, Scottish Power and Scottish and Southern (formerly Scottish Hydro-Electric, but renamed
after its merger with the English distribution company Southern Electric in 1998), each generate,
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transmit, distribute and supply electricity in their own areas. There are also other generators and
suppliers.

Regulation of the electricity industry in England, Wales and Scotland is the responsibility of the
Chief Executive of the Office of Gas and Electricity Markets (OFGEM). The Chief Executive is
appointed by the Government to be an Independent regulator of the industry with statutorily defined
duties to protect consumers and promote competition.

In Northern Ireland, generation and distribution were privatised independently. However,
unlike England and Welsh case, no new generating companies were established, and the power plants
were sold to already existing companies (Tractebel from Belgium and British Gas).

The wholesale electricity market in England and Wales has recently been reformed. On 27
March 2001, the Electricity Pool was replaced by New Electricity Trading Arrangements (NETA).
The Electricity Pool was the trading arrangement in England and Wales by which electricity suppliers
and large industrial users purchased electricity from the electricity generators. It was established in
1990 when the electricity industry was privatised, and operated under the Pooling and Settlement
Agreement, a commercial arrangement between the generators and public suppliers of electricity. The
Pool was used to determine which generating sets were called on to satisfy demand, and the price for
wholesale electricity (the Pool price) was set for each half hour by the most expensive generator used
during that period. All generators called to run received this price.

Among the long-standing criticisms of the Pool were that it was not open to electricity
consumers, its operation was not transparent, it was a price setting mechanism rather than a true
market, it facilitated the exercise of market power by generators owning large amounts of capacity,
and it distorted the market to the disadvantage of flexible plant, including coal. These concerns led to
a programme to replace the Pool with more competitive trading arrangements and this came to fruition
in March 2001. The new trading arrangements are much more like those in other commodity markets.
They comprise a series of bilateral markets (i.e. genuine two-side markets unlike the Pool) designed to
encourage competition and liquidity and to remove distortions in the market.

The key features of NETA are:

• a forwards market where generators are be able to contract with suppliers and large customers
for the physical delivery of electricity. Such contracts can be struck close to the time of
delivery or a year or more ahead;

• screen-based short-term power exchanges to enable participants to refine their contract positions
close to real time in the light of current information (e.g. on the weather). Five power exchanges
have either set up or are in the process of being set up;

• a balancing mechanism operating from 3lA hours ahead of real time up to real time, managed by
the National Grid Company (NGC). As electricity cannot be stored, NGC needs to manage the
grid system on a second-by-second basis and the balancing mechanism is the facility under the
new arrangements, which allows it to do this. However, the vast majority of trading takes place
in the forward markets rather than in the Balancing Mechanism;

• associated derivatives markets to enable market participants to manage commercial risks; and
• a settlement process to deal with the financial settlement of balancing mechanism trades and to

deal with those whose generation or consumption of electricity is out of balance with their
contracted position.

At the time of writing, NETA is only three months old, and it is therefore too early to draw
conclusions about the new market. However, the transition from the Pool to NETA was generally
considered to have been smooth, liquidity is increasing, participants are getting to grips with the new
NETA world, and forward prices are 30% lower than when the reform programme began in 1998. In
fact, forward prices had been low for some time in anticipation of NETA.
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However, there remains some concern amongst unlicensed generators (particularly CHP and
renewable plants) about the impact of NETA on their businesses. This stems from the fact that a
number of unlicensed generators have unpredictable or inflexible output and might therefore be
significantly (indirectly) exposed to imbalance prices. Although special arrangements have been
developed to enable to such generators to reduce their potential exposure to imbalance, they remain
concerned, particularly with current volatility in the Balancing Mechanism.

In the light of these concerns, prior to implementing NETA, the then Energy Minister (Peter
Hain) asked the Regulator to undertake a review of the impact of NETA on smaller generators based
on its first two months of operation. OFGEM commenced the Review at the end of May and are due
to report their findings by August 2001.

2.2. Decision Making Process

Responsibility for formulating energy policy and for most of the measures to implement it rest
with the central government. Within government, lead responsibility on energy matters outside
Northern Ireland rested until 12th April 1992, with the Secretary of State for Energy. On 13th April
1992, the Secretary of State's responsibilities were transferred to the Secretary of State for Trade and
Industry, except for energy efficiency, which was transferred to the Secretary of State for the
Environment. Northern Ireland energy matters are the responsibility of the Secretary of State for
Northern Ireland. The Secretary of State for Scotland is responsible for the electricity industry in
Scotland. Because of the cross cutting nature of the issues many Ministers are involved particularly
on policy for the efficient use of energy and for safety and the environment. Co-ordination between
Ministers and Departments is achieved through the Cabinet, Ministerial and official committees and
interdepartmental consultation.

The Secretary of State for Trade and Industry appoints the Director General of Electricity
Supply who heads the Office of Electricity Regulation which now has over 200 staff including
regional offices. The relevant Secretary of State and the Director General are the principal regulators
of the industry and have been given specific powers in the new regime. Those of the Secretary of
State include licensing and the regulation of certain matters related to the development of the physical
electricity supply system, fuel stocking and the quality of the electricity supply. Those of the Director
General include economic regulation and general supervision and enforcement of the licence regime
(including the issue of new licences).

The building of a new power station with a capacity of over 50 MW requires the consent of the
relevant Secretary of State. Environmental assessment is mandatory in most cases and is normally
required in all other cases.

2.3. Main Indicators

Contrasting with the 60s, since the mid 70s, power consumption growth rate has been moderate
(under 1.3% accrued rate). The system was affected by market stagnation during the first five years of
the 80s, primarily due to the behaviour of industrial demand which decreased 17% between 1979 and
1983. During the last years demand growth seems to have increased, with rates slightly above 2% per
year. In this context, the expansion of public service's installed capacity has been very limited since
1985, and a gradual obsolescence of generating facilities must also be considered. In spite of
fluctuations affecting electricity demand, its share in the country's energy requirements has been steadily
increasing. In fact, in 1970 electricity accounted for 12% of final energy consumption, though its
penetration steadily increased and reached 16% in 1991. The share of electricity was even more
important in the industrial sector during the same period, and rose from 11% in 1970 to almost 21% in
1991.

Electricity has increased its share of final energy consumption, which has been steadily rising
from 7% in 1960 to 11% in 1970 and 16% in 1991, mainly at the expense of coal and oil, and has been
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particularly successful in gaining an increased share of the industrial and commercial sectors.
Electricity's share of industrial energy consumption has more than doubled since 1970, rising from 10%
to 22% in 1991, due to structural changes and technological innovations. Electricity's share over energy
consumption in the commercial sector increased significantly over the period from 18% in 1970 to 32%
in 1991. The growth in electricity consumption was associated with increased use of air conditioning,
growth in Information Technology applications and improvement in the standard of lighting in the
commercial sector. Electricity, maintained its share of about 19% of energy consumption in the domestic
sector due to the availability of lower priced off-peak electricity, growth in ownership of electrical
appliances and more diverse applications.

The total electricity production in 1995 was 332.9 TW-h and the total installed electrical capacity
was 69 GW(e). Fossil fuels contributed 74% to the electricity generated and hydro and nuclear 2% and
24%, respectively. Table 5 shows the historical electricity production and installed capacities and Table
6 the energy related ratios.

TABLE 5. ELECTRICITY PRODUCTION ANE

Electricity production (TW-h)
- Total(1)

- Thermal
- Hydro
- Nuclear

Capacity of electrical plants GW(e))
-Total
- Thermal
- Hydro
- Nuclear
-Wind

1960

136.97
131.76
3.13
2.08

36.70
35.17
1.17
0.36
N/A

1970

247.98
217.34

4.63
26.01

62.06
56.48
2.15
3.43
N/A

• INSTALLED

1980

283.75
242.79

3.94
37.02

73.64
64.73
2.45
6.46
N/A

1990

318.97
253.31

7.06
58.60

73.01
56.43
4.17
12.40
0.01

CAPACITY

1999

367.78
268.57

6.89
91.19

74.28
56.87
4.26
12.97
0.19

2000

376.28
289.38

7.12
78.30

75.38
57.92
4.27
12.97
0.22

Average arm.
growth rate (%)

1960
to

1980

3.71
3.10
1.15

15.49

3.54
3.10
3.76
15.53

1980
to

2000

1.42
0.88
3.01
3.82

0.12
-0.55
2.82
3.55

(1) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(1^
Load factor of electricity plants

- Total (%)
- Thermal
- Hydro
- Nuclear

1960

131
2,615.

26
2

28

43
43
31
66

1970

156
4,155

50
11
49

46
44
25
87

1980

150
4,707

31
14
7

44
43
18
65

1990

156
5,409

33
20
4

50
51
19
54

1998

161
6,035

28
27
-19

55
52
15
80

1999

166
6,094

27
27
-20

55
52
15
80

2000

167
6.199

28
22
-17

57
57
19
69

( i) Net import / Total energy consumption
Source: IAEA Energy and Economic Database.

Traditionally, the United Kingdom's power system generation structure has relied on domestic
coal. It should be pointed out that since the 60s, there has been a mutual dependence between the power
and the coal industries. Coal fired plants contributed 60 and 70% to power generation thus becoming the
major consumer and supporter of the country's coal industry.

While the power sector was in the hands of the State, its relationship with the coal industry was
strongly supported, in spite of the discovery of important gas fields in the Northern Sea at the end of the
60s and of the early development of nuclear power generation, which also started during the 60s.
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2.4. Impact of Open Electricity Market in the Nuclear Sector

The electricity sector has seen a large amount of merger and acquisition activity over the last
year, with vertical integration on the increase. Responding to this, British Energy (BE) is seeking to
grow its supply business and broaden its customer base and has proposed to acquire the retail
electricity and gas supply business of SWALEC pic, a subsidiary of Hyder. The Secretary of State for
Trade and Industry announced on 23 September 1999 that, having received satisfactory assurances, he
had decided not to refer the proposed acquisition to the competition Commission.

3. NUCLEAR POWER SITUATION

3.1.Historical Development

In 1954 the Atomic Energy Authority Act established the United Kingdom Atomic Energy
Authority (UKAEA) with responsibility for the UK nuclear power programme. The programme was
to concentrate on the development of gas cooled reactors. The world's first industrial scale nuclear
power station to demonstrate the commercial potential of generating electricity through nuclear
fission, at Calder Hall in Cumbria, was commissioned by the UKAEA in 1956. Calder Hall was soon
followed by a station of similar design, Chapelcross in Scotland; now operated by British Nuclear
Fuels pic (BNFL), both these stations continue to generate electricity today after 40 years service.

Calder Hall and Chapelcross were Magnox prototypes, and nine, full scale Magnox power
stations were subsequently commissioned in the UK between 1962 and 1971. The Magnox stations
were so-called from the magnesium alloy used to make the fuel can which contains the natural
uranium fuel elements. The reactors use CO2 as coolant. These stations are now owned by BNFL
Magnox Generation and six are still in operation, while three are in the process of being
decommissioned.

In 1964, it was decided that the UK-developed advanced gas cooled reactor, the AGR, should
succeed the Magnox as the principal source of nuclear power in the UK. Seven AGR stations, making
use of enriched uranium fuel, were commissioned between 1976 and 1988 and these are now operated
by British Energy's subsidiaries, Nuclear Electric and Scottish Nuclear.

As part of the reorganization of the UKAEA under the Atomic Energy Authority Act in 1971,
BNFL was set up as a private limited company and subsequently transformed into a public limited
company. The fuel cycle operations previously undertaken by the UKAEA were transferred to BNFL.
BNFL now provides the full range of nuclear fuel cycle services to the UK and international markets
and in 1994 it sheared its first irradiated fuel in the Thermal Oxide Reprocessing Plant (THORP),
constructed to reprocess domestic and overseas spent fuel from AGR and PWR reactors.

In 1978 the Government had decided that for future nuclear power station design it would be
appropriate to pursue the Pressurized Water Reactor (PWR) option, the most widely used design
outside the UK. Subsequently the site at Sizewell in Suffolk was chosen and construction began in
1988 after a lengthy public inquiry. This station, Sizewell B, first supplied electricity to the national
grid in February 1995.

The United Kingdom Nuclear Industry Radioactive Waste Executive was set up in 1982. It was
incorporated in 1985 as United Kingdom Nirex Ltd. The company's principal activity is to carry out
research, development and design with a view to developing and managing commercial facilities for
disposal of solid intermediate and low level radioactive waste. High level waste is managed by its
producers, BNFL and the UKAEA.

In its 1988 White Paper "Privatising Electricity", the Government announced its intention to
privatize the UK electricity supply industry. However, it later removed the nuclear stations from its
privatization plans for economic reasons and also because of concerns about the operational
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performance of AGRs at that time and uncertainties over the financing of any new PWRs. The
Government did however recognize that there were advantages to be gained from the continued
operation of existing nuclear power stations, in their contribution to security of supply and protection
of the environment.

When announcing the Government decision not to privatize nuclear power, the Secretary of
State for Energy also announced that there was to be a moratorium on public sector construction of
new nuclear stations (the Sizewell B PWR was already being built) until the Government conducted a
review of the prospects for nuclear power.

3.2. Status and Trends of Nuclear Power

Thirty-five nuclear units are in operation in the United Kingdom, representing a total capacity
of 11.7 GW(e) and supplying almost 25% of the electricity generated in the country. Table 7 shows
the status of the nuclear power plants in the UK, Sizewell B, was connected to the grid in February
1995 and achieved full load in September 1995.

Sizewell B is an advanced PWR, built by the UK industry under a licence from the American
manufacturer Westinghouse, which incorporates a number of enhanced safety features to meet more
stringent safety standards. The unit was completed on schedule and within the provisional budget. All
the other nuclear units in operation in the UK are gas-cooled reactors of Magnox and advanced gas
cooled (AGR) types. Substantial improvements in the performance of the AGRs have been attained
during recent years. The Prototype Fast Breeder at Dounreay, which was commissioned in 1976, is
currently under-going decommissioning.

As of April 1998, the national safety authority, Nuclear Installations Inspectorate (Nil), has
authorized lifetime extension for all the Magnox units, which had reached thirty years of operation.
Although the authorizations from Nil do not specify the duration of the lifetime extension, the British
regulators have indicated that no safety factors have been identified which would limit the operation
of the Magnox reactors to less than 40 years and 50 years for Calder Hall and Chapelcross. The
Wylfa reactors in Wales received permission to continue operation until at least 2004 following
completion of the last of the long-term safety reviews of Magnox reactors.

Nil has accepted that the Periodic Safety Reviews of the AGR stations at Hinkley Point B,
Hunterston B, Dungeness B, Hartlepool and Heysham 1 have shown that the stations can be expected
to operate safely for at least a further 10 years, subject to satisfactory outcomes from routine
inspection activities. The Periodic Safety Review of Heysham 2 and Torness is scheduled for
completion in 2000.

British Energy has said it does not plan to invest in any form of new generation in the short
term because the future of UK energy prices is insufficiently certain. While the company announced
in December 1995 that it had abandoned plans to proceed with the early construction of two new
nuclear power stations in the UK (i.e. Sizewell C and Hinkley Point C), British Energy has made clear
that new nuclear build remains a part of its business strategy provided it offers an appropriate return
to its shareholders.

Notwithstanding British Energy's decision, the Government has concluded that it is reasonable
to assume that the existing technology will not be lost and that the option to build new nuclear power
stations will be available for some time to come, albeit with first-of-a-kind costs attached. Through
Sizewell B, which is a modern PWR reactor built only recently in line with international standards,
British Energy has access to the latest technology in this area. The company has made it clear that it
will be able to keep up with the latest developments, both through operating its new station and by
taking on overseas consultancy projects.
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o TABLE 7. STATUS OF NUCLEAR

Station

BRADWELL
BRADWELL
CALDER HALL
CALDER HALL
CALDER HALL
CALDER HALL
CHAPELCROSS
CHAPELCROSS
CHAPELCROSS
CHAPELCROSS
DUNGENESS-A
DUNGENESS-A
DUNGENESS-B1 UNIT A
DUNGENESS-B2 UNIT B
HARTLEPOOL-Al UNIT A
HARTLEPOOL-A2 UNIT B
HEYSHAM-1UNITA
HEYSHAM-1UNITB
HEYSHAM-2UNITA
HEYSHAM-2 UNIT B
HINKLEY POINT-A
HINKLEY POINT-A

Type

GCR
GCR
GCR
GCR
GCR
GCR
GCR
GCR
GCR
GCR
GCR
GCR
AGR
AGR
AGR
AGR

AGR
AGR
AGR
AGR
GCR
GCR

POWER

Capacity

123
123
50
50
50
50
50
50
50
50
225
225
555
555
605
605

575
575
625
625
235
235

PLANTS

Operator

BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL

BE
BE
BE
BE

BE
BE
BE
BE

BNFL
BNFL

Status

Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational

Reactor

Supplier

TNPG
TNPG

UKAEA
UKAEA
UKAEA
UKAEA
UKAEA
UKAEA
UKAEA
UKAEA
TNPG
TNPG
APC
APC
NPC
NPC

NPC
NPC
NPC
NPC

EE/B&W/T
EE/B&W/T

Constniction

Date

Ol-Jan-57
Ol-Jan-57
01-Aug-53
01-Aug-53
Ol-Aug-55
0I-Aug-55
Ol-Oct-55
Ol-Oct-55
Ol-Oct-55
Ol-Oct-55
01-Jul-60
Ol-Jul-60
Ol-Oct-65
Ol-Oct-65
Ol-Oct-68
Ol-Oct-68

Ol-Dec-70
OI-Dec-70
01-Aug-80
Ol-Aug-80
Ol-Nov-57
Ol-Nov-57

Criticality

Date

Ol-Aug-61
Ol-Apr-62
01-May-56
Ol-Dec-56
01-Mar-58
Ol-Dec-58
01-Nov-58
01-May-59
Ol-Aug-59
01-Dec-59
01-Jun-65
Ol-Sep-65
04-Dec-85
23-Dec-82
24-Jun-83
09-Sep-84

06-Apr-83
03-Jun-84
23-Jun-88
01-Nov-88
Ol-May-64
Ol-Oct-64

Grid

Date

Ol-Jul-62
06-Jul-62

27-Aug-56
Ol-Feb-57
Ol-Mar-58
Ol-Apr-59
Ol-Feb-59
Ol-Jul-59

Ol-Nov-59
Ol-Jan-60
21-Sep-65

01-Nov.-65
29-Dec-85
03-Apr-83
Ol-Aug-83
31-Oct-84
09-Jul-83
i l-Oct-84
12-Jul-88

ll-Nov-88
16-Feb-65
19-Mar-65

Commercial

Date

Ol-Jul-62
12-Nov-62
Ol-Oct-56
Ol-Feb-57
01-May-58
Ol-Apr-59
Ol-Mar-59
01-Aug-59
Ol-Dec-59
01-Mar-60
28-Oct-65
30-Dec-65
Ol-Apr-89
Ol-Apr-85
Ol-Apr-89
01-Apr-89

Ol-Apr-89
Ol-Apr-89
Ol-Apr-89
Ol-Apr-89
30-Mar-65
05-May-65

Shutdown

Date

(2002)
(2002)
(2006

to

2008)
(2008

to

2010)
(2006)
(2006)

(2000)
(2000)

Source: IAEA Power Reactor Information System as of 3 l-Dec-2000. Years between brackets are based on authorized lifetime extension by NIL
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TABLE 7. CONTINUED,

Station

HINKLEY POINT-B UNIT A
HINKLEY POINT-B UNIT B
HUNTERSTON-B1 UNIT A
HUNTERSTON-B2 UNIT B
OLDBURY-A
OLDBURY-A
SIZEWELL-A
SIZEWELL-A
SIZEWELL-B
TORNESS UNIT A
TORNESSUNITB
WYLFA
WYLFA
BERKELEY
BERKELEY
DOUNREAY FR
HUNTERSTON-A1
HUNTERSTON-A2
PFR DOUNREAY
TRAWSFYNYDD
TRAWSFYNYDD
WINDSCALE AGR
WINFRITH SGHWR

STATUS

Type

AGR
AGR
AGR
AGR
GCR
GCR
GCR
GCR
PWR
AGR
AGR
GCR
GCR
GCR
GCR
FBR
GCR
GCR
FBR
GCR
GCR
AGR

SGHWR

OF NUCLEAR POWER PLANTS

Capacity

610
610
595
595
217
217
210
210
1188
625
625
490
490
138
138
14
150
150
234
195
195
32
92

Operator

BE
BE
BE
BE

BNFL
BNFL
BNFL
BNFL

BE

BE
BE

BNFL
BNFL
BNFL
BNFL

UKAEA
BNFL
BNFL

UKAEA
BNFL
BNFL

UKAEA
UKAEA

Status

Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down

Reactor

Supplier

TNPG
TNPG
TNPG
TNPG
TNPG
TNPG

EE/B&W/T
EE/B&W/T

PPC
NNC
NNC

EE/B&W/T
EE/B&W/T

TNPG
TNPG

UKAEA
GEC
GEC

TNPG
APC
APC

VARIOUS
ICL/FE

Construction

Date

Ol-Sep-67
Ol-Sep-67
Ol-Nov-67
Ol-Nov-67
Ol-May-62
Ol-May-62

Ol-Apr-61
Ol-Apr-61
18-M-88

Ol-Aug-80
Ol-Aug-80
Ol-Sep-63
Ol-Sep-63
Ol-Jan-57
Ol-Jan-57
Ol-Mar-55
Ol-Oct-57
Ol-Oct-57
01-Jan-66
Ol-Jul-59
Ol-Jul-59

Ol-Nov-58
Ol-May-63

Criticality

Date

24-Sep-76
Ol-Feb-76
31-Jan-76
27-Mar-77
01-Aug-67
Ol-Dec-67
Ol-Jun-65
Ol-Dec-65
31-Jan-95
25-Mar-88
23-Dec-88
Ol-Nov-69
Ol-Sep-70
Ol-Aug-61
Ol-Mar-62
14-NOV-59
01-Aug-63
Ol-Mar-64
Ol-Mar-74
Ol-Sep-64
Ol-Dec-64
09-Aug-62
Ol-Sep-67

Grid

Date

30-Oct-76
05-Feb-76
06-Feb-76
31-Mar-77
07-NOV-67
06-Apr-68
21-Jan-66
09-Apr-66
14-Feb-95

25-May-88
03-Feb-89
24-Jan-71
21-Jul-71
12-Jun-62
24-Jun-62
Ol-Oct-62
05-Feb-64
Ol-Jun-64
10-Jan-75
14-Jan-65
02-Feb-65
OI-Feb-63
Ol-Dec-67

Commercial

Date

02-Oct-78
27-Sep-76
06-Feb-76
31-Mar-77
31-Dec-67
30-Sep-68
25-Mar-66
15-Sep-66
22-Sep-95
25-May-88
03-Feb-89
Ol-Nov-71
03-Jan-72
12-Jun-62
20-Oct-62
Ol-Oct-62
05-Feb-64
Ol-Jul-64
Ol-Jul-76

24-Mar-65
24-Mar-65
Ol-Mar-63
01-Jan-68

Shutdown

Date

(2013)
(2013)
(2006)
(2006)

(2016)
(2016)

31-Mar-89
26-Oct-88
01-Mar-77
30-Mar-90
31-Dec-89
31-Mar-94
06-Feb-9I
04-Feb-91
03-Apr-81
ll-Sep-90

Source: IAEA Power Reactor Information System as of 3 l-Dec-2000. Years between brackets are based on authorized lifetime extension by NIL
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In November 1995, the Atomic Energy Authority Act 1995 became law, enabling the Authority
to privatize its commercial activities, which have been known in recent years as AEA Technology.

3.3. Current policy issues

The conclusions of the Government's nuclear review confirmed the Government's commitment
to nuclear power, provided it remained competitive and was able to maintain rigorous standards of
safety and environmental protection. However, the Government recognized, against the background
of the current electricity market, that providing public sector support for a new nuclear power station
would constitute a significant intervention in the electricity market and that current and foreseeable
circumstances did not warrant such an intervention.

The review also concluded that moving as much of the nuclear generating industry as was
practicable into the private sector, with its associated liabilities, would bring benefits for the industry,
electricity consumers and the taxpayer. Back in 1989, the nuclear stations had had to be excluded
from the privatization of the other parts of the electricity supply industry. However, the review
recognized that the overall performance of the nuclear generators had been transformed in the period
since. They had removed many of the uncertainties about the costs of managing spent fuel and waste
and decommissioning plant. The performance of the Advanced Gas-cooled Reactors (AGRs) had
vastly improved and a Pressurized Water Reactor (PWR), Sizewell B, was now in operation and
performing excellently.

Accordingly the nuclear generating industry was reorganized to enable its more modern part,
with its associated liabilities, to be transferred to the private sector Two subsidiaries, Nuclear
Electric Ltd (NEL) (now British Energy Generation Ltd) and Scottish Nuclear (SN) (now British
Energy Generation (UK) Ltd) are now owned by a Great Britain-wide holding company, British
Energy Generation pic which is responsible for seven AGRs and Sizewell B. British Energy was
privatised in July 1996.

The older plant, eight operating Magnox stations, three closed Magnox stations and the
associated liabilities, remain in the public sector and are the responsibility of British Nuclear Fuels
pic, the UK's government owned supplier of reprocessing and other nuclear fuel cycle services.
BNFL operate two Magnox stations of their own, as BNFL Magnox Generation.

3.4. Organizational Chart

A simplified chart of main operations of the United Kingdom nuclear power programme is
shown in Figure 1.

4. NUCLEAR POWER INDUSTRY

The UK nuclear industry has been highly successful in pioneering and developing commercial
nuclear power. The UK has about 14,000 MW of installed nuclear capacity and generates over a
quarter of all electricity in the UK. After early teething problems the UK nuclear power plants have
been performing extremely well with high load factors comparable to the best achieved world-wide.
The UK has a comprehensive nuclear industry capacity which embraces research and development;
design, construction and supply of nuclear plant and their operation; full fuel cycle capability
including manufacture, enrichment and reprocessing; and a very high quality safety culture
underpinned by an independent nuclear regulator. This has resulted in an outstanding safety record
for the commercial stations operating in the UK over a period of 40 years.
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FIG. 1. Structure of the main Operations of UK's Nuclear Power Programme

4.1. Supply of Nuclear Power Plants

The Services provided by AEA Technology, British Energy, British Nuclear Fuels, and many
more industrial companies cover a very wide range of activities. These include component supply,
fuel supply, fuel reprocessing, services in the area of radwaste management and aspects of advanced
reactor engineering.

4.2. Operation of Nuclear Power Plants

The UK's AGRs and single PWR are now owned and operated by the holding company British
Energy through its subsidiaries Nuclear Electric Ltd in England and Wales, and Scottish Nuclear Ltd.
in Scotland. The Magnox stations have been transferred to British Nuclear Fuels pic (BNFL). BNFL
now owns and operates eight Magnox stations in both England and Scotland and is in the process of
decommissioning a further three.

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

Apart from raw uranium mining, the UK has an independent nuclear fuel cycle capability. The
full range of the nuclear fuel cycle services - from fuel enrichment and manufacture through to spent
fuel reprocessing, transport, waste management and decommissioning - are provided to the UK and
international markets by British Nuclear Fuels pic (BNFL), which is wholly owned by the
Government.

The Government announced in July 1999 that they are looking to introduce a Private Public
Partnership into BNFL, subject to progress towards achieving a range of safety, health,
environmental and business performance targets, and further work by DTI and its advisers.

Part of the Government's 1995 review into the future prospects of nuclear power in the United
Kingdom confirmed that BNFL would continue to offer customers the full range of nuclear fuel cycle
services and restated the Government's continuing support for the company in developing its
overseas markets.
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Fuel enrichment in the UK is carried out at Capenhurst near Chester by Urenco Capenhurst
Limited, a wholly owned subsidiary of Urenco Ltd., the holding company for the Urenco Group. The
Urenco Group is the joint Anglo-Dutch-German organization which operates uranium enrichment
plants in all three countries using centrifuge technology.

Uranium refining and conversion are carried out at BNFL's Springfields site which processes
several tonnes of uranium each year for UK and overseas customers. Springfields has the expertise to
manufacture fuel for all major reactor designs world-wide and a new, integrated fuels complex was
officially opened in July 1996.

Spent fuel from the UK's Magnox and AGRs reactors, overseas LWR and in the future PWR
reactors, are reprocessed at BNFL's Sellafield site. The company's Thermal Oxide Reprocessing
Plant (THORP) began operations in March 1994 and has so far sheared and dissolved more than 2000
tonnes of spent fuel. It is expected that some 7,000 tonnes of spent nuclear fuel will be reprocessed in
its first ten years of operation.

BNFL have constructed and are awaiting final commissioning of the Sellafield Mixed Oxide
(MOX) fuel plant which will manufacture MOX fuel for overseas customers using a blend of
plutonium (recovered from the reprocessing of spent fuel) and uranium.

In 1985 the Nuclear Industry Radioactive Waste Executive was established as UK Nirex Ltd. It
is owned by BNFL, British Energy and the United Kingdom Atomic Energy Authority (UKAEA). It
is charged with developing a deep disposal facility for intermediate and long-lived low level wastes.
It is currently awaiting a review of Government policy on radioactive waste management following
from the refusal of planning permission for Nirex to develop a rock characterization facility at a site
adjacent to BNFL's Sellafield works.

Most low level waste (LLW) is disposed of at either BNFL's Drigg surface disposal facility or
at the disposal facilities at UKAEA's Dounreay site. Long-lived LLW is stored and will be disposed
of in Nirex' proposed facility. Intermediate level waste (ILW) is currently stored, mainly at the
centres of production, and will be disposed of in Nirex' proposed facility. High level wastes are
currently stored, either raw or in vitrified form, mainly by BNFL at its Sellafield site, for a minimum
of 50 years to cool. No decisions on disposal have yet been taken and these will form part of a
forthcoming Government review, but the Government is undertaking a research project to study this
issue.

Nuclear sites are licensed by the Nuclear Installations Inspectorate (Nil), the regulator
responsible for ensuring their safe operation. Disposals of radioactive wastes may only be made
under authorizations granted by the Environment Agency (or in Scotland the Scottish Environment
Protection Agency), which succeeded their respective countries' pollution inspectorates on 1 April
1996, but under operational agreements between them and the Nil, the latter oversees waste
operations on licensed sites.

4.4. R&D Activities

Nuclear accounted for some 47% of the DTI's Energy R&D expenditure in 1995-96 (45% in
1994-95). This expenditure went on research into decommissioning and radioactive waste
management services, safety and health, fusion and safeguards commissioned with the UK Atomic
Energy Authority (a public corporation) and the Joint European Torus (JET) project run by Euratom.
British Energy and BNFL are directly responsible for their own research expenditure.

4.5. International Co-operation related to Nuclear Power Plant Development and Implementation

The United Kingdom is a member of the European Union (EU), the OECD/NEA and the IAEA as
well as other bilateral and multilateral organizations. The United Kingdom Government supports EU

854 UNITED KINGDOM



programmes the field of nuclear safety and nuclear waste management and participates in many
OECD/NEA and IAEA projects.

5. NUCLEAR LAWS AND REGULATIONS

5.1. Nuclear Regulatory Framework

The safety of UK nuclear installations, and the protection of employees and the public from the
potential hazards caused by them, is governed principally by provisions in the Nuclear Installations
Act 1965, the Health and Safety at Work etc. Act 1974, the Ionising Radiation Regulations 1999
made under it and the Radioactive Substances Act 1993. No site may be used for the construction or
operation of a commercial nuclear installation unless appropriate approval or planning permission has
been given and a nuclear site licence is granted by the Health and Safety Executive (HSE). The
Nuclear Installations Inspectorate (Nil) is that part of the HSE with delegated responsibility for
administering the licensing function.

The Nil will not grant a nuclear site licence unless satisfied that an applicant has the capacity
to meet all their stringent safety requirements from design through to decommissioning, in adherence
to the licence conditions attached to the site licence. So as to demonstrate to the Nil that safety will
be properly controlled at all stages of the plant's life, the applicant is required to produce a
comprehensive written 'safety case' for each plant. The safety case must be continually revised and
updated throughout the plant's operation, to take account of any changes in its operating conditions.

Ultimate responsibility for the safety of a nuclear installation is legally the responsibility of the
operating company. They must execute all licence requirements to the Nil's satisfaction. The
principle is the same whether the operating company is in the public or private sector. The Nil
carefully monitors the performance of nuclear installations against exacting standards and conditions.
Should there be any doubt about a licensee's ability to meet its obligations, the Inspectorate has
extensive powers. It can, for example, include additional licence conditions at any time, direct the
cessation of plant operation, and ultimately direct that it be shut down altogether. An operating
company may surrender a licence or it may be revoked by the Nil, but still retains responsibility for
safety of the site until either a new licence for the site is issued or the HSE is satisfied that there
ceases to be a danger from ionising radiation from the site.

The disposal of radioactive material from licensed sites is strictly controlled by means of
authorizations granted by the Environment Agency and the Minister of Agriculture Fisheries and
Food (MAFF) in England and Wales; and in Scotland by the Scottish Environment Protection
Agency. There is close liaison between Nil, the Environment Agency and the Scottish Environment
Protection Agency under the terms of Memoranda of Understanding which set out the lead roles of
the organizations and requirements for liaison and consultation.

5.2. Main National Laws and Regulations (Additions)

GENERAL LEGISLATION

• Atomic Energy Authority Act 1995 (Chapter 37).

• Atomic Energy Act 1946 Ch 80.
• Atomic Energy Authority Act 1954 Ch 32.
• Nuclear Installations (Amendment) Act 1965 Ch 6.
• Nuclear Installations Act 1965 Ch 57.
• Nuclear Installations Act 1969 Ch 18.
• Radiological Protection Act 1970 Ch 46.
• Atomic Energy Authority Act 1971 Ch 11.
• Health and Safety at Work etc. Act 1974 Ch 7.
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• Nuclear Industry (Finance) Act 1977 Ch 7.
• Atomic Energy (Miscellaneous Provisions) Act 1981 Ch 48.
• Criminal Justice Act 1982.
• Energy Act 1983 Ch 25.
• The Atomic Energy Authority Act 1986 Ch 3.
• Atomic Energy Act 1988 Ch 7.
• Electricity Act 1989.
• Criminal Law Act 1989.
• Environmental Protection Act 1990 Ch 43.
• Radioactive Material (Road Transport) Act 1991 Ch 27.
• Atomic Weapons Establishment Act 1991 Ch 46.
• Radioactive Substance Act 1993 Ch 12.
• Nuclear Installations (Dangerous Occurrences) Regulations 1965 (SI 1965/1824).
• The Nuclear Installations (Insurance Certificate) (Amendment) Regulations 1969 SI 1969/64).
• The Nuclear Installations Regulations 1971 (SI 1971/1381).
• The Nuclear Installations Act 1965 etc. (Repeals and Modifications) Regulations 1974 (SI

1974/2056).
• Nuclear Installations (Expected Matter) Regulations 1978 (SI 1978/1779).
• Nuclear Installations (Prescribed Sites) Regulations 1983 (SI 1983/919).
• The Nuclear Installations Act 1965 (Repeal and Modifications) Regulations 1990(SI 1990/1918)
• The Fire Certificate (Special Premises) Regulations 1976 (SI 1976/2003).
• The Notification of Installations Handling Hazardous Substances Regulations 1982 (SI

1982/1357).
• Air Navigation (Restriction of Flying) (Nuclear Installations) Regulations 1988 (SI 1988/1138).
• Environmental Protection (Prescribed Processes and Substances) (Amendment) Regulations 1992

(SI 1991/614).
• The Radioactive Substances (Carriage by Road) (Great Britain) Regulations 1974 (SI 1974/1735).
• The Radioactive Substances (Road Transport Workers) (Great Britain) (Amendment) Regulations

1975 (SI 1975/1522).
• The Radioactive Substances (Carriage by Road) (Great Britain) (Amendment) Regulations 1985

(SI 1985/1729).
• Control of Pollution (Radioactive Waste) Regulations 1976 (SI 1976/959).
• The Control of Pollution (Radioactive Waste) Regulations 1989 (SI 1989/1158).
• Radioactive Substances (Records of Convictions) Regulations 1992 (SI 1992/1685).
• The Public Information for Radioactive Emergencies Regulations 1992 (SI 1992/2997).
• The Ionising Radiations Regulations 1999 (SI 1999/3232).
• The Nuclear Material (Offences) Act 1983 (Commencement) Order 1991 (SI 1991/1716).
• Extradition (Protection of Nuclear Material) Order 1991 (SI 1991/1720).
• The Nuclear Installations (Application of Security Provisions) Order 1993 (SI 1993/687).
• Nuclear Reactors (Environmental Impact Assessment For Decommissioning) Regulations

1999 (SI 1999/2892).
• The Exports of Goods (Control) Order 1992 (SI 1992/3092).
• The Radioactive Substances (Prepared Uranium and Thorium Compounds) Exemption Order

1962 (SI 1962/2711).
• The Atomic Energy (Mutual Assistance Convention) Order 1990 (SI 1990/235).
• Environmental Protection Act 1990 (Commencement N° 3) Order 1990 (SI 1990/2565 (Ch 67)).
• The Radioactive Substance (Substances of Low Activity) Exemption (Amendment) Order 1992

(SI 1992/647).
• The Radioactive Substances (Uranium and Thorium) Exemption (Scotland) Order 1962 (SI

1962/2766).
• Radioactive Substance (Testing Instruments) Exemption Order 1985 (SI 1985/1049).
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The Radioactive Substances (Substances of Low Activity) Exemption Order 1986 (SI
1986/1002).
The Radioactive Substances (Waste Cloud Sources) Exemption Order 1963 (SI 1963/1831).
The Radioactive Substances (Uranium and Thorium) Exemption Order 1962 (SI 1962/2710).
The Environment Protection Act 1990 (Commencement N° 7) Order 1991 (SI 1991/1042).
The Radioactive Substances (Substances of Low Activity) Exemption (Amendment) Order 1992
(SI 1992/647).
The National Radiological Protection Board (Extension of Functions) Order 1974 (SI
1974/1230).

5.3. International, Multilateral and Bilateral Agreements

AGREEMENTS WITH THE IAEA

Ratified:• Amendments of Article VI & XIV. A
of the IAEA statute

• Voluntary offer
MFCIRC/263

• Additional Protocol
(GOV/1998/30)

• Improved procedures for designation
of safeguards inspectors

• Agreement on privileges and
immunities

• Supplementary agreement on
provision of technical assistance
(for Hong Kong) by the IAEA

Entry into force:

Signature:

Both proposals not acceptable.
Offers support in improving
procedures

Entry into force:

Entry into force:

OTHER RELEVANT INTERNATIONAL TREATIES etc.

• NPT

• EURATOM

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

• Vienna conventions on civil liability
for nuclear damage

Entry into force:

Member

Entry into force:

Entry into force:

Entry into force:

Signature:

2 January 2001

14 August 1978

22 September 1998

17 February 1989

19 September 1961

4 February 1983

27 November 1968

6 October 1991

12 March 1990

12 March 1990

11 November 1964
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• Paris conventions on civil liability Signature: 23 February 1966
for nuclear damage

• Joint protocol Signature: 21 September 1988

• Protocol to Amend the Vienna Convention Not signed
on Civil Liability for Nuclear Damage

• Convention on Supplementary Not signed
Compensation for Nuclear Damage

• Convention on nuclear safety

• Joint convention on the safety of
spent fuel management and on the
safety of radioactive waste management

• ZANGGER Committee

• Nuclear Export Guidelines

• Acceptance of NUSS Codes

Entry into force:

Entry into force:

Member

Adopted

Summary: Codes found

24 October 1996

18 June 2001

appropriate as guidelines.
Generally consistent with
national regulatory requirements. 11 October 1988

• Nuclear Suppliers Group Member

REFERENCES
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Appendix

DIRECTORY OF THE MAIN ORGANISATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NA TIONAL A TOMIC ENERGY A UTHORITY

Export Control and Non-Proliferation Directorate (XNP)
Department of Trade & Industry
4 Abbey Orchard Street
London, SW1P2HT
United Kingdom

Tel: +44-20 7215 0720
Fax:+44-20 7215 0722

NUCLEAR RESEARCH INSTITUTES

United Kingdom Atomic Energy Authority
Building 521
Harwell
Didcot
Oxfordshire, OX11 0RA

Tel: +44-235 431000
http://www.ukaea.org.uk/

Central Laboratory of the Research Councils (CLRC) http://www.cclrc.ae.uk/

OTHER NUCLEAR ORGANISATIONS

Nuclear Electric Ltd
Barnwood HQ
Barnett Way
Gloucester, GL4 3RS
Main activities: Responsible for operating AGR and
PWR nuclear power stations in England and Wales

British Energy Generation (UK) Ltd
3 Redwood Crescent
Peel Park
East Kilbride
Glasgow, G74 5PR
Main activities: Responsible for operating AGR
nuclear power stations in Scotland

Scottish Power:

Magnox Electric pic
Berkeley Centre
Berkeley
Gloucestershire, GL13 9PB
Main activities: Responsible for operating
Magnox nuclear power stations in the UK.

AEA Technology
Building 329
Harwell
Didcot
Oxfordshire, OX 11 0RA

Tel: +44-1452 652222
Fax: +44-1452 652776

Tel: +44-13552 62000
Fax: +44-13552 62626
http:/yww%v.british-energ\''.co.uk./

http://www.scottishpower.plc,uk/

Tel: +44-1453 810451
Fax: +44-1453 812529

Tel: +44-235 431000
http://www.aeat-env.corn/

UNITED KINGDOM 859



UKNirexLtd
Curie Avenue
Harwell
Didcot
Oxfordshire, OX 11 ORH

British Nuclear Fuels pic (Head Office)
Risley
Warrington
Cheshire, WA3 6AS

British Nuclear Fuels pic (Fuel Manufacture)
Preston
Lancashire, PR4 OXJ

British Nuclear Fuels pic (Fuel Enrichment)
Capenhurst
Cheshire, CHI 6ER

British Nuclear Fuels pic (Reprocessing)
Seascale
Cumbria, CA20 1PG

Urenco Ltd
18 Oxford Road
Marlow
Buckinghamshire, SL7 2NL

National Radiological Protection Board (NRBP)
Chilton
Didcot
Oxon, OX110RQ

Department of Environment, Transport and the Regions
Ashdown House
123 Victoria Street
London, SW1 6RB

HM Nuclear Installations Inspectorate
Rose Court
2-10 Southwark Bridge Road
London, SE1 9HS

Nuclear Safety Directorate

The Uranium Institute (UK)

Uranium Institute's Glossary of Nuclear Terms

Tel: +44-1235 825500
Fax: +44-1235 831239
http://www.nirex.co.uk/

Tel: +44-1925 832000
Fax:+44-1925 822711
http://www.bnfl.coiu%ebsite.nsf/index.hrm

Tel: +44-1772 762000
Fax: +44-1772 762155

Tel: +44-151-339 4101
Fax:+44-151-347 3661

Tel: +44-19467 28333
Fax: +44-19467 28987

Tel: +44-1628 486941
Fax:+44-1628 475867
http://www.urenco.com/

Tel: +44-1235 831600
Fax: +44-1235 833891
http://www.iirpb.org.uk/

Tel: +44-20 7890 3000

Tel: +44-20 7717 1000

http:/Avww.hse,gov.itfoftisd/nsdhome.htm

http://www.uilondon.org/index.htm

http://www.uilondon.org/gloss.htm

News Briefings
(The Uranium Institute, London)

British Nuclear Energy Society

http://Vww.worid-nuclear.org/nb/nbhome.htm

http://www.ice.org.uk/about/assoc.htol#six
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British Nuclear Industrial Forum (UK) h^://www.bnif.co.uk/html/rratne set.htm

Nuclear Technologies, Ltd. http://www.nuclear.co.uk/

RadPro Limited (UK based professional consultancy) http://www.radpro.eo.uk/

OTHER RESEARCH INSTITUTES

Daresbury Laboratory http://srs.dl.ac.uk/in.dex.ht5n

JET Joint Undertaking (European experiment in UK) http://www.jet.uk/

UKAEA Culham (UK)

OTHER ORGAINZATIONS AND SITES

The British Library

JET Preprints and Reports (by IoP)

Journal for Corrosion Science and Engineering

(UMIST, UK)

New Journal of Physics (IoP and DPG)

The Institute of Physics (electronic publications)
The Atomic Data and Analysis Structure
ADAS (UK)

University of Sheffield

Friends of the Earth (Scotland)

Friends of the Earth (UK)

Programme for Promoting Nuclear Non-Proliferation

http://www.fusiori.org.uk'

http://www.bl.uk/

http:/7'www.iop.org/Jet/welcorBe

http://www.cp.arnist.ac.uk/JCSE/

http://www.njp.org>'

http://www.iop.org/

http://patiala.phys.strath.ac.uk./adas/adas.htxnl

http://www.shef.ac.uk/

http://www.foe-scotland.org.uk/

http://www.foe.co.uk/

http://www.soton.ac.uk/~ppnn/PPNN

Verification Technology Information Centre (VERTIC) http://www.ftit.org/vertic/

World Energy Council (WEC) http://www.worMenergy.org/wec-geis/

The BP Statistical Review of World Energy http://www.bpamoco.com/worldenergy/

Energy Group

University of Reading http:AVww.reading.ac.uk/AcaDepts/'st/'home/energ>'gp/

International Geothermal Association http://www.demon.co.uk/geosci/igahonie.html

Institute of Physics (Learned Society, UK) http://www.iop.org/IOP/

Business Research Group (BRG) http://www.brg.co.uk/
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ICI Group http://www.ici.com/

The Constants and Equations Pages http://tcaep.co.uk/index.htm

BBC Education Web Guide http://www.bbc.co.iuk/'plsql/education;/webguide/pkg. main.p home

Conferences & Exhibitions by the Institute of Physics http://www.iop.org/IOP/Confs/

Conferences on Physics (PhysicsWeb) http://www.physicsweb.org/events/
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UNITED STATES OF AMERICA

1. GENERAL INFORMATION

The United States of America's (U.S.) nuclear power industry is large and comprehensive,
covering all phases of the nuclear fuel cycle, from uranium exploration and mining through nuclear
waste disposal. This document contains an overview of the U.S. nuclear industry, the Federal and State
governments' role in the industry, and selected information about activities of the private sector. The
U.S. nuclear industry is, mostly, privately owned and highly decentralised. There is a significant amount
of diversity in power plant operations and a large array of privately operated companies supporting the
nuclear plants. Federal and State governments also play a significant role in the affairs of the industry.

1.1. General Overview

The United States is the fourth largest country in the world in both area and population. The
United States covers the entire midsection of North America, stretching from the Atlantic Ocean in the
east to the Pacific Ocean in the west. It also includes Alaska, in the northwest corner of North America; -
and Hawaii, far out in the Pacific. Total area of the United States is over 3.5 million square miles (9.4
million square kilometres)

The climate of the United States varies greatly from place to place. Average annual temperatures
range from 9 degrees Fahrenheit (-13 degrees Celsius) in Barrow, Alaska, to 78 degrees Fahrenheit (26
degrees Celsius) in Death Valley, California. Precipitation varies from a yearly average of less than 2
inches at Death Valley to about 460 inches at Mount Waialeale in Hawaii. In general, however, most
parts of the United States have seasonal changes in temperature and moderate precipitation. The
Midwest, the Middle Atlantic States, and New England experience warm summers and cold, snowy
winters. In the South, summers are long and hot, and winters are mild. Along the Pacific Coast, and in
some other areas near large bodies of water, the climate is relatively mild all year. The moderate climate
in much of the United States has encouraged widespread population settlement.

The population in the United States as of 2000 is over 280 million people (Table 1). The
Population density is nearly 30 persons per square kilometre, with 80% living in urban areas and 20%
rural.

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Predicted population growth rate (%/a) 1999 to 2005
Area (1000 km2)

1960

179.3
19
70
0.8

9373.0

1970

203.3
23
74

1980

226.5
24
74

1990

248.7
27
76

1998

270.3
29
79

1999

272.7
30
80

2000

281.4
30
80

Growth
rate (%/a)

1980
to

2000

1.1
1.1
0.4

Source. U.S. Census Bureau

1.2. Economic Indicators

Table 2 shows the historical Gross Domestic Product (GPD) statistics.

1.3. Energy Situation

Table 3 shows the US energy reserves and Table 4 the historical energy statistics
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TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP (Billions of current US$)
GDP (Billions of constant 1996 US$)
GDP per capita (Current USS)
GDP by sector (%):

Agriculture
Industry
Services
Construction and Utilities

1970

1,039.7
3,578.0
5,070

N/A
N/A
N/A
N/A

1980

2795.6
4900.9
12,303

N/A
N/A
N/A
N/A

1990

5,803.2
6,707.9
25,539

1.9
22.5
35.9
10.1

1998

8,790.2
8,515.7
32,526

1.4
20.7
40.1
9.4

1999

9,299.2
8,875.8
34,102

1.3
20.5
40.7
9.7

2000

9,963.1
9,318.5
35,405

Growth
rate (%)

1980
to

2000
6.5
3.3
5.4

-
-

-
Source: IAEA Energy and Economic Data Base; U.S. Bureau of Economic Analysis

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

S o l i d ( I )

6097.97

Liquid ( 2 )

158.30

G a s ( 2 )

178.40

Uranium ( 3 )

114.9

Hydro< 4 >

350

Exa joule
Total

6899.57
(1) This total represents recoverable reserves for coal.
(2) [3], Table 4-10.
(3) [12], Quanti ty recoverable at $80/kgU and used at current nuclear plant efficiency and burnup levels.
(4) [17], Projected annual generation for 2020 multiplied by a factor of 100.
Source: El A Annual Energy Review 2000, DOE/EIA-0384 (2000), August 2001.

TABLE 4. ENERGY STATISTICS

Energy consumption (1)

- Total(2)

- Solids (3)

- Liquids <4)

- Gases (5)

- Primary electricity<6)

Energy production (1)

- Total
- Solids
- Liquids
- Gases
- Primary electricity(6)

Net imports (7)

- Total
- Solids
- Liquids
- Gases

- Primary electricity

1960 1970 1980 1990 1998 1999 2000

Exajoule

Average annual
growth rate (%)

1960
to

1980

1980
to

2000

47.60
11.77
21.02
13.07
1.76

45.16
12.81
17.30
13.35
1.70

2.44
-1.04
3.72
-0.29
0.05

71.59
14.39
31.15
23.00
3.06

67.00
16.92
24.17
22.86
3.04

4.60
-2.53
6.97
0.14
0.02

82.75
18.86
36.09
21.52
6.30

70.94
22.24
21.63
21.00
6.07

11.81
-3.39
14.45
0.51

0.23

88.82
22.47
35.49
20.36
10.67

74.74
26.03
18.81
19.37
10.60

14.07
-3.54
16.68
0.99
0.07

99.78
25.33
39.08
23.13
11.97

76.54
27.50
16.63
20.35
12.12

23.23
-2.17
22.45
2.79

101.91
25.94
38.90
23.31
12.77

76.52
27.60
16.00
20.36
12.63

25.40
-1.66
23.90
2.96

-0.15 0.14

103.91
25.71
40.05
24.61
15.55

75.86
23.91
15.96
20.83
15.16

25.76
-1.28
22.82
3.77
0.45

2.8
2.4
2.7
2.5
6.6

2.3
2.8
1.1
2.3
6.6

8.2
-6.1
7.0
2.9

7.7

1.1
1.2
0.5
0.7
4.6

0.3
0.4

- 1.5
0

4.7

4.0
5.0
2.3
10.5
3.4

(1) Electricity transmission and distribution losses are not deducted.
(2) Totals may be affected by independent rounding.
(3) Solids include coal, coal-coke net imports, and commercial wood.
(4) Liquids include petroleum products, natural gas plant liquids, crude oil burned as fuel, and alcohol fuels.
(5) Includes supplemental gaseous fuels.
•6) Primary electricity = Hydro + Geothermal + Nuclear + Wind + Solar + Biomass fuels other than commercial wood and

alcohol fuels.
<7) Net imports = Consumption - Production. Exports appear as negative numbers.
Source: EIA Annual Energy Review 2000, DOE/EIA-0384 (2000), August 2001.
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1.4. Energy Policy

The United States has a market-driven economy. Decisions affecting resources, prices, technology
development, and other matters pertaining to energy are made primarily by the private sector. However,
through funding of research and development, tax reduction allowances, and other mechanisms, the U.S.
Government encourages development and use of certain types of energy resources. Additional features
of U.S. government policy are contained in the Energy Policy Act of 1992. This legislation covers a wide
variety of issues, such as energy efficiency standards, development of alternate fuels, and development
of renewable energy.

2. ELECTRIC POWER SECTOR

2.1. Structure of the Electric Power Sector

The U.S. electric power industry is a combination of traditional electric utilities and non-
traditional electricity-producing companies. The traditional electric utility industry is comprised of
investor-owned, publicly owned, Federal, and co-operative electric utilities. Historically, there have
generally been vertically integrated companies however; the industry is currently changing from
regulated monopolies to a functionally unbundled industry with a more complex market for power
generation. The Public Utilities Regulatory Policies Act (PURPA) of 1978 and the continued
deregulation of the industry have led to the emergence of non-traditional electricity producing companies
or non-utility power producers, now numbering over 2,100. Their capability shares were mostly
distributed among 3 major industry groups: transportation and public utilities (47 percent),
manufacturing (31 percent), and other (22 percent).

Investor-Owned Electric Utilities. Investor owned electric utilities, numbering 239, currently
account for more than 75 percent of all U.S. electric utility megawatt-hours generated. Like all private
businesses, the fundamental objective of an investor owned utility is to produce a regulated return for
investors. As franchised monopolies, they are regulated and obligated to serve all customers in their
service area. Most investor-owned electric utilities are operating companies that provide basic services
for the generation, transmission, and distribution of electricity. The majority of investor-owned electric
utilities perform all three functions.

Publicly Owned Electric Utilities. Publicly owned electric utilities in the United States are
operated by non-profit local government agencies established to serve their communities and nearby
consumers at cost, returning excess funds to the consumer in the form of community contributions,
economic and efficient facilities, and lower rates. Publicly owned electric utilities include municipal,
public power districts, State authorities, irrigation districts, and other State organizations. Most
municipal electric utilities simply distribute power, although some larger ones produce and transmit
electricity as well.

U.S. Federal Electric Utilities. Power produced by U.S. Federal electric utilities is not generated
for profit. As required by law, preference in purchasing the electricity produced is given to publicly
owned and co-operative utilities and to other non-profit entities. The Federal Government is primarily a
producer and wholesaler of electricity.

Co-operative Electric Utilities. Co-operative electric utilities in the United States are owned by
their members and are established to provide electricity to those members. The Rural Electrification
Administration, U.S. Department of Agriculture, was established under the Rural Electrification Act of
1936 with the purpose of extending electric service to small rural communities and farms where it was
more expensive to provide service. Co-operatives are incorporated under State law and are usually
directed by an elected board of directors.

U.S. non-utility power producers are comprised of co-generators, small power producers, and
Independent Power Producers, all which lack a designated franchise service area. Many co-generators
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and small power producers qualified under the Public Utility Regulatory Policies Act of 1978 (PURPA).
These facilities are generally referred to as qualifying facilities (QFs). QFs receive certain benefits under
PURPA. Co-generators are facilities that produce electricity and another form of useful thermal energy
for industrial, commercial, heating, or cooling purposes. To receive status as a QF, the co-generator must
meet certain ownership, operating, and efficiency criteria established by the Federal Energy Regulatory
Commission (FERC). The FERC is responsible for the implementation of PURPA. About sixty two
percent of the installed capacity of non-utility generating facilities is classified as a cogeneration QF
facility. The greatest capacity share by fuel is natural gas, followed by petroleum only plus petroleum
and natural gas combined. Renewables, including hydro, geothermal, solar, wind, wood and waste
combined make up about 10 percent of the capacity.

The Independent Power Producers (IPPs) in the United States are wholesale electricity producers
that are unaffriiated with franchised utilities in the area in which the IPPs are selling power. A facility
that has QF status under PURPA is not an IPP. IPPs do not possess transmission facilities and do not sell
in any retail service territory. A new class of IPPs - exempt wholesale generators (EWGs) - was
established by the Energy Policy Act of 1992 (EPACT). This Act modified the Public Utility Holding
Company Act (PUHCA) to create this new class of IPPs by exempting them from the corporate and
geographic restrictions that PUHCA imposes. Public utility holding companies are allowed to own
interest in IPP facilities and can form corporate subsidiaries to develop and operate independent power
projects anywhere in the world.

The historical ownership pattern of electric generating units shown in 1998 - that of domination
by utilities - continued during 2000, but with a shift toward non-utilities. Non-utilities purchased a
total of 47,710 MW of capability from utilities in 2000; as a consequence that sector's share of the
industry rose significantly to 26 percent. At year's end, the electric utility sector owned 602,400 MW
of generating capability, accounting for the remainder of the industry's total.

2.2. Policy and Decision Making Process

In the United States, public policy covering electric utilities is implemented through legislation
and regulation of the industry. Because electricity generation is decentralized and the electric utility
industry and non-utility generators are, mostly, privately owned, decision making in the industry is
decentralized, but subject to Federal and State laws and regulations. There are 6 major pieces of Federal
legislation covering the electric utility industry. These laws cover a multitude of factors including the
structure of the industry, regulation of interstate commerce, environmental issues, and operating
procedures (see Section 5.2 for a brief description of these laws).

Federal regulation of electric power is based on the Commerce Clause of the U.S. Constitution,
which holds that only the Federal Government may regulate interstate commerce. Thus, not only is the
Federal Government authorized to regulate interstate commerce, but also State governments are
prohibited from doing so. In this way, Federal regulation complements State regulation by focusing on
the interstate activities of electricity producers, leaving the regulation of intrastate activities to the States.

Until recently, two laws, the Federal Power Act, PURPA, and the EPACT have formed the basis
for Federal involvement in the regulation of wholesale electric power transactions. The Federal Energy
Regulatory Commission (FERC) is the primary agency responsible for enforcing Federal regulation of
electric power transactions. Recently, the Energy Policy Act of 1992 (EPACT) instructed the FERC to
order wholesale wheeling of electricity and also authorized the commission to set transmission rates.
The concept of separating operators from owners of transmission systems originated in the California.
The FERC endorsed the idea and subsequently issued FERC Order 888 in 1996. This Order defined
the rules by which utilities may operate their transmission systems allowing a competitive wholesale
market for electricity (that is, open access rules). This led to the creation of regional transmission
groups or Independent System Operators (ISOs), over which FERC has jurisdiction. Order 889, issued
by the FERC in 1996, established an electronic same-time information systems (OASIS) for available
transmission capacity so that all customers would have equal, timely access to information. However,
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the concept of competition within the electric power industry is still in its infancy and various
approaches to this complex subject are still in progress.

Regulation of most activities of privately owned electric utilities is conducted by the States
(Federal, State, municipal, co-operative, and other utilities are often not regulated directly). The primary
responsibility of State Public Utility Commissions (PUCs), which exist in all States with privately owned
utilities, is to regulate the prices for electricity that privately owned utilities may charge to retail
customers. Many of the changes of 1999 have been a result of the movement toward restructuring the
electric power industry in many States. Once competition in the wholesale market was made possible
through Federal legislation, interest was formed in retail competition, especially in regions of the
country where prices are significantly above the national average (i.e., California and the New
England States). As of the end of 2000, 23 States had enacted legislation and 1 other issued final
regulatory orders that deregulate their electric power industry and will eventually allow retail
customers their choice of where to purchase electricity.

2.3. Main Indicators

Table 5 shows the historical electricity production data and installed capacities and Table 6 the
energy related ratios.

TABLE 5. NET ELECTRICITY GENERATION AND INSTALLED CAPACITY

Electricity production (TW-h)
- Total
- Thermal
- Hydro
- Nuclear
- Geothermal
-Wind

Capacity of electrical plants (GW(e))
-Total
- Thermal
- Hydro
- Nuclear

- Geothermal
-Wind

1960

755.5
609.0
145.8
0.5

0.03
0.0

167.1
130.9
35.8
0.4

0.01
0.0

1970

1531.9
1261.5
247.7
21.8
0.5
0.0

336.4
265.5
63.8
7.0
0.1
0.0

1980

2286.4
1753.8
276.0
251.1

5.1
0.0

578.6
444.2
81.7
51.8
0.9
0.0

1990

3024.9
2092.7
289.5
577.0
15.8
3.0

735.0
536.7
93.4
99.6
2.7
1.9

1998

3617.9
2603.1
318.9
673.7
14.7
3.0

775.9
572.4
99.4
97.1
2.9
1.7

1999

3706.1
2638.5
313.2
728.3
16.8
4.5

794.9
592.0
99.0
97.5
2.9
2.3

2000

3791.9
2749.1
269.0
753.9
14.2
4.9

818.5
615.8
99.1
97.5
2.9
2.3

Average Annual
Growth

1960
to

1980

5.7
5.4
3.2

36.2
29.3
N/A

6.4
6.3
4.2

27.4

25.3
N/A

Rate (%)

1980
to

2000

2.6
2.3
-0.6
5.7
5.3

N/A

1.7
1.6
1.0
3.2

6.0
N/A

(1) Data prior to 1990 refers to electric utilities only, whereas data for 1990 and thereafter refers to the electric power industry.
Source: EIA Annual Energy Review 2000, DOE/EIA-0384 (2000), August 2001.

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(1)

Load factor of electricity plants
- Total (%)
- Thermal
- Hydro
- Nuclear

1960

263
4,181

6
N/A

5

52
53
46
14

1970

349

7,469
8
1
6

52
54
44
36

1980

364

10,063
12
11
14

45
45
39
55

1990

356
12,124

15
19
16

47
45
35
66

1998

369
13,390

17
19
23

53
52
37
79

1999

375
13,905

17
20
25

53
51
36
85

2000

369
13,475

20
20
25

53
51
31
88

(1) Net import / Total energy consumption.
Source: IAEA Energy and Economic Database. [4, 18].
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3. NUCLEAR POWER SITUATION

3.1. Historical Development

In 1942, the first sustained-fission reaction was achieved from a "pile" of graphite and natural
uranium by Fermi and others involved in the ultra-secret Manhattan Project. This clearly marked the
birth of nuclear power. Then, in July 1945, the United States demonstrated the awesome potential of
nuclear weapons as the Hiroshima and Nagasaki bombings brought World War II to a close.

The early growth of commercial nuclear power was spurred by President Eisenhower's Atoms for
Peace programme to permit nuclear power applications for peacetime purposes while still retaining a
strong nuclear weapons technology. The Atomic Energy Act of 1954 made possible several reactor
demonstration and development programmes. Numerous joint industry-government study groups were
established to examine power reactor concepts. Also in 1954, the AEC proposed a "Five Year Power
Reactor Development Programme," which called for building five separate reactor technologies. The
programme prepared the way for private industrial participation in the nuclear power field. In 1957, the
first nuclear power station in the United States began operation in Shippingport, Pennsylvania.

From the mid-1960's through the mid-1970's, utilities placed numerous orders for large reactor
systems, many of which were cancelled or deferred as electricity demand projections were reduced and
construction costs escalated. Although many units were cancelled or delayed, nuclear electricity
generation continued to grow until 1979, the year of the accident at Three Mile Island. During 1979 and
1980 nuclear power output declined due to regulatory concerns associated with the accident. Since 1980
annual nuclear electricity generation has more than doubled, reaching 754 billion kW-h in 2000, which
accounted for nearly 20 percent of total generation in that year.

3.2. Status and Trends of Nuclear Power

The growth of nuclear power can be attributed to the construction programmes in the 1960's and
1970's when nuclear power was considered to be a cheap and a widely accepted source of electricity.
Due to the increases in nuclear generating capacity during this period of construction, nuclear power has
become the second largest source of electricity generation. Recent years have seen the end of most new
nuclear plant construction. This, combined with several plant retirements and some extended shutdowns
for maintenance and refitting, has led to an end in the growth of U.S. nuclear generation capability, and
even to a temporary reduction in nuclear capacity.

However, there has been a rebound in nuclear generating capacity in the past three years. Seven
nuclear units that had been out of service for an extended period of time were restarted since 1998. In
addition, the average capacity factor for all nuclear units increased from 66% in 1990 to 88% in 2000.
Many individual units achieved a 95% or higher efficiency. There were 104 nuclear units operating in
the U.S at the end of 2000. These units are located at 67 nuclear plants throughout the United States,
most are located in the eastern U.S. and have a total net installed capacity of 97.5 MW(e). Table 7
shows the current status of nuclear power plants.

Although nuclear capacity has grown over three decades, the long-term (through 2020) nuclear
power outlook in the United States is for nuclear capacity to decline, with no new nuclear units expected
to come on-line unless there is a substantial decrease in construction costs. By 2020, as much as 27% of
the current U.S. nuclear power capacity is anticipated to be taken out of service, reducing the share of
nuclear power in the U.S. electric generating mix from its present 20%. There are several reasons for a
projected decline in the United States: (1) nuclear generation is more capital-intensive than other forms
of generation, with longer lead-times for licensing and construction; (2) higher financial risks, place
nuclear power at a disadvantage to fossil-fuel plants; (3) safety and nuclear waste disposal are serious
issues; (4) decontamination and decommissioning also are problematic issues for the nuclear industry;
and (5) natural gas- and coal-fired plants are anticipated to be more economical than nuclear.
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TABLE 7. STATUS OF NUCLEAR POWER PLANTS (December 31, 2000)

Station

ARKANSAS ONE-1
ARKANSAS ONE-2
BEAVER VALLEY-1
BEAVER VALLEY-2
BRAIDWOOD-1
BRAIDWOOD-2
BROWNS FERRY-1
BROWNS FERRY-2
BROWNS FERRY-3
BRUNSWICK-1
BRUNSWICK-2
BYRON-1
BYRON-2
C ALL AW AY-1
CALVERT CLIFFS-1
CALVERT CLIFFS-2
CATAWBA-1
CATAWBA-2
CLINTON-1
COLUMBIA-2
COMANCHEPEAK-1
COMANCHE PEAK-2
COOPER
CRYSTAL RJVER-3
DAVIS BESSE-1
DIABLO CANYON-1
DIABLO CANYON-2
DONALD COOK-1
DONALD COOK-2
DRESDEN-2
DRESDEN-3
DUANE ARNOLD-1
ENRICO FERMI-2

Type

PWR
PWR
PWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR
BWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
BWR
BWR
PWR
PWR
BWR
PWR
PWR
PWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR

Capacity

836
858
810
810
1116
1116
1065
1118
1118
820
811
1114
1114
1127
835
840
1129
1129
946
1117
1150
1150
758
834
873
1073
1087
1000
1060'
784
784
520
1101

Operator0'

ENTERGY
ENTERGY

FIRSTENERGY
FIRSTENERGY

EXELON
EXELON

TVA
TVA
TVA

PROGRESS
PROGRESS

EXELON
EXELON
AMERUE

CONSTELL
CONSTELL

DUKE
DUKE

AMERGEN
ENERGYNW

TXU
TXU

NPPD
PROGRESS

FIRSTENERGY
PGEC
PGEC

IMPCO
IMPCO

EXELON
EXELON
NUCMAN

DETED

Status

Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational

Reactor

Supplier*2'

B&W
CE

WEST
WEST
WEST
WEST

GE
GE
GE
GE
GE

WEST
WEST
WEST

CE
CE

WEST
WEST

GE
GE

WEST
WEST

GE
B&W
B&W
WEST
WEST
WEST
WEST

GE
GE
GE
GE

Construction

Date

01-Oct.-68
Ol-JuL-71
01-Jun.-70
Ol-May-74
01-Aug.-75
01-Aug.-75
Ol-May-67
Ol-May-67
01-Jul.-68

01-Sept.-69
01-Sept.-69
01-Apr.-75
01-Apr.-75
01-Sept.-75
01-Jun.-68
01-Jun.-68
Ol-May-74
01-May-74
01-Oct.-75
01-Aug.-72
01-Oct.-74
01-Oct.-74
01-Jun.-68
01-Jun.-67
01-Sept.-70
01-Aug.-68
Ol-Dec-70
Ol-Mar-69
Ol-Mar-69
01-Jan.-66
01-Oct.-66
01-Jun.-70
Ol-May-69

Criticality

Date

06-Aug.-74
05-Dec.-78
10-May-76
04-Aug.-87
29-May-87
08-Mar-88
17-Aug.-73
20-Jul.-74

08-Aug.-76
08-Oct.-76
20-Mar-75
02-Feb.-85
09-Jan.-87
02-Oct.-84
07-Oct.-74
30-Nov.-76
07-Jan.-85
08-May-86
27-Feb.-87
19-Jan.-84

03-Apr..-90
24-Mar-93
21-Feb.-74
14-Jan.-77
12-Aug.-77
29-Apr..-84
19-Aug.-85
18-Jan.-75
10-Mar-78
07-Jan.-70
31-Jan.-71
23-Mar-74
21-Jun.-85

Grid

Date

17-Aug.-74
26-Dec.-78
14-Jun.-76
17-Aug.-87
12-M.-87

25-May-88
15-Oct.-73
28-Aug.-74
12-Sept.-76
04-Dec.-76
29-Apr..-75
01-Mar-85
06-Feb.-87
24-Oct.-84
03-Jan.-75
07-Dec.-76
22-Jan.-85
18-May-86
24-Apr..-87
27-May-84
24-Apr..-90
09-Apr..-93
10-May-74
30-Jan.-77
28-Aug.-77
1 l-Nov.-84
20-Oct.-85
10-Feb.-75
22-Mar-78
13-Apr..-70
22-Jul.-71
19-May-74
21-Sept.-86

Commercial

Date

19-Dec.-74
26-Mar-80
Ol-Oct-76
17-Nov.-87
29-M.-88
17-Oct.-88
01-Aug.-74
Ol-Mar-75
Ol-Mar-77
18-Mar-77

03-Nov.-75
16-Sept.-85
21-Aug.-87
19-Dec.-84
08-May-75
01-Apr..-77
29-Jun.-85
19-Aug.-86
24-Nov.-87
13-Dec.-84
13-Aug.-90
03-Aug.-93
01-JuI.-74
13-Mar-77
31-Jul.-78
07-May-85
13-Mar-86
27-Aug.-75
01-Jul.-78
09-Jun.-70
16-Nov.-71
01-Feb.-75
23-Jan.-88

Shutdown

Date

(I) See Table 7b.
Source: EIA Form 860-A and

<2) See Table 7c.
Fonn 860-B as of 31 December 2000.
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oo
to TABLE 7. CONTINUED. STATUS OF NUCLEAR POWER PLANTS (December 31, 2000)

Station

FARLEY-1
FARLEY-2
FITZPATRICK
FORTCALHOUN-1
GRAND GULF-1
H.B. ROBINSON-2
HATCH-1
HATCH-2
HOPE CREEK-1
INDIAN POINT-2
INDIAN POINT-3
KEWAUNEE
LASALLE-1
LASALLE-2
LIMERICK-1
LIMERICK-2
MCGUIRE-1
MCGUIRE-2
MILLSTONE-2
MILLSTONE-3
MONTICELLO
NINE MILE POINT-1
NINE MILE POINT-2
NORTH ANNA-1
NORTH ANNA-2
OCONEE-1
OCONEE-2
OCONEE-3
OYSTER CREEK
PALISADES
PALO VERDE-1
PALO VERDE-2
PALO VERDE-3

Type

PWR
PWR
BWR
PWR
BWR
PWR
BWR
BWR
BWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR
PWR
PWR
PWR
PWR
BWR
BWR
BWR
PWR
PWR
PWR
PWR
PWR
BWR
PWR
PWR
PWR
PWR

Capacity

847
852
820
476
1204
683
863
878
1124
941
970
498
1077
1087
1134
1150
1100
1100
873
1155
578
610
1142
893
897
846
846
846
619
760
1243
1243
1247

Operator*"

SOUTH
SOUTH

ENTERGY
OPPD

ENTERGY
PROGRESS

SOUTH
SOUTH
PSEG

ENTERGY
ENTERGY
NUCMAN
EXELON
EXELON
EXELON
EXELON

DUKE
DUKE

DOMINION
DOMINION
NUCMAN

CONSTELL
CONSTELL
DOMINION
DOMINION

DUKE
DUKE
DUKE
AMER

NUCMAN
ANPP
ANPP
ANPP

Status

Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational

Reactor

Supplier^

WEST
WEST

GE
CE
GE

WEST
GE
GE
GE

WEST
WEST
WEST

GE
GE
GE
GE

WEST
WEST

CE
WEST

GE
GE
GE

WEST
WEST
B&W
B&W
B&W
GE
CE
CE
CE
CE

Construction

Date

01-Oct.-70
01-Oct.-70
01-Sept.-68
01-Jun.-68
Ol-May-74
01-Apr.-67
01-Sept.-68
01-Feb.-72
Ol-Mar-76
01-Oct.-66
01-Nov.-68
01-Aug.-68
01-Sept.-73
01-Oct.-73
01-Apr.-70
01-Apr.-70
01-Apr.-71
01-Apr.-71
01-Nov.-69
Ol-May-74
01-Jun.-67
01-Apr.-65
01-Aug.-75
01-Feb.-71
01-Nov.-70
01-Nov.-67
01-Nov.-67
01-Nov.-67
01-Jan.-64
01-Feb.-67
Ol-May-76
01-Jun.-76
01-Jun.-76

Criticality

Date

09-Aug.-77
05-May-81
17-Nov.-74
06-Aug.-73
18-Aug.-82
20-Sept.-70
12-Sept.-74
04-M.-78
28-Jun.-86
22-May-73
06-Apr..-76
07-Mar-74
21-Jun.-82
10-Mar-84
22-Dec.-84
12-Aug.-89
08-Aug.-81
08-May-83
17-Oct-75
23-Jan.-86
10-Dec.-70
05-Sept.-69
23-May-87
05-Apr.-78
12-Jun.-80
19-Apr.-73
1 l-Nov.-73
05-Sept.-74
03-May-69
24-May-71
25-May-85
18-Apr.-86
25-Oct-87

Grid

Date

18-Aug.-77
25-May-81
01-Feb.-75
25-Aug.-73
20-Oct.-84
26-Sept.-70
ll-Nov.-74
22-Sept.-78
01-Aug.-86
26-Jun.-73
27-Apr..-76
08-Apr..-74
04-Sept.-82
20-Apr..-84
13-Apr..-85
01-Sept.-89
12-Sept.-81
23-May-83
09-Nov.-75
12-Feb.-86
05-Mar-71
09-Nov.-69
08-Aug.-87
17-Apr.-78
25-Aug.-80
06-May-73
05-Dec.-73
18-Sept.-74
23-Sept.-69
31-Dec.-71
10-Jun.-85
20-May-86
28-Nov.-87

Commercial

Date

Ol-Dec-77
30-Jul.-81
28-M.-75
20-Jun.-74
01-Jul.-85
07-Mar-71
31-Dec.-75
05-Sept.-79
20-Dec.-86
15-Aug.-74
30-Aug.-76
16-Jun.-74
01-Jan.-84
19-Oct.-84
01-Feb.-86
08-Jan.-90
Ol-Dec-81
Ol-Mar-84
26-Dec.-75
23-Apr.-86
30-Jun.-71
Ol-Dec-69
1 l-Mar-88
06-Jun.-78
14-Dec.-80
15-M.-73

09-Sept.-74
16-Dec.-74
Ol-Dec-69
31-Dec.-71
28-Jan.-86
19-Sept.-86
08-Jan.-88

Shutdown

Date

w S e e Table 7b.
Source: EIA Form 860-

(2) See Table 7c.
A and Form 860-B as of 31 December 2000.
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TABLE 7. CONTINUE!
Station

PEACH BOTTOM-2
PEACH B0TT0M-3
PERRY-1
PILGRIM-1

POINT BEACH-1
POINT BEACH-2
PRAIRIE ISLAND-1
PRAIRIE ISLAND-2

QUAD CITIES-1

QUAD CITIES-2
R.E. GINNA
RIVER BEND-1

SALEM-1
SALEM-2
SAN ONOFRE-2
SAN ONOFRE-3
SEABROOK-1
SEQUOYAH-1
SEQUOYAH-2

SHEARON HARRIS-1

SOUTH TEXAS-1
SOUTH TEXAS-2

ST. LUCIE-1
ST. LUCIE-2

SURRY-1
SURRY-2

SUSQUEHANNA-1

SUSQUEHANNA-2

THREE MILE ISLAND-1

). STATUS OF NUCLEAR POWER PLANTS (December 31, 2000)
Type

BWR

BWR
BWR
BWR

PWR
PWR
PWR

PWR
BWR
BWR

PWR
BWR

PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR

PWR
PWR
PWR

PWR

PWR
PWR
BWR

BWR
PWR

Capacity

1093
1093
1169
669

505
507
525
524
762

762
498
936
1106

1106
1070
1080
1162
1122
1117

860
1250
1250

839
839

801
801

1090

1094

786

Operator0'

EXELON
EXELON

FIRSTENERGY
ENTERGY

NUCMAN
NUCMAN
NUCMAN

NUCMAN
EXELON

EXELON
RGE

ENTERGY

PSEG

PSEG
SCE
SCE

NAES
TVA
TVA

PROGRESS
STP

STP
FPL

FPL
DOMINION
DOMINION

PP&L

PP&L

AMERGEN

Status

Operational
Operational
Operational
Operational

Operational
Operational
Operational

Operational
Operational

Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational

Operational
Operational
Operational
Operational

Operational

Operational
Operational

Operational

Operational

Operational

Reactor

Supplier'2'

GE
GE
GE
GE

WEST
WEST
WEST

WEST
GE

GE
WEST

GE
WEST

WEST
CE
CE

WEST
WEST
WEST
WEST
WEST
WEST

CE

CE

WEST
WEST

GE

GE

B&W

Construction

Date

01-Jan.-68
01-Jan.-68
Ol-Oct-74

01-Aug.-68

01-Jul.-67

01-Jul.-68
Ol-May-68

Ol-May-69
01-Feb.-67

01-Feb.-67
01-Apr.-66
01-Mar-77
01-Ian.-68

01-Jan.-68
Ol-Mar-74
Ol-Mar-74

Ol-IuL-76
Ol-May-70
Ol-May-70

0I-Jan.-74
01-Sept.-75

01-Sept.-75
01-Jul.-70

01-Jun.-76

01-Jun.-68
01-Jun.-68

01-Nov.-73

01-Nov.-73

Ol-May-68

Criticality

Date

16-Sept.-73
07-Aug.-74
06-Jun.-86
16-Jun.-72

02-Nov.-70
30-May-72
Ol-Dec-73
17-Dec.-74

18-Oct-71
26-Apr.-72

08-Nov.-69
31-Oct-85
1 l-Dec-76

08-Aug.-80
26-Jul.-82

29-Aug.-83
13-Jun.-89
05-Iul.-80

05-Nov.-81
03-Jan.-87

08-Mar-88
12-Mar-89
22-Apr.-76

02-Iun.-83
01-M.-72
07-Mar-73
10-Sept.-82

08-May-84

05-Iun.-74

Grid

Date

18-Feb.-74
01-Sept.-74

19-Dec.-86
19-Jul.-72

06-Nov.-70
02-Aug.-72
04-Dec.-73
21-Dec.-74

12-Apr.-72
23-May-72

02-Dec.-69
03-Dec.-85
25-Dec.-76

03-Jun.-81
20-Sept.-82
25-Sept.-83
29-May-90

22-Jul.-80
23-Dec.-81
19-Jan.-87

30-Mar-88
1 l-Apr.-89
07-May-76

13-Jun.-83
04-Jul.-72
10-Mar-73
16-Nov.-82

03-JuI.-84

19-Jun.-74

Commercial

Date

05-Jul.-74
23-Dec.-74
18-Nov.-87
Ol-Dec-72

21-Dec.-70
Ol-Oct-72
16-Dec.-73
21-Dec.-74

18-Feb.-73

10-Mar-73
01-M.-70
16-Jun.-86
30-Jun.-77

13-Oct-81
08-Aug.-83
01-Apr.-84
19-Aug.-90
01-Iul.-81
01-Jun.-82

02-May-87

25-Aug.-88
19-Jun.-89
21-Dec.-76

08-Aug.-83

22-Dec.-72
Ol-May-73

08-Jun.-83

12-Feb.-85
02-Sept.-74

Shutdown

Date

(1) See Table 7b. (2> See Table 7c.
Source: EIA Fonn 860-A and Fonn 860-B as of 31 December 2000.
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TABLE 7. CONTINUED. STATUS OF NUCLEAR POWER PLANTS (December 31, 2000)

Station

TURKEY POINT-3
TURKEY POINT-4
VERMONT YANKEE
VIRGIL C. SUMMER-1
VOGTLE-1
VOGTLE-2

WATERFORD-3
WATTS BAR-1

WOLF CREEK
MAINE YANKEE
MILLSTONE-1
HADDAMNECK
BIG ROCK POINT
ZION-1

ZION-2

BONUS

CVTR
DRESDEN-1
ELK RIVER
ENRICO FERMI-1
FORT ST. VRAIN
HUMBOLDT BAY
INDIAN POINT-1
LACROSSE
PATHFINDER
PEACH BOTTOM-1

RANCHO SECO-1
SANONOFRE-1
THREE MILE ISLAND-2
TROJAN
YANKEE NPS

Type

PWR
PWR
BWR

PWR
PWR
PWR
PWR

PWR
PWR

PWR
BWR
PWR
BWR
PWR

PWR

BWR
PHWR
BWR
BWR
FBR

HTGR
BWR
PWR
BWR
BWR
HTGR
PWR

PWR
PWR
PWR
PWR

Capacity

693
693
500
952
1148
1149
1075

1118
1170

860
641
560
67

1040

1040

17

17
197
22
65

330
63

257
48
59
40
873

436
880
1095
167

Operator* '>

FPL
FPL

VYNPC
SCEG

SOUTH
SOUTH

ENTERGY

TVA
WOLF

MYAPC
DOMINION

CYAPC
CPC

EXELON

EXELON
DOE/PRWR

CVPA
EXELON

RCPA
DETED
PSCC
PGEC

CONED
DPC
NSP

EXELON
SMUD

SCE
GPU

PORTGE
YAEC

Status

Operational
Operational
Operational
Operational
Operational
Operational
Operational

Operational
Operational

Shut Down
Shut Down
Shut Down
Shut Down
Shut Down

Shut Down

Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down
Shut Down

Shut Down
Shut Down
Shut Down
Shut Down

Reactor

Supplier®

WEST
WEST

GE

WEST
WEST
WEST

CE

WEST
WEST

CE
GE

WEST
GE

WEST
WEST

GNEPRWRA

WEST
GE
AC

UEC
GA
GE

B&W
AC
AC
GA

B&W
WEST
B&W
WEST

WEST

Construction

Date

01-Apr .-67
01-Apr.-67
Ol-Dec-67

Ol-Mar-73
01-Aug.-76
01-Aug.-76
01-Nov.-74

Ol-Dec-72
01-Jan.-77

Ol-Oct-68
Ol-May-66
Ol-May-64
Ol-May-60
Ol-Dec-68

Ol-Dec-68

01-Jan.-60
01-Jan.-60
Ol-May-56
01-Jan.-59
01-Aug.-56
01-Sept.-68
01-Nov.-60
Ol-May-56
Ol-Mar-63
01-Jan.-59
01-Feb.-62

01-Apr.-69
Ol-May-64
01-Nov.-69
01-Feb.-70
01-Nov.-57

Critical ity

Date

20-Oct-72
ll-Jun.-73
24-Mar-72

22-Oct-82
09-Mar-87
28-Mar-89
04-Mar-85

01-Jan.-96

22-May-85
23-Oct-72
26-Oct-70
24-Jul.-67

27-Sept.-62
19-Jun.-73

24-Dec.-73
01-Jan.-64

Ol-Mar-63
15-Oct-59

01-Nov.-62

23-Aug.-63
31-Jan.-74
I6-Feb.-63
02-Aug.-62
1 l-Jul.-67
01-Jan.-64
03-Mar-66
16-Sept.-74

14-Jun.-67
27-Mar-78
15-Dec.-75
19-Aug.-60

Grid

Date

02-Nov.-72
21-Jun.-73
20-Sept.-72

16-Nov.-82
27-Mar-87
10-Apr.-89

18-Mar-85
06-Feb.-96

12-Jun.-85
08-Nov.-72
29-Nov.-70
07-Aug.-67
08-Dec.-62
28-Jun.-73

26-Dec.-73
14-Aug.-64

18-Dec.-63
15-Apr.-60
24-Aug.-63

05-Aug.-66
1 l-Dec-76
18-Apr.-63
16-Sept.-62
26-Apr.-68
25-Jul.-66
27-Jan.-67
13-Oct-74

16-M.-67
21-Apr.-78
23-Dec.-75
10-Nov.-60

Commercial

Date

14-Dec.-72
07-Sept.-73
30-Nov.-72

01-Jan.-84
01-Jun.-87
20-May-89
24-Sept.-85

05-May-96

O3-Sept.-85
28-Dec.-72
Ol-Mar-71
01-Jan.-68
29-Mar-63
31-Dec.-73

17-Sept.-74

04-Jul.-60
01-Jul.-64

Ol-JuL-79

01-Aug.-63
Ol-Oct-62

07-Nov.-69

01-Jun.-67
17-Apr.-75

01-Jan.-68
30-Dec.-78
20-May-76
Ol-JuL-61

Shutdown

Date

Aug. -97
Jul. -98

04-Dec-96
Aug. -97
Jan. -98

Jan. -98

01-Jun.-68
01-Jan.-67
3 l-Oct-78
01-Feb.-68
29-Nov.-72
29-Aug.-89

02-Jul.-76
31-Oct-74
30-Apr.-87
Ol-Oct-67

01-Nov.-74

07-Jun.-89
30-Nov.-92
28-Mar-79
09-Nov.-92
Ol-Oct-91

<r) See Table 7b.
Source: EIA Form 860-A and

(2) See Table 7c.
Form 860-B as of 31 December 2000.
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TABLE 7b. TABLE OF OPERATORS

Code

AMERUE
AMERGEN
ANPP
CONED
CONSTELL
CPC
CVPA
CYAPC
DETED
DOE/PRWR
DOMINION
DPC
DUKE
ENERGYNW
ENTERGY
EXELON
FIRSTENERGY
FPL
GPU
MPCO
MYAPC
NAES
NPPD
NUCMAN
NSP
OPPD
PGEC
PORTGE
PP&L
PROGRESS
PSCC
PSEG
RCPA
RGE
SCE
SCEG
SMUD
SOUTH
STP
TXU
TVA
VYNPC
WOLF
YAEC

Operator Name

AMERENUE
AMERGEN ENERGY CO.
ARIZONA NUCLEAR POWER PROJECT
CONSOLIDATED EDISON CO.
CONSTELLATION NUCLEAR GROUP
CONSUMERS POWER CO.
CAROLINAS-VIRGINIA NUCLEAR POWER ASSOC.
CONNECTICUT YANKEE ATOMIC POWER CO.
DETROIT EDISON CO.
DOE & PUERTO RICO WATER RESOURCES
DOMINION GENERATION
DAIRYLAND POWER COOPERATIVE
DUKE POWER CO.
ENERGY NORHWEST
ENTERGY NUCLEAR
EXELON GENERATION LLC
FIRST ENERGY NUCLEAR OPERATING CO.
FLORIDA POWER & LIGHT CO.
GENERAL PUBLIC UTILITIES
INDIANA MICHIGAN POWER CO.
MAINE YANKEE ATOMIC POWER CO.
NORTH ATLANTIC ENERGY SERVICE CORP.
NEBRASKA PUBLIC POWER DISTRICT
NUCLEAR MANAGEMENT CO.
NORTHERN STATES POWER
OMAHA PUBLIC POWER DISTRICT
PACIFIC GAS & ELECTRIC CO.
PORTLAND GENERAL ELECTRIC CO.
PENNSYLVANIA POWER & LIGHT CO.
PROGRESS ENERGY
PUBLIC SERVICE CO. OF COLORADO
PUBLIC SERVICE ELECTRIC & GAS CO.
RURAL COOPERATIVE POWER ASSOC.
ROCHESTER GAS & ELECTRIC CORP.
SOUTHERN CALIFORNIA EDISON
SOUTH CAROLINA ELECTRIC & GAS CO.
SACRAMENTO MUNICIPAL UTILITY DISTRICT
SOUTHERN NUCLEAR OPERATING CO.
STP NUCLEAR OPERATING CO.
TXU ELECTRIC GENERATION CO.
TENNESSEE VALLEY AUTHORITY
VERMONT YANKEE NUCLEAR POWER CORPORATION
WOLF CREEK NUCLEAR OPERATION CORP.
YANKEE ATOMIC ELECTRIC CO.

TABLE 7c. TABLE OF NUCLEAR STEAM SUPPLY SYSTEM SUPPLIERS

Code

AC
B&W
CE
GA
GE
GNEPRWRA
UEC
WEST

NSSS Supplier Name

ALLIS CHALMERS
BABCOCK & WILCOX CO.
COMBUSTION ENGINEERING CO.
GENERAL ATOMIC CORP.
GENERAL ELECTRIC COMPANY (US)
GENERAL NUCLEAR ENGINEERING & PUERTO RICO WATER RESOURCES
UNITED ENGINEERS AND CONTRACTORS
WESTINGHOUSE ELECTRIC CORPORATION
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During 2000, two reactors that had been shut down for an extended period, Cook 1 and 2, were
returned to service, leaving only Browns Ferry 1 in an extended outage. The operating licenses for six
reactors were extended in 2000 and 2001, which increased interest in the process from other operators

The future of nuclear power will depend on several factors: resolution of the nuclear waste
problem, reduction in nuclear capital costs, and improvement of the public's perception of nuclear power.
The NRC has revised its regulations to streamline the licensing process for future nuclear power
reactors, a change that should shorten lead-times and improve the economics of new reactor technology.

3.3. Current Policy Issues

Federal Government policies concerning civilian nuclear power are carried out primarily by the
U.S. Department of Energy (DOE). Two DOE programmes of significant importance are new reactor
technology and radioactive waste management.

In the early 1980s, DOE's Advanced Light Water Reactor Programme (ALWR) aimed to make
commercially standardized advanced light water reactors available at the earliest possible time. This
programme co-funded design certification rulemaking proceeding for securing the Nuclear Regulatory
Commission (NRC) certification for the General Electric Advanced Boiling Water Reactor (ABWR) and
the Combustion Engineering System 80+ Advanced Pressurized Water Reactor. In the summer of 1994,
the NRC gave final design approval to the ABWR and the System 80. In the mid-1990s, design work
was co-funded for smaller (600 megawatts) light-water reactors incorporating passive features.
Westinghouse's AP-600 received final design approval in 1998 while the General Electric Simplified
Boiling Water Reactor, is further away from certification.

The Nuclear Energy Research Advisory Committee (NERAC) was established on October 1,
1998, to provide independent advice to the Department of Energy (DOE) and Office of Nuclear Energy,
Science and Technology (NE) on complex science and technical issues that arise in the planning,
managing, and implementation of DOE's nuclear energy programme. NERAC periodically reviews the
elements of the NE programme and based on these reviews provides advice and recommendations on
long-range plans, priorities, and strategies to effectively address the scientific and engineering aspects of
the research and development efforts. In addition, the committee will provide advice on national policy
and scientific aspects on nuclear energy research issues as requested by the Secretary of Energy or the
Director, NE.

The Department of Energy (DOE) created the Nuclear Research Initiative (NERI) to address and
help overcome the principal technical and scientific issues affecting the future use of nuclear energy in
the United Stated. NERI is also expected to help preserve the nuclear science and engineering
infrastructure within our Nation's universities, laboratories, and industry; to advance the state of nuclear
energy technology to maintain a competitive position worldwide. DOE believes that in funding creative
research ideas at the Nation's science and technology institutions and companies, solutions to important
nuclear issues will be realized, and a new potential for nuclear energy in the United States will emerge.

In response to advice of the President's Committee of Advisors on Science and Technology
(PCAST) in its 1999 "Report on International Cooperation on Energy Innovation," DOE established
the International Nuclear Energy Research Initiative (I-NERI) to serve as a key mechanism for
coordinating international research and development (R&D) for implementing Generation IV. The
purpose of I-NERI is to establish agency-level bilateral agreements for international collaboration in
developing Generation IV energy systems.

The Nuclear Energy Plant Optimizer (NEPO) Programme is a U.S. Department of Energy (DOE)
research and development (R&D) programme focused on performance of currently operating U.S.
nuclear power plants. The primary areas of focus for the R&D programme are plant aging and
optimization of electrical production. The NEPO Programme is also a public-private R&D partnership
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with equal or greater matching funds coming from industry. The NEPO Programme was initiated in
fiscal year (FY) 2000.

The Nuclear Engineering Education Research (NEER) Programme sponsors nuclear research at
U.S. colleges and universities with nuclear engineering programmes, options, or research reactors. The
purpose of the programme is to support basic research in nuclear engineering, assist in nuclear
engineering student development, and strengthen the academic community's nuclear engineering
infrastructure.

The DOE's Office of Civilian Radioactive Waste Management (OCRWM) is responsible for
disposal of the Nation's spent nuclear fuel and high-level radioactive waste. Successful implementation
of a waste disposal programme is one of the most important issues affecting the nuclear power industry
in the United States. Currently, the plan is to store the radioactive waste in a deep geologic repository.
Yucca Mountain Nevada has been selected as a possible site, and extensive testing is under way to
determine the suitability of the site, hi April of 1997, DOE completed its Exploratory Studies Facility
(ESF) tunnel at the Yucca Mountain site. The ESF will serve as an underground laboratory for
determining whether the site can provide a suitable geologic repository for the long-term storage of
spent-fuel and other high-level nuclear waste. The total fiscal year 1999 funding for the programme is
$307.8 million. The goal is to complete the technical work necessary to determine whether the site is
suitable. The project's long-term objective is to initiate repository operations in 2010.

4. NUCLEAR POWER INDUSTRY

For the most part, nuclear power plants in the United States are privately owned, subject to safety
regulations administered by the Federal Government and the State Governments in which plants are
located. Economic regulations are also administered by the Federal and State governments, but they
apply to the entire electric power industry, and are not unique to the nuclear segment. Regulation of the
industry has already been discussed in a previous section. The following paragraphs briefly discuss the
other segments of the industry. Annex 1 of this document contains a list of selected companies that are
active in the nuclear power industry.

4.1. Suppliers to Nuclear Power Plants

Nuclear Steam Supply Systems

Nuclear steam supply systems currently operating in the United States were supplied by four
companies. Westinghouse Corporation built the majority of pressurized water reactors (PWR). ABB
Combustion Engineering (CE) and Babcock & Wilcox (B&W) have also built several PWRs. Babcock
& Wilcox supplied nuclear steam generators, replacement nuclear steam generators, and nuclear heat
exchangers (Westinghouse and CE are now part of Westinghouse BNFL and Framatome ANP now
owns B&W). General Electric produced all of the present U.S. boiling water reactors (BWR).

There are presently three new reactor designs approved for construction in the U.S.; the System
80+ and AP600 of Westinghouse BNFL, and the Advanced Boiling Water Reactor (ABWR) from
General Electric. In addition, three designs are in early pre-certification stages at the Nuclear Regulatory
Commission. These are the AP1000 by Westinghouse BNFL, ESKOM's Pebble Bed Gas Reactor also
sponsored by Exelon and Westinghouse BNFL, and the GT-MHR Gas Reactor by General Atomic.

Equipment and Service Suppliers

Many companies in the U.S. provide equipment and services to the nuclear power industry. These
services cover the entire nuclear fuel cycle spectrum, from suppliers of main components to providers of
routine equipment and services found in most power plants.
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To help assure high quality products, the American Society of Mechanical Engineers (ASME) has
a certification programme for nuclear equipment suppliers. To obtain an ASME nuclear certificate of
authorization, the company must comply with quality assurance requirements set forth by the ASME.
This programme is also open to foreign companies. Currently there are over 200 foreign and U.S.
companies holding ASME nuclear certificates of authorization.

4.2. Operation of Nuclear Power Plants

Plant Operation

The 104 operating nuclear units are mostly privately owned and are operated by over 29 companies
having nuclear power reactor licenses granted by the NRC.

Training Services

Various training services are also available. Over 20 private companies are involved in training for
nuclear plant operators. Perhaps one of the most widely used training programmes in the United States is
sponsored by the Institute of Nuclear Power Plant Operations (INPO). The institute was founded in
1979, as industry's response to the Three Mile Island accident, to promote the highest levels of safety
and reliability in commercial nuclear power plants. Among its many activities, INPO manages a nuclear
utility training accreditation programme.

4.3. Fuel Cycle and Waste Management Service Supply

All activities of the commercial nuclear fuel cycle are conducted in the United States, with the
exception of spent fuel reprocessing.

Uranium Production and Uranium Conversion

There were six conventional uranium mills and fourteen non-conventional plants in the United
States at the end of 2000. Five of the mills were inactive at yearend, but uranium concentrate was
produced at two mills from mine water during part of that year. Three in-situ leach plants were operated
during the year and produced uranium concentrate. During 2000, 4.0 million pounds of uranium
concentrate (U3O8) were produced in the United States. Because the nuclear industry in the United States
is not expected to grow in the near to intermediate future, and for other economic factors such as the
relatively low market price of uranium, companies actively involved in uranium production and uranium
conversion in the United States are few.

Uranium Enrichment

In 1993 the uranium enrichment business in the United States was transferred from DOE to a
private company, the U.S. Enrichment Corporation. This company was created by the Energy Policy Act
of 1992 with the objective to privatize the U.S. enrichment business in order to help make it more
competitive in the worldwide enrichment industry. The USEC operates one of two enrichment facilities
(which are currently rented from DOE); at Paducah, Kentucky. A second facility at Portsmouth, Ohio
has been placed in standby status. Both facilities employ gaseous diffusion technology.

In 1996, the United States Enrichment Corporation (USEC) signed a five-year contract with
Techsnabexport regarding the sale of low-enriched uranium (LEU), which will be derived from highly
enriched uranium (HEU) taken from dismantled Russian nuclear warheads. By 2004, uranium derived
from Russian HEU could supply 13 million pounds of U.S. commercial requirements. In addition, the
U.S. Department of Energy announced plans to sell or transfer inventories of HEU, LEU, and natural
uranium that have been declared surplus to national defence needs. However, the penetration of surplus
defence materials into the U.S. uranium market is restricted by legislation and trade policies.
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Fuel Fabrication

Three companies are currently operating uranium fuel fabrication facilities in the United States.
These facilities are designed for fabrication of light-water reactor fuel.

Nuclear Waste Management

Currently, most spent fuel from commercial nuclear reactors is stored onsite at the nuclear plant.
A small amount has been shipped to offsite storage facilities. Numerous private companies provide the
necessary equipment and services to support management and storage of spent fuel. The spent fuel
inventory in the United States was 41 thousand metric tons of uranium as of December 1999. A 2000
EIA projection predicted that by 2010, the reactors in the United States will discharge 2 thousand
metric tons annually and the spent fuel discharged over the next 10 years will amount to 23 thousand
metric tons of uranium. As mentioned elsewhere in this paper, the U.S. DOE has the responsibility to
construct a permanent repository for commercial spent fuel. The DOE is currently in the process of
establishing a site to accomplish this task.

4.4. Research and Development Activities

Research and Development (R&D) in the nuclear industry is conducted by both private industry
and the Federal Government. Private companies are actively involved in R&D covering reactor
technology, enrichment technology (i.e. advanced laser isotope separation, AVLIS), and nuclear fuel
design. One of the main mechanisms for private funding of research is through membership in the
Electric Power Research Institute (EPRI). EPRI, through membership fees, conducts R&D in many
nuclear-related areas as well as other areas of the electric power industry.

The Federal Government supports R&D through specific budget allocations and through the
national laboratories operated by the U.S. DOE. The DOE operates 26 laboratories and institutes, many
of which conduct research in various aspects of the nuclear fuel cycle.

In response to a 1997 Presidential Advisory Committee recommendation, the DOE created the
Nuclear Energy Research Initiative (NERI) in 1998 to address and help overcome the principal technical
and scientific obstacles to the future use of nuclear energy in the United States. NERI is also expected to
help preserve the nuclear science and engineering infrastructure within our Nation's universities,
laboratories, and industry to advance the state of nuclear energy technology and to maintain a
competitive position worldwide. Specific obstacles the R&D is to address include issues involving
proliferation, economics, nuclear waste, and safety. Technologies to be addressed include the following:

• work on proliferation-resistant reactors or fuel cycles;
• new reactor designs with higher efficiency, reduced cost, and enhanced safety;
• lower output power reactors for applications where larger reactors may not be advantageous;
• new techniques for on-site and surface storage and for permanent disposal of nuclear waste;
• advanced nuclear fuel and;
• fundamental nuclear science and technology.

Another proliferation-resistant reactor design is the IRIS Reactor. Westinghouse will conduct this
project, with collaboration from the University of California at Berkeley, the Massachusetts Institute of
Technology, and the Polytechnic Institute of Milan, Italy. The IRIS plant design will feature enhanced
safety systems with a high degree of inherent safety including an integral pool configuration and a very
high level of natural circulation, possibly up to 100 percent of full power.

4.5. International Co-operation in the Field of Nuclear Power

The U.S. Department of Energy (DOE) and the Republic of Korea's Ministry of Science and
Technology (MOST) signed the first-ever bilateral I-NERI agreement on May 16, 2001. Director for
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Nuclear Energy, Science and Technology, William D. Magwood, IV, signed the agreement for DOE. Dr.
Chung-Won Cho, Director General of Korea's Atomic energy Bureau signed for MOST. The occasion
for the signing was the Opening Plenary Session of the 22nd Annual Republic of Korea-United States of
America Joint Standing Committee on Nuclear Energy Cooperation.

The U.S. Department of Energy in 2001 has signed a formal charter by the United States and other
governments of leading nuclear nations, including Argentina, Brazil, Canada, France, Japan, Republic of
Korea, and the United Kingdom, establishing the Generation IV International Forum (GIF), as an
international collective dedicated to the development by 2030 of the next generation of nuclear reactor
and fuel cycle technologies. The charter provides the framework to plan and conduct international
cooperative research on advanced nuclear energy systems that are safe, reliable, economic, and
proliferation resistant.

The U.S. Department of Energy (DOE) and the Commissariat a l'Energie Atomique (CEA) of
France signed a bilateral agreement in 2001 to jointly fund innovative U.S.-French research in advance
reactors and fuel cycle development. The DOE and CEA are expected to award merit-selected research
grants later this summer to joint U.S.-French research teams. The joint research projects will support the-
recommendation in the Bush Administration's Nuclear Energy Policy to pursue research that will
develop next generation nuclear reactor technologies.

Because the nuclear power industry in the United States is decentralized and consists mainly of
private companies, information on all co-operative efforts between organizations in the United States and
other countries is not available. However, some of the major co-operative efforts can be presented.

The U.S. government signed an agreement with North Korea establishing under international law
the Korean Energy Development Organization (KEDO). The main purpose of KEDO, a multi-national
body consisting of three members (Japan, South Korea, and the United States), is to funding to supply
two light water reactors to North Korea. Also under the agreement, the IAEA will oversee the
dismantling of the existing North Korea nuclear programme.

The U.S. Nuclear Regulatory Commission was involved with several international initiatives in
Fiscal Year 1997. The Commission worked to help found the International Nuclear Regulatory
Association (INRA), a new organization of senior regulators in eight nations operating a substantial
majority of the world's civil nuclear reactors.

The Commission worked to support the U.S.-Russia Joint Commission on Technological
Cooperation in Energy and Space, chaired by then Vice President Al Gore and then Russian Prime
Minister Chernomyrdin (the Gore-Chernomyrdin Commission). Nuclear safety and security has been an
important component of this bilateral initiative since its inception.

The United States has also actively participated in the policy and implementation aspects of
nuclear initiatives under the Group of Seven (G-7) industrialized nations, the Group of 24 Nuclear Safety
Coordination (G-24NUSAC) mechanism, and the Nuclear Safety Account administered by the European
Bank for Reconstruction and Development (EBRD/NSA). These institutions have focused on
coordinating multi-layered international efforts to enhance nuclear safety in countries with Soviet-
designed nuclear power reactors. The NRC is currently working with other nations with major nuclear
power programmes to further nuclear safety research. These nations include France, Germany, Japan,
and the United Kingdom.

The United States is continuing nuclear safety cooperation with the New Independent States of the
former Soviet Union and countries of central and Eastern Europe. These activities include strengthening
their regulatory organizations, training foreign inspectors, and working in the area of operational safety
and risk reduction. States receiving assistance include Armenia and Kazakhstan.
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Other efforts to help regulatory organizations in Russia, Ukraine and Kazakhstan include work to
improve their regulatory programmes and systems for protecting, controlling, and accounting for nuclear
materials within the framework of agreements signed by the United States with these countries in the fall
of 1993.

The United States has also played a leading role in resolving implementation issues for the
International Convention on Nuclear Safety, which entered into force in October of 1996. The United
States also participated in the successful negotiation of the Joint Convention on the Safety of Spent Fuel
Management and the Safety of Radioactive Waste Management, as well as the Convention on
Supplementary Compensation for Nuclear Damage. Both of these were opened for signature at the
International Atomic Energy Agency (IAEA) General Conference in September 1997.

5. NUCLEAR LAWS AND REGULATIONS

5.1. Regulatory Framework

Regulation of the nuclear power industry is exercised by the U. S. Nuclear Regulatory
Commission (NRC). Its mission is to ensure adequate protection of the public health and safety, the
common defence and security, and the environment. The NRC's scope of responsibility includes
regulation of commercial nuclear power plants; non-power research, test and training reactors; fuel cycle
facilities; medical, academic, and industrial uses of nuclear materials, and disposal of nuclear materials
and waste.

The NRC accomplishes its purpose by the licensing and regulatory oversight of nuclear reactor
operations and other activities involving the possession and use of nuclear materials and waste; by the
safe-guarding of nuclear materials and facilities from theft and/or sabotage; by the issuance of rules and
standards; and by inspection and enforcement actions.

Of particular importance to the future of the nuclear industry is NRC's nuclear power plant
licensing process. The Energy Policy Act of 1992 (EPACT) specified a new nuclear power plant
licensing process, which the NRC can use for any new applicant for a nuclear plant. Under the new
licensing procedure outlined in the EPACT, the applicant (i.e. an entity that seeks to build a new reactor)
will use off-the shelf reactor designs that will have been approved and certified by the NRC. After
reviewing the application and holding one or more public hearings, the NRC may issue a combined
construction and operating license (the previous process was to issue a construction permit and a full
power operating license separately and at different times). Because the applicant is using an NRC-
certified design, safety issues related to the design will have been resolved, and the main concern will be
the quality of the construction of the reactor.

Before authorizing power operation, the NRC will perform comprehensive testing and acceptance
procedures on the reactor. Codified in part 52 of Title 10, Code of Federal Regulations, the new
licensing process is in place and ready to be used when certification of the new designs is completed.
The new license procedure is said to be a more predictable process with less uncertainty, and less
financial risk to the applicant.

5.2. Main National Laws and Regulations

The U.S. Congress has enacted several laws, which together create a comprehensive regulatory
programme governing the design, construction, and operation of nuclear energy plants. Transportation
and disposal of radioactive waste is a major concern of the industry and the public, and there is specific
legislation to address these activities as well.

The nuclear industry in the United States is affected by the legislation outlined in Table 8, which
covers the entire electric power industry, and the major legislation outlined in Table 9, which affects the
nuclear power industry specifically. These laws are by no means exhaustive of the national legislation
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affecting the nuclear industry. It should also be noted that, although the Federal Government has an
extensive role in the nuclear industry, there is also an appropriate regulatory role for the individual
states.

TABLE 8. IMPORTANT LEGISLATION COVERING THE ELECTRIC POWER INDUSTRY

The Public Utility Holding Company Act of 1935 (PUHCA) (Public Law 74-333)
PUHCA was enacted to break up the large and powerful trusts that controlled the Nation's electric and gas
distribution networks. PUHCA gave the Securities and Exchange Commission the authority to break up the
trusts and to regulate the reorganised industry in order to prevent their return. PUHCA was recently
overhauled since many argued that PUHCA's regulations were impediments to the development of an
efficient electricity market.
The Federal Power Act of 1935 (Title II of PUHCA)
This act was passed at the same time as the Public Utilities Holding Company Act. It was passed to provide
for a Federal mechanism, as required by the Commerce Clause of the Constitution, for interstate electricity
regulation. Prior to this, electricity generation, transmission and distribution were almost always a series of
intrastate transactions.
The Public Utility Regulatory Policies Act of 1978 (PURPA) (Public Law 95-617)
PURPA was passed in response to the unstable energy climate of the late 1970's. PURPA sought to promote
conservation of electric energy. Additionally, PURPA created a new class of non-utility generators, small
power producers, from which, along with qualified co-generators, utilities are required to buy power.
The Energy Tax Act of 1978 (ETA) (Public Law 95-618)
This act, like PURPA, was passed in response to the unstable energy climate of the 1970's. The ETA
encouraged conversion of boilers to coal and investment in cogeneration equipment and solar and wind
technologies by allowing a tax credit on top of the investment tax credit. It was later expanded to include
other renewable technologies. However, the incentives were curtailed as a result of tax reform legislation in
themid-1980's.
The Clean Air Act Amendments of 1990 (Public Law 101-549)
These amendments established a new emissions-reduction programme. The goal of the legislation was to
reduce annual sulphur dioxide emissions by 10 million tons and annual nitrogen oxide emission by 2 million
tons from 1980 levels for all man-made sources. Generators of electricity will be responsible for large
portions of the sulphur dioxide and nitrogen oxide reductions. The programme instituted under the Clean Air
Act Amendments of 1990 employs a unique, market-based approach to sulphur dioxide emission reductions,
while relying on more traditional methods for nitrogen oxide reductions.

Source: Country Information.

Two important issues of national concern are the disposal of spent fuel and decommissioning of
retired nuclear plants. Because the costs of these activities are high, the funding of them is an important
issue. People who use electricity generated at nuclear power plants are paying for the disposal of spent
fuel. Under a general contract with nuclear-generating utilities, the Federal Government collects a fee of
one mill (one-tenth of a cent) per kilowatt-hour from utility companies for nuclear-generated electricity.
This money goes into the Nuclear Waste Fund, which is used to pay for all aspects of nuclear waste
disposal, including the geologic repository, transportation of the waste, and support of State and local
government involvement in the project. On an annual basis, DOE evaluates the adequacy of the fees
collected for nuclear waste disposal. Expenditures of all waste fund monies are subject to Congressional
oversight and authorization.

Accumulating adequate funds to cover decommissioning costs is a challenge. The NRC has
established minimum funding levels to plan for decommissioning, however State utility commissions
have the major role in determining the actual timing, amounts, and other conditions of decommissioning
financing. Under NRC rules, the minimum financial assurance that licensees must provide to
decommission each reactor is determined by a sliding scale that considers primarily the type and size (as
measured in megawatts-thermal) of a reactor. In 1986 dollars, the minimum financial assurance for
decommissioning a PWR ranges from roughly $86 million for the smallest reactors, to $105 million for
the largest, and the minimum financial assurance for a BWR ranges from roughly $115 million to $135
million. These regulations contain additional requirements to adjust annually the escalations in labour,
energy, and low-level waste burial costs (the most significant components of decommissioning
expenses).
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TABLE 9. IMPORTANT LEGISLATION AFFECTING THE NUCLEAR POWER INDUSTRY

The Energy Policy Act of 1992 (EPACT) (Public Law 102-486)
This law created a new category of electricity producer, the exempt wholesale generator, which circumvented
PUHCA's impediments to the development of non-utility electricity generation. The law also allowed FERC
to open up the national electricity transmission system to wholesale suppliers. Seven of EPACT's 30 Titles
contain provision related to nuclear power and/or uranium.
Atomic Energy Act of 1954, as amended (Public Law 83-703)
The Atomic Energy Act of 1954 was enacted to encourage private enterprise to develop and utilize nuclear
energy for peaceful purposes. This act amended the Atomic Energy Act of 1946 to allow non-federal
ownership of nuclear production and utilization facilities if an operating license was obtained from the
Atomic Energy Commission (AEC). This act enabled the development of the commercial nuclear power
industry in the United States.
Energy Reorganization Act of 1974 (Public Law 93-438)
This Act separated the licensing and related functions of the AEC from energy development and related
functions. The Nuclear Regulatory Commission (NRC) succeeded AEC as an independent regulatory
authority to assure the safety and licensing of nuclear reactors and other facilities associated with processing,
transport and handling of nuclear materials. The NRC is still today the main regulatory agency of the US
nuclear power industry.
Low-level Radioactive Waste Policy Act of 1980, as amended (Public Law 96-573)
This Act was an important step toward the development of new disposal capacity for low-level radioactive
waste. Each state was made responsible for providing, either by itself or in co-operation with other states, for
the disposal of low-level radioactive waste generated within the state. To carry out this policy, the Act
authorizes the states to enter into compacts to provide for the establishment and operation of regional disposal
facilities for low-level waste, subject to NRC licensing approval.
Nuclear Waste Policy Act of 1982, as amended (Public Law 97-425)
This Act established Federal responsibility for the development of repositories for the disposal of high-
level radioactive waste and spent nuclear fuel. This Act was amended in 1987 requiring the US
Department of Energy to begin evaluating the suitability of Yucca Mountain in Nevada as the nation's
permanent high-level waste repository. This activity is currently in progress.

Source: Country Information.

5.3. International, Multilateral and Bilateral Agreements

Agreements for co-operation provide the legal framework of U.S. trade with other countries in the
peaceful uses of nuclear energy. Agreements establish binding national commitments enforceable under
international law, and set the ground rules for civilian nuclear commerce between nations. The guiding
principle is that the United States will co-operate in peaceful nuclear trade as long as the other signatory
abides by the agreement's conditions governing the safeguarding and continued peaceful use of nuclear
material and technology transferred from the United States, and grants the United States certain consent
rights over such material's use, alteration and retransfer.

The United States has entered into agreements with 29 countries for peaceful nuclear co-operation.
Similar agreements have been entered with international organizations including the European Atomic
Energy Agency (EURATOM), and the International Atomic Energy Agency (IAEA). In addition, the
United States has entered into numerous trilateral agreements with IAEA and other countries for the
application of safeguards by the IAEA to equipment, devices, and materials supplied under bilateral
agreements for co-operation in the use of commercial nuclear power.

A GREEMENTS WITH THE IAEA

• Amendments to Articles VI and XIV Not Ratified
of the Agency Statute

• Agreement on privileges and Non-Party
immunities

• NPT related safeguards agreement Entry into force: 9 December 1980
ESfFCIRC/288
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Tlatelolco related agreement Entry into force: 6 April 1989

• Additional protocol Signature:

• Improved procedures for designation Accepted:
of safeguards inspectors

OTHER RELEVANT INTERNATIONAL TREATIES etc.

Non-Proliferation Treaty

Convention on physical
protection of nuclear material

Convention on early notification
of a nuclear accident

Convention on assistance in the
case of a nuclear accident or a
radiological emergency

Vienna convention on civil liability
for nuclear damage

Paris convention on third party liability
in the field of nuclear energy

Joint protocol relating to the
application of Vienna & Paris
conventions

Protocol to amend Vienna convention
on civil liability for nuclear damage

Convention on supplementary
Compensation for nuclear damage

Convention on nuclear safety

Joint convention on the safety of spent
fuel management and on the safety
of radioactive waste management

ZANGGER Committee

Nuclear Export Guidelines

Acceptance of NUSS Codes

Entry into force:

Entry into force:

Entry into force:

Entry into force:

12 May 1998

14 September 1988

Nuclear Suppliers Group

BILA TERAL A GREEMENTS

5 March 1970

8 February 1987

20 October 1988

20 October 1988

n.a.

Non Party

Non Party

n.a.

Signature:

Entry into force:

Signature:

29 September 1997

10 July 1999

29 September 1997

Member

Adopted

Summary: Codes are appropriate
safety standards in Agency assisted
projects; valuable guidance for
national regulatory requirements;
useful reference in safety assessment.
Use of codes for above purposes supported.
Generally consistent with US requirements.

Member

The bilateral agreements are listed in Table 10.
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TABLE 10. LIST OF AGREEMENTS FOR PEACEFUL NUCLEAR COOPERATION

Agreement

Argentina
Australia
Austria
-amendment
Bangladesh
Brazil
Canada
•amendment
-amendment
•amendment
•amendment
Czech Republic
China

Colombia
Egypt
EURATOM2

•Additional Agreement3

•amendment
•amendment
-amendment
Finland4

Ghana
(with Argonne Laboratory)
Hungary
India
-waiver of certain obligations

Indonesia
IAEA5

•amendment
•amendment
Japan
•amendment
•amendment
-with Japan Atomic Energy Research

Institute

[)ate Signed
June 25, 1969
July 5, 1979
July 11, 1969
June 14, 1974
September 17, 1981
July 19, 1972
June 15, 1955
June 26, 1956
June 11, 1960
May 25, 1962
April 23, 1980

July 23,1985

January 9, 1981
June 29, 1981
May29/Junel8, 1958
June 11, 1960
May 21 & 22, 1962
August 22 & 27, 1963
September 20, 1972
April 8, 1970

August 8, 1963

November 30, 1982
June 30, 1980
May 11, 1959
February 12, 1974
January 14, 1980
February 26, 1968
February 24, 1972
March 28, 1973

Effective Date

July 25, 1969
January 16, 1981
January 24, 1970
October 8, 1974
June 24, 1982
September 20, 1972
July 21, 1955
March 4, 1957
July 14, 1960
July 12, 1962
July 9,1980
February 13,1992
December 30, 1985
June 29, 1998
December 30, 1985
December 29, 1981
August 27, 1958
July 25, 1960
July 9, 1962
October 15, 1963
February 28, 1973
July 7, 1970
October 30, 1995

February 13, 1992
October 25, 1963

November 30, 1982
December 30, 1981
August 7, 1959
May 31, 1974
May 6, 1980
July 17, 1988
April 26, 1972
December 21, 1973
July 17, 19889

July 17, 1995

Termination Date
July 24, 1999
January 15,2011
January 23, 2014
January 23, 2014
June 23, 1992
September 19, 2002
January 1,2000

February 12,2022
December 29, 2015
June 29, 2003
September 6,2013
December 28, 2021

December 31, 1995

December 31, 1995

December 6,2000
-

February 12, 2022
October 24, 1993

December 29, 1991s

December 29, 19918

August 6, 2014

July 17, 2018

July 9, 2003
July 17, 2005

Citation

TIAS No. 6721, 20 UST 2587
TIAS No. 9893, 32 UST 3227
HAS No. 6815, 21 UST 10
riAS No. 7912, 25 UST 2337
TIAS No. 10339, —UST—
TIAS No. 7439, 23 UST 2477
TIAS No. 3304, 6 UST 2598
HAS No. 3771,8 UST 275
riASNo. 4518, 11 UST 1780
HAS No. 5102, 13 UST 1400
HAS No. 9759, 32 UST 1079

HAS No. 12027, —UST—1

TIAS No. 10722, —UST—
ITAS No. 10208, 33 UST 2915
HAS No. 4091, 9 UST 1116
TIAS No. 4650, 11 UST 2589
TIASNo. 5104, 13 UST 1439
HAS No. 5444, 14 UST 1459
HAS No. 7566, 24 UST 472
HAS No. 5446, 14 UST 1484

HAS No. 5446, 14 UST 1484

TIAS No. 10614, —UST—
HAS No. 10219, 33 UST 3194
HAS No. 4291, 10 UST 1424
HAS No. 7852, 25 UST 1199
HAS No. 9762, 32 UST 1424
riASNo. 6517, 19UST5214
HAS No. 7306, 23 UST 275
HAS No. 7758, 24 UST 1102

oo
oo
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TABLE 10. LIST OF AGREEMENTS FOR PEACEFUL NUCLEAR COOPERATION

Agreement

Korea
-amendment
-Cooperative Laboratory Relationship
Morocco
Norway
Peru
Philippines
Poland
Portugal
Russian Federation
- Civilian Nuclear Reactor Safety
Slovakia
South Africa
-amendment
-amendment
-amendment

Spain
Sweden
Switzerland
-amendment
Taiwan8

-amendment
Thailand
Ukraine

Date Signed

November 24, 1972
May 15, 1974

May 30, 1980
January 12, 1984
June 26, 1980
June 13, 1968

May 16, 1974

July 8, 1957
June 12, 1962
July 17, 1967
May 22, 1974

March 20, 1974
December 19, 1983
December 30, 1965
November 2, 1973
April 4, 1972
March 15, 1974
May 14, 1974

Effective Date

March 19, 1973
June 26, 1974
June 14, 1996
May 16,1981
July 2, 1984
April 15, 1982
July 19, 1968
August 3, 1992
June 26, 1974

September 16, 1996
February 23, 1992
August 22, 1957
August 23, 1962
August 17, 1967
June 28, 1974
December 4, 1997
June 28, 1974
April 11, 1984
August 8, 1966
January 29, 1974
June 22, 1972
June 14, 1974
June 27, 1974
May 16, 1998

Termination Date

March 18, 2014
March 18,2014
June 14,2001
May 15, 2001
July 1,2014
April 14, 200
July 18, 1998
September 2, 2022
June 25, 2014

September 16, 2001
February 12, 2022
August 21, 2007

August 21, 2007
December 4, 2002
June 27, 2014
April 10,2014
August 7, 1996

June 21, 2014
June 21, 2014
June 26, 2014
May 4, 2028

Citation

TIAS No. 7583, 24 UST 775
TIASNo. 7842, 25 UST 1102

TIASNo. 10018, 32 UST 5823
TIAS No. —, —UST—6

TIAS No. 10300, 33 UST 4246
TIASNo. 6522, 19 UST 5389

TIAS No. 7844, 25 UST 1125

TIASNo. 3885, 8 UST 1367
TIASNo. 5129, 13 UST 1812
TIASNo. 6312, 18 UST 1671
TIAS No. 7845, 25 UST 1158

TIAS No. 7841, 25 UST 1063
HAS No. —, —UST—7

TIASNo. 6059, 17 UST 1004
TIAS No. 7773, 25 UST 913
TIAS No. 7364, 23 UST 945
TIAS No. 7834, 25 UST 913
TIASNo. 7850, 25 UST 1181

Text of agreement available in House Document 99-86, 99th Congress, 1st Session (July 24, 1985).

The members of EURATOM are Belgium, Denmark, Germany, France, Greece, Italy, Ireland, Luxembourg, Netherlands, Portugal, Spain and the United Kingdom.
This agreement incorporates by reference certain provision of the expired "Joint Programme" Agreement, signed November 8, 1958 TIAS No. 4173, 10 UST 75, amended TIAS No. 5103, 13
UST 1403. By exchange of notes of December 16 and 17, 1985, TIAS No. —, —UST—, the United States and EURATOM agreed for administrative convenience that material, equipment or
devices that had been subject to the Joint Programme Agreement would be held subject to the Additional Agreement.
A new agreement with Finland was signed on May 2, 1985.The text of this agreement is available in House Document 99-71, 99th Congress, 1st Session (May 21, 1985); expires March 26, 2022.
A separate table lists U.S. supply agreements concluded pursuant to the U.S.-IAEA co-operation agreement.
Text of agreement available in House Document 98-164, 98th Congress, 2nd Session (January 26, 1984).
Expired June 23, 1992; agreement on extension has been concluded and is being processed internally by the respective Governments.
Agreement on extension has been concluded and is being processed internally by the respective Governments.

9

30 year term, with provision for continuation thereafter unless terminated by either party.
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITY

United States Department of Energy Tel: 202-586-6210
(USDOE) Forrestal Building Fax: 202-586-6789
Washington DC 20585 http:/Avww.enei:gy.gov

NATIONAL REGULATORY AUTHORITY

United States Nuclear Regulatory Commission
One White Flint North Tel: 301-415-7000
11555RockvillePike Fax: 301-415-2395
Rockville, MD 20852-2730 http://www,nrc,gov/nrc.html

OTHER ORGANIZATIONS1

Operators/Owners of Nuclear Power Plants

Connecticut Yankee NPP http://www.connyankee.com/

Cooper Nuclear Station (Brownville, Nebraska, USA) http://www.nppd.com/'pwrprod/cns.htm

Illinois Power http://www.illmova.coiMllinova.nsf

Millstone NPP http://www.domxora/operations/station-nuc/millstone.html

Northeast Utilities http://www.nu.com/

Public Service of New Hampshire (PSNH) http://www.psnh.com/

Seabrook Nuclear Power Station
(New Hampshire, USA) http://www.psnh.com/aboiit/seabrook.shrml

Tennessee Valley Authority (TVA) http://www.tva.gov/

Yankee Atomic Electric Company (YAEC) http://www.yankee.com/

Nuclear Research Institutes

Argonne National Laboratory http://www.anl.gov/

Armed Forces Radiobiology Research Institute
(AFRRI) http://www.afiTi.iisuhs.mii/

Brookhaven National Laboratory http://www.bol.gov/

1 The links given below are provided by the Secretariat to facilitate searches by the reader. It consist of an
arbitrary selection of links available at the IAEA library and is neither complete nor expresses any preference.
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Department of Nuclear Engineering
University of California, Berkeley

Electric Power Research Institute

General Atomics

Idaho National Engineering Laboratory

Lawrence Berkeley Laboratory

Lawrence Livermore National Laboratory

Los Alamos National Laboratory

Los Alamos Neutron Science Center (LANSCE)

Modular Pebble Bed Reactor (MPBR)

Oak Ridge National Laboratory

Sandia National Laboratory

Savannah River Site

University of Wiscons Reactor Laboratory

http://www.nuc.berkeley.edii/

http ://www .epri .com/

http://wAvw.gat.com/

http://www.inel.gov/

http://www.lbl.gov/'

http://www.llnl.gov/

http ://www. lanl. go v/worldvi e w/

http://www.lansce.lanl.gov/index exthtm

http://id.ineJ.gov/Pebble Bed/

http://www.oml.gov./omlhome/home,htm

http://www.sandia.gov/

http://www.srs.gov/

http://www.engr. wisc.edu/groups/rxtr.lab/

Hardware Manufactures/Vendors and Service providers

Canberra (US based company)

GE Reuter-Stokes (General Electric) http://www,

http://www.canbeffa.com/

ge.com/powersystems/reuter-stokes/iadex.htm

NFS Radiation Protection Systems (NFS-RPS)

Framatome Technologies Group (FTG)

World Nuclear Fuel Market (WNFM)

Consultants/Engineering

Electric Power Services Inc.

Engineering Information Inc.
(commercial Internet Portal)

ETCetera

GPU Nuclear Corporation

Kalthoff International

KEMA Consulting

http://www.nfsrps.com/

http://www.fYamatech.com/home.htm

http://www.wnfm.com/

http://www.epsint.com/

http://www.ei.org/

http://www.etceteraweb.com/

http://www2.gpu.com/home/

http://www.ka1thoff.com/

http://www.kemaconsulting.coni/index.htm
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NAC International

New York Nuclear and Washington Nuclear

The Uranium Exchange Company

Unicom

Westinghouse

http://wwav.nacintl.coin/

http://www.nynco.com/

http ://www.uxc. coin,/

http://www,iicm.coiu/homepage/homepage.asp

http://www.westinghouse.com/

BNFL Inc. (U.S. subsidiary of British Nuclear Fuels pic) http:/'/www.buflinc.coin/

Compagnie Generale des Matieres Nucleaires
(COGEMA)

Duke Energy Corporation

NUKEM Nuclear Technologies

Welding Services Inc.

Professional Organizations

American Nuclear Society (ANS)

Federation of American Scientists (FAS)

Universities

Cornell University

Duke University

Idaho State University
The Radiation Information Network (USA)

Louisiana State University (LSU)

http://www.cogema-inc.com/

http://www.dukepower.com/

http://wwAv.iiukem.com/

http://www.weldingservices.com/

http ://www. ans. or g/

http://www.fas.org/

http ://www. info. Cornell .edu/

http://www.duke.edu/

http://www.physics.istt.edu/radinf/

http://www.1su.edu/

MIT Department of Nuclear Engineering (MIT-DNE) http://web.mitedu/.ned/www/

North Carolina State University

Stanford University

University of California

University of California, Davis

University of California, San Diego (UCSD)

University of Washington
Nuclear Physics Laboratory

University of Wisconsin

http://www.ncsu.edu/index.regalar.html

http://www.stamord.edu/

http://www.ucop.eda/ucophome/system/

http://www.ucdavis.edii/

http://infopath.iicsd.edu/

http://www.np1.washingtori.edu/

http://wiscinfo.wisc.edu/
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VIETNAM

1. GENERAL INFORMATION

1.1. General Overview

Vietnam, a nation located along the eastern coast of the mainland of Southeast Asia, is shaped
like a giant letter S, extending some 1,600 km from the Chinese border to Point Ca Mau (Baibung) on
the Gulf of Thailand, see Figure 1. The total area of Vietnam is 333,688 km2. At its widest it reaches a
width of about 560 km. In the narrow centre it is less than 50 km wide.

CHINA

FIG. 1. Map of mainland Vietnam

The altitude of the land is generally high in the north and low in the south. In the north, the
coastal plain extends over a fertile delta plain called the Red River Delta, which covers an area of
about 12,500 km2. Hanoi, the capital of the country, is located in the delta and the Red River pours
into the Gulf of Bac Bo. In the south, the coastal plain widens into the Mekong River Delta, which has
an area of about 39,600 km2.

Vietnam belongs to the Asian Monsoon Zone and gives tropical conditions in the south and
sub-tropical conditions in the north. The country enjoys a variety of climatic conditions, including the
cool weather in the northern mountain area, the wet tropical climate from northern to central low land,
and the tropical monsoon climate in the southern low lands. The wet season lasts from May to
October and the dry season from November to April.

In 2000, the population of the country was about 78 million of which about 76.5% lived in rural
areas and 23.5% in urban areas (Table 1). Major urban centres are Hanoi accounting 3.5 million
people, Da nang 1.8 million and Ho Chi Minh City around 5 million. The average population density
is about 228 per km2. It varies from one area to another. The population density in the northern Red
River Delta is approximately 900 per km2, which is twice as high as that in the southern Mekong
Delta. The population density in the central high land area is only 100 per km2. The past 5 years trend
of population is given in the Table 2.
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TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

34.7
104.7

331.7

1970

42.7
128.8

1980

53.7
161.9

1990

66.7
201.1

1995

72.11

1996

73.20

1997

74.31

1998

75.45
234.8

20

1999

76.62
232.59

23

2000

78.1
235.6

24

Growth
rate (%)

1980
to

2000

2.0

Source: IAEA Energy and Economic Database; Data & Statistics/The World Bank; Vietnam Statistical Yearbooks.

TABLE 2. PAST 5 YEARS TREND OF POPULATION

Population, million persons
Growth rate, %

1995
72.11
1.51

1996
73.20
1.52

1997
74.31
1.53

1998
75.45
1.55

1999
76.62
1.55

Source: Vietnam Statistical Yearbook, Hanoi 1996,1997,1998,1999, 2000.

The population growth rate was 2.3% for the period from 1980 to 1985 and 2.0% from 1985 to
1990. In the recent years, the population growth rate is about 1.55 %.

Based on the projection of the population completed on July 1999 by the General Statistical
Office, the total population is expected to increase from 77.9 millions in the year 2000 to 98.4
millions in the year 2020. The projection of the population growth in the period form the year 2000 to
the year 2020 is given in the Table 3.

TABLE 3. TOTAL PROJECTED POPULATION FOR THE PERIOD 2000-2020

Year
Population, million persons
Growth rate, %

2000
77.907

1.50

2005
82.931

1.26

2010
88.236

1.25

2015
93.305

1.12

2020
98.39
1.07

In 1995, 80% of the population was distributed in rural areas. However, the urban
population is expected to increase from 20% in 1995 to 46% in the year 2020. This is illustrated in
Table 4.

TABLE 4. THE DISTRIBUTION OF THE POPULATION

Year
Urban, %
Rural, %

1995
20
80

2000
23.5
76.5

2005
30
70

2010
35
65

2015
40
60

2020
46
54

1.2. Economic Indicators

Since 1986, Vietnam has initiated a reform from a centrally planned economy to a market
economy. As a result, Vietnam's economy began to develop steadily in the recent years and most
likely it will have high growth rates in the near future. The economic development alone will force an
increase in energy development in general and electricity in particular. In the period 1991-1995, the
Gross Domestic Production (GDP) has grown at an average rate of 8.2% per year and the growth rate
of the electricity consumption was 12.5%. From 1995 to 1997, Vietnam's economy developed stable,
but in the years 1998 and 1999, it went down due the financial crisis. From 2000, as in most Asian
countries, the Vietnam economy began to pick up again. The trend of the economic development over
the past 5 years is given in the Table 5 and that of the export and import of goods is given in the
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Table 6. Exports include crude oil, rice, marine products, coal, coffee and rubber and imports
petroleum products, steel products, tractors, cotton and textiles.

Currently, the Vietnamese Government has reviewed and adjusted targets for the economic
development for the period 2000-2020. The concrete targets for 2010 are:

• A doubling of GDP by 2010 to be attained through an economic growth of over 7% per
annum;

• Investment to be increased to 30% of GDP;
• Export to grow more than twice the rate of GDP;
• The share of agriculture in GDP to decline from 25% to 16-17%; industry to increase

from 35% to 40-41%; and services to increase from 40% to 42-43%;
• The share of rural employment to decline from about two-thirds to half; and
• The share of urban population to increase from a quarter to a third.

TABLE 5. ECONOMIC DEVELOPMENT AND STRUCTURE

Parameters
GDP growth rate, %
GDP1 Billion VND

Million USD
GDP per Sector:

Agriculture, Forestry & Fishing,
%

Industry & Construction, %
Service, %

1995
9.54

228,892
20,808

27.18

28.76
44.06

1996
9.90

272,036
24,552

27.76

29.73
42.51

1997
8.15

313,623
26,794

25.77

32.08
42.15

1998
5.77

361,016
26,989

25.78

32.49
41.73

1999
4.77

399,942
29,538

25.43

34.49
40.08

at current prices
Source: Vietnam Statistical Yearbook, Hanoi 1996,1997,1998,1999, 2000.

TABLE 6. THE EXPORT AND IMPORT OF GOODS

Parameters
Export, million USD
Import, million USD
Balance

1995
5,448.9
8,155.4

-2,706.5

1996
7,255.9

11,143.6
-3,887.7

1997
9,185.0

11,592.3
-2,047.3

1998
9,361.0

11,527.0
-2,166.0

1999
11,523.0
11,636.0

-113.0
Source: Vietnam Statistical Yearbook, Hanoi 1996,1997,1998,1999, 2000.

1.3. Energy Situation

The overall Vietnamese energy reserves are given in Table 7.

TABLE 7. ESTIMATED ENERGY RESERVES

Total amount in place

Solid

4.40

Liquid

3.44

Gas

5.11

Uranium<l)

0.71

Hydro<2)

28.92

Exajoule
Total

42.58
(1) This total represents essentially recoverable reserves.
<2> For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.
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1.3.1. Coal

Coal reserves in Vietnam are concentrated in the northern part, especially in the Quang Ninh
province. Total reserves of anthracite and semi-anthracite to a depth of 1,000 meters are said to be 6.6
billion tons, in which the total of surveyed reserves to a depth of 300 meters are 3.1 billion tons.
There are other coal reserves besides anthracite: 11.8 million tons of bituminous and 244.1 million
tons of lignite and semi-bituminous are surveyed reserves. The production comes from 3 coal
companies: Uong Bi Coal Company (Vang Danh, Mao Khe, Trang Bach), Hon Gai Coal Company and
Cam Pha Coal Company (Khe Tarn, Dong Bac). Data of the past 5 years of coal production and coal
use is given in Table 8 and the projected coal- production in Table9.

TABLE 8. COAL PRODUCTION AND COAL USE

Parameters

Coal prod., million tons
Coal Export., million tons
Domestic use, million tons

1995

8.35
2.80
4.84

1996

9.80
3.70
6.10

1997

11.40
3.60
7.30

1998

11.40
3.20
7.88

1999

9.40
3.30
6.72

Source: Vietnam Statistical Yearbook, Hanoi 1996,1997,1998,1999, 2000.

TABLE 9. PROJECTED COAL PRODUCTION AND CONSUMPTION

Parameters

Projected-coal production, million tons
Demand for elect, prod., million tons
Demand for Exp. & other, million tons

2000

11.00
3
7

2010

15-17
8-10
5-6

2020

18-20
15-17
11-12

1.3.2. Oil, Gas & Petroleum products

Exploration of oil and gas in Vietnam has been carried out since 1959. The potential reserves of
oil & gas are estimated to be 4.8 billion m3 oil equivalent, which are mainly offshore located. By the
end of 1999, the discovered reserves of oil & gas were 1.1 billion m3 oil equivalent, of which oil was
430 million tons and gas 620 billion m3. In the past period, the crude oil production has increased
remarkably. Up to now, the total amount of crude oil production is more than 100 million tons. At the
present time, almost all crude oil is exported, while the domestic demand in petroleum products is met
by import. A refinery with a capacity of 6.5 million tons/year is now under construction and will be
put into operation in 2004. Currently, the off shore associated gas pipeline supplied 1.5 billions m3 for
electricity generation. The past 5 years of oil & gas production is given in Table 10. The projected oil
& gas production is given in Table 11.

TABLE 10. OIL & GAS PRODUCTION

Parameters
Crude oil, million tons
Natural gas, billion m3

Imported petr. products, million
tons

1995
7.70
0.23
4.82

1996
8.35
0.36
5.74

1997
10.30
0.66
6.08

1998
12.20
1.00
6.67

1999
15.47
1.24
7.28

Source: Vietnam Statistical Yearbook, Hanoi 1996,1997,1998,1999, 2000.
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TABLE 11. PROJECTED OIL & GAS PRODUCTION

Parameters

Projected-oil production, million tons
Projected-gas production, billion m3

Import petroleum products, million tons

2000

16.50
1.50
8.20

2010

23-25
12-15
3.86

2020

25-30
17-20
9.70

1.3.3. Hydro power potential

The total technical reserves for hydroelectric power on the ten principle rivers of Vietnam are
estimated at 17-18,000 MW with an annual electricity output of 82 TW-h. The total technical
potential is based on a study made some ten years ago and currently it is unlikely to be achievable due
to environmental problems. More recent estimations suggest that the total exploitable electricity from
hydropower will not exceed 50-55 TW-h with a total capacity of around 12,000 MW. 'Usually, the
hydropower electricity fraction is in the summer rather high (about 55%), however, during the
summer of 1998 there was an insufficient electricity supply caused by lack of water in the
hydropower reservoirs. Based on this experience, the Government of Vietnam has implemented
several measurements. The share of electricity from hydro power plants will decrease in the future.
The projected electricity production for 2010 is about 25-30 TW-h and for 2020 about 50 -55 TW-h.

1.3.4. Uranium

Currently, there is no nuclear power in Vietnam. Uranium ore has been found in the northern
and central regions of Vietnam. These uranium deposits have been estimated to hold about 210
thousand tons of U3O8, with a low average uranium oxide content of 0.06%.

1.3.5. New and Renewable Energy

Geothermal Energy
There is a potential for geothermal energy in Vietnam since it has more than 300 hot-water

areas, with a surface water temperatures ranging from 30°C to 105°C. Recently, an American
company, ORMAT, carried out a study at 60 hot-water areas and has chosen 6 sites, mostly in the
central and south regions of Vietnam, for installations of geothermal plants with a total capacity of
about 200 MW.

Solar Energy
Vietnam is a tropical country with an average sunlight of 2000 to 2500 hours per year and a

total average solar radiation of 100 to 175 kcal/cm2 per year. Currently, some solar cells have been
used to provide power for light residential uses, in isolated rural areas which are not yet connected to
the electrical grid. The cost of importing solar cells is high, thus prevents any further plan to expand
the programme.

Wind Energy
Vietnam has small scale experiments to explore the option of wind energy. Recently, the

government of Vietnam has approved a BOT project for wind energy in the province of Khanh Hoa.
The approved capacity is 10 MW, with a plan to increase it to 20 MW.

Biomass
Biomass resources in Vietnam include wood and agriculture wastes and are estimated to be

about 43 to 46 million tons of oil equivalent energy. The respective shares for wood and agriculture
wastes are about 60% and 40%, respectively. The potential biomass energy is estimated to be about
0.4 million tons of oil equivalent energy. Although the resources are significant, there are
environmental concerns with using wood products for electricity generating. At this point, there is not
a great potential to explore biomass energy.
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1.3.6. Energy

The Vietnamese basic energy situation is given in Table 12.

TABLE 12. ENERGY STATISTICS

Energy consumption
- Total(1)

- Solids (2)

- Liquids
- Primary electricity(3)

Energy production
- Total
- Solids
- Liquids
- Primary electricity(3)

Net import (import - export)
-Total
- Solids
- Liquids

1960

0.02

0.02

0.02
0.00
0.02

1970

0.53
0.23
0.29
0.01

0.25
0.24

0.01

0.28
-0.01
0.29

1980

0.40
0.33
0.05
0.01

0.36
0.35

0.01

0.04
-0.01
0.05

1990

0.57
0.39
0.13
0.05

0.57
0.40
0.11
0.05

0.00
-0.02
0.02

1999

0.96
0.52
0.32
0.12

1.44
0.71
0.61
0.12

-0.36
-0.10
-0.26

2000

1.02
0.54
0.36
0.12

1.60
0.76
0.71
0.12

-0.43
-0.11

• -0.32

Exajoule

Average annual
growth rate (%)

1960
to

1980

15.77
32.79

5.07
29.90

35.21
35.52

29.90

3.24
-20.46

4.95

1980
to

2000

4.84
2.45
9.99

12.07

7.75
4.02

12.06

-12.67
10.79
-9.27

(1) Energy consumption = Pr imary energy consumption + Net import (Import - Export ) of secondary energy.
(2) Solid fuels include coal, l ignite and commercial wood.
<3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database.

1.4. Energy Policy

The point of view of Vietnam is to consider a macro economic and long-term energy
programme. The energy sector has great inertia (slow evolution in conception, long time of
construction) and exerts a great influence on several other sectors (science, technology, economics,
society, etc.), so the energy planning must be a long-term programme and based on macro economics
(with account of external costs).

Vietnam possesses reserves of oil and gas, but oil is not considered for electricity production.
Gas can supply approximately 40 billion kW-h and it is important to notice that once thermal plants
are operating, gas must be supplied for about 30 to 35 years (life-time of thermal plants). Gas and oil
will be exhausted, besides these natural resources are precious and worth to be conserved for industry
and chemistry. The discovery of new oil and gas reserves can delay slightly the introduction of
nuclear power but doesn't change the picture.

2. ELECTRICITY SECTOR

2.1. Structure of the Electricity Sector

Electricity of Vietnam (EVN) is the unique state-owned electricity utility in Vietnam operating
under management of the government. Electricity supply regime is divided according to the regions:
northern, central, and southern. Supply system operation and management responsibilities in each
region are Northern Elect. Co., Central Elect. Co., Southern Elect. Co., Hanoi Elect. Co., and Ho Chi
Minh Elect. Co. The electric demand/supply conditions differ substantially between them. In
Vietnam, there are substantial regional differences in energy endowments and in the patterns of
energy consumption. The North has an excess of hydro and coal-fired power resources, and power
surplus is now being transported to the Centre and the South over a high-voltage transmission line at
500 kV with a length of about 1,500 km. This transmission line effectively interconnects the electric
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systems of the three regions of the country

In short, during the last decade (1986-1995), in comparison with other economic sectors, the
power sector was given higher priority and it had achieved profound progresses. The power system
was nationally integrated with the presence in production of relatively big thermal and hydroelectric
power plants. The level of electrification has been step by step expanded not only in urban but also in
rural and to some extent in mountainous and highland areas.

2.2. Decision Making Process

Recognizing the extremely important role of energy, particularly electric power in national
economic development, to meet the fast growing energy demand of the country, and in order to
successfully perform industrialization and modernization policy, the Government of Vietnam has paid
special attention to developing the national energy supply system. Every 5 year, VN Government
establishes different projects and R&D programme on energy and electricity planning. There are
different energy planning organizations take part in these projects and R&D programme. In general,
the Ministry of Industry (MOI) is responsible for performing different projects, such as Master plans
for developing of Electricity, Coal, Oil & Gas. The Ministry of Science, Technology and Environment
(MOSTE) is responsible for performing National R&D programme on energy and electricity
planning.

At the present time, the Vietnam Government has launched at MOSTE the National R&D
programme on energy and electricity planning KHCN-09: "Strategy and Policy for Energy Sustainable
Development", 1996-2000. There are different energy planning organizations take part on this
programme, among them:

1. Nuclear Power Centre (NPC),Vietnam Atomic Energy Commission (VAEC) - MOSTE
2. Institute of Energy (IE), Electricity of Vietnam (EVN) - MOI.
3. Hanoi Technical University (HTU), Ministry of Education & Training (MET).
4. Institute of Coal (IC) Vietnam Coal Corporation (VNCOAL) - MOI.
5. Institute of Oil & Gas (I of O&G), Vietnam Petrol & Gas Corporation (PETROVN).
6. Energy Department (ED), National Centre of Natural Science &Technology (NCNST).
7. Development Strategy Institute (DSI), Ministry of Planning & Investment (MPI).

In order to successfully perform energy planning studies, the energy planning organizations
have used different energy planning tools, such as ENPEP (mainly MAED, WASP & IMPACTS),
MEDEES, EFOM, ETB etc.

2.3. Main Indicators

Presently, the hydro power plants are still predominant in the electricity system of Vietnam, not
only in installed capacity, but also in the generation terms. By the end of 1999, the total installed
capacity of the electricity generating system was 5,705 MW, of which 50% was hydropower, and the
total electric generation was 23,739 GW-h, of which 59% was hydropower. The structure of the
generating mix is given in Table 13 and Figure 2.

VIETNAM 899



TABLE 13. THE STRUCTURE OF THE GENERATING MIX

Type of plants
1. Hydro
2. Thermal
3. Gas Turbine
4. Diesel
Total

Capacity, MW
2,854
1,218
1,174

459
5,705

Share, %
50.02
21.35
20.58
8.05

100

Electricity, GWh
13,937
5,386
4,274

142
23,739

Share, %
58.7
22.7
18.0
0.60

100%
Source: Vietnam Energy Database, Final Report of KHCN-09, Hanoi, May 200, (in
Vietnamese).

S^stemcapacity nix -1999
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FIG. 2. The structure of the generating mix

The structure of the electricity generation and consumption over the past 5 years is given in Tables
14 and 15 and the EEDB statistics and energy related ratios in Tables 16 and 17.

TABLE 14. THE STRUCTURE OF ELECTRICITY GENERATION

Structure

Total production, GW-h
Hydro,%
Thermal,%
GT & Diesel,%
Total system loss, %

1995

14636
72.3
20.0
7.7

21.7

1996

16960
70.5
19.4
10.1
19.3

1997

19151
61.0
22.6
16.4
18.2

1998

21654
51.0
22.0
27.0
16.1

1999

23739
58.7
22.7
18.6
15.8

Source: Vietnam Energy Database, Final Report of KHCN-09, Hanoi, May 200, (in
Vietnamese).

TABLE 15. THE STRUCTURE OF ELECTRICITY CONSUMPTION

Structure

Industry,%
Agriculture,%
Household, service,%
Other,%

1995

41.2
5.6

44.1
9.1

1996

40.3
4.8

45.4
8.2

1997

39.2
4.5

47.2
7.9

1998

38.5
4.0
49.9
7.8

1999

38.7
3.0
51.1
7.2

Source: Vietnam Energy Database, Final Report of KHCN-09, Hanoi, May 200, (in
Vietnamese).
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TABLE 17. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)
- Total(I)

- Thermal
- Hydro
-Wind

Capacity of electrical plants (GW(e))
-Total
- Thermal
- Hydro
- Geothermal

1960

0.44
0.43
0.01

0.13
0.12

1970

2.12
1.51
0.62

0.56
0.40
0.16

1980

4.21
2.90
1.20
0.11

1.19
0.89
0.25
0.05

1990

8.72
3.35
5.37

2.13
1.40
0.68
0.05

1999

25.02
12.60
11.77
0.65

5.25
2.17
3.01
0.07

2000

28.60
15.82
12.12
0.66

5.48
2.37
3.04
0.07

Average arm.
growth rate (%)

1960
to

1980

11.95
9.98

29.33

11.90
10.49
22.97

1980
to

2000

10.05
8.85

12.26
9.38

7.96
5.02

13.30
2.46

()) Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

TABLE 17. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(1)

Load factor of electricity plants:
- Total (%)
- Thermal
- Hydro
- Nuclear

1960

1
13

494

98

40
41
20

1970

12
50
8

53

43
43
43

1980

7
73
11

10

41
37
55

1990

9
125
14

-1

47
27
91

1998

12
272
16

-34

50
56
44

1999

12
316
16

-38

54
66
45

2000

13
357
17

-42

60
76
46

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Database.

3. NUCLEAR POWER SITUATION

3.1. Historical Development

The introduction of nuclear power in the country needs preliminary studies. The following
institutions are responsible for these preliminary studies:

• Institute of Energy (IE), Electricity of Vietnam (EVN), Ministry of Industry (MOI).
• Nuclear Power Centre (NPC), Institute of Nuclear Science & Technology (INST),

Vietnam Atomic Energy Commission (VAEC).

The past activities in Nuclear Power Planning Study of these Institutions are as follow:

1. In the years 1980-1985, Institute of Energy (IE) elaborated a preliminary nuclear power
planning study in the spirit of command economy and centralized management. The results so
obtained by the IE are now out of date and could not serve for an Energy and Nuclear Power
Planning.

2. The TC Project VIE/0/004 "Preparatory studies for a nuclear power project" (1/1987-
7/1989) was implemented by VAEC in unfavourable situation (i.e. after the Chernobyl accident
which aggravated the economic conditions in Vietnam). Although completed, this project has
not yet given definitive results.
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3. In the years 1992-1995, the preliminary study was carried out in the frame of the National
Project KC-09-17: "Study on the viability of the introduction of the Nuclear Power in Vietnam".
The main responsible for this project was NPC, ENST, VAEC. The major conclusion of this
study is as follow: "Around the year 2015, when electricity demand more than 100 billion kW-h,
the nuclear power should be introduced for satisfying the continuously growth in the country's
electricity demand in that time and beyond". This preliminary study result should be confirmed
by energy-planners & decision-makers of all energy-responsible organizations in VN and by an
IAEA experts team.

3.2. Status and Trends of Nuclear Power

At the present time, the Vietnam Government has created different projects aimed to broader
and more basically consideration of nuclear power option. These projects are as follows:

1. The National Industrial Project: "General survey studies for the introduction of Nuclear
power into Vietnam", sponsored by Ministry of Industry. The Institute of Energy, the
Electricity of Vietnam and the Vietnam Atomic Energy Commission are the main
responsible for this project. This project is being carried out in three years: 1996-1999.
The scope of this project includes two main tasks:
• The non-site studies, covering electricity expansion long-term planning, economics

of nuclear power and financing, technical and safety aspects, the fuel cycle and
waste management;

• Site and environmental studies, covering preliminary site selection and
environmental impacts.

2. In the framework of National R&D programme on "Strategy and Policy for Energy
sustainable development", 1996-1999. There are different energy planning organizations
take part on this programme, among them, the VAEC is responsible for R&D Project
KHCN-09-04: "Establishment the fundamental basis for the introduction of nuclear
power into Vietnam", with following objectives:
• To analysis of nuclear power role in long-term energy supply system; and
• To promote the national R&D infrastructure for future nuclear power programme.

3. To assist Vietnamese experts in performing energy and nuclear power planning activities,
under the framework of IAEA Technical Cooperation programmes, the TC Project:
VIE/0/009 "Pre-feasibility study for the introduction of Nuclear Power Plant into
Vietnam" is ongoing. This TC project begins in March 1997 and is planned to finish in
the end of 1999. It concentrates on following two aspects:
• Energy and Nuclear Power Planning, using IAEA planning tool, such as ENPEP,

MAED, WASP, IMPACTS;
• Technology, safety of Nuclear Power plants and infrastructure requirements for

Nuclear Power implementation.

In the framework of Bilateral Cooperation, in recent years, Vietnam has received the very
useful assistance from different rich-experienced countries, such as Japan, Canada, Korea, India,
France and others.

3.3. Current Policy Issues

After the completion of the above-mentioned Projects, the Vietnam Government will have
overall arguments related to the possibility of the introduction of Nuclear Power. There are some
major arguments for nuclear power consideration:

• The country's balance of energy demand and supply resources;
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The security of energy supply and diversity of energy sources;
The economical availability;
The nuclear safety and radioactive wastes management;
The environmental impacts - sustainable development.

Based on national energy resources and energy demand/supply balance, the priority in
electricity expansion development plan in the future is as follows:

• Hydro power plants;
Gas-fired power plants in the South;
Coal-fired plants in the North;
Import electricity from neighbouring countries;
Import ed- coal -fired plants in the North;
Active preparation for the introduction of Nuclear power plants after 2015.

e
©

©

3.4. Organizational Chart(s)

Many ministries are involved in nuclear safety related matters, emergency planning,
development of programmes and their financing, control of export/import, transportation, etc. mainly
from a radiation safety point of view. Most of the tasks have to be performed in co-operation with the
MOSTE (Minister of Science, Technology and Environment). The Ministry of Industry, which will in
future play a crucial role in establishing nuclear power plants is not covered yet by the existing
legislation. At present, MOSTE is the senior governmental body in regulating nuclear safety matters.
In accordance with the Law on Environmental Protection and the Decree No. 175, the Minister of
MOSTE is the country's chief regulator. Under MOSTE, there are several agencies performing
mainly advisory function for the Minister. A simplified organizational chart of MOSTE is shown in
Figure 3

1 T •Mrnmtunf'"

i i > i i t i i

FIG. 3. Simplified Organizational Chart of MOSTE
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4. NUCLEAR POWER INDUSTRY

4.1 Supply of NPPs

Not applicable.

4.2. Operation of NPPs

Not applicable.

4.3. Fuel Cycle, Spent Fuel and Waste Management Service Supply

Not applicable.

4.4. Research and Development Activities

One of the agencies under MOSTE is the Vietnam Atomic Energy Commission (VAEC). The
VAEC was established in April 1976 and up to April 1994 it was controlled under the Prime
Minister's office. In April 1994, VAEC was reorganized and put under MOSTE. As shown in Figure
4, the VAEC comprises five main institutions. These are:

1.
2.
3.
4.
5.

Nuclear Research Institute in the Dalat City (NRI, Dalat);
Centre for Nuclear Techniques in the Ho Chi Minh City (CNT, HCM);
Irradiation Centre in the Ho Chi Minh City;
Institute of Nuclear Science and Techniques in Hanoi (INST, Hanoi);
Institute for Technology of Radioactive and Rare Elements in Hanoi (ITRE, Hanoi).
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FIG. 4. Organization of the Vietnam Atomic Energy Commission

VAEC represents manpower of nearly 600 people; two thirds of them are scientists. At
present, VAEC:
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1. serves as an advisory body to the government in developing strategy of the nuclear
programme;

2. performs research, development and transfer of nuclear techniques to end users;
3. carries out technical services in radiation protection for research and application of

nuclear techniques in VAEC and outside;
4. co-operates with VRPA in preparation of regulations for the nuclear field;
5. develops human resources for the Vietnam nuclear programme;

performs implementation of the international co-operation in the nuclear field.

4.5. International Co-operation in the Field of Nuclear Power Development and Implementation

Brief description of research and development activities carried out jointly with other countries
and/or within the framework of international projects, technical and industrial co-operation, transfer of
know-how and technology.

5. REGULATORY FRAMEWORK

5.1. Safety Authority and the Licensing Process

The Vietnam Radiation Protection and Nuclear Safety Authority (VRPA) was established in
1994 by a Decision of the Prime Minister to assist the MOSTE in the state management of radiation
protection and nuclear safety.

The authority of the regulatory body is described in the "Ordinance on Radiation Safety and
Control" and includes the normal functions expected of a Regulatory Body but is heavily biased
towards the regulation of radiation protection. Although not explicitly stated in the law VRPA must
give prior authorization for any activities involving the use of radioactive material or source.

The primary function of VRPA (Decision No. 159/QD-TCCB of March 4, 1995 of the Minister
of MOSTE) is to assist the Minister responsible for MOSTE in exercising the state management of
radiation protection and nuclear safety. Its responsibilities include the following:

1. establish a National Plan of radiation protection and nuclear safety;
2. draft and submit legal documents, regulations, standards relating to radiation protection

and nuclear safety;
3. to organize the system of notification, registration and licensing for radiation sources,

practices, installations and workers;
4. to organize the review and approval of the radiation protection and nuclear safety aspects

of sites, design and technical justification of radiation installations and works;
5. to organize the control, inspection of radiation protection and nuclear safety for radiation

installations;
6. to deal with violations of radiation protection and nuclear safety provisions according to

the law;
7. to organize the training and provision of information to the public, concerning radiation

protection and nuclear safety;
8. to organize the development of human resources, technical equipment and facilities for

ensuring the control of radiation protection and nuclear safety;
9. to organize the implementation of international treaties and conventions which Vietnam

signs up to; also to organize other aspects of international co-operation.

5.2. Main National Laws and Regulations

Not applicable.
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5.3. International, MultUateral and Bilateral Agreements

INTERN A TIONAL A GREEMENTS

• NPT related safeguards agreement
INFCIRC/376.

• Improved procedures for designation
of safeguards inspectors

• Supplementary agreement on provision
of technical assistance by the IAEA

• RCA

• Agreement on privileges and
immunities

• NPT

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

• Vienna convention on civil liability
for nuclear damage

• Joint protocol

• Protocol to amend the Vienna
convention on civil liability
for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety of spent
fuel management and on the safety
of radioactive waste management

• ZANGGER Committee

• Nuclear Export Guidelines
(INFCIRC/254)

Entry into force:

Prefers to apply the present
system

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Non-Party

Non-Party

Not signed

Not signed

Non-Party

Not signed

Non-Member

Not adopted

23 February 1990

19 June 1990

01 May 1983

28 August 1997

31 July 1969

14 June 1982

Non-Party

30 October 1987

30 October 1987
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• Acceptance of NUSS Codes No reply

• Nuclear Suppliers Group Non-Member

BILA TERAL A GREEMENTS

• Agreement between the government of the Socialist Republic of signed in 1986
Vietnam and the government of the Republic of India for the
co-operation for utilization of atomic energy for peaceful purposes.

• Agreement between the government of the Republic of Korea signed in 1996
and the government of the Socialist Republic of Vietnam for the
co-operation in the peaceful uses of nuclear energy.

• Agreement for co-operation between Vietnam Atomic Energy signed in 1995
Commission (VAEC) and Korea Electric Power Corporation.

• Co-operation agreement on peaceful uses of advanced nuclear signed in 1996
technology between Vietnam Atomic Energy Commission
(VAEC) and the French Atomic Energy Commission (CEA).

• Co-operation agreement between Vietnam Atomic Energy signed in 1997
Commission (VAEC) and Atomic Energy of Canada Limited (AECL).
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NUCLEAR ENERGY A UTHORITY

Vietnam Atomic Energy Commission
59 Ly Thuong Kiet
Hanoi, Vietnam

Ministry of Science, Technology
and Environment

39, Tran Hung Dao Street
Hanoi

OTHER ORGANIZATIONS

Institute for Nuclear Science
and Technique (INST)

No 5T-160, Hoang Quoc Viet
Ha Noi, Viet Nam

Nuclear Research Institute (NRI)
No.l, Nguyen Tu Luc
Dalati, Viet Nam

Centre for Nuclear Techniques (CNT)
Ho Chi Minh City
No.217, Nguyen Trai
Tp. Ho Chi Minh, Viet Nam

Institute for Technology of Radioactive
and Rare Elements (ITRE)

No.48, Lang Ha
Ha Noi, Viet Nam

Vietnam Information for Science
and Technology Advance

RCA (Regional Co-operative Agreement)
Vietnam

Tel: 844 9423479
Fax: 844 9424133
http://www.vaec.gov.vn/

Tel: (844)8361432
Fax: (844)8363295
http://www.vaec.gov.vix/VienKHKTHN/Eng/

Tel: (8463)822191
Fax: (8463)821107
http://www.vaec.gov.vTi/NRI/content.htm

Tel: (848)8356568
Fax: (848)8367381

Tel: (844)7760340
Fax: (844)8350966

http://www.vista.gov.vn/TestEnglish/main.htm

http://www.vaec.gov.vn/~rca''

908 VIETNAM



Annex I
OVERVIEW OF GLOBAL

DEVELOPMENT OF
ADVANCED NUCLEAR

POWER PLANTS



Annex I

OVERVIEW OF GLOBAL DEVELOPMENT OF ADVANCED NUCLEAR POWER PLANTS

1-1. INTRODUCTION

To assure that nuclear power remains a viable option in meeting energy demands in the near
and medium terms, new reactor designs are being developed in a number of countries. Common goals
for these new designs are high availability, user-friendly features, competitive economics and
compliance with internationally recognized safety objectives. Development of advanced designs is
proceeding for all reactor lines - water-cooled reactors, gas-cooled reactors, and liquid metal cooled
reactors. Global trends in advanced reactor designs and technology development are periodically
summarized in status reports prepared by the IAEA.

Worldwide, considerable efforts are being made to develop advanced nuclear power. Various
organizations are involved, including governments, industries, utilities, universities, national
laboratories, and research institutes. Expenditures for development of new designs, technology
improvements, and the related research for the major reactor types combined is estimated to exceed
US $2 billion per year.

1-2. OVERVIEW OF WATER-COOLED REACTOR DEVELOPMENT PROGRAMMES

Worldwide there is considerable experience in light water reactor (LWR) and heavy water
reactor (HWR) technology. LWRs include pressurized water reactors (PWRs), boiling water reactors
(BWRs) and the Russian type pressurized water reactors (WWERs). Of the operating water cooled
reactors, 347 are LWRs totalling 307 GW(e) and 35 are HWRs totalling 16.6 GW(e). The experience
and lessons learned from these plants are being incorporated into new water-cooled reactor designs,
which are under development in a number of countries.

1-2.1. Light-water reactors

1—2.1.1. Current light-water reactors

LWRs in operation 347
LWRs under construction 23
Number of countries with LWRs 27
Generating capacity, GW(e) 307
Operating experience with LWRs, reactor-years 7 244

1-2.1.2. Evolutionary light-water reactors

Most of the effort on evolutionary LWR designs is aimed at achieving certain improvements
over existing designs through small to moderate modifications. Utility requirement documents have
been formulated to guide these activities by incorporating this experience with the aim of reducing
costs and licensing uncertainties by establishing a technical foundation for the advanced designs. For
evolutionary designs, there is a general drive for simplification, larger margins to limit system
challenges, longer grace periods for response to emergency situations, improvement of the man-
machine interface systems, shorter construction and improved maintainability. All evolutionary
designs incorporate features to meet stringent safety objectives by improving severe accident
prevention and mitigation. Several evolutionary designs have reached a high degree of maturity:
nuclear regulatory authorities have certified some designs, and some are progressing through an
optimization phase to reduce capital cost. In some cases design optimization leads to higher plant
output to take advantage of the economy of scale, while in other cases, economic competitiveness is
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ursued through simplification resulting from reliance on passive safety systems. Advanced LWR
(ALWR) designs are being developed in a number of countries as summarized below.

United States: Important programmes in development of ALWRs were initiated in the mid-
1980s in the United States. In 1984, the Electric Power Research Institute (EPRI), in co-operation
with the US Department of Energy and participation of US nuclear plant designers, initiated a
programme to develop utility requirements for ALWRs to guide their design and development.
Several foreign utilities have also participated in, and contributed funding, to the programme. Utility
requirements were established for large boiling-water reactors (BWRs) and pressurized water reactors
(PWRs) having power ratings of 1200 to 1300 MW(e), and for midsize BWRs and PWRs having
power ratings of about 600 MW(e).

In 1986, the US Department of Energy, in co-operation with EPRI and reactor design
organizations, initiated a design certification programme for evolutionary plants based on a new
licensing process, followed in 1990 with a design certification programme for midsize plants with
passive safety systems. The new licensing process allows nuclear plant designers to submit their
designs to the US Nuclear Regulatory Commission (NRC) for design certification. Once a design is
certified, the standardized units will be commercially offered, and a utility can order a plant confident
that generic design and safety issues have been resolved. The licensing process will allow the power
company to request a combined license to build and operate a new plant, and as long as the plant is
built to pre-approved specifications, the company can start up the plant when construction is
complete, assuming no new safety issues have emerged.

In May of 1997 the System 80+ plant of ABB Combustion Engineering and the ABWR plant of
General Electric received Design Certification from the U.S. Nuclear Regulatory Commission
highlighting the success of the U.S. Department of Energy's design certification programme for large
evolutionary plants. The Westinghouse AP-600 design, a midsize plant with passive safety systems
received Final Design Approval, which is the final step before Design Certification, from the NRC in
September 1998. Efforts are currently underway by Westinghouse on a 1090 MWe plant called the
"AP-1000" applying the passive safety technology developed for the AP-600 with the goal to reduce
the capital costs through economies-of-scale. The AP-1000 design is being prepared for certification
application. Also the first-of-a-kind-engineering, FOAKE, programme was completed for the ABWR
in September 1996. The power company in Taiwan, China, selected the USA's ABWR design for two
new units slated for operation in 2004. General Electric is also designing a 1380 MWe ESBWR
applying economies-of-scale together with modular passive safety systems. The design draws on
technology features from General Electric's ABWR and from their earlier 670 MWe simplified BWR
with passive systems.

France and Germany: In Europe, Framatome and Siemens with their joint company, Nuclear
Power International, together with Electricite de France and the group of nuclear German utilities have
worked out the design of a new advanced reactor, the European pressurized-water reactor (EPR), a
large PWR of 1545 MW(e) with enhanced safety features. This reactor is designed to meet utility
requirements endorsed by the major utilities of the European countries as expressed in the European
Utilities Requirements (EUR) document, and the common safety requirements of the German and
French Safety authorities. The basic design was completed at the end of 1997. As a result of a design
optimization phase carried out in 1998 to achieve competitive economics, the power rating has been
increased to 1750 MW(e) to take advantage of economy of scale. The EPR's higher power level
relative to the latest series of PWRs operating in France (the N4 series) and Germany (the Konvoi
series) has been selected to capture economies of scale.

Siemens was also, together with German utilities, engaged in the development of an advanced
BWR design, the SWR-1000, an evolutionary BWR, which incorporates a number of passive safety
features for initiation of safety functions, for residual heat removal, and for containment heat removal.
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Framatome ANP together with international partners from Finland, the Netherlands, Switzerland and
France continues developing the basic design of the SWR-1000.

Sweden and Finland: In Sweden, Westinghouse Atom (previously ABB Atom), with
involvement of the utility Teollisuuden Voima Oy (TVO) of Finland, is developing the BWR 90 and
the BWR 90+ designs as upgraded versions of the BWRs operating in both countries. The BWR 90+
has a capacity of 1500 MW(e) and is an advanced boiling water reactor with improved safety and
operability.

Republic of Korea: In the Republic of Korea, an effort started in 1992 to develop an advanced
design known as the Korean Next Generation Reactor (KNGR), a 4000 MW(th) PWR design. The
basic design is currently being developed by the Korea Electric Power Corporation (KEPCO) with
support of the Korean nuclear industry. According to the mid- and-long term construction plan of
power plants in the mid 90ties, the first KNGR was scheduled for operation in 2010.

The KNGR is being developed on the basis of experience with the 1000 MW(e) Korean
Standard Nuclear Plants (KSNPs). The first two KSNPS, Ulchin 3 and 4, were connected to the grid
in January and December 1998, respectively. Four more KSNPs are under construction two at
Yonggwang, and two more at Ulchin (as of October, 1999). The accumulated experience is now being
used by KEPCO to develop the improved KSNP+.

An optimized design for KNGR, which is now named the Advanced Power Reactor 1400
(APR-1400), was followed by a detailed design for standardization in 1999. A power level of 1400
MWe has been selected to capture economies-of-scale. Recent development of the APR-1400 focuses
on improving availability and reducing costs. In March 2001, KEPCO started the Shin-kori 3,4 project
for the APR-1400.

Russian Federation: In the Russian Federation, design work is under way on the evolutionary
V-392, an upgraded version of the current WWER-1000 (V-320), and another design version is being
developed in co-operation with the Finnish company Imatran Voima Oy (IVO). Construction of two
1000-MWe VVERs (V-392) is being planned at the Novovoronezh site. Development of a WWER-
1500 design has been initiated. Also being developed is a mid-sized plant, the VVER-640 (V-407), an
evolutionary design which incorporates passive safety systems. Construction licenses for VVER-640
units have been issued by the Russian regulatory body Gosatomnadzor for the Sosnovy Bor site (near
St. Petersburg) and for the Kola NPP-2 site (Murmansk region). Construction of 1000-MWe VVERs is
underway in the People's Republic of China, India and Iran.

Japan: In Japan, the development of the ABWR started in 1978 as an international co-operation
between five BWR vendors. The resulting conceptual design was received favourably by TEPCO and
other Japanese utilities, and as a result, the ABWR was included in the third standardization
programme of Japan from 1981. Preliminary design and numerous development and verification tests
were carried out by Toshiba, Hitachi and GE together with six Japanese utilities and the Japanese
Government. Two ABWRs, the Kashiwazaki-Kariwa units 6 and 7 were subsequently ordered by
TEPCO and have been successfully taken into commercial operation in November 1996 and July
1997 respectively. Two more ABWRs are under construction at Hamaoka-5 and Shika-2, one is under
licensing review at Ohma-1, and eight more ABWRs are in the planning stage. Expectations are that
future ABWRs will achieve a significant reduction in generation cost relative to the first ABWRs.
The means for achieving this cost reduction include standardization, design changes and improvement
of project management, with all areas building on the experience of the ABWRs currently in
operation.

In addition, a development programme was started in 1991 for ABWR-II, aiming to further
improve and evolve the ABWR, with the goal of significant reduction in power generation cost
relative to a standardized ABWR. The power level of ABWR-II has been increased to 1700 MWe,
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and benefits of economies-of-scale are expected. Commissioning of the first ABWR-II is foreseen in
the late 2010s.

Also in Japan, the basic design of a large, evolutionary 1530 MW(e) advanced PWR has been
completed by Japanese utilities together with Mitsubishi and Westinghouse, with construction of a
twin unit being planned at the Tsuruga site (units 3 and 4).

China: In China, the Nuclear Power Institute (Chengdu) is developing the AC-600 advanced
PWR, which incorporates passive safety systems for heat removal, based on experience in the design
of the 610 MW(e) Qinshan 2 plant. To achieve self reliance in nuclear plant design, the Chinese
Government has funded significant research and development supporting the AC-600 design.
Experiments on critical heat flux at low flow rates, characteristics of core injection from core makeup
tanks, passive containment cooling, passive emergency core heat removal on the secondary side, as
well as several other tests, have been completed.

The China National Nuclear Corporation (CNNC) is developing the CNP-1000 plant. Also for
this plant is China pursuing self-reliance both in designing the plant to meet Chinese safety
requirements, and in fostering local equipment manufacture with the objective of reducing
construction and operation costs. Lessons learned from the design, construction and operation of the
Qinshan 2 and Daya Bay NPPs are being incorporated.

1-2.1.3. Innovative light-water reactors

While some experts consider that future nuclear plants will be evolutionary designs building on
today's successful proven systems and incorporating technology advances, other experts consider that
development and demonstration of new, innovative designs1, including their promised short
construction and start-up times and low capital costs, are necessary to promote a new era of nuclear
power. Innovative designs tend to be in the small to medium size range and would be constructed with
factory built structures and components, including complete modular units for fast on-site installation.
Small to medium size reactors have the potential to capture economies of series production instead of
economies of scale, if several units are constructed. Such smaller and easier to finance systems would
be particularly attractive for countries with small electricity grids or remote locations. They could also
be used for district heating, seawater desalination and other non-electric applications.

A trend in the design of small and medium sized light water reactors has been simplified
designs with long core life and modular design for factory production of standardized components and
systems. Several small to medium sized PWR designs are of the integral reactor type in which the
steam generator is housed in the same vessel as the reactor core. This approach eliminates primary
system piping. A Westinghouse led international team is developing the modular, integral IRIS design
with a power level in the 100 - 300 MWe range, with an 8-year core life and with maintenance
requirements once in 4 years. The Argentinian CAREM reactor (prototype design 27 MWe) is cooled
by natural circulation, and has passive safety systems. The 330 MWth SMART design that has been
developed in the Republic of Korea is an integral PWR and, like CAREM, uses no soluble boron. A
decision has been made to build a smaller 65MWth pilot plant for the SMART reactor.

In Japan, the Japan Atomic Energy Research Institute is developing an extension of the MRX
ship reactor design, which is an integral design of up to 300 MWe. The Toshiba Corporation and the
Tokyo Institute of Technology are developing a long operating cycle, natural circulation simplified
LSBWR with passive safety systems. The power level is in the 100 - 300 MWe range with a target
15-year core life.

As described in TECDOC-936, an innovative design is an advanced design, which incorporates radical
conceptual changes in design approaches or system configuration in comparison with existing practice.
Substantial R&D, feasibility tests, and a prototype or demonstration plant are probably required.
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Russia has developed several small reactor designs. Notable among them are the barge mounted
35 MWe KLT-40C, a loop-type PWR; RUTA-55, a pool type PWR; UNITHERM, a 15 MWth PWR
with a 20 year single core life, ABV-6, a 6 MWe integral PWR based on marine technologies, and
VK-300 a scaled up BWR from their VK-50 plant. Also being developed is a mid-sized plant, the
VPBER-600, which is a more innovative, integral design with the steam generator system inside the
reactor pressure vessel.

hi China, the Institute for Nuclear Energy Technology near Beijing has developed an integral
PWR of 200 MWth, called the NHR-200, for desalination and district heat.

In Europe, seven partners [Forschungszentrum Karlsruhe (Germany), Commissariat a l'Energie
Atomique (France), Technical Research Center VTT (Finland), KFKI Atomic Energy Research
Institute (Hungary), Framatome ANP (Germany), Electricite de France (France), Paul Scherrer
Institute (Switzerland)], in co-operation with the University of Tokyo (Japan) are carrying out a co-
operative effort funded by the European Commission to assess the merit and economic feasibility a
high performance LWR operating thermodynamically in the supercritical regime, similar to some
current advanced fossil fired plants. In such concepts, the water exits the reactor core as high-density
steam without change of phase at a pressure above 22 MPa and temperatures above 374° C. Thermal'
efficiencies of 44% are projected with simplified plant designs.

1-2.2. Heavy-water cooled reactors

In addition to light water-cooled reactors, the technology for HWRs has also proven to be
economic, safe, and reliable. 7% of all operating plants are HWRs. A mature infrastructure and
regulatory base has been established in several countries. Two types of commercial HWRs have been
developed, the pressure tube (with horizontal fuel channels and on-line refuelling) and the pressure
vessel versions, and both have been fully proven. HWRs with power ratings from a few hundred
MW(e) up to approximately 900 MW(e) are available.

The heavy-water moderation yields a good neutron economy and has made it possible to utilize
natural uranium as fuel, which leads to lower fuel costs compared with LWRs. The amount of fissile
materials is quite limited, however, and the pressure tube designs are therefore using on-load
refuelling to achieve adequate reactivity for the plant operation. The effectiveness of this on-load
refuelling has been successfully demonstrated; the annual and lifetime load factors of the most of the
pressure tube HWRs have been among the best of all commercial reactor types. Safety performance
has been also proven to be very good.

1-2.2.1. Current heavy-water cooled reactors

HWRs in operation 35
HWRs under construction 6
Number of countries with HWRs 7
Generating capacity, GW(e) 16.64
Operating experience with HWRS, reactor-years 673

1-2.2.2. Evolutionary heavy-water cooled reactors

Canada: The continuing design and development programme for HWRs in Canada are
primarily aimed at reduction of plant costs through plant optimization and simplification and at an
evolutionary enhancement of plant performance and safety. Two new 728 MW(e) CANDU-6 units
with improvements over earlier versions of this model are under construction in Qinshan, China. Up-
front basic engineering continues on the 935-MWe CANDU-9 reactor, a single unit adaptation of
reactor units operating in Darlington, Canada. The two year licensability review by the Canadian
Nuclear Safety Commission was completed in January 1997, and found that the CANDU-9 meets the
country's licensing requirements. Further studies are being carried out for advanced versions of the
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next generation CANDU plants (NG-CANDU) to incorporate further evolutionary improvements and
to increase the output of the larger reactor up to 1300 MW(e). New features include simple,
inexpensive fuel-bundle design based on slightly enriched uranium and light water coolant.

India: India currently has 8 operating HWRs with a total capacity of 1.4 GW(e). In addition,
four HWRs of 220 MW(e) each are under construction (the Kiaga-1 and 2 units and the Rajasthan-3
and 4 units). These plants are scheduled to achieve commercial operation in 2000 and 2001.
Furthermore, start of construction of two 500 MW(e) units at Tarapur is also scheduled. This HWR
design takes advantage of experience feedback from the 220-MWe HWR plants of indigenous design
operating in India.

1-2.2.3. Innovative heavy-water cooled reactors

Canada. There are also innovative small heavy water reactors under development. AECL has
undertaken a design initiative called CANDU X within which the future steps in CANDU technology
are investigated. These include consideration of improved thermodynamic efficiency using
supercritical coolant.

India. An Advanced Heavy Water Reactor (AHWR) is under development in India. This is a
235 MWe heavy water moderated, boiling light water cooled, vertical pressure tube type reactor, with
passive features, and with its design optimized for utilization of thorium for power generation. The
conceptual design and the design feasibility studies for this reactor have been completed and at present
the reactor is in the detailed design stage.

1-3. OVERVIEW OF GAS-COOLED REACTOR DEVELOPMENT PROGRAMMES

The initial development of gas cooled reactors was on CO2 cooled systems beginning in the
1950's with the Magnox reactors, deployed primarily in the United Kingdom, and later with the
Advanced Gas Cooled Reactors (AGRs), deployed exclusively in the United Kingdom. Development
of helium cooled High Temperature Gas Cooled Reactors (HTGRs) to achieve higher temperatures
began in the late 1960s with prototype power plants constructed in the UK, the USA and Germany.
Modular HTGRs utilizing steel reactor vessels and limiting power levels to allow passive heat
removal under all conditions within the design basis have been the focus of development since the
early 1980's. Gas-cooled reactors have been in operation for many years.

GCRs in operation 34
Generating capacity, GW(e) 11.8
Operating experience with gas-cooled reactors, reactor-years 1,402

HTGRs are a unique technology offering both highly efficient generation of electricity with
direct cycle helium turbines, and production of high temperature process heat enabling nuclear energy
to be used for production of H2 as a clean energy supply. Therefore HTGRs can expand the use of
nuclear energy into the process heat market in both industrialized and developing countries. Current
development is focused on modular HTGRs with coated particle fuel, inherent safety features and
passive systems, coupled with state-of-the-art power conversion technology for electricity production
and process heat applications. The safety approach is based on proven technology including inherent
safety characteristics of the core that rely on the high heat capacity and negative temperature
coefficients of reactivity, passive systems for removing decay heat based on natural convection and
heat radiation, and high retention of fission products within the coated fuel particles at accident
conditions.

Active development is under way in the European Union, China, Japan, Russia, South Africa
and the USA. This development is proceeding on the basis of technology transfer from Germany, the
USA, Russia, France and the UK.
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United Kingdom: Nuclear electricity is mostly generated in CO2-cooled Magnox and Advanced
Gas-Cooled Reactors (AGRs). Other countries also have pursued development of high-temperature
reactors (HTGRs) with helium as coolant, and graphite as moderator.

Germany: The 13 MW(e) AVR reactor was successfully operated for 21 years demonstrating
application of HTGR technology for electric power production. Another helium-cooled, graphite-
moderated reactor is the 300 MW(e) Thorium High Temperature Reactor, now shut-down.

United States: Helium-cooled, graphite-moderated reactors in the United States include the 40
MW(e) Peach Bottom and 330 MW(e) Fort St. Vrain plants, both reactors are shut-down. Exelon is
collaborating with Eskom (South Africa, see below) in the development of the helium-cooled pebble
bed modular reactor (PBMR). Following this development, Exelon has initiated pre-application
interactions with the Nuclear Regulatory Commission (NRC) regarding construction of a multi-unit
PBMR plant. Discussions with the NRC are also under way regarding licensing of a commercial
version of the GT-MHR design.

France: In France, the Atomic Energy Commission CEA has recently set up a comprehensive
R&D programme on promising technologies for future nuclear systems, the main axis of which relies
on HTGRs with hardened neutron spectra and refractory fuel possibly compliant with on-site
reprocessing.

Russian Federation, United States, France, and Japan: MINATOM, General Atomics,
Framatome and Fuji Electric have combined their efforts for the co-operative development of the gas
turbine modular helium reactor (GT-MHR). This plant features a 600 MW(th) helium cooled reactor
as the energy source coupled to a closed cycle gas turbine power conversion system. The net
efficiency of this advanced nuclear power concept is 47%. Substantial progress in the development of
components such as magnetic bearings and fin-plate recuperators makes this type of HTGR plant a
feasible alternative for future consideration in the production of electricity. This plant is under
consideration for the purposes of burning weapon grade plutonium and for commercial deployment.

South Africa: m South Africa, the large national utility, Eskom, is in the process of performing
a technical and economic evaluation of a helium-cooled pebble bed modular reactor (PBMR) directly
coupled to a gas turbine power conversion system. Now Eskom, Exelon (USA) and BNFL (UK) are
collaborating in the development of the PBMR, with plans to initiate construction of a prototype in
South Africa in 2003.

The Netherlands: Design and assessment studies are being made on a small, simplified version
of the South African PBMR for the purpose of heat and power cogeneration. It is named ACACIA
(AdvanCed Atomic Cogenerator for Industrial Applications), has a 40 MW(th) pebble bed reactor
with a direct cycle helium turbine and produces 13.6 MW(e) and 17 t/h steam of industrial quality.

China: In China, the HTGR development focuses on construction and operation of a test
reactor. China's High Temperature Reactor (HTR-10) at the Institute of Nuclear Energy Technology
(MET) reached initial criticality in December 2000. This pebble bed reactor of 10 MW(th) will be'
utilized to test and demonstrate the technology and safety features of the HTGR. Initial operation will
be with a steam turbine, with prospects for later conversion to a gas turbine configuration.
Development of the HTGR by INET is being undertaken to evaluate a wide range of applications.
They include electricity generation, district heat production, steam and gas turbine cycle operation,
and the generation of process heat. The HTR-10 is the first HTGR to be licensed and constructed in
China.

Japan: In Japan, the HTGR development focuses also on construction and operation of a test
reactor. The principle focus of Japan's HTGR development programme is the High Temperature
Engineering Test Reactor (HTTR) at the Japan Atomic Energy Research Institute (JAERI) site in
Oarai, Japan. Initial criticality of the HTTR was achieved in November 1998. This 30 MW(th)
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helium-cooled reactor is being utilized to establish and upgrade the technology for advanced HTGR
development, and to demonstrate the effectiveness of selected high temperature heat utilization
systems. The reactor continued power ascension operation during 2001, achieving 20 MWth in
February and projecting to reach full power later in the year. Also, a project has been initiated to
develop a 600 MWth gas turbine design for electricity production.

1-4. OVERVIEW OF LIQUID METAL-COOLED REACTOR DEVELOPMENT PROGRAMMES

The feasibility of a nuclear chain reaction involving only fast neutrons was recognized from the
earliest days of nuclear power in the 1940s. As a matter of fact, a fast reactor, the EBR-1 in the USA,
delivered the first electrical current ever produced through fission processes. The driving force behind
the R&D work in the field of fast reactors was the realization that fast reactors could be used for
breeding fissile material from fertile. This provided the key to utilizing the enormous worldwide
energy reserve represented by uranium-238, opening the prospect of a virtually non-exhaustible
source of energy.

The development of civil fast reactors started in several countries, notably the USA, the USSR,'
the UK and France, in the late 1940s. This involved test reactors such as CLEMENTINE and EBR-1
in the USA, and BR-2 in the USSR. Subsequently, experimental reactors such as EBR-2, Fermi and
FFTF (USA), BR-10 and BOR-60 (USSR), Rapsodie (France), KNK-II (Germany), JOYO (Japan),
FBTR (India), and DFR (UK) were constructed from the 1950s to the early 1970s, leading to
demonstration or prototype power reactors such Ph6nix (France), PFR (UK), BN-350 (USSR-
Kazakhstan), BN-600 (USSR-Russia), MONJU (Japan) and PFBR (India), and finally to the only full-
scale power plant, Superphenix (France).

In the earliest days great importance was attached to the breeding of fissile material, but the
increasing availability of low cost uranium from the 1980s onwards shifted the emphasis to include
other uses for fast reactors both in the critical and subcritical mode, particularly for the control of
plutonium stocks (incineration) and the treatment of radioactive wastes (partitioning and
transmutation). In spite of these additional functions the main long-term importance of fast reactors as
breeders, essential to world energy supplies, remains unchanged.

LMRs in operation 3
LMRs under construction 2
Number of countries with LMRs 3
Generating capacity, GW(e) 1.04
Operating experience with LMRS, reactor-years 142

Various types of fast neutron spectrum reactors and hybrid systems (e.g. accelerator driven
systems (ADS)) are under investigation in several Member States. The claimed advantages of some
new concepts, for example ADS, are low waste production, high transmutation capability, enhanced
safety characteristics and better long-term utilization of resources (e.g. with thorium fuels). R&D
programmes are underway to substantiate these claims and to advance the basic knowledge in this
innovative area of nuclear energy development. Common goals of these R&D efforts are lower cost,
improved efficiency, and safety and proliferation resistance enhancements, and simplification of the
nuclear fuel cycle. These goals are facilitated by co-ordinated R&D efforts. Technology development
programmes for LMFRs are proceeding in several countries:

China: In China, the basic research work on LMFRs was started in 1964. Since then and up to
1987, the major work has been on neutronics, thermalhydraulics, and sodium technology. During
1991-92, the conceptual design of the 15 MW(e) Chinese Experimental Fast Reactor (CEFR) was
completed and during 1992-93, the conceptual design was confirmed and optimization studies were
carried out. Since 1993 onwards, major work has involved the preparation of a detailed design. A
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preliminary design has been completed in 1997 and a 25 MW(e) Chinese Experimental Fast Reactor
(CEFR) is under construction. First criticality is scheduled for the end of 2005.

France: In France, the commercial introduction of LMFRs is being postponed. The 1200 MWe
Superphenix reactor has been shut down. Meanwhile, the application of an additional important
aspect of these reactors -to transmute long-lived nuclear waste and to burn plutonium- is being
developed (CAPRA and CADRA projects). The current programmes on operation of the 250 MW(e)
Phenix reactor reflect these requirements. One objective of extending the lifetime of the Phenix
reactor till 2004 is to perform the necessary irradiation experiments. The CEA has launched an R&D
programme to study promising technologies for future nuclear energy systems, addressing in the first
place the issues of enhanced safety, sustainability, and economics. The reference concept is based on
a gas-cooled fast reactor with on-site closed fuel cycle.

India: In India the fast-breeder test reactor (FBTR) is in operation. Fuel development, material
irradiation and sodium technology are the principal technical programmes. The introduction of FBRs
is linked to their economic acceptability. The basic design features are now selected for the 500
MW(e) Prototype Fast Breeder Reactor (PFBR). The emphasis is on detailed design, engineering
development, sodium technology, and materials technology. Reduction in construction time is an
important target.

Japan: In Japan, the experimental fast reactor (JOYO) has been operated from 1982 to 2000
with MK-II core (100 MWt). The reactor and its cooling system is currently being upgraded to the
MK-HI core (140 MWt). The initial criticality of the MK-III core is scheduled in 2002. The prototype
LMFR MONJU with the capacity of 280 MW(e) reached initial criticality in April 1994 and was
connected to the grid in August 1995. Reactor operation was interrupted in December 1995 due to a
leak in the non-radioactive secondary cooling system. The legal application on improvement of the
MONJU plant mainly for countermeasures against sodium leakage has been launched in June 2001.
The MONJU reactor is considered to be a corner stone for R&D activities and considerable effort is
made to resume its operation. In addition to this main stream of development work, a Feasibility
Study on Commercialized Fast Reactor Cycle Systems is in progress with the objective of presenting
an optimal commercialization vision of LMFR technologies and a research and development
programme.

Republic of Korea: In the Republic of Korea, the LMFR development programme is considered
as an important part of the national long-term R&D programme. The Republic of Korea plans to
develop the conceptual design of its first fast-breeder reactor, the 330 MW(e) Kalimer plant, by 2002,
and the basic design by 2006, for construction soon after 2010. The ADS HYPER concept
development roadmap will be finished in 2001 and the conceptual design will be completed by 2007.

Russian Federation: Russia's experience in the operation of experimental and prototype fast
reactors (the BR-10, BOR-60, and BN-600 with hybrid core) has been very good. Efforts are directed
towards further improving safety and reliability and making the LMFRs economically competitive to
other energy sources. While these efforts would take some time, the use of LMFRs over the near-term
to burn plutonium and minor actinides is foreseen on the basis of new BN-800 fast reactors. By 2010,
Russia wants to complete construction of the BN-800 fast reactor at Beloyarsk. The fast reactor R&D
activities are concentrating on advanced concepts with enhanced safety features, including a large size
(~1600 MWe) sodium cooled fast reactor, designs with alternative coolants (e.g., lead), as well as on
the development of the basic design, and experimental confirmation, of the lead cooled BREST-300
demonstration reactor with on-site closed fuel cycle. Studies of small fast spectrum reactor modules
cooled by lead-bismuth eutectic are also being pursued. These designs, called SVBR-75/100, are
based on the reactor operation experience with nuclear submarines. The designs could be used for
electricity production, sea-water desalination, or the utilization and transmutation of actinides. In the
field of ADS, Russia is conducting research on the physical processes and performing design studies.
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United Kingdom: BNFL is examining core design, thermal-hydraulics design, and fuel design
for gas cooled Accelerator Driven Systems (ADS).

Europe: The European Organization for Nuclear Research (CERN), as well as the EC's JRC
are supporting ADS studies being pursued within the framework of the European Technical Working
Group on ADS by institutes in the UK, Belgium, France, Germany, Italy, Sweden, Finland, and Spain.
Efforts are undertaken to include some of the R&D into the European Commission's 6th and 7th

Framework Programme. ENEA, Ansaldo, and INFN in Italy have contributed substantially to the
preparation of the "European Roadmap on ADS".

United States: A promising integral fast reactor (IFR) concept, comprising the LMFR and its
entire fuel cycle, has been developed at the Argonne National Laboratory (ANL) and General Electric
Company over the past two decades. A distinguishing element of the IFR concept is its unique fuel
cycle based on metallic fuel and pyrometallurgical processing. At ANL, an effective fuel cycle
technique has been developed whereby spent fuel is reprocessed and new fuel is fabricated at the
reactor sites. The plutonium is not separated from the higher radioactive actinides; these are recycled
together in the reactor and never leave the reactor site. Advantages of the IFR system are in areas of
(i) fuel performance, (ii) passive safety, (iii) economics, (iv) waste management potential, and (v)
proliferation resistance.

When the first LMFRs were constructed in the 1950s, it was expected that the bumup potential
of metallic fuel would be limited to 3-5% of heavy atoms. In fact, by using a U-Pu-1-% Zr alloy and
ferritic-martenistic HT9 cladding and duct, a burnup of about 20% has been achieved in EBR-II. All
irradiation results in EBR-II and FFTF have demonstrated reliable performance of metallic fuel and
the potential to achieve high burnup in prototypical fuel elements. The EBR-II Electrometallurgical
Treatment programme is presently processing about 25 t of EBR-II spent fuel with later R&D planned
to improve processing rates and to qualify the waste for repository acceptance.

In one of the NERI activities, a 50 MWe modular design with Pb-Bi coolant, called the
Encapsulated Nuclear Heat Source, which has a 15-year core life, is being developed. The Advanced
Accelerators Applications (AAA) programme includes a 10-year R&D plan for defining the key
technologies to be used for transmutation of nuclear waste (plutonium, minor actinides and long-lived
fission products) and the construction of the Accelerator Driven Test Facility (ADTF). This facility
will serve as the principal test station for a proof of performance series of tests, to demonstrate the
safety and operation of Accelerator Driven Systems, and to demonstrate efficient transmutation and
recycling of minor actinides and long-lived fission products. The U.S. fast reactor programme
includes also examinations of whether to restart or deactivate the FFTF.

1-5. SMALL AND MEDIUM SIZED REACTORS

Small sized reactors are defined by the IAEA as reactors having power levels less than 300
MW(e) or the equivalent thermal power (1000 MW(t)). Medium sized reactors are defined as having
power levels from 300 to 700 MW(e). Recently there has been an increasing emphasis on the
development of small and medium reactors (SMRs), with the prospect of better matching to load
demand in industrialized countries and meeting needs in developing countries where electrical grids
cannot accept the additional capacity of a large nuclear plant. Small and medium sized reactors
(SMRs) are also of interest for non-electrical applications of nuclear energy, such as desalination of
seawater and district heating. SMR concepts of interest in IAEA Member States include a wide range
of water, liquid metal and gas cooled designs. Water reactors include derivatives from ship propulsion
reactors, integral pressurized water reactors, low temperature heating reactors, and heavy water
reactors. Numerous liquid metal reactors using sodium, lead or lead/bismuth as coolant are under
study over a wide range of power ratings. Gas cooled reactor concepts are focused on gas turbine
concepts with either prismatic block or spherical fuel elements. Typical SMR design developments
are included under the four mainstream reactor lines in the Sections 1-1 to 1-3.
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TABLE II—1. NUCLEAR POWER REACTORS IN OPERATION AND UNDER CONSTRUCTION,
31 DECEMBER 2000

Country

ARGNTINA

ARMENIA

BELGIUM

BRAZIL

BULGARIA

CANADA

CHINA

CZECH R.

FINLAND

FRANCE

GERMANY

HUNGARY

INDIA

IRAN

JAPAN

KOREA RP

LITHNIA

MEXICO

NETHLNDS

PAKISTAN

ROMANIA

RUSSIA

S.AFRICA

SLOVAK R

SLOVENIA

SPAIN

SWEDEN

SWITZRLD

UK

UKRAINE

USA

Total

Reactors in
Operation

No of

Units

2

1

7

2

6

14

3

5

4

59

19

4

14

53

16

2

2

1

2

1

29

2

6

1

9

11

5

35

13

104

438

Total

MW(e)
935

376

5712

1855

3538

9998

2167

2569

2656

63073

21122

1755

2503

43491

12990

2370

1360

449

425

650

19843

1800

2408

676

7512

9432

3192

12968

11207

97411

351327

Reactors under
Construction

No of

Units
1

8

1

2

2

3

4

1

3

2

4

33

Total

MW(e)

692

6420

912

900

2111

3190

3820

650

2825

776

3800

28656

Nuclear Electricity

Supplied in 2000

TW(e)-h

5.73

1.84

45.40

6.03

18.18

68.68

16.00

13.59

21.60

395.00

159.60

14.18

14.21

304.87

103.50

8.40

7.92

3.70

1.08

5.05

119.65

12.99

16.49

4.54

59.30

54.80

24.95

78.30

72.40

753.90

2448.40

%of

Total

7.26

33.00

56.75

1.87

45.00

11.80

1.19

20.06

32.15

76.40

30.57

40.60

3.14

33.82

40.74

73.68

3.86

4.00

1.65

10.86

14.95

6.58

53.43

37.38

27.63

39.00

38.18

21.94

47.28

19.83

Total Operating
Experience

to 31 Dec. 2000

Years

44

33

170

19

113

433

23

58

87

1169

591

62

181

0

962

169

30

17

56

29

4

671

32

85

19

192

278

128

1238

240

2559

9819

Months

7

3

7

3

2

2

5

9

4

2

1

2

5

0

8

2

6

11

0

10

6

6

3

0

3

2

1

10

4

10

8

11
Note: The total includes the following data in Taiwan, China
— 6 units, 4884 MW(e) in operation; 2 units, 2560 MW(e) under construction;
— 37 TW(e).h of nuclear electricity generation, representing 23.64% of the total electricity generated there
— 116 years 1 month of total operating experience
Source: IAEA Power and Information System (PRIS), RDS No. 2, 2001 edition.
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TABLE II-2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000

Country

ARGNTINA

ARMENIA
BELGIUM

BRAZIL

BULGARIA

CANADA

CHINA

Code
AR-1
AR-2
AM-19
BE-2
BE-4
BE-5
BE-7
BE-3
BE-6
BE-8
BR-1
BR-2
BG-1
BG-2
BG-3
BG-4
BG-5
BG-6
CA-18
CA-19
CA-20
CA-21
CA-22
CA-23
CA-24
CA-25
CA-12
CA-13
CA-14
CA-15
CA-16
CA-17
CN-2
CN-3
CN-1

Reactor

Name
ATUCHA-1
EMBALSE
ARMENIA-2
DOEL-1
DOEL-2
DOEL-3
DOEL-4
TIHANGE-1
TIHANGE-2
TIHANGE-3
ANGRA-1
ANGRA-2
KOZLODUY-1
KOZLODUY-2
KOZLODUY-3
KOZLODUY-4
KOZLODUY-5
KOZLODUY-6
BRUCE-5
BRUCE-6
BRUCE-7
BRUCE-8
DARLINGTON-1
DARLINGTON-2
DARLINGTON-3
DARLINGTON-4
GENTILLY-2
PICKERING-5
PICKERING-6
PICKERING-7
PICKERING-8
POINT LEPREAU
GUANGDONG-1
GUANGDONG-2
QINSHAN-1

Type

PHWR
PHWR

WWER
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR

WWER
WWER
WWER
WWER
WWER
WWER
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR

PWR
PWR
PWR

Capacity
MW(e)

Net
335
600
376
392
392

1006
985
962
960

1015
626

1229
408
408
408
408
953
953
785
785
785
785
881
881
881
881
635
516
516
516
516
635
944
944
279

Gross
357
648
408
412
412

1056
1041
1009
1000
1065
657

1309
440
440
440
440

1000
1000
840
840
840
840
935
935
935
935
675
540
540
540
540
680
984
984
300

Operator

NASA
NASA

JSC
ELECTRAB
ELECTRAB
ELECTRAB
ELECTRAB
ELECTRAB
ELECTRAB
ELECTRAB
ELETRONU
ELETRONU

NEC
NEC
NEC
NEC
NEC
NEC
OPG
OPG
OPG
OPG
OPG
OPG
OPG
OPG

HQ
OPG
OPG
OPG
OPG

NBEPC
GNPJVC
GNPJVC

QNPC

NSSS
Supplier

SIEMENS
AECL
MNE

ACECOWEN
ACECOWEN
FRAMACEC
ACECOWEN

ACLF
FRAMACEC
ACECOWEN

WEST
KWU
AEE
AEE
AEE
AEE
AEE
AEE

OH/AECL
OH/AECL
OH/AECL
OH/AECL
OH/AECL
OH/AECL
OH/AECL
OH/AECL

BBC
NEI.P

OH/AECL
OH/AECL
OH/AECL

AECL
GEC
GEC

CNNC

Construction
Start

1968-6
1974-4
1975-7
1969-7
1971-9
1975-1

1978-12
1970-6
1976-4

1978-11
1971-5
1976-1

1969-10
1969-10

1976-6
1976-10
1980-7
1982-4
1978-6
1978-1
1979-5
1979-8
1982-4
1981-9
1984-9
1985-7
1974-4

1974-11
1975-10

1976-3
1976-9
1975-5
1987-8
1988-4
1985-3

Grid
Connection

1974-3
1983-4
1980-1
1974-8
1975-8
1982-6
1985-4
1975-3

1982-10
1985-6
1982-4
2000-7
1974-7
1975-9

1980-12
1982-5

1987-11
1991-8

1984-12
1984-6
1986-2
1987-3

1990-12
1990-1

1992-12
1993-4

1982-12
1982-12
1983-11
1984-11

1986-1
1982-9
1993-8
1994-2

1991-12

Commercial
Operation

1974-6
1984-1
1980-5
1975-2

1975-12
1982-10

1985-7
1975-10

1983-6
1985-9

1984-12
2000-7

1974-10
1975-11

1981-1
1982-6

1988-12
1993-12
1985-3
1984-9
1986-4
1987-5

1992-11
1990-10
1993-2
1993-6

1983-10
1983-5
1984-2
1985-1
1986-2
1983-2
1994-2
1994-5
1994-4

LF%
to

1999
68.0
82.0
53.0
84.0
78.0
84.0
80.0
81.0
86.0
86.0
31.0

(1)
59.0
65.0
67.0
69.0
42.0
54.0
82.0
79.0
81.0
78.0
80.0
65.0
82.0
80.0
77.0
74.0
79.0
82.0
76.0
86.0
71.0
75.0
65.0

EAF %
to

1999
74.0
86.0
67.0
89.0
85.0
88.0
81.0
88.0
88.0
88.0
53.0

(1)
69.0
78.0
78.0
77.0
58.0
72.0
83.0
81.0
83.0
80.0
81.0
66.0
83.0
81.0
84.0
75.0
80.0
83.0
77.0
85.0
81.0
79.0
67.0
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TABLE II-2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000 (CONTINUED)

Country

CZECH R.

FINLAND

FRANCE

Code
CZ-4
CZ-5
CZ-8
CZ-9
CZ-23
FI-1
FI-2
FI-3
FI-4
FR-54
FR-55
FR-32
FR-33
FR-34
FR-35
FR-13
FR-14
FR-15
FR-16
FR-50
FR-53
FR-60
FR-65
FR-40
FR-41
FR-56
FR-57
FR-62
FR-70
FR-72
FR-73
FR-42
FR-43
FR-44
FR-45

Reactor

Name
DUKOVANY-1
DUKOVANY-2
DUKOVANY-3
DUKOVANY-4
TEMELIN-1
LOVIISA-1
LOVIISA-2
OLKILUOTO-1
OLKILUOTO-2
BELLEVILLE-1
BELLEVILLE-2
BLAYAIS-1
BLAYAIS-2
BLAYAIS-3
BLAYAIS-4
BUGEY-2
BUGEY-3
BUGEY-4
BUGEY-5
CATTENOM-1
CATTENOM-2
CATTENOM-3
CATTENOM-4
CHINON-B-1
CHINON-B-2
CHINON-B-3
CHINON-B-4
CHOOZ-B-1
CHOOZ-B-2
CIVAUX-1
CIVAUX-2
CRUAS-1
CRUAS-2
CRUAS-3
CRUAS-4

Type

WWER
WWER
WWER
WWER
WWER
WWER
WWER

BWR
BWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR

Capacity
MW(e)

Net
412
412
412
412
921
488
488
840
840

1310
1310
910
910
910
910
910

- 880
880
900

1300
1300
1300
1300
920
920
920
920

1455
1455
1450
1450
915
915
915
915

r

Gross
440
440
440
440
981
510
510
870
870

1363
1363
951
951
951
945
945
917
917
937

1362
1362
1362
1362
969
969
969
969

1520
1520
1520
1520
956
956
956
956

Operator

CEZ
CEZ
CEZ
CEZ
CEZ

FORTUMPH
FORTUMPH

TVO
TVO
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF

NSSS
Supplier

SKODA
SKODA
SKODA
SKODA
SKODA

AEE
AEE

ASEASTAL
ASEASTAL

FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM

Construction
Start

1979-1
1979-1
1979-3
1979-3
1987-2
1971-5
1972-8
1974-2
1975-8
1980-5
1980-8
1977-1
1977-1
1978-4
1978-4

1972-11
1973-9
1974-6
1974-7

1979-10
1980-7
1982-6
1983-9
1977-3
1977-3

1980-10
1981-2
1984-1

1985-12
1988-10

1991-4
1978-8

1978-11
1979-4

1979-10

Grid
Connection

1985-2
1986-1

1986-11
1987-6

2000-12
1977-2

1980-11
1978-9
1980-2

1987-10
1988-7
1981-6
1982-7
1983-8
1983-5
1978-5
1978-9
1979-3
1979-7

1986-11
1987-9
1990-7
1991-5

1982-11
1983-11
1986-10
1987-11
1996-8
1997-4

1997-12
1999-12
1983-4
1984-9
1984-5

1984-10

Commercial
Operation

1985-5
1986-3

1986-12
1987-1
2001-5
1977-5
1981-1

1979-10
1982-7
1988-6
1989-1

1981-12
1983-2

1983-11
1983-10

1979-3
1979-3
1979-7
1980-1
1987-4
1988-2
1991-2
1992-1
1984-2
1984-8
1987-3
1988-4
2000-5
2000-9
1999-8
2000-1
1984-4
1985-4
1984-9
1985-2

LF%
to

1998
81.0
82.0
81.0
81.0

(1)
84.0
87.0
90.0
92.0
67.0
64.0
71.0
75.0
74.0
74.0
63.0
63.0
63.0
67.0
62.0
68.0
73.0
76.0
73.0
72.0
70.0
75.0

(1)
(0

68.0
(1)

70.0
71.0
71.0
70.0

EAF%
to

1998
81.0
81.0
82.0
83.0

(1)
85.0
88.0
91.0
93.0
75.0
73.0
80.0
83.0
81.0
82.0
73.0
74.0
73.0
76.0
66.0
76.0
82.0
84.0
79.0
79.0
79.0
83.0

(1)
(1)

68.0
(1)

83.0
81.0
84.0
82.0
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TABLE II—2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000 (CONTINUED)

Country

FRANCE
Code

FR-22
FR-29
FR-30
FR-31
FR-11
FR-12
FR-46
FR-47
FR-61
FR-68
FR-20
FR-21
FR-27
FR-28
FR-51
FR-52
FR-58
FR-59
FR-36
FR-37
FR-38
FR-39
FR-63
FR-64
FR-10
FR-48
FR-49
FR-17
FR-23
FR-18
FR-19
FR-25
FR-26

Reactor

Name
DAMPIERRE-1
DAMPIERRE-2
DAMPIERRE-3
DAMPIERRE-4
FESSENHEIM-1
FESSENHEIM-2
FLAMANVILLE-1
FLAMANVILLE-2
GOLFECH-1
GOLFECH-2
GRAVELINES-1
GRAVELINES-2
GRAVELINES-3
GRAVELINES-4
GRAVELINES-5
GRAVELINES-6
NOGENT-1
NOGENT-2
PALUEL-1
PALUEL-2
PALUEL-3
PALUEL-4
PENLY-1
PENLY-2
PHENIX
ST. ALB AN-1
ST. ALBAN-2
ST. LAURENT-B-1
ST. LAURENT-B-2
TRICASTIN-1
TRICASTIN-2
TRICASTIN-3
TRICASTIN-4

Type

PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
FBR

PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR

Capacity
MW(e)

Net
890
890
890
890
880
880

1330
1330
1310
1310
915
915
915
915
915
915

1310
1310
1330
1330
1330
1330
1330
1330
233

1335
1335
890
890
880
880
880
880

Gross
937
937
937
937
920
920

1382
1382
1363
1363
956
956
956
956
956
956

1363
1363
1382
1382
1382
1382
1382
1382
250

1381
1381
937
937
920
920
920
920

Operator

EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF

CEA/EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF
EDF

NSSS
Supplier

FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM

CNCLNEY
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM
FRAM

Construction
Start

1975-2
1975-4
1975-9

1975-12
1971-9
1972-2

1979-12
1980-5

1982-11
1984-10
1975-2
1975-3

1975-12
1976-4

1979-10
1979-10

1981-5
1982-1
1977-8
1978-1
1979-2
1980-2
1982-9
1984-8

1968-11
1979-1
1979-7
1976-5
1976-7

1974-11
1974-12
1975-4
1975-5

Grid
Connection

1980-3
1980-12
1981-1
1981-8
1977-4

1977-10
1985-12
1986-7
1990-6
1993-6
1980-3
1980-8

1980-12
1981-6
1984-8
1985-8

1987-10
1988-12

1984-6
1984-9
1985-9
1986-4
1990-5
1992-2

1973-12
1985-8
1986-7
1981-1
1981-6
1980-5
1980-8
1981-2
1981-6

Commercial
Operation

1980-9
1981-2
1981-5

1981-11
1977-12

1978-3
1986-12

1987-3
1991-2
1994-1

1980-12
1980-12

1981-6
1981-10

1985-1
1985-10
1988-2
1989-5

1985-12
1985-12

1986-2
1986-6

1990-12
1992-11

1974-7
1986-5
1987-3
1983-8
1983-8

1980-12
1980-12
1981-5

1981-11

LF%
to

1998
69.0
67.0
71.0
69.0
67.0
69.0
65.0
65.0
72.0
72.0
67.0
72.0
73.0
73.0
73.0
73.0
64.0
71.0
67.0
65.0
67.0
68.0
73.0
74.0
45.0
61.0
59.0
68.0
69.0
69.0
71.0
75.0
72.0

EAF%
to

1998
75.0
79.0
79.0
78.0
74.0
78.0
74.0
74.0
84.0
85.0
75.0
80.0
80.0
80.0
81.0
80.0
72.0
82.0
75.0
73.0
74.0
74.0
81.0
81.0
62.0
74.0
72.0
75.0
77.0
77.0
79.0
81.0
82.0
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TABLE II-2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000 (CONTINUED)

Country

GERMANY

HUNGARY

INDIA

Code
DE-12
DE-18
DE-32
DE-13
DE-33
DE-23
DE-27
DE-26
DE-28
DE-16
DE-31
DE-20
DE-15
DE-44
DE-5
DE-14
DE-24
DE-10
DE-17
HU-1
HU-2
HU-3
HU-4
IN-13
IN-14
IN-9
IN-10
IN-5
IN-6
IN-7
IN-8
IN-3
IN-4
IN-11
IN-12

Reactor

Name
BIBLIS-A (KWB A)
BIBLIS-B (KWB B)
BROKDORF (KBR)
BRUNSBUETTEL (KKB)
EMSLAND (KKE)
GRAFENRHEINFELD (KKG)
GROHNDE (KWG)
GUNDREMMINGEN-B (KRB B)
GUNDREMMINGEN-C (KRB C)
ISAR-1 (KKI 1)
ISAR-2 (KKI 2)
KRUEMMEL (KKK)
NECKARWESTHEIM-1 (GKN 1)
NECKARWESTHEIM-2 (GKN 2)
OBRIGHEIM (KWO)
PHILIPPSBURG-1 (KKP 1)
PHILIPPSBURG-2 (KKP 2)
STADE (KKS)
UNTERWESER (KKU)
PAKS-1
PAKS-2
PAKS-3
PAKS-4
KAIGA-1
KAIGA-2
KAKRAPAR-1
KAKRAPAR-2
KALPAKKAM-1
KALPAKKAM-2
NARORA-1
NARORA-2
RAJASTHAN-1
RAJASTHAN-2
RAJASTHAN-3
RAJASTHAN-4

Type

PWR
PWR
PWR
BWR
PWR
PWR
PWR
BWR
BWR
BWR
PWR
BWR
PWR
PWR
PWR
BWR
PWR
PWR
PWR

WWER
WWER
WWER
WWER
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR

Capacity
MW(e)

Net
1167
1240
1370
771

1290
1275
1360
1284
1288
870

1380
1260
785

1269
340
890

1358
640

1285
437
441
433
444
202
202
202
202
155
155
202
202

90
187
202
202

Gross
1225
1300
1440
806

1363
1345
1430
1344
1344
907

1455
1316
840

1365
357
926

1424
672

1350
467
468
460
471
220
220
220
220
170
170
220
220
100
200
220
220

Operator

RWE
RWE
EON
KKB
KLE
EON

KWG
KGB
EON
BAG
EON
KKK
GKN
GKN
KWO

EnBW
EnBW

EON
EON

PAKS RT.
PAKS RT.
PAKS RT.
PAKS RT.

NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL

NSSS
Supplier

KWU
KWU
KWU
KWU

SIEM,KWU
KWU
KWU
KWU
KWU
KWU
KWU
KWU
KWU

SIEM.KWU
SIEM,KWU

KWU
KWU
KWU
KWU
AEE
AEE
AEE
AEE

NPCIL
FRAM
NPCIL
FRAM
NPCIL
NPCIL
NPCIL
NPCIL
AECL

AECL/DAE
NPCIL
NPCIL

Construction
Start

1970-1
1972-2
1976-1
1970-4
1982-8
1975-1
1976-6
1976-7
1976-7
1972-5
1982-9
1974-4
1972-2

1982-11
1965-3

1970-10
1977-7

1967-12
1972-7
1974-8
1974-8

1979-10
1979-10

1989-9
1989-12
1984-12

1985-4
1971-1

1972-10
1975-12
1977-11

1965-8
1968-4
1990-2

1990-10

Grid
Connection

1974-8
1976-4

1986-10
1976-7
1988-4

1981-12
1984-9
1984-3

1984-11
1977-12

1988-1
1983-9
1976-6
1989-1

1968-10
1979-5

1984-12
1972-1
1978-9

1982-12
1984-9
1986-9
1987-8

2000-10
1999-12
1992-11
1995-3
1983-7
1985-9
1989-7
1992-1

1972-11
1980-11
2000-3

2000-11

Commercial
Operation

1975-2
1977-1

1986-12
1977-2
1988-6
1982-6
1985-2
1984-7
1985-1
1979-3
1988-4
1984-3

1976-12
1989-4
1969-3
1980-3
1985-4
1972-5
1979-9
1983-8

1984-11
1986-12
1987-11
2000-11

2000-3
1993-5
1995-9
1984-1
1986-3
1991-1
1992-7

1973-12
1981-4
2000-6

2000-12

LF%
to

1998
67.0
66.0
85.0
53.0
92.0
84.0
90.0
78.0
76.0
74.0
85.0
74.0
78.0
92.0
77.0
74.0
89.0
82.0
80.0
86.0
86.0
88.0
89.0
74.0
76.0
63.0
78.0
50.0
53.0
52.0
62.0
23.0
47.0
79.0

(1)

EAF%
to

1998
76.0
80.0
87.0
68.0
92.0
86.0
91.0
86.0
85.0
82.0
89.0
78.0
86.0
93.0
88.0
80.0
89.0
86.0
84.0
84.0
85.0
86.0
87.0

100.0
80.0
68.0
82.0
59.0
62.0
59.0
68.0
30.0
53.0
78.0

(1)
•o
K)
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oo TABLE II-2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000 (CONTINUED)

Country

INDIA

JAPAN

Code
IN-1
IN-2
JP-20
JP-5
JP-9
JP-10
JP -16
JP-17
JP-18
JP-25
JP-26
JP-35
JP-38
JP-12
JP-27
JP-45
JP-46
JP -11
JP-24
JP-36
JP-49
JP-23
JP-32
JP-47
JP-33
JP-39
JP-52
JP-53
JP-40
JP-55
JP-56
JP-4
JP-6
JP-14
JP-31

Reactor

Name
TARAPUR-1
TARAPUR-2
FUGEN ATR
FUKUSHIM A-D AIICHI-1
FUKUSHIMA-DAIICHI-2
FUKUSHIMA-DAIICHI-3
FUKUSHIMA-DAIICHI-4
FUKUSHIMA-DAIICHI-5
FUKUSHIMA-DAIICHI-6
FUKUSHIMA-DAINI-1
FUKUSHIMA-DAINI-2
FUKUSHIMA-DAINI-3
FUKUSHIMA-DAINI-4
GENKAI-1
GENKAI-2
GENKAI-3
GENKAJ-4
HAMAOKA-1
HAMAOKA-2
HAMAOKA-3
HAMAOKA-4
IKATA-1
IKATA-2
IKATA-3
KASHIWAZAKI KARIWA-1
KASHIWAZAKI KARIWA-2
KASHIWAZAKI KARIWA-3
KASHIWAZAKI KARIWA-4
KASHIWAZAKI KARIWA-5
KASHIWAZAKI KARIWA-6
KASHIWAZAKI KARIWA-7
MIHAMA-1
MIHAMA-2
MIHAMA-3
MONJU

Type

BWR
BWR

HWLWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
PWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR
BWR

ABWR
ABWR

PWR
PWR
PWR
FBR

Capacity
MW(e)

Net
150
150
148
439
760
760
760
760

1067
1067
1067
1067
1067
529
529

1127
1127
515
806

1056
1092
538
538
846

1067
1067
1067
1067
1067
1315
1315
320
470
780
246

Gross
160
160
165
460
784
784
784
784

1100
1100
1100
1100
1100
559
559

1180
1180
540
840

1100
1137
566
566
890

1100
1100
1100
1100
1100
1356
1356
340
500
826
280

Operator

NPCIL
NPCIL

PNC
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO

KYUSHU
KYUSHU
KYUSHU
KYUSHU

CHUBU
CHUBU
CHUBU
CHUBU

SHIKOKU
SHIKOKU
SHIKOKU

TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
TEPCO
KEPCO
KEPCO
KEPCO

PNC

NSSS
Supplier

GE
GE

HITACHI
GE

TOSHI/GE
TOSHIBA
HITACHI
TOSHIBA
TOSHI/GE
TOSHIBA
HITACHI
TOSHIBA
HITACHI

M
M
M
M

TOSHIBA
TOSHIBA
TOSHIBA
TOSHIBA

M
M
M

TOSHIBA
TOSHIBA
TOSHIBA
HITACHI
HITACHI

TOSHI/GE
HITA/GE

WEST
WEST

M
M

Construction
Start
1964-10
1964-10
1972-4
1967-7
1969-6

1970-12
1973-2
1972-5

1973-10
1976-3
1979-5
1981-3
1981-5
1971-9
1977-2
1988-6
1992-7
1971-6
1974-6
1983-4

1989-10
1973-6
1978-2

1986-11
1980-6

1985-11
1989-3
1990-3
1985-6

1992-11
1993-7
1967-2
1968-5
1972-8
1986-5

Grid
Connection

1969-4
1969-5
1978-7

1970-11
1973-12
1974-10

1978-2
1977-9
1979-5
1981-7
1983-6

1984-12
1986-12
1975-2
1980-6
1993-6

1996-11
1974-8
1978-5
1987-1
1993-1
1977-2
1981-8
1994-3
1985-2
1990-2

1992-12
1993-12

1989-9
1996-1

1996-12
1970-8
1972-4
1976-2
1994-8

Commercial
Operation

1969-10
1969-10

1979-3
1971-3
1974-7
1976-3

1978-10
1978-4

1979-10
1982-4
1984-2
1985-6
1987-8

1975-10
1981-3
1994-3
1997-7
1976-3

1978-11
1987-8
1993-9
1977-9
1982-3

1994-12
1985-9
1990-9
1993-8
1994-8
1990-4

1996-11
1997-7

1970-11
1972-7

1976-12
—

LF%
to

1998
51.0
50.0
63.0
56.0
59.0
64.0
73.0
70.0
72.0
76.0
80.0
71.0
81.0
71.0
82.0
83.0
87.0
60.0
72.0
81.0
86.0
77.0
83.0
86.0
80.0
84.0
86.0
82.0
83.0
86.0
86.0
47.0
58.0
73.0

(2)

EAF %
to

1998
75.0
72.0
64.0
60.0
59.0
65.0
74.0
71.0
73.0
77.0
81.0
72.0
82.0
71.0
82.0
83.0
87.0
61.0
72.0
82.0
87.0
77.0
83.0
85.0
81.0
85.0
87.0
84.0
84.0
87.0
87.0
52.0
59.0
73.0

(2)
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TABLE II-2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000 (CONTINUED)

Country

KOREA RP

Code
JP-15
JP-19
JP-50
JP-51
JP-22
JP-54
JP-28
JP-37
JP-48
JP-7
JP-41
JP-8
JP-13
JP-29
JP-30
JP-21
JP-43
JP-44
JP-3
JP-34
KR-1
KR-2
KR-5
KR-6
KR-9
KR-10
KR-13
KR-14
KR-3
KR-4
KR-15
KR-16
KR-7
KR-8
KR-11
KR-12

Reactor

Name
OHI-1
OHI-2
OHI-3
OHI-4
ONAGAWA-1
ONAGAWA-2
SENDAI-1
SENDAI-2
SHIKA-1
SHIMANE-1
SHIMANE-2
TAKAHAMA-1
TAKAHAMA-2
TAICAHAMA-3
TAKAHAMA-4
TOKAI-2
TOMARI-1
TOMARI-2
TSURUGA-1
TSURUGA-2
KORI-1
KORI-2
KORI-3
KORI-4
ULCHIN-1
ULCHIN-2
ULCHIN-3
ULCHIN-4
WOLSONG-1
WOLSONG-2
WOLSONG-3
WOLSONG-4
YONGGWANG-1
YONGGWANG-2
YONGGWANG-3
YONGGWANG-4

Type

PWR
PWR
PWR
PWR
BWR
BWR
PWR
PWR
BWR
BWR
BWR
PWR
PWR
PWR
PWR
BWR
PWR
PWR
BWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR

PHWR
PHWR
PHWR
PHWR

PWR
PWR
PWR
PWR

Capacity
MW(e)

Net
1120
1120
1127
1127
498
796
846
846
505
439
789
780
780
830
830

1056
550
550
341

1115
556
605
895
895
920
920
960
960
629
650
650
650
900
900
950
950

Gross
1175
1175
1180
1180
524
825
890
890
540
460
820
826
826
870
870

1100
579
579
357

1160
587
650
950
950
950
950

1000
1000
679
700
700
700
950
950

1000
1000

Operator

KEPCO
KEPCO
KEPCO
KEPCO

TOHOKU
TOHOKU
KYUSHU
KYUSHU

HOKURIKU
CHUGOKU
CHUGOKU

KEPCO
KEPCO
KEPCO
KEPCO
JAPCO
HEPCO
HEPCO
JAPCO
JAPCO

KEPCO.
KEPCO.
KEPCO.
KEPCO.
KEPCO.
KEPCO.
KEPCO.
KEPCO.
KEPCO.
KEPCO.
KEPCO.
KEPCO.
KEPCO.
KEPCO.
KEPCO.
KEPCO.

NSSS
Supplier

WEST
WEST

M
M

TOSHIBA
TOSHIBA

M
M

HITACHI
HITACHI
HITACHI

WEST
M
M
M

GE
M
M

GE
M

WEST
WEST
WEST
WEST
FRAM
FRAM

KHIKAECE
KHIKAECE

AECL
AECL/KHI
AECL/KHI
AECL/KHI

WEST
WEST

KHIKAECE
KHIKAECE

Construction
Start
1972-10
1972-12
1987-10
1988-6
1980-7
1991-4

1979-12
1981-10

1989-7
1970-7
1985-2
1970-4
1971-3

1980-12
1981-3

1973-10
1985-7
1986-8

1966-11
1982-11

1972-8
1977-12
1979-10
1980-4
1983-1
1983-7
1993-7

1993-11
1977-10

1992-9
1994-3
1994-7
1981-6

1981-12
1989-12

1990-5

Grid
Connection

1977-12
1978-10

1991-6
1992-6

1983-11
1994-12

1983-9
1985-4
1993-1

1973-12
1988-7
1974-3
1975-1
1984-5

1984-11
1978-3

1988-12
1990-8

1969-11
1986-6
1977-6
1983-4
1985-1

1985-11
1988-4
1989-4
1998-1

1998-12
1982-12

1997-4
1998-3
1999-5
1986-3

1986-11
1994-10
1995-7

Commercial
Operation

1979-3
1979-12
1991-12

1993-2
1984-6
1995-7
1984-7

1985-11
1993-7
1974-3
1989-2

1974-11
1975-11

1985-1
1985-6

1978-11
1989-6
1991-4
1970-3
1987-2
1978-4
1983-7
1985-9
1986-4
1988-9
1989-9
1998-8

1999-12
1983-4
1997-7
1998-7

1999-10
1986-8
1987-6
1995-3
1996-1

LF%
to

1998
61.0
69.0
88.0
83.0
77.0
85.0
81.0
83.0
82.0
72.0
84.0
63.0
64.0
85.0
84.0
72.0
84.0
85.0
64.0
81.0
71.0
84.0
84.0
86.0
85.0
88.0
87.0
83.0
85.0
90.0
93.0
96.0
87.0
83.0
87.0
89.0

EAF%
to

1998
61.0
69.0
88.0
83.0
77.0
85.0
80.0
82.0
82.0
72.0
84.0
63.0
64.0
84.0
83.0
73.0
84.0
84.0
70.0
81.0
76.0
84.0
82.0
84.0
84.0
86.0
86.0
79.0
85.0
87.0
91.0
92.0
85.0
81.0
85.0
86.0
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TABLE II-2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000 (CONTINUED)

Country

LITHNIA

MEXICO

NETHLNDS
PAKISTAN

ROMANIA
RUSSIA

Code
LT-46
LT-47
MX-1
MX-2
NL-2
PK-2
PK-1
RO-1
RU-96
RU-97
RU-98
RU-99
RU-21
RU-141
RU-142
RU-143
RU-144
RU-30
RU-31
RU-12
RU-13
RU-32
RU-33
RU-17
RU-22
RU-38
RU-39
RU-15
RU-16
RU-34
RU-35
RU-9
RU-11
RU-20
RU-23
RU-24
RU-67

Reactor

Name
IGNALINA-1
IGNALINA-2
LAGUNA VERDE-1
LAGUNA VERDE-2
BORSSELE
CHASNUPP 1
KANUPP
CERNAVODA-1
BALAKOVO-1
BALAKOVO-2
BALAKOVO-3
BALAKOVO-4
BELOYARSKY-3(BN-600)
BILIBINO UNIT A
BILIBINO UNIT B
BILIBINO UNIT C
BILIBINO UNIT D
KALININ-1
KALININ-2
KOLA-1
KOLA-2
KOLA-3
KOLA-4
KURSK-1
KURSK-2
KURSK-3
KURSK-4
LENINGRAD-1
LENINGRAD-2
LENINGRAD-3
LENINGRAD-4
NOVOVORONEZH-3
NOVOVORONEZH-4
NOVOVORONEZH-5
SMOLENSK-1
SMOLENSK-2
SMOLENSK-3

Type

LWGR
LWGR

BWR
BWR
PWR
PWR

PHWR
PHWR
WWER
WWER
WWER
WWER

FBR
LWGR
LWGR
LWGR
LWGR
WWER
WWER
WWER
WWER
WWER
WWER
LWGR
LWGR
LWGR
LWGR
LWGR
LWGR
LWGR
LWGR

WWER
WWER
WWER
LWGR
LWGR
LWGR

Capacity
MW(e)

Net
1185
1185
680
680
449
300
125
650
950
950
950
950
560

11
11
11
11

950
950
411
411
411
411
925
925
925
925
925
925
925
925
385
385
950
925
925
925

Gross
1300
1300
709
781
481
325
137
706

1000
1000
1000
1000
600

12
12
12
12

1000
1000
440
440
440
440

1000
1000
1000
1000
1000
1000
1000
1000
417
417

1000
1000
1000
1000

Operator

INPP
INPP
CFE
CFE
EPZ

PAEC
PAEC

SNN
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA

LENNPP
LENNPP
LENNPP
LENNPP

REA
REA
REA
REA
REA
REA

NSSS
Supplier

MAEP
MAEP

GE
GE

KWU/STOR
CNNC

CGE
AECL
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE
MNE

Construction
Start

1977-5
1978-1

1976-10
1977-6
1969-7
1993-8
1966-8
1982-7

1980-12
1981-8

1982-11
1984-4
1969-1
1970-1
1970-1
1970-1
1970-1
1977-2
1982-2
1970-5
1973-1
1977-4
1976-8
1972-6
1973-1
1978-4
1981-5
1970-3
1970-6

1973-12
1975-2
1967-7
1967-7
1974-3

1975-10
1976-6
1984-5

Grid
Connection

1983-12
1987-8
1989-4

1994-11
1973-7
2000-6

1971-10
1996-7

1985-12
1987-10
1988-12

1993-4
1980-4
1974-1

1974-12
1975-12
1976-12

1984-5
1986-12

1973-6
1974-12

1981-3
1984-10
1976-12

1979-1
1983-10
1985-12
1973-12

1975-7
1979-12
1981-2

1971-12
1972-12
1980-5

1982-12
1985-5
1990-1

Commercial
Operation

1984-5
1987-8
1990-7
1995-4

1973-10
2000-9

1972-10
1996-12

1986-5
1988-1
1989-4

1993-12
1981-11
1974-4
1975-2
1976-2
1977-1
1985-6
1987-3

1973-12
1975-2

1982-12
1984-12
1977-10

1979-8
1984-3
1986-2

1974-11
1976-2
1980-6
1981-8
1972-6
1973-3
1981-2
1983-9
1985-7

1990-10

LF%
to

1998
52.0
59.0
76.0
76.0
80.0

(1)
27.0
85.0
52.0
52.0
58.0
61.0
72.0
64.0
63.0
66.0
66.0
67.0
67.0
65.0
67.0
72.0
72.0
57.0
60.0
72.0
76.0
67.0
68.0
69.0
72.0
72.0
77.0
59.0
70.0
74.0
75.0

EAF%
to

1998
67.0
73.0
80.0
80.0
86.0

(1)
48.0
85.0
60.0
59.0
67.0
74.0
73.0
81.0
81.0
81.0
79.0
67.0
69.0
74.0
75.0
80.0
79.0
59.0
64.0
74.0
78.0
68.0
69.0
70.0
74.0
73.0
79.0
60.0
74.0
78.0
79.0

SUMMARY TABLES



TABLE II-2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000 (CONTINUED)

Country

S.AFRICA

SLOVAKIA

SLOVENIA
SPAIN

SWEDEN

SWITZRLD

Code
ZA-1
ZA-2
SK-2
SK-3
SK-13
SK-I4
SK-6
SK-7
SI-1
ES-6
ES-7
ES-8
ES-9
ES-10
ES-1
ES-2
ES -11
ES-16
SE-8
SE-9
SE-11
SE-14
SE-2
SE-3
SE-12
SE-4
SE-5
SE-7
SE-10
CH-1
CH-3
CH-4
CH-5
CH-2

Reactor

Name
KOEBERG-1
KOEBERG-2
BOHUNICE-1
BOHUNICE-2
BOHUNICE-3
BOHUMCE-4
MOCHOVCE-1
MOCHOVCE-2
KRSKO
ALMARAZ-1
ALMARAZ-2
ASCO-1
ASCO-2
COFRENTES
JOSE CABRERA-l(ZORITA)
SANTA MARIA DE GARONA
TRILLO-1
VANDELLOS-2
BARSEBECK-2
FORSMARK-1
FORSMARK-2
FORSMARK-3
OSKARSHAMN-1
OSKARSHAMN-2
OSKARSHAMN-3
RINGHALS-1
RINGHALS-2
RINGHALS-3
RINGHALS-4
BEZNAU-1
BEZNAU-2
GOESGEN
LEIBSTADT
MUEHLEBERG

Type

PWR
PWR

WWER
WWER
WWER
WWER
WWER
WWER

PWR
PWR
PWR
PWR
PWR
BWR
PWR
BWR
PWR
PWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
BWR
PWR
PWR
PWR
PWR
PWR
PWR
BWR
BWR

Capacity
MW(e)

Net
900
900
408
408
408
408
388
388
676
944
953
998
985
993
153
446

1000
1040
600
968
964

1155
445
605

1160
830
875
915
915
365
357
970

1145
355

Gross
944
944
430
430
430
430
432
432
707
974
983

1028
1015
1025

160
466

1066
1082
615

1006
1001
1197
465
630

1200
860
917
960
960
380
372

1020
1200
372

Operator

ESKOM
ESKOM

EBO
EBO
EBO
EBO
EMO
EMO
NEK

CNAT
CNA
ANA

ANAV
ID
UF

NUCLENOR
CNT

ANAV
BKA
FKA
FKA
FKA
OKG
OKG
OKG
VAB
VAB
VAB
VAB
NOK
NOK
KKG
KKL

BKW

NSSS
Supplier

FRAM
AA

AEE
AEE

SKODA
SKODA
SKODA
SKODA

WEST
WEST
WEST
WEST
WEST

GE
WEST

GE
KWU

WEST
ABBATOM
ABBATOM
ABBATOM
ABBATOM
ASEASTAL
ABBATOM
ASEASTAL
ABBATOM

WEST
WEST
WEST
WEST
WEST
KWU

GETSCO
GETSCO

Construction
Start

1976-7
1976-7
1974-4
1974-4

1976-12
1976-12
1983-10
1983-10
1975-3
1973-7
1973-7
1974-5
1975-3
1975-9
1964-6
1966-5
1979-9

1980-12
1973-1
1973-6
1975-1
1979-1
1966-8
1969-9
1980-5
1969-2

1970-10
1972-9

1973-11
1965-9
1968-1

1973-12
1974-1
1967-3

Grid
Connection

1984-4
1985-7

1978-12
1980-3
1984-8
1985-8
1998-7

1999-12
1981-10

1981-5
1983-10

1983-8
1985-10
1984-10

1968-7
1971-3
1988-5

1987-12
1977-3
1980-6
1981-1
1985-3
1971-8

1974-10
1985-3

1974-10
1974-8
1980-9
1982-6
1969-7

1971-10
1979-2
1984-5
1971-7

Commercial
Operation

1984-7
1985-11

1980-4
1981-1
1985-2

1985-12
1998-10
2000-4
1983-1
1983-9
1984-7

1984-12
1986-3
1985-3
1969-8
1971-5
1988-8
1988-3
1977-7

1980-12
1981-7
1985-8
1972-2
1975-1
1985-8
1976-1
1975-5
1981-9

1983-11
1969-9

1971-12
1979-11
1984-12
1972-11

LF%
to

1998
63.0
65.0
71.0
72.0
76.0
77.0
74.0
82.0
78.0
81.0
85.0
81.0
84.0
87.0
66.0
71.0
78.0
84.0
76.0
80.0
79.0
83.0
60.0
74.0
83.0
65.0
62.0
67.0
75.0
80.0
86.0
86.0
84.0
85.0

EAF%
to

1998
73.0
75.0
74.0
74.0
80.0
81.0
81.0
90.0
81.0
82.0
85.0
83.0
86.0
87.0
73.0
75.0
85.0
84.0
82.0
86.0
85.0
89.0
64.0
78.0
87.0
71.0
69.0
76.0
87.0
86.0
86.0
87.0
86.0
86.0
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TABLE II-2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000 (CONTINUED)

Country

UK
Code

GB-4
GB-4
GB-1
GB-1
GB-1
GB-1
GB-2
GB-2
GB-2
GB-2
GB-9
GB-9
GB-18A
GB-18B
GB -19A
GB-19B
GB -20A
GB -20B
GB -22A
GB -22B
GB-7
GB-7
GB-16A
GB -16B
GB-17A
GB-17B
GB-11
GB-11
GB-10
GB-10
GB-24
GB -23A
GB -23B
GB-13
GB-13

Reactor

Name
BRADWELL
BRADWELL
CALDER HALL
CALDER HALL
CALDER HALL
CALDER HALL
CHAPELCROSS
CHAPELCROSS
CHAPELCROSS
CHAPELCROSS
DUNGENESS-A
DUNGENESS-A
DUNGENESS-B1 UNIT A
DUNGENESS-B2 UNIT B
HARTLEPOOL-A1 UNIT A
HARTLEPOOL-A2 UNIT B
HEYSHAM-1UNITA
HEYSHAM-1UNITB
HEYSHAM-2 UNIT A
HEYSHAM-2 UNIT B
HINKLEY POINT-A
HINKLEY POINT-A
HINKLEY POINT-B UNIT A
HINKLEY POINT-B UNIT B
HUNTERSTON-B1 UNIT A
HUNTERSTON-B2 UNIT B
OLDBURY-A
OLDBURY-A
SIZEWELL-A
SIZEWELL-A
SIZEWELL-B
TORNESS UNIT A
TORNESS UNIT B
WYLFA
WYLFA

Type

GCR
GCR
GCR
GCR
GCR
GCR
GCR
GCR
GCR
GCR
GCR
GCR
AGR
AGR
AGR
AGR
AGR
AGR
AGR
AGR
GCR
GCR
AGR
AGR
AGR
AGR
GCR
GCR
GCR
GCR
PWR
AGR
AGR
GCR
GCR

Capacity
MW(e)

Net
123
123
50
50
50
50
50
50
50
50

225
225
555
555
605
605
575
575
625
625
235
235
610
610
595
595
217
217
210
210

1188
625
625
490
490

Gross
146
146
60
60
60
60
60
60
60
60

230
230
615
615
655
655
625
625
680
680
267
267
655
655
644
644
230
230
245
245

1250
682
682
540
540

Operator

BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL
BNFL

BE
BE
BE
BE
BE
BE
BE
BE

BNFL
BNFL

BE
BE
BE
BE

BNFL
BNFL
BNFL
BNFL

BE
BE
BE

BNFL
BNFL

NSSS
Supplier

TNPG
TNPG

UKAEA
UKAEA
UKAEA
UKAEA
UKAEA
UKAEA
UKAEA
UKAEA

TNPG
TNPG

APC
APC
NPC
NPC
NPC
NPC
NPC
NPC

EE/B&W/T
EE/B&W/T

TNPG
TNPG
TNPG
TNPG
TNPG
TNPG

EE/B&W/T
EE/B&W/T

PPC
NNC
NNC

EE/B&W/T
EE/B&W/T

Construction
Start

1957-1
1957-1
1953-8
1953-8
1955-8
1955-8

1955-10
1955-10
1955-10
1955-10

1960-7
1960-7

1965-10
1965-10
1968-10
1968-10
1970-12
1970-12

1980-8
1980-8

1957-11
1957-11
1967-9
1967-9

1967-11
1967-11
1962-5
1962-5
1961-4
1961-4
1988-7
1980-8
1980-8
1963-9
1963-9

Grid
Connection

1962-7
1962-7
1956-8
1957-2
1958-3
1959-4
1959-2
1959-7

1959-11
1960-1
1965-9

1965-11
1985-12

1983-4
1983-8

1984-10
1983-7

1984-10
1988-7

1988-11
1965-2
1965-3

1976-10
1976-2
1976-2
1977-3

1967-11
1968-4
1966-1
1966-4
1995-2
1988-5
1989-2
1971-1
1971-7

Commercial
Operation

1962-7
1962-11
1956-10

1957-2
1958-5
1959-4
1959-3
1959-8

1959-12
1960-3

1965-10
1965-12

1989-4
1985-4
1989-4
1989-4
1989-4
1989-4
1989-4
1989-4
1965-3
1965-5

1978-10
1976-9
1976-2
1977-3

1967-12
1968-9
1966-3
1966-9
1995-9
1988-5
1989-2

1971-11
1972-1

LF%
to

1998
57.0

(3)
72.0

(3)
(3)
(3)

80.0
(3)
(3)
(3)

66.0
(3)

46.0
35.0
63.0
70.0
69.0
72.0
53.0
57.0
66.0

(3)
74.0
69.0
64.0
64.0
79.0

(3)
70.0

(3)
(2)

55.0
58.0
71.0

(3)

EAF %
to

1998
79.0

(3)
91.0

(3)
(3)
(3)

92.0
(3)
(3)
(3)

84.0
(3)

48.0
43.0
70.0
76.0
74.0
77.0
60.0
63.0
88.0

(3)
74.0
74.0
77.0
81.0
90.0

(3)
84.0

(3)
(2)

69.0
70.0
88.0

(3)

SUMMARY TABLES



TABLE II-2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000 (CONTINUED)

Country

UKRAINE

USA

Code
UA-40
UA-27
UA-28
UA-29
UA-44
UA-45
UA-48
UA-54
UA-56
UA-78
UA-79
UA-126
UA-127
US-313
US -368
US -334
US -412
US -456
US -457
US -259
US -260
US -296
US -325
US -324
US -454
US -455
US -483
US-317
US-318
US -413
US -414
US-461
US -397
US-445
US -446
US -298

Reactor

Name
KHMELNITSKI-1
ROVNO-1
ROVNO-2
ROVNO-3
SOUTH UKRAINE-1
SOUTH UKRAINE-2
SOUTH UKRAINE-3
ZAPOROZHE-1
ZAPOROZHE-2
ZAPOROZHE-3
ZAPOROZHE-4
ZAPOROZHE-5
ZAPOROZHE-6
ARKANSAS ONE-1
ARKANSAS ONE-2
BEAVER VALLEY-1
BEAVER VALLEY-2
BRAIDWOOD-1
BRAIDWOOD-2
BROWNS FERRY-1
BROWNS FERRY-2
BROWNS FERRY-3
BRUNSWICK-1
BRUNSWICK-2
BYRON-1
BYRON-2
CALLAWAY-1
CALVERT CLIFFS-1
CALVERT CLIFFS-2
CATAWBA-1
CATAWBA-2
CLINTON-1
COLUMBIA-2
COMANCHEPEAK-1
COMANCHE PEAK-2
COOPER

Type

WWER
WWER
WWER
WWER
WWER
WWER
WWER
WWER
WWER
WWER
WWER
WWER
WWER

PWR
PWR
PWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR
BWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
BWR
BWR
PWR
PWR
BWR

Capacity
MW(e)

Net
950
381
376
950
950
950
950
950
950
950
950
950
950
836
858
810
810

1116
1116
1065
1118
1118
820
811

1114
1114
1127
835
840

1129
1129
930

1117
1150
1150
758

Gross
1000
420
415

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
883
897
860
870

1175
1175
1098
1098
1098
791
782

1175
1175
1232
860
860

1192
1192
979

1129
1161
1161
787

Operator

NNEGC
NNEGC
NNEGC
NNEGC
NNEGC
NNEGC
NNEGC
NNEGC
NNEGC
NNEGC
NNEGC
NNEGC
NNEGC

ENTRGYSW
ENTRGYSW

FIRSTENR
FIRSTENR

EXELON
EXELON

TVA
TVA
TVA

PROGRESS
PROGRESS

EXELON
EXELON

AMERENUE
CONSTELL
CONSTELL

DUKE
DUKE
AMER

ENERGYNW
TXU
TUC

NPPD

NSSS
Supplier

PAIP
PAIP
PAIP
PAIP
PAA
PAA
PAA
PAIP
PAIP
PAIP
PAIP
PAIP
PAIP
B&W

CE
WEST
WEST
WEST
WEST

GE
GE
GE
GE
GE

WEST
WEST
WEST

CE
CE

WEST
WEST

GE
GE

WEST
WEST

GE

Construction
Start
1981-11

1973-8
1973-10
1980-2
1977-3

1979-10
1985-2
1980-4
1981-1
1982-4
1983-4

1985-11
1986-6

1968-10
1971-7
1970-6
1974-5
1975-8
1975-8
1967-5
1967-5
1968-7
1969-9
1969-9
1975-4
1975-4
1975-9
1968-6
1968-6
1974-5
1974-5

1975-10
1972-8

1974-10
1974-10

1968-6

Grid
Connection

1987-12
1980-12
1981-12
1986-12
1982-12
1985-1
1989-9

1984-12
1985-7

1986-12
1987-12

1989-8
1995-10
1974-8

1978-12
1976-6
1987-8
1987-7
1988-5

1973-10
1974-8
1976-9

1976-12
1975-4
1985-3
1987-2

1984-10
1975-1

1976-12
1985-1
1986-5
1987-4
1984-5
1990-4
1993-4
1974-5

Commercial
Operation

1988-8
1981-9
1982-7
1987-5

1983-10
1985-4

1989-12
1985-12

1986-2
1987-3
1988-4

1989-10
1996-9

1974-12
1980-3

1976-10
1987-11

1988-7
1988-10

1974-8
1975-3
1977-3
1977-3

1975-11
1985-9
1987-8

1984-12
1975-5
1977-4
1985-6
1986-8

1987-11
1984-12
1990-8
1993-8
1974-7

LF%
to

1998
68.0
80.0
78.0
69.0
65.0
56.0
69.0
54.0
59.0
63.0
68.0
69.0
74.0
69.0
76.0
61.0
75.0
76.0
82.0
22.0
52.0
38.0
62.0
60.0
76.0
82.0
86.0
72.0
75.0
77.0
78.0
56.0
63.0
79.0
80.0
65.0

EAF%
to

1998
68.0
80.0
80.0
72.0
64.0
57.0
71.0
57.0
62.0
66.0
70.0
70.0
75.0
75.0
78.0
65.0
81.0
81.0
87.0
19.0
55.0
40.0
66.0
65.0
82.0
89.0
88.0
73.0
76.0
80.0
81.0
61.0
72.0
86.0
86.0
71.0
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TABLE II-2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000 (CONTINUED)

Country

USA
Code

US -302
US -346
US -275
US -323
US-315
US-316
US -237
US -249
US-331
US -341
US -348
US -364
US -333
US -285
US -416
US -261
US-321
US -366
US -354
US -247
US -286
US -305
US -373
US -374
US -352
US -353
US -369
US -370
US -336
US -423
US -263
US -220
US -410
US -338
US -339

Reactor

Name
CRYSTAL RIVER-3
DAVIS BESSE-1
DIABLO CANYON-1
DIABLO CANYON-2
DONALD COOK-1
DONALD COOK-2
DRESDEN-2
DRESDEN-3
DUANE ARNOLD-1
ENRICO FERMI-2
FARLEY-1
FARLEY-2
FITZPATRICK
FORTCALHOUN-1
GRAND GULF-1
H.B. ROBINSON-2
HATCH-1
HATCH-2
HOPE CREEK-1
INDIAN POINT-2
INDIAN POINT-3
KEWAUNEE
LASALLE-1
LASALLE-2
LIMERICK-1
LIMERICK-2
MCGUIRE-1
MCGUIRE-2
MILLSTONE-2
MILLSTONE-3
MONTICELLO
NINE MILE POINT-1
NINE MILE POINT-2
NORTH ANNA-1
NORTH ANNA-2

Type

PWR
PWR
PWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR
PWR
PWR
BWR
PWR
BWR
PWR
BWR
BWR
BWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR
PWR
PWR
PWR
PWR
BWR
BWR
BWR
PWR
PWR

Capacity
MW(e)

Net
834
873

1073
1087
1000
1060
784
784
520

1101
847
852
820
476

1204
683
863
878

1031
941
970
498

1077
1087
1134
1150
1100
1100
873

1155
578
610

1142
893
897

Gross
860
921

1124
1137
1056
1100
840
840
545

1110
856
864
807
502

1190
700
774
799

1076
985

1000
537

1146
1146
1092
1092
1171
1171
903

1184
564
635

1124
894
957

Operator

PROGRESS
FIRSTENR

PGEC
PGEC

IMPCO
IMPCO

EXELON
EXELON

ALLIANT
DETED
SOUTH
SOUTH
PASNY

OPPD
ENTRGYSW
PROGRESS

SOUTH
SOUTH

PSEG
CONED

ENTERGNE
NUCMEN
EXELON
EXELON
EXELON
EXELON

DUKE
DUKE
NNEC
NNEC

NSP
NMPC
NMPC

DOMIN
DOMIN

NSSS
Supplier

B&W
B&W

WEST
WEST
WEST
WEST

GE
GE
GE
GE

WEST
WEST

GE
CE
GE

WEST
GE
GE
GE

WEST
WEST
WEST

GE
GE
GE
GE

WEST
WEST

CE
WEST

GE
GE
GE

WEST
WEST

Construction
Start

1967-6
1970-9
1968-8

1970-12
1969-3
1969-3
1966-1

1966-10
1970-6
1969-5

1970-10
1970-10

1968-9
1968-6
1974-5
1967-4
1968-9
1972-2
1976-3

1966-10
1968-11
1968-8
1973-9

1973-10
1970-4
1970-4
1971-4
1971-4

1969-11
1974-5
1967-6
1965-4
1975-8
1971-2

1970-11

Grid
Connection

1977-1
1977-8

1984-11
1985-10

1975-2
1978-3
1970-4
1971-7
1974-5
1986-9
1977-8
1981-5
1975-2
1973-8

1984-10
1970-9

1974-11
1978-9
1986-8
1973-6
1976-4
1974-4
1982-9
1984-4
1985-4
1989-9
1981-9
1983-5

1975-11
1986-2
1971-3

1969-11
1987-8
1978-4
1980-8

Commercial
Operation

1977-3
1978-7
1985-5
1986-3
1975-8
1978-7
1970-6

1971-11
1975-2
1988-1

1977-12
1981-7
1975-7
1974-6
1985-7
1971-3

1975-12
1979-9

1986-12
1974-8
1976-8
1974-6
1984-1

1984-10
1986-2
1990-1

1981-12
1984-3

1975-12
1986-4
1971-6

1969-12
1988-3
1978-6

1980-12

LF%
to

1998
63.0
64.0
81.0
84.0
59.0
56.0
59.0
59.0
68.0
65.0
77.0
82.0
66.0
73.0
82.0
70.0
72.0
73.0
80.0
61.0
54.0
81.0
61.0
60.0
79.0
87.0
70.0
77.0
56.0
62.0
76.0
63.0
72.0
74.0
81.0

EAF %
to

1998
66.0
68.0
83.0
87.0
64.0
61.0
73.0
67.0
74.0
70.0
80.0
86.0
70.0
78.0
83.0
75.0
75.0
78.0
83.0
64.0
59.0
82.0
64.0
63.0
85.0
90.0
76.0
80.0
59.0
65.0
82.0
69.0
76.0
77.0
85.0
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TABLE II-2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000 (CONTINUED)

Country

USA
Code

US -269
US -270
US -287
US -219
US -255
US -528
US -529
US -530
US -277
US -278
US -440
US -293
US -266
US -301
US -282
US -306
US -254
US -265
US -244
US -458
US -272
US-311
US -361
US -362
US-443
US -327
US -328
US -400
US -498
US -499
US -335
US -389
US -280
US-281

Reactor

Name
OCONEE-1
OCONEE-2
OCONEE-3
OYSTER CREEK
PALISADES
PALO VERDE-1
PALO VERDE-2
PALO VERDE-3
PEACH BOTTOM-2
PEACH BOTTOM-3
PERRY-1
PILGRIM-1
POINT BEACH-1
POINT BEACH-2
PRAIRIE ISLAND-1
PRAIRIE ISLAND-2
QUAD CITIES-1
QUAD CITIES-2
R.E. GINNA
RIVER BEND-1
SALEM-1
SALEM-2
SAN ONOFRE-2
SAN ONOFRE-3
SEABROOK-1
SEQUOYAH-1
SEQUOYAH-2
SHEARON HARRIS-1
SOUTH TEXAS-1
SOUTH TEXAS-2
ST. LUCIE-1
ST. LUCIE-2
SURRY-1
SURRY-2

Type

PWR
PWR
PWR
BWR
PWR
PWR
PWR
PWR
BWR
BWR
BWR
BWR
PWR
PWR
PWR
PWR
BWR
BWR
PWR
BWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR
PWR

Capacity
MW(e)

Net
846
846
846
619
760

1243
1243
1247
1093
1093
1169
665
505
507
525
524
762
762
498
936

1106
1106
1070
1080
1161
1122
1117
860

1250
1250
839
839
801
801

Gross
886
886
886
632
770

1303
1303
1303
1098
1098
1225
696
509
509
534
531
813
813
490
995

1149
1149
1127
1127
1200
1162
1162
920

1312
1312
872
882
820
820

Operator

DUKE
DUKE
DUKE

AMERGEN
NUCMAN

APS
APS
APS

EXELON
EXELON

FIRSTENR
ENTERGNE

WEP
WEP

NUCMAN
NUCMAN
EXELON
EXELON

RGE
ENTRGYSW

PSEG
PSEG

SCE
SCE

NAES
TVA
TVA

PROGRESS
STP
STP
FPL
FPL

DOMIN
DOMIN

NSSS
Supplier

B&W
B&W
B&W

GE
CE
CE
CE
CE
GE
GE
GE
GE

WEST
WEST
WEST
WEST

GE
GE

WEST
GE

WEST
WEST

CE
CE

WEST
WEST
WEST
WEST
WEST
WEST

CE
CE

WEST
WEST

Construction
Start
1967-11
1967-11
1967-11
1964-1
1967-2
1976-5
1976-6
1976-6
1968-1
1968-1

1974-10
1968-8
1967-7
1968-7
1968-5
1969-5
1967-2
1967-2
1966-4
1977-3
1968-1
1968-1
1974-3
1974-3
1976-7
1970-5
1970-5
1974-1
1975-9
1975-9
1970-7
1976-6
1968-6
1968-6

Grid
Connection

1973-5
1973-12

1974-9
1969-9

1971-12
1985-6
1986-5

1987-11
1974-2
1974-9

1986-12
1972-7

1970-11
1972-8

1973-12
1974-12

1972-4
1972-5

1969-12
1985-12
1976-12

1981-6
1982-9
1983-9
1990-5
1980-7

1981-12
1987-1
1988-3
1989-4
1976-5
1983-6
1972-7
1973-3

Commercial
Operation

1973-7
1974-9

1974-12
1969-12
1971-12
1986-1
1986-9
1988-1
1974-7

1974-12
1987-11
1972-12
1970-12
1972-10
1973-12
1974-12
1973-2
1973-3
1970-7
1986-6
1977-6

1981-10
1983-8
1984-4
1990-8
1981-7
1982-6
1987-5
1988-8
1989-6

1976-12
1983-8

1972-12
1973-5

LF%
to

1998
72.0
74.0
75.0
63.0
59.0
72.0
75.0
80.0
63.0
64.0
73.0
58.0
75.0
79.0
83.0
86.0
66.0
63.0
77.0
72.0
54.0
54.0
77.0
79.0
80.0
59.0
63.0
83.0
71.0
74.0
78.0
84.0
67.0
68.0

EAF%
to

1998
77.0
78.0
77.0
69.0
65.0
73.0
76.0
81.0
66.0
66.0
76.0
63.0
81.0
82.0
84.0
86.0
71.0
70.0
81.0
76.0
58.0
60.0
78.0
81.0
82.0
62.0
67.0
85.0
74.0
76.0
79.0
85.0
70.0
70.0
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TABLE II-2. REACTORS CONNECTED TO THE GRID, 31 DECEMBER 2000 (CONTINUED)

Country

USA
Code

US -387
US -388
US -289
US -250
US-251
US-271
US -395
US -424
US -425
US -382
US -390
US -482

Reactor

Name
SUSQUEHANNA-1
SUSQUEHANNA-2
THREE MILE ISLAND-1
TURKEY POINT-3
TURKEY POINT-4
VERMONT YANKEE
VIRGIL C. SUMMER-1
VOGTLE-1
VOGTLE-2
WATERFORD-3
WATTS BAR-1
WOLF CREEK

Type

BWR
BWR
PWR
PWR
PWR
BWR
PWR
PWR
PWR
PWR
PWR
PWR

Capacity
MW(e)

Net
1090
1094
786
693
693
506
952

1148
1149
1075
1118
1170

Gross
1078
1082
834
699
699
535
922

1159
1163
1120
1218
1181

Operator

PP&L
PP&L

AMER
FPL
FPL

VYNPC
SCEG

SOUTH
SOUTH

ENTRGYSW
TVA

WOLF

NSSS
Supplier

GE
GE

B&W
WEST
WEST

GE
WEST
WEST
WEST

CE
WEST
WEST

Construction
Start
1973-11
1973-11

1968-5
1967-4
1967-4

1967-12
1973-3
1976-8
1976-8

1974-11
1972-12

1977-1

Grid
Connection

1982-11
1984-7
1974-6

1972-11
1973-6
1972-9

1982-11
1987-3
1989-4
1985-3
1996-2
1985-6

Commercial
Operation

1983-6
1985-2
1974-9

1972-12
1973-9

1972-11
1984-1
1987-6
1989-5
1985-9
1996-5
1985-9

LF%
to

1998
77.0
82.0
64.0
67.0
68.0
78.0
78.0
87.0
89.0
82.0
88.0
82.0

EAF %
to

1998
79.0
84.0
84.0
73.0
72.0
81.0
82.0
88.0
90.0
83.0
90.0
83.0

Note 1: Performance factors calculated only for period of full commercial operation, and only to 1999.
Note 2: No operating experience data is available in IAEA PRIS for this reactor.
Note 3: Cumulative performance factors for multiple unit stations are calculated for the whole station.
Note 4: Reactor data and information in the individual country nuclear power profiles might differ from data in this Table due to country information provided.
Status as of 31 December 2000,438 reactors (351327 MW(e)) were connected to the grid, including 6 units (4884 MW(e)) in Taiwan, China.
Source: IAEA Power Reactor Information System (PRIS; RDS No. 2, edition 2001.
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TABLE II—3. REACTORS UNDER CONSTRUCTION, 31 DECEMBER 2000

Country

ARGNTINA
CHINA

CZECH R.
INDIA

IRAN

JAPAN

KOREA RP

ROMANIA
RUSSIA

SLOVAK R

UKRAINE

Code
AR-3
CN-6
CN-7
CN-4
CN-5
CN-8
CN-9
CN-10
CN-11
CZ-24
IN-23
IN-24
IR-1
IR-2
JP-60
JP-58
JP-57
KR-19
KR-20
KR-17
KR-18
RO-2
RU-36
RU-I20
RU-59
SK-10
SK-11
UA-41
UA-51
UA-52
UA-69

Reactor

Name
ATUCHA-2
LINGAO 1
LINGAO 2
QINSHAN 2 - 1
QINSHAN 2 - 2
QINSHAN 3 - 1
QINSHAN 3 - 2
TIANWAN1
TIANWAN 2
TEMELIN-2
TARAPUR-3
TARAPUR-4
BUSHEHR-1
BUSHEHR-2
HAMAOKA-5
HIGASHI DORI1
ONAGAWA-3
ULCHIN-5
ULCHIN-6
YONGGWANG-5
YONGGWANG-6
CERNAVODA-2
KALININ-3
KURSK-5
ROSTOV-1
MOCHOVCE-3
MOCHOVCE-4
KHMELNITSKI-2
KHMELNITSKI-3
KHMELNITSKI-4
ROVNO-4

Type

PHWR
PWR
PWR
PWR
PWR

PHWR
PHWR

PWR
PWR

WWER
PHWR
PHWR

PWR
PWR

ABWR
BWR
BWR
PWR
PWR
PWR
PWR

PHWR
WWER
LWGR
WWER
WWER
WWER
WWER
WWER
WWER
WWER

Capacity
MW(e)

Net
692
935
935
610
610
665
665

1000
1000
912
450
450
915

1196
1325
1067
798
960
960
950
950
650
950
925
950
388
388
950
950
950
950

Gross
745
985
985
642
642
728
728

1060
1060
981
500
500

1000
1293
1380
1100
825

1000
1000
1000
1000
706

1000
1000
1000
432
432

1000
1000
1000
1000

Operator

NASA
LANPC
LANPC

NPQJVC
NPQJVC

TQNPC
TQNPC

JNPC
JNPC

CEZ
NPCIL
NPCIL

AEOI
AEOI

CHUBU
TOHOKU
TOHOKU

KEPCO.
KEPCO.
KEPCO.
KEPCO.

SNN
REA
REA
REA
EMO
EMO

NNEGC
NNEGC
NNEGC
NNEGC

NSSS
Supplier

SIEMENS
FRAM
FRAM
CNNC
CNNC
AECL
AECL

AEE&ZAES
AEE&ZAES

SKODA
NPCIL
NPCIL

ASE
KWU

TOSHIBA
TOSHIBA
TOSHIBA

KHIKAECE
KHIKAECE
KHIKAECE
KHIKAECE

AECL

SKODA
SKODA

Construction
Start

1981-6
1997-5

1997-11
1996-6
1997-4
1998-6
1998-9

1999-10
2000-10

1987-2
2000-3
2000-5
1975-5
1975-2
2000-7

2000-11
1998-1

1999-10
1999-10

1997-6
1997-11
1983-7

1985-10
1985-12

1981-9
1985-1
1985-1
1985-2
1986-3
1987-2
1986-8

First
Criticality

—
2002-2

2002-10
2001-11

2002-9
2002-10
2003-5
2004-4
2005-4
2002-2
2006-7

2005-10
2002-6

—
—
—
—
—
—
—
—

2004-9
—
—
—
—
—
—
—
—
—

Grid
Connection

2002-4
2002-12

2002-2
2002-12
2002-11
2003-6
2004-5
2005-5
2002-3

2006-11
2005-12
2002-7

—
—
—
—
—
—
—

2004-12
—

—

—

Commercial
Operation

2002-7
2003-3
2002-6
2003-4
2003-2

2003-11
2004-12
2005-12

2002-8
2007-1
2006-4
2003-1

2005-1
2005-7
2002-5
2004-6
2005-6
2002-4

2002-12
2005-6

—

—

—
—
—
—
—

Note 1: Reactor data and infonnation in the individual country nuclear power profiles might differ from data in this Table due to country information provided.
Status as of 31 December 2000, 33 reactors (28656 MW(e)) are under construction, including 2 units (2560 MW(e)) in Taiwan, China
Source: IAEA Power Reactor Infonnation System (PRIS; RDS No. 2, edition 2001.
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oo TABLE II-4. COMPARISON TABLE ON STATISTIC DATA OF YEAR 2000.

Country

Argentina
Armenia
Belgium
Bulgaria
Brazil
Canada
China
Czech Rep.
Finland
France
Germany
Hungary
India
Iran Isl. Rep.
Italy
Japan
Kazakhstan
Korea Rep.
Lithuania
Mexico
Netherlands
Pakistan
Romania
Russian Fed.
Slovakia

Population Data
Population

(millions)

37.0

3.8

10.2

7.9

170.4

30.8

1,275.1

10.3

5.2

59.2

82.0

10.0

1,008.9

94.8

57.5

127.1

16.2

46.7

3.7

98.9

15.9

141.3

22.4

145.5

5.4

Pop. dens.

(inh/km2)

13.4

133.3

335.9

71.7

20.0

3.1

133.4

130.2

15.3

107.4

234.7

107.1

306.9

225.3

191.0

336.4

6.1

472.0

56.7

50.5

425.0

177.4

94.5

8.6

110.1

Economic Data
GDPb

283

1.85

248

12.4

752

635

989

53.1

130

1,430

2,110

48.4

447

111

1,170

4,350

15.8

407

10.6

484

394

58.2

34.0

401

19.7

GDPc per
capita

7,649

467

24,314

1,570

4,413

20,617

0,776

5,155

25,000

24,155

25,732

4,8.40

0,443

1,171

20,348

34,225

0,975

8,715

2,865

4,894

24,800

0,412

1,518

2,756

3,648

Energy Dataa

Total
Consumptiond

2.67

0.11

2.31

0.79

9.61

11.64

41.09

1.68

1.27

10.23

14.07

1.17

18.20

4.91

7.83

21.04

1.46

7.18

0.22

6.25

3.44

2.15

1.61

26.81

0.83

Total
Production

3.46

0.03

0.46

0.45

7.57

17.95

40.00

1.15

0.42

4.71

4.93

0.52

14.84

10.17

1.53

4.30

2.82

1.17

0.12

9.43

2.78

1.43

1.13

42.80

0.27

Net Import

-1.51

0.08

2.23

0.41

2.03

-6.80

-62.51

0.58

0.70

6.33

9.64

0.74

3.55

-2.89

6.17

16.92

-1.46

5.77

0.16

-3.52

1.15

0.72

0.46

-15.98

0.52

Electricity Data
Total El.

Productione

(TW-h)

78.95

6.56

93.87

42.93

357.19

564.32

1,299.57

68.43

73.46

515.31

569.42

39.29

557.28

116.79

274.58

1,088.35

41.54

272.76

22.86

207.04

97.57

68.70

51.83

876.80

25.52

Total El.
Capacity
(GW(e))

25.20

3.06

15.01

12.09

70.72

118.31

253.69

14.77

15.25

114.64

115.68

7.02

121.22

33.83

70.58

256.32

18.90

56.26

5.54

50.25

21.18

19.17

22.42

209.85

8.36

Energy Related Ratios
En. Cons,
per capita
(GJ/cap)

72

28

225

100

56

378

32

163

245

173

172

117

18

70

136

166

90

154

61

63

217

15

72

184

153

Electricity
per capita

(kW-h/cap)

2,278

1,575

8,747

4,141

2,344

17,117

1,017

5,753

15,826

7,405

6,428

3,612

513

1,591

5,281

8,079

2,344

5,610

2,766

2,016

6,696

468

2,236

4,947

5,116

El. Prod./
En. Prod.

(%)

21

195

187

83

45

29
31

53

164

101

104

67

33

11

165

230

12

215

169

20

33

44

42

18

90

Nuclear/
Total El.

(%)

8

31

50

47

2

13

1

22

30

80

30

39

3
-
-

30

-

39
39

4

4

2

10

15

65

Ratio1 of
Dependency

(%)

-57

73

97

51

21

-58

-152
35

56

62

69

63

20

-59

79

80

-99

80

73

-56

33

34

29

-60

63
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TABLE II—4. COMPARISON TABLE ON STATISTIC DATA OF YEAR 2000.

Country

Slovenia
South Africa
Spain
Sweden
Switzerland
Turkey
Ukraine
UK
USA
Vietnam
Bangladesh
Indonesia

Population Data
Population

(millions)

2.0

43.3

39.9

8.8

7.2

66.7

49.6

59.4

283.2

78.1

137.4

212.1

Pop. dens.

(inh/km2)

98.1

35.5

79.1

19.7

173.7

85.5

82.1

242.6

30.2

235.6

954.5

111.4

Economic Data
GDP6

20

131

596

239

259

186

38.7

1,440

9,150

28.7

46

143

GDPc per
capita

10,000

3,025

14,937

27,159

35,972

2,789

0,780

24,242

32,309

0,367

0,335

0,674

Energy Dataa

Total
Consumption d

0.29

6.01

5.10

2.05

1.16

3.58

5.82

9.91

96.05

1.02

0.48

6.86

Total
Production

0.13

5.97

1.44

1.45

0.57

1.39

3.34

12.19

71.51

1.60

0.36

11.42

Net Import

0.16

-

4.25

0.91

0.70

2.17

2.57

-1.65

24.97

-0.43

0.17

-4.58

Electricity Data
Total El.

Productione

(TW-h)

14.37

194.31

215.55

166.81

62.13

131.89

159.67

376.28

4,021.54

28.60

15.73

107.19

Total El.
Capacity
(GW(e))

2.60

35.54

58.78

33.14

16.81

24.90

52.85

75.38

813.35

5.48

3.73

25.68

Energy Related Ratios
En. Cons,
per capita

144

139

128

232

161

54

117

167

339

13

4

32

Electricity
per capita

(kW-h/cap)

5,782

4,660

5,288

16,377

7,818

1,979

2.991

6,199

13,421

357

109

501

El. Prod./
En. Prod.

(%)

100

31

139

107

102

87

43

28

51

17

40

9

Nuclear/
Total El.

(%)

34

7

29

34

41

-

49

22

20

-

-

-

Ratio' of
Dependency

(%)

57

-

83

45

L_ 6 1

61

44

-17

26

-42

35

-67
a Exajoule.
b 1999 GDP at market prices, billions of current US$ (WB).
c 1999 GDP/cap in current US$ (WB).
d Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
e Electricity losses are not included.
f Net Import/Total Energy Consumption.
Source: Data & Statistics/The World Bank; IAEA Energy and Economic Data Base.
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Annex III

NUCLEAR POWER RELATED WEBSITES

This Annex is prepared in HTML format to facilitate easy and direct access to web sites of
nuclear related organizations on the CD-ROM edition and is not reproduced for this hard copy
edition. However, each country profile contains an Appendix "Directory of the main organizations,
institutions and companies involved in nuclear power related activities", with addresses, telephone
and facsimile numbers and web sites. Below are only a few general links provided, which were
available at the IAEA library.

GENERAL NUCLEAR POWER RELATED WEBSITES

• Nuclear Engineering Resources on the Internet (Cornell University)
• Nuclear Files - Nuclear Age Peace Foundation
• WWW Virtual Library-Nuclear Engineering
• Yahoo! - Science:Engineering:Nuclear Engineering
• Glossary: Definitions of Radiation, and Related Terms.

Contains definitions of Basic terms; common types of radiation; common units USA;
SI prefixes and terms related to radiation dose.

• Glossary of Nuclear Terms
Contains an A-Z index of nuclear terms and news briefings, and a weekly news update
on all aspects of uranium mining and the nuclear energy industry.

• IAEA Safety Glossary
Searchable from A-Z.

• Nuclear Forces Guide
Coverage of this site includes information on: Countries National Nuclear Forces
Guide including Systems; Facilities; Organizations; Sources and Resources.

• Nuclear Safety Information Centre (NSIC)
Developed by the Department of Nuclear Safety (NSIC), the centre makes available to
IAEA staff documents in the field of nuclear, radiation and radioactive waste safety
published by: the IAEA; national and international organizations and commercial
publishers.

• Nuclear Sites of the World
This site contains a list of 27 nuclear countries worldwide arranged in the following
categories: Chernobyl and the consequences; commercial associations; companies;
conferences and meetings; disposal of radioactive waste; electrical utilities;
environmental organizations; fuel reprocessing; information about nuclear energy;
international organizations; journals; nuclear power plants; nuclear regulatory bodies;
nuclear societies; nuclear weapons; opponents of nuclear energy; radiological
protection; research institutes; universities; uranium mining.

• Rad Waste and Wast clink
Directory of radioactive waste management includes companies, research centers,
organizations, and government agencies information and journals.

• Russian Nuclear Energy and It's Safety
Thus site has general information on nuclear energy, as well as data about nuclear
reactors, radiation and all accidents happened in this field, (in Russian)
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Annex IV

SOME ISSUES AND STRATEGIES OF PLANNING FOR NUCLEAR POWER
IN A DEVELOPING COUNTRY - EXPERIENCE OF BANGLADESH1

1. INTRODUCTION

According to various estimates, a significant part of the future incremental demand for
electricity on a global basis will come from the developing countries. The projected rapid growth rate
in these countries will be caused by an increase of the present low base of per capita electricity
consumption and the demand driven by the overall economic development. Such a shift in global
distribution of electricity generation could put additional pressure on fossil fuels, which in turn, could
lead to an energy crisis. The environmental dimension of energy and the resulting universal concern
for emissions of green house gases are now overwhelming. Any future global consensus on remedial
measures could compel nations to introduce clean energy generation technologies. Other forms of
interventions, such as the carbon tax, could also escalate the price of fossil fuels. This situation will
make it difficult for many developing countries to sustain their overall economic growth. The question
of energy security is also expected to assume more importance. These are some of the factors that are
likely to influence the future energy scene of the world in general, and energy starved developing
countries in particular.

On the other hand, the development of new energy technologies has not been as intensive as it
deserved after the global energy crises of the last century. Renewable energy technologies like solar
photovoltaic cells and wind turbines may be useful for meeting energy needs of small, fragmented and
isolated demand centres. Their roles as components of a global fuel-mix, therefore, remain
insignificant. The present status of development of comparatively more promising alternate
technologies, namely fusion and hydrogen energy, indicates that intensive research and development
efforts are required before they are commercially available and technically and economically feasible.
Therefore, these alternatives cannot be considered as components of an energy mix of a country even
when the planning horizon is extended to 30-40 years.

Most of the developing countries cannot respond quickly to abrupt changes in technology of
power generation or the international fuel market due to the inadequacy in infrastructure and other
enabling capabilities. They tend to rely more on matured technologies. Thus, in the ultimate analysis,
the role of a matured technology like nuclear power has to be objectively assessed as one of the
options for meeting future energy demands. On the other hand, no developing country could succeed
in accessing nuclear power even after the energy crises of the 70's and 80's in the last century.
Planning for nuclear power is quite complicated and encompasses a whole range of activities,
strategies and policy issues. The long gestation period also compounds the task to a great extent.

2. RATIONALE FOR NUCLEAR POWER IN BANGLADESH

Nuclear power was identified as a viable proposition for Bangladesh way back in the 1960's. A
site for the first project was selected based on relevant criteria and land for it was acquired. Several
feasibility studies and site studies were conducted since then. All of these confirmed the technical,
economic and financial viability of nuclear power.

2.1. Energy Demand

The present per capita electricity generation is only about 100 kWh. For obvious reasons, this is
impeding economic growth of the country. According to the low scenario of demand projection of the
National Energy Policy, the average annual growth rate of demand should be in the range from 7 to

1 Annex IV contains information from Bangladesh, which has submitted relevant information in the framework of the IAEA
activity on integrated approach of nuclear power programme planning. In addition, the Secretariat has added the EEDB data
and the international agreements.
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8% over the next fifteen years, resulting in an increase of the per capita electricity consumption to
roughly 350 kWh by 2015.

2.2. Fuel Options

Natural gas now accounts for roughly 85% of the total electricity generation. The estimated
reserves of gas and its demand for other sectors suggest that its supply cannot meet the entire
incremental demand of the future. This entire reserve is located in the Eastern Zone, which is
separated from the Western Zone by the system of major rivers (see Fig. 1). This compels the Western
Zone to depend on an electrical inter-connector for import of electricity for meeting even a part of its
base load. In fact, nuclear power was initially envisaged for the Western Zone to reduce the
dependence on imported electricity as well as imported fuel.

The other indigenous fuels, namely newly found coal deposits and the lone exploitable site for
hydro-generation, are inadequate for meeting the rest of the incremental demand for electricity.
Therefore, the country will have to import fossil fuels even for meeting the needs for sustaining even a
modest growth in demand for electricity.

FIG. 1. Map of Bangladesh

2.3. Shortcoming of Imported Fuels

Bulk import of fossil fuels for power generations will be difficult due to the uncertainties in
price and their availability in the international fuel market. Moreover, the existing infrastructure will
be inadequate for catering to the demands of handling, internal transportation and other logistics
associated with such bulk imports. The environmental effects of fossil fuel in general and coal in
particular are also additional factors of concern.
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2.4. Energy Security

Bangladesh is still struggling hard to attain the threshold of development. Reliability of energy
supply is thus critical. Sustainability of the future energy development programme is also equally
important. The future energy-mix should, therefore, include an array of supply options and
technologies that can facilitate attaining energy security.

3. LESSONS FROM THE PLANNING EXERCISES OF THE PAST

Bangladesh, and in particular the Bangladesh Atomic Energy Commission (BAEC) has been
involved in planning for nuclear power for about four decades. The general continuity in government
decision and firm commitment necessitated continued planning exercises by the executing agency
(BAEC) over this extended period. The Government decision coupled with the country's impeccable
commitment to nuclear non-proliferation may be considered as some of the strong enabling measures
already taken for accessing nuclear power technology. The excess and unutilised manufacturing
capacities of the nuclear industry world-wide and a shrinking global demand for the technology, which
has resulted in a typical buyer's market scenario, can be an ideal condition for the developing countries
to implement nuclear projects. In spite of such favourable conditions, it has not been possible to
initiate the project. It is, therefore, worthwhile to identify and analyse the specific issues and
inadequacies of the planning phase for nuclear power as experienced by Bangladesh.
Nuclear power as compared to most of the conventional technologies is essentially complicated and
the decision on its implementation directly or indirectly involves multiple parties, both internal and
external to the nation as well as some international organizations. The key issues influencing the
decision include safety, liability and the requirements related to the international non-proliferation
regime. In the case of Bangladesh, decisions regarding the nuclear power project were always taken at
the highest level of the government and in consultation with the relevant government agencies. Even
then, it was not possible to resolve all the problems confronting the implementation of a nuclear power
programme. Some of the limiting factors as encountered are as follows:

(a) Limitations of the grid and size of the plant

In the past, the Bangladesh grid was fragmented and its total demand required that the
size of the nuclear unit was to be less than 300 MW. Options available for this size were
limited. However, the subsequent integration of the fragmented demand centres and installation
of an East-West electrical inter-connector have resulted in a moderately developed integrated
grid. The projected growth of this grid vis-a-vis the gestation time for implementation of a
nuclear power project indicates that a 600 MW unit may be planned for integration into it. The
supply market for such plants, though not ideal, is expected to have a number of options.

(b) Financing and its international connotations

Bangladesh is traditionally dependent on bilateral and to some extent multi-lateral funds
for the growth of its power sector. Perception and apprehension of these sources are that the
developing countries cannot adopt nuclear power technology or operate nuclear power plants
safely, reliably and efficiently. Additional factors that usually influence the decision of the
potential financiers may include risk, higher interest rate, export credit facilities, longer
repayment schedules, cost of money resulting from cost and schedule over-runs, project
management capabilities, etc. If it is decided to keep the options of innovative financing, such
as joint ventures, build, operate and own (BOO), etc., then it will be essential to formulate the
matching policy and other legal framework. All the above factors have to be adequately
addressed at the planning stage of a nuclear power programme. It will also require concerted
persuasive actions in resolving the complex problem of financing.
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(c) International non-proliferation regime

Concern for nuclear non-proliferation is one of the main factors that can influence the
decision on the export of nuclear technology. Over the years, Bangladesh's firm commitment in
this context has been well established. However, the non-proliferation regime is a dynamic
process and is being evolved and updated continually. It is, therefore, important to identify the
whole range of requirements that a country has to meet.

4. FACTORS NEEDING CONSIDERATION IN PLANNING FOR NUCLEAR POWER

Several factors may be identified that deserve attention in planning for nuclear power. They
include the following:

• Establishing the need for nuclear power as a component of the overall energy mix of the
country and linkage with macro level planning;

• Convincing the decision makers, both internal and external;
• Adoption of an action plan;
• Establishing a human resource development programme;
• Developing legal instruments;
• Establishing an institutional framework;
• Providing public information and obtaining public acceptance;
• Meeting the conditions of the international non-proliferation regime.

With respect to the need for nuclear power as a component of the overall energy mix, it should
be born in mind that building one single unit of a nuclear power plant is often not profitable in view of
the large fore-cost involved in it. Therefore, the intending developing country should aim at a nuclear
power programme and not a mere nuclear power project. A programme would fetch many tangible,
intangible and spin-off benefits from a nuclear power programme, thereby making contributions to not
only the energy sector but also the overall economic activity.

The relative importance and priority of the above broad issues are, of course, dependent on the
socio-economic and political system of the particular country. The salient features of experience of
Bangladesh in planning for nuclear power over an extended period are enumerated in the following
paragraphs.

4.1. Linkage of Nuclear Power Planning with the Macro level Planning

hi Bangladesh, the medium to long-term and short-term (annual) macro planning are conducted
under term plans (Five Year Plan) and Annual Development Programmes, respectively. The Term
Plan is divided into various sectoral plans. Development targets of electricity generation, transmission
and distribution over a plan period are set under the energy sector. Thus, any decision on nuclear
power programme is taken by considering the overall programme for the sector. Various studies are
conducted to assess energy demand during the plan period and on the supply side the technologies for
generation are identified by considering the relevant factors such as economics, fuel option,
environmental dimension, project gestation period, availability of finance, etc. The National Energy
Policy, with a perspective period of 25 years is also consulted for the purpose. In the case of
Bangladesh, the need for introducing nuclear power is identified in all these macro-level plans and
policy documents. The existing executive framework for the project, which is discussed in a later
paragraph, has been proved useful in establishing the linkage with the macro level planning.

It is also equally important to assess the economic aspects of nuclear power as a component of a
least cost generation plan. The environmental impact of various options should also be assessed
properly as one of the tools for decision-making.

950 BANGLADESH



In many developing countries, the new trend is to deregulate the electricity sector. Private
entrepreneurs are attracted to invest in the entire range of activities, including generation. Of late,
entrepreneurs have established generating plants in Bangladesh under Power Purchase Agreements. In
the transitional phase, extreme care has to be taken in choosing the technology and fuel options for
evolving the optimum generation plan. In particular, the conditions of power purchase agreement for
the private sector generation may upset overall optimisation of the system. Other factors deserving
attention include the administered price of indigenous fuels and energy tariff. Centralized planning for
generation may thus need some structural changes and review of strategies by considering the above
changes.

4.2. The Need for an Integrated Approach to Planning

The macro-micro linkage is an important pre-requisite for the integrated approach to nuclear
power project planning. However, the other important facet is the need for integration among various
elements of micro planning of nuclear power programme. The two broad strings of activities that have
to be addressed with equal earnestness and seriousness right from the inception of a nuclear power
programme are:

(a) Technical, economic and financial management of the nuclear power programme; and
(b) Safety and regulatory aspects.

Since the above two categories of functions are to be ultimately conducted independent of each
other, the planning for nuclear power, including capacity building and human resource development
activities as well as the necessary legal frameworks for each of these, need to be addressed properly.
Issues like management of radioactive waste including a policy on ultimate disposal of high level
wastes also require attention at the early stage. Other issues, like capacity building in quality
management, identification of codes, guides and standards, project management, etc., also deserve due
consideration. In particular, the human resource development programme should be developed in such
a way that the core manpower acquires at least working knowledge in the above mentioned key areas
of the nuclear power programme.

4.3. Decision Making Process

Nuclear power projects are very complicated and any decision on it, unless taken at an
appropriate level of the government, might be rendered ineffective. Continuity of decision over a long
time is also an important requirement. In the case of Bangladesh, a Cabinet Committee, chaired by the
Head of the Government, has the responsibility to take decision on the project. This Committee
includes Ministers and Permanent Secretaries of all relevant Ministries as well as the government
agencies related to the project, the Planning Commission of the government and the energy sector in
general. It takes all policy decisions based on the information and analyses made available to it. This
has also facilitated establishing proper linkages between the macro and micro level planning. The
Bangladesh Atomic Energy Commission has been given the responsibility for implementation of the
policy decisions.

It is equally important for a developing country to convince relevant foreign governments on the
priority of the project, because these are the sources for technology and finance. This may be
accomplished through the contacts made at appropriate levels of the foreign government.

4.4. Human Resource Development Programme

The human resource development (HRD) programme focused on nuclear power in Bangladesh
was initiated in the early 60's. However, the number of trained personnel is declining through
retirement and migration. The inordinate delay in project implementation also had telling effects on
the manpower. Training of manpower for nuclear power is both costly and time consuming and
opportunities for such training have also become limited. It may be mentioned that due to the
uncertainty, as perceived by the external agencies, the training opportunities for Bangladesh personnel
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in nuclear technology almost halted after 1980. It is felt that a group of 10-15 trained professionals
could form the core group at the planning stage of the nuclear power project. However, there should
be a strong and continuing programme on training, including some on-the-job training opportunities.
A separate batch of professionals should be trained on nuclear safety and radiation control so that the
country can attain sufficient capability to address various issues of nuclear safety and radiation
control, including licensing of facilities and operators. In this context, it is important to take the
advantage of the IAEA support to the planning process. This may take the form of using various
documents, training opportunities as well as technical advisory services.

4.5. Legal Instruments

Various legal instruments are some of the pre-requisites for success in implementing a nuclear
power programme in a developing country. They are to be formulated in conformity with the existing
laws of the country. These instruments may include, among others, provisions for enforcing nuclear
safety and radiation control, nuclear liability, establishing independent organizations for safety and
promotional activities, deregulation and involvement of the private sector in activities related to
nuclear power, etc. Additional legal provisions may be required if the country wishes to attract private
entrepreneurs to invest in the nuclear power programme. This is necessitated by the fact that in most
countries, at least in the initial phase of a nuclear power programme, all activities are vested in the
public sector.

4.6. Institutional Framework

In many countries having an active nuclear power programme, the activities were initiated
within the framework of the national agency responsible for nuclear research and development
programmes. This strategy may be effective because of the multi-disciplinary nature of such an
institution and also cost-effectiveness. As the programme grows, such an institutional arrangement
may ultimately become less effective, especially in the areas related to commercial operation and
safety. Thus, it becomes essential to establish separate institutions for Safety and Regulatory matters
and for construction and operation of nuclear power plants. In Bangladesh, a separate Division of the
Bangladesh Atomic Energy Commission (BAEC) with 15 professionals (3 senior level, 2 mid-level
and 10 fresh graduates with training on nuclear technology) and other supporting staff conduct all the
activities of the pre-implementation phase. A separate Division of BAEC is responsible for
enforcement of the provisions of the law and regulations on Nuclear Safety and Radiation Control.
The Government plans to establish a separate institution for future nuclear power plants in order to
ensure better economic, financial and technological management. This new institution is envisaged to
have adequate provisions for maintaining vertical linkage between the plant management and the
decision makers of the government.

4.7. Technology Transfer and National Participation

It is important to decide at a very early stage the mode and extent of technology transfer that the
country aims at. It is no doubt that the whole planning exercise will depend on this decision, especially
as this would influence the size and nature of the HRD programme. The same is also true for the
desired extent of national participation in project implementation. A very careful and intensive
appraisal of national infrastructure and industrial experience is required in determining the nature and
extent of national participation.

4.8. Public Information and Acceptance

Public information and public acceptance may be considered as one of the key determinants for
success of a nuclear power programme. Dialogues with the public, the people's representatives at
various levels and the decision makers are considered to be important determinants in ensuring
transparency and public acceptance. In the case of Bangladesh, the acceptance of nuclear power is in
general favourable, especially in and around the site. This is evident from the fact that, in spite of the
inordinate delay and land being a precious commodity for the villagers, it has been possible to retain
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the land for the project for about four decades. The general perception is that construction of a nuclear
power plant would create job opportunities and have other spin-off benefits for the residents.
Moreover, way back in the 1960's the families affected by eviction were offered attractive
compensation packages. Nevertheless, it is apprehended that opposition groups may be encountered as
soon as construction work starts. An effective public acceptance programme has to be designed and
implemented in order to enhance public acceptance.

4.9. International Non-Proliferation Regime

Meeting the requirements of the international nuclear non-proliferation regime as well as
nuclear liability, safety, etc. are some of the stringent pre-requisites for accessing nuclear power
technology. The requirements need to be identified at the early stage and met through signing the
related agreements, protocols, etc. In addition to this, it is also useful to enter into bilateral agreements
with identified countries.

5. THE FINAL STAGE OF PLANNING

The planning cycle for nuclear power can be divided into multiple stages. The main activities of
each of these have some features in common to many countries. However, the strategies adopted by
the government concerned, and in particular the firmness of the decision on introducing nuclear
power, can influence both the length of the planning horizon and the sequence and intensiveness of the
activities.

The activities, following the final decision by the government are intensive, focused and linked
with a defined time frame. It may be mentioned that for convenience and to ensure uniformity, the
planning horizon for the purpose of the TECDOC on the Integrated Approach to Nuclear Power
Project Planning is defined as the period covering up to the issuance of a Request for Proposal. The
final stage of planning may, thus, include the period from decision making to the issuance of the
Request For Proposal. Generic issues that need to be addressed during this stage may vary from
country to country. In the case of Bangladesh, the actions identified for planning are as follows:

a. Upgrading of studies, in particular the confirmation of site. This activity would be
necessary to incorporate changes, if any, since the completion of the earlier studies;

b. Review of existing legal instruments and identification of their adequacy for
implementation of the nuclear power programme;

c. Review of the existing institutional framework to determine the needs for establishing
new independent institution(s) for implementation of the nuclear power programme and
especially to separate promotional from regulatory activities;

d. Identification of the adequacy of agreements, treaties, protocols as related to the
international non-proliferation regime and additional bilateral/multilateral arrangements
for facilitating transfer of technology as well as others related to liability and safety;

e. Formulation of a strategy on financing. In this context, it may be important to examine the
conditions to be fulfilled for a transition from the public sector to the private sector
initiative for nuclear power. If the situation demands, the relevant legal provisions may
require review and modifications;

f. Identification of codes, guides and standards to be used in the nuclear power plants as well
as the licensing procedure. In this context, an early dialogue with the regulatory
authorities may be useful.

In the case of Bangladesh, it was observed that the manpower available and their expertise were
not adequate to perform all the activities efficiently and in time. In a similar situation, actions need to
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be initiated to solve the problem. The HRD programme should also envisage the needs for conducting
other activities like bid evaluation, contract negotiation as well as those related to the early stage of
project implementation.

It is equally important that the HRD programme of the regulatory body should have adequate
provision enabling it to cater to the needs of licensing and other regulatory matters of nuclear power
plants.

6. NEED FOR A NUCLEAR POWER ACTION PLAN

A blanket administrative provision is essential to ensure efficient implementation of a
government decision on the national nuclear power programme. Its overwhelming role is evident from
the wide range of national as well as international agencies, whose concerted participation is essential
for the success in realizing the decision effectively. Such a provision is best served through a National
Nuclear Action Plan, adopted at the appropriate level of the government. The main purpose of this
document is to identify:

a. Various activities needed for implementation of the nuclear power programme;
b. The agencies responsible for each of these activities;
c. Enabling measures like funding, for conducting the activities.

The structure and timing for adoption of such a policy document would depend on the progress
of the planning cycle. The contents of Bangladesh Nuclear Power Action Plan is as follows:

Preamble Scope and objectives of the Action Plan

The General Action Plan International obligations
Legal aspects and provisions of Bangladesh on nuclear
safety and radiation control and their enforcement
Safety culture
Institutional framework
Management of radioactive waste and
decommissioning
Nuclear fuel cycle
Development of human resources
Public acceptance, public information and education
National participation
Financing

Specific Action Plan for Objective of the short term plan
the Short-term Site evaluation

The feasibility study report
Bid invitation document
Bid invitation
Bid evaluation
Financing
Supplementary project
Technical Co-operation of the IAEA

The Bangladesh Nuclear Power Action Plan was drafted based on the contents of the IAEA
document "Choosing Nuclear Option: Factors to be considered". Since this Action Plan is binding on
the local agencies in particular, it is expected to facilitate conducting all activities efficiently and
effectively.
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7. POSSIBLE AREAS OF IAEA SUPPORT

It cannot be expected that a developing country at the early stage of planning for nuclear power
can have all the professionals and expertise needed for all the activities. IAEA can be considered as a
vital source for the development of the enabling capacity or the enhancement of the existing
infrastructure. Some of the conditions that are to be met for obtaining such support are:

(i) Government commitment to the nuclear power programme;
(ii) Fulfilment of the requirements of the international non-proliferation regime;
(iii) Development of a Nuclear Action Plan.

It is to be borne in mind that a request from the Government to the IAEA can lead to a
Technical Co-operation Project, in which the required areas of IAEA co-operation can be identified. A
Fact Finding Mission from the Agency at an early stage can also be considered important in this
context.

The possible areas of IAEA support concern areas such as human resource development and
provision of available documents and tools.

7.1. Human Resource Development

The availability of trained professionals is a key parameter to the planning activities. Regional
as well as inter-regional training courses on different aspects of nuclear power, including those related
to the planning cycle, are organized by the IAEA as well as under the RCA. Since the positions
available for these short-term training courses are limited, preference is usually given to the countries
that have a known commitment to nuclear power.

If a technical Co-operation Projects exists, then additional manpower may be trained under it.
Such training courses may take the form of classroom as well as on the job training.

It is also useful to organize national training courses/workshops focused on the pre-
implementation phase. IAEA can provide valuable support like:

(a) Determining the format of the course;
(b) Determining the course contents; and
(c) Providing international experts for various topics.

Bangladesh organized such a National Training workshop in 1999 with a duration of 10 weeks,
which was attended by 32 local fresh to mid-level professionals. The IAEA had provided 22
international experts for the Workshop which consisted of 220 hours of lectures, group discussions,
presentations by the participants and appraisal tests. The success of the Training Workshop was
manifested by the fact that even the fresh professionals attending it have acquired knowledge and
confidence that are enabling them to make significant contributions towards various activities in the
pre-implementation phase, including updating of the Site Report and preparation of the Request For
Proposal document.

7.2. IAEA Documents

IAEA has published a significant number of documents, guides, technical reports, etc.
addressing a wide range of topics of nuclear power. These may be considered as a valuable source of
information and guidelines needed for the planning, implementation as well as the operation &
maintenance phases of the programme. The TC project may envisage the identification of the related
documents as well as making them available to the country concerned.

BANGLADESH 955



7.3. IAEA Analytical Tools

Various analytical tools, such as ENPEP, WASP, DECADES, etc., are available for use by its
Member States. These can be profitably used in assessing the role of nuclear power as a component of
the long-term least cost generation plan based on economic considerations, fuel options and
environmental effects of each alternative of fuel and technology. IAEA also provides training
opportunities on the application of these analytical tools.

7.4. Other Forms of IAEA Support

IAEA support may also be requested and obtained for drawing up various documents related to
the nuclear power programme. These may include amongst others, the National Nuclear Action Plan,
review of the Site Report and Review of the Request For Proposal.

8. OTHER REQUIREMENTS

The above issues are some of the basic requirements at the planning stage of a nuclear power
programme in a developing country. However, these alone cannot solve all the problems for accessing
technology and finance. Success in implementing the nuclear power programme will require support
of external sources as well as the international organizations such as the IAEA.

9. PRESENT STATUS OF THE NUCLEAR POWER PROGRAMME

Since the adoption of the National Nuclear Power Action Plan, Bangladesh is now taking
various steps of the pre-implementation phase of its nuclear power programme. The milestone events
that are underway include the following:

(a) Training of manpower for the pre-implementation phase;
(b) Updating of the Site Investigation Report;
(c) Preparation of a "Request For Proposal" document, which will be basis for inviting

comprehensive bids for technology and finance for the first project.

It is expected that the IAEA would provide technical support to all these activities. The end
result of the planning exercise will be evident after obtaining responses from potential suppliers and
financiers.

10. ENERGY AND ECONOMIC DATA

TABLE 1. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2)

1960

51.4
357.1

144.0

1970

66.7
463.0

1980

88.2
612.7

1990

109.5
760.2

1999

134.6
834.6
24

2000

137.4
954.5
N/A

Growth
rate (%)

1980
to

1999

2.4

Source: IAEA Energy and Economic Database, Data & Statistics/The World Bank.
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TABLE 2. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (billion current US$)

GDP growth (annual %)

GDP by Sector, value added (% of GDP):
Agriculture

Industry

Services, etc.,

1995

37.9

4.93

25.33

23.58

51.09

1996

40.7

4.62

24.64

23.87

51.48

1997

42.3

5.39

24.73

24.12
51.15

1998

44.1

5.23

24.48

24.84

50.68

1999

46.0

4.88

25.25

24.27

50.48

Source: Data & Statistics/The World Bank).

TABLE 3. ESTIMATED ENERGY RESERVES

Total amount in place

Solid Liquid

0.04

Gas

11.16

Uranium(1) Hydro (2)

0.10

xajoule
Total

11.30

^This total represents essentially recoverable reserves.
<2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council -1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

TABLE 4. ENERGY STATISTICS
Exajoule

Energy consumption
- Total(1)

- Solids(2)

- Liquids
- Gases
- Primary electricity(3>

Energy production
- Total
- Solids
- Liquids
- Gases
- Primary electricity(3)

Net import (import - export)
- Total
- Solids
- Liquids
- Gases

1960 1970 1980

0.17
0.05
0.07
0.05
0.01

0.10
0.04

0.05
0.01

0.07
0.00
0.07

1990

0.33
0.07
0.10
0.15
0.01

0.23
0.06
0.01
0.15
0.01

0.10
0.01
0.08

1999

0.47
0.02
0.12
0.31
0.01

0.34
0.02

0.31
0.01

0.15
0.01
0.14

2000

0.48
0.02
0.13
0.32
0.01

0.36
0.02
0.01
0.32
0.01

0.17
0.02
0.15

Average annual
growth rate (%)

1960
to

1980

1980
to

2000

5.45
-4.38
3.24

10.35
4.20

6.88
-4.76
18.90
10.35
4.18

4.16
7.55
3.82

^Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
<2) Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database.
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TABLE 5. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)
- Total (1>
- Thermal
-Hydro

Capacity of electrical plants (GW(e))
- Total
- Thermal
- Hydro

1960 1970 1980

2.65
2.07
0.58

0.99
0.91
0.08

1990

2.65
7.17
0.88

2.52
2.29
0.23

1999

14.82
13.83

1.00

3.64
3.41
0.23

2000

15.73
14.41

1.32

3.73
3.50
0.23

Average ann.
growth rate (%)

1960
to

1980

1980
to

2000

9.31
10.19
4.18

6.86
6.97
5.42

^Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

TABLE 6. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)(1)

Load factor of electricity plants
- Total (%)
- Thermal
-Hydro
- Nuclear

1960 1970 1980

2
30
26

44

31
26
83

1990

3
69
32

29

36
36
44

1999

3
105
40

32

47
46
49

2000

4
109
40

35

48
47
66

1 ' Net import / Total energy consumption
Source: IAEA Energy and Economic Database.

11. INTERNATIONAL, MULTILATERAL AND BILATERAL AGREEMENTS

AGREEMENTS WITH THE IAEA

Entry into force: 11 June 1982• NPT related safeguard agreement
MFCTRC/301.

• Additional Protocol

• Improved procedures for
designation of safeguards
inspectors

• Supplementary agreement on provision
of technical assistance by the IAEA

• RCA

• Agreement on privileges and
immunities

Entry into force:

Accepted on:

Entry into force:

Entry into force:

30 March2001

25 April 1995

31 December 1979

24 August 1987

Non-Party

OTHER RELEVANT INTERNATIONAL TREATIES etc.

• NPT Entry into force: 31 August 1979
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• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

• Convention on civil liability
for nuclear damage

• Joint protocol

• Protocol to amend the
Vienna convention on civil
liability for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety
of spent fuel management and on
the safety of radioactive waste
management

• ZANGGER Committee

• Acceptance of NUSS Codes

• Nuclear Suppliers Group

Non- Party

Entry into force:

Entry into force:

Non-Party

Non-Party

Non-Party

Non-Party

Entry into force:

Non-Party

Non-Member

No reply

Non-Member

7 February 1988

7 February 1988

24 October 1996

REFERENCES

[1] Data & Statistics/The World Bank, www.worldbank.org/data.

[2] IAEA Energy and Economic Data Base (EEDB).

[3] IAEA Power Reactor Information System (PRIS).
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITY

Bangladesh Atomic Energy Commission Tel: (880-2)861528; 504318
(BAEC) Fax: (880-2)8613051
4, Kazi Nazrul Islam Avenue
P.O.Boxl58,DhakalOOO, Cable: BANGLATOM
Bangladesh

Atomic Energy Research Establishment
(AERE)

Institute of Nuclear Medicine
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Annex V

NUCLEAR POWER PLANT DEVELOPMENT IN INDONESIA1

1. PAST ACTIVITIES

The first idea to have a nuclear power plant in Indonesia occurs in 1956 from university circle
in Bandung and Yogyakarta in the form of seminars. The real task was started in 1972 when the
Commission for Construction Preparation of NPP (KP2PLTN) was created by National Atomic
Energy Agency (BATAN) and Civil Work Department (PUTL Dept).

The Karangkates Seminar in 1975 organized by BATAN and PUTL Department has obtained
the result about the decision of nuclear power development in Indonesia. It was proposed 14
possibilities of NPP location in Java Island, among them 5 locations were lately declared to become
the potential site, and then the Muria site in Central of Java was chosen as the best site.

The first feasibility study for the introduction of a nuclear power plant was conducted in 1978
with the assistance of the government of Italy. However, following this study the Indonesian
government deferred the decision until the nuclear research facilities in Serpong became fully
operational.

In 1985, work began on updating the studies with the assistance of the International Atomic
Energy Agency (IAEA), US government through the Bechtel International, the French government
through the Sofratome and the Italian government through the Cesen. These updated reports, and the
analytical capabilities developed by the Indonesian partners during the process of this cooperation,
have become the foundation for the present planning activities.

In September 1989, the Indonesian government through the National Energy Co-ordination
Board (BAKOREN) decided to perform a new NPP feasibility study including comprehensive
investigations of the Muria Peninsula as a candidate site for NPPs. The study itself was carried out by
the National Atomic Energy Agency (BATAN), under the directives of the Energy Technical
Committee (PTE) of the Department of Mines and Energy, including other institutions as well.

In August 1991, an agreement was signed in Jakarta between the Indonesian Ministry of
Finance and BATAN on behalf of Indonesia, and the consultant's company NEWJEC Inc. This
agreement contract NEWJEC for a four and a half years period to perform a site selection and
evaluation, as well as a comprehensive nuclear power plant feasibility study (Table 1). The principal
part of the contract's value will be spent on studies related to the site, which is to be sought in the
northern coast of the Muria Peninsula in Central Java.

In May 1996, the feasibility study for the first NPP in Indonesia was completed. The result of
the feasibility study (Table 2), especially on the electrical system analysis (see Table 3) using the
WASP-III of the ENPEP programme, shows that the introduction of nuclear power plants in the early
2000s to the Java-Bali electric system represents an optimal solution.

In addition after the feasibility study, other studies have been done, such as the preparation of
bid invitation specification, development of financing study (BOO and Barter) and re-evaluation of
nuclear energy for electricity planning. Considering the impact of the economic crisis in 1998, a re-
evaluation study on electricity planning has been done. The result of this study shows that the
construction possibility of NPP will be slightly postponed, after 2010s.

1 Annex V contains information from Indonesia, which has submitted relevant information in the framework of the IAEA
activity on integrated approach of nuclear power programme planning. In addition, the Secretariat has added the EEDB data
and the international agreements.
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TABLE 1. IAEA SUPPORT FOR NPP DEVELOPMENT IN INDONESIA.

No

1

2

NPP Development Activity

Non-site studies:
- Energy economics and financing
- Technical and safety aspect
- Fuel cycle and waste management
- General management aspect
- Preparation of bid invitation specification
- Development of financing study
- Re-evaluation of energy study.
Site studies:
- Investigation of site selection
- Assessment of site selection
- Site qualification/evaluation
- Environmental, meteorology
- Socio-economic, demography
- Socio-cultural impact
- Development of geology, seismology and

volcanology study.

IAEA Support

Workshop, expertise, fellowship and
scientific visit programmes under:
- INS/0/012: Energy economic

calculations with nuclear option
- INS/0/028: Support for the first

nuclear power plant

Workshop, expertise, fellowship and
scientific visit programmes under:
- INS/9/012: Nuclear power plant siting
- INS/9/021: Nuclear power plant site

confirmation and structural safety

TABLE 2. PROJECTION RESULT OF NUCLEAR POWER PLANT COMPETITION

• ^^CASE

Objective Function

Appearance Year of NPP

• Unit Number

• Capacity

• Capacity Factor

• Total Generation

• Percentage of Electric Demand

NPP at the End of Study
• Unit Number

• Capacity

• Total Generation

• Percentage of Electric Demand

Unit

M$

MW

%

GWh

%

MW

GW-h

%

ABWR

62,202

2011

1

1,300

74.42

, 8,475

6.09

2018
8

10,400

918,520

18.02

PWR

62,486

2015

2

2,000

79.11

13,861

7.05

2018
8

8,000

972,056

18.22

PWR

62,734

2012

1

1,500

70.41

9,251

6.08

2018
7

10,500

923,281

17.69

PHWR

62,121

2011

1

700

79.11

4,851

3.49

2018
8

5,600

673,020

12.62

2. FUTURE PROGRAMME FOR NPP DEVELOPMENT IN INDONESIA (2001-2002)

TC Programme Title: Demonstration of a Clean and Safe Technology for Producing
Electricity, Heat and Water in Support of Sustainable Development in Indonesia.

Objective: CDM will assist in achieving sustainable development and in contributing to
commitment implementation of the greenhouse gas emission reduction, which is the ultimate
objective of the UNFCCC and Kyoto Protocol. As a proven and environmentally benign technology
and with its potential as a sustainable long-term energy supply into the distant future, nuclear energy
can be an important contributor to sustainable development and economically competitive comparing
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fossil energy. The Indonesian case study expects the result of understanding in what terms and how
the CDM could be applied to NPP technology in Indonesia for producing electricity, heat and water.

TABLE 3. ELECTRIC ENERGY PROJECTION
Java-Bali 1998-2018

Year

1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

PLN Electric
Demand
(GW-h)
30,963
35,434
40,940
46,828
52,533
50,800
48,840
48,545
50,078
53,054
56,610
61,011
66,481
73,552
82,136
91,402
99,792
110,464
121,855
133,196
143,908
157,025
172,224
189,122
207,839
228,433

Captive
Demand
(GW-h)
9,048
9,387
10,545
11,031
11,136
9,407
8,689
8,544
8,430
8,462
8,678
9,118
9,619
10,224
10,742
11,377
12,055
12,318
13,266
14,382
16,823
18,573
20,156
21,903
23,764
25,860

PLN Electric
Production

(GW-h)
36,624
41,693
47,876
54,678
61,618
59,586
57,287
56,940
58,739
62,230
66,401
71,563
77,979
86,273
96,342
107,210
117,051
129,568
142,930
156,233
168,797
184,183
202,010
221,830
243,786
267,941

PLN Electric
Generation

(MW)
8,181
9,769
9,897
10,791
13,686
13,074
12,104
12,031
12,411
13,148
14,029
14,539
15,842
17,527
19,573
21,781
23,780
26,323
29,037
31,740
34,292
37,418
41,040
45,067
49,527
54,343

PLN Electric
Peak Load

(MW)
5,244
6,784
7,752
8,791
10,015
9,684
9,311
9,254
9,547
10,114
10,792
11,631
12,674
14,022
15,658
17,424
19,024
21,058
23,230
25,392
27,434
29,935
32,832
36,053
39,622
43,547

-15% Economic Growth in 1998.

3. ENERGY AND ECONOMIC DATA

TABLE 4. POPULATION INFORMATION

Population (millions)
Population density (inhabitants/km2)
Urban population as percent of total
Area (1000 km2) 1904.6

1960

96.0
50.4

1970

120.1
63.1

1980

150.3
78.9

1990

182.5
95.8

1998

206.5
108.4

39

1999

209.3
109.9
40

2000

212.1
111.4
N/A

Growth rate (%)

1980
to

2000
1.7

Source: IAEA Energy and Economic Database, Data & Statistics/The World Bank.
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TABLE 5. GROSS DOMESTIC PRODUCT (GDP)

GDP at market prices (current billion US$)

GDP growth (annual %)
GDP by Sector, value added (% of GDP):

Agriculture
Industry

Services, etc.

1995

202
8.21

17.14

41.8

41.06

1996

227

7.83

16.67

43.46
39.87

1997

216

4.7

16.09

44.33

39.58

1998

99

-13.01

17.57

44.91
37.52

1999

143

0.31

19.48

43.26

37.27
Source: Data & Statistics/The World Bank).

TABLE 6. ESTIMATED

Total amount in place

ENERGY RESERVES
Solid

114.51

Liquid

28.43

Gas

77.03

Uranium (1)

3.44

Hydro (2)

206.97

Exajoules

Total

430.39
( This total represents essentially recoverable reserves.
<2) For comparison purposes a rough attempt is made to convert hydro capacity to energy by multiplying the gross

theoretical annual capability (World Energy Council - 1998) by a factor of 10.
Source: IAEA Energy and Economic Data Base.

TABLE 7. ENERGY STATISTICS

Energy consumption
- Total(I)

- Solids (2)

- Liquids
-Gases
- Primary electricity(3)

Energy production
- Total
- Solids
- Liquids
- Gases
- Primary electricity(3)

Net import (import - export)
- Total
- Solids
- Liquids
- Gases

1960

0.33
0.02
0.20
0.09
0.01

0.97
0.02
0.85
0.09
0.01

-0.62
0.00

-0.62

1970

1.35
0.88
0.41
0.05
0.01

2.72
0.88
1.78
0.05
0.01

-1.27
0.00

-1.27

1980

2.29
1.14
0.97
0.16
0.03

5.03
1.14
3.25
0.61
0.03

-2.57
0.00

-2.05
-0.51

1990

5.01
1.46
2.19
1.26
0.11

7.93
1.59
3.89
2.35
0.11

-2.68
-0.13
-1.47
-1.09

1999

6.61
2.13
3.17
1.13
0.18

10.94
3.73
3.89
3.14
0.18

-4.10
-1.68
-0.47
-1.95

2000

6.86
2.16
3.28
1.23
0.20

11.42
4.05
3.82
3.35
0.20

-4.58
-2.13
-0.21
-2.24

Exajoules

Average annual
growth

1960
to

1980

10.24
22.36

8.10
2.59
6.78

8.58
22.63

6.95
9.73
6.78

7.35
-7.58
6.14

rate (%)

1980
to

2000

5.63
3.24
6.29

10.79
10.04

4.19
6.54
0.81
8.92

10.03

2.93
37.71

-10.68
7.64

(1) Energy consumption = Primary energy consumption + Net import (Import - Export) of secondary energy.
® Solid fuels include coal, lignite and commercial wood.
(3) Primary electricity = Hydro + Geothermal + Nuclear + Wind.
Source: IAEA Energy and Economic Database.
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TABLE 8. ELECTRICITY PRODUCTION AND INSTALLED CAPACITY

Electricity production (TW-h)
- Total(1)

- Thermal
- Hydro
- Geothermal

Capacity of electrical plants (GW(e))
- Total
- Thermal
- Hydro
- Geothermal

1960

2.10
1.29
0.81

0.68
0.51
0.17

1970

4.67
3.23
1.44

1.61
1.29
0.31

1980

14.23
11.23
3.01

4.88
3.90
0.98

1990

48.90
37.53
10.24

1.13

12.92
9.63
3.15
0.14

1999

97.95
79.53
15.48
2.95

24.20
19.17
4.66
0.38

2000

107.19
86.82
17.20
3.17

25.68
20.22

5.07
0.40

Average aim.
growth rate (%)

1960
to

1980

10.05
11.45
6.78

10.34
10.68
9.17

1980
to

2000

10.62
10.77
9.11

8.66
8.58
8.58

> Electricity losses are not deducted.
Source: IAEA Energy and Economic Database.

TABLE 9. ENERGY RELATED RATIOS

Energy consumption per capita (GJ/capita)
Electricity per capita (kW-h/capita)
Electricity production/Energy production (%)
Nuclear/Total electricity (%)
Ratio of external dependency (%)<l)

Load factor of electricity plants
- Total (%)
- Thermal
- Hydro
- Nuclear

1960

3
22
2

-191

35
29
55

1970

11
37
2

-94

33
29
53

1980

15
90
3

-112

33
33
35

1990

27
264
6

-54

43
44
37

1999

32
463

9

-62

46
47
38

2000

32
501

9

-67

48
49
39

(1) Net import / Total energy consumption
Source: IAEA Energy and Economic Database.

4. INTERNATIONAL, MULTILATERAL AND BILATERAL AGREEMENTS

A GREEMENTS WITH THE IAEA

• NPT related
Agreement; MFCIRC/283

• Project related safeguards
agreement; INFCIRC/136

• Additional Protocol

• Improved procedures for
designation of safeguards
inspectors

• Supplementary agreement on provision
of technical assistance by the IAEA

• RCA

• Agreement on privileges and
immunities

Entry into force:

Entry into force:

Signed on

Accepted on

Entry into force:

Entry into force:

Entry into force:

14 July 1980

19 December 1969

29 September 1999

8 June 1989

4 July 1980

12 June 1987

4 June 1971
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OTHER RELEVANT INTERNATIONAL

• NPT

• Convention on physical protection
of nuclear material

• Convention on early notification
of a nuclear accident

• Convention on assistance in the
case of a nuclear accident or
radiological emergency

• Vienna convention on civil liability
for nuclear damage

• Joint protocol

• Protocol to amend the
Vienna convention on civil
liability for nuclear damage

• Convention on supplementary
compensation for nuclear damage

• Convention on nuclear safety

• Joint convention on the safety
of spent fuel management and on
the safety of radioactive waste
management

• ZANGGER Committee

• Nuclear Export Guidelines
(INFCIRC/254)

• Acceptance of NUSS Codes

• Nuclear Suppliers Group

TREATIES etc.

Entry into force:

Entry into force:

Entry into force:

Entry into force:

Non-Party

Non-Party

Signed on:

Signed on:

Signed on:

Signed on:

Non-Member

Not adopted

No reply

Non-Member

12 July 1979

8 February 1987

13 December 1993

13 December 1993

6 October 1997

6 October 1997

20 September 1994

6 October 1997

REFERENCES

[1] Data & Statistics/The World Bank, www.worldbank.org/data.

[2] IAEA Energy and Economic Data Base (EEDB).

[3] IAEA Power Reactor Information System (PRIS).
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Appendix

DIRECTORY OF THE MAIN ORGANIZATIONS, INSTITUTIONS AND COMPANIES
INVOLVED IN NUCLEAR POWER RELATED ACTIVITIES

NATIONAL ATOMIC ENERGY AUTHORITY

National Atomic Energy Agency
(BATAN)
Jl .K.H.Abdul Rohim
Kuningam Barat, Mampang Prapatan Tel: (62-21)511110; 5204246
P.O. Box 4390 Fax: (62-21)511110
Jakarta 12043 Telex: 62354
Indonesia Cable: BATANJAKARTA

Nuclear Energy Control Board
(Regulatory Authority)
BAPETEN
Gedung 123
Kompleks PUSPIPTEK Serpong Tel: (62-21) 2301249; 2301252
Tangerang 15313 Fax: (62-21) 2301253
Indonesia e-mail: darurat@cen.tfin.net.id

Homepage: www.bapeten.org
Nuclear Energy Advisory Assembly
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Names

Aebersold, M.

Ajuria, S.
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Bieliauskas, V.

Birol, E.

Addresses

Section NS, Swiss Federal Office of Energy
Dept. of Transport, Communication & Energy
CH-3003 Bern, Switzerland
Tel:+4131 322 5631
Fax:+4131 323 2500
E-mail: michael.aebersold@bfe.admin.ch

Permanent Mission of Mexico
Turkenstr. 15
A-1090 Vienna
Tel:+4313107383
Fax:+4313107387

Allgemeine und grundsatzliche Angelegenheiten
Bundesamt fur Strahlenschutz (BfS)
Postfach 10 01 49
D-38201 Salzgitter, Germany
Fax:+495341885885
E-mail: DAlbert@bfs.de

Ministry of Industry and Energy
Paseo de la Castellana 160, 28071 Madrid, Spain
Fax: +34914573052
Email: jall@min.es

Atomic Energy of Kazakhstan
Republic Sq. 13
Almaty 4800013
Kazakhstan
Tel: +7 3272 633 356
Fax: +7 3272 634885; 633356

Ministry of Economy
Nuclear Energy Division
Gedimino 38/8, 2600 Vilnius, Lithuania
Tel: +3702628759, +3702629816
Fax: +3702628759, +3702629816
E-mail: branda@po.ekm.lt

Turkish Atomic Energy Authority
Eskisehir Yolu 9.km
06530 Lodumlu/Ankara/Turkey
Tel: +90 312 2876356
Fax: +90 312 2871224
Email: erdener.birol@taek.gov.tr

Activity1

(9)

(4)

(3), (4), (7) (8)

(8)

(4)

(4), (6) (8)

(9)

1 See last page of this list, i.e. page 986,
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Service des Etudes Ecnomiques
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Bat. 528 CEN Saclay, 91191 Gif Sur Yvette, France
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Fax:+33169082530
E-mail: catz@portos.cea.fr, Henri.Catz@CEA.fr

Korean Atomic Energy Research Institute (KAERI) (4)
PO Box 105
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Republic of Korea
Tel: +82428682326
Fax: +82428682702

Institute of Physics and Power Engineering (6) (8)
State Scientific Center
Department for Nuclear Power and Plutonium
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PREFIXES AND CONVERSION FACTORS

TABLE 1
Symbol

E
P
T
G
M
k
h
da
d
c
m

M-
T)

p
f
a

. PREFIXES
Name
exa
peta
tera
giga
mega
kilo
hecto
deçà

deci
centi
mili
micro
nano
pico
femto
atto

Factor
1 O 1 S

ÎO15

10 1 2

109

106

103

102

101

îo-1

io-2

io-3

10"6

io-9

io-12

io-15

io-18

TABLE 2. CONVERSION FACTORS FOR ENERGY
To:

From:
Iî
Gcal
Mtoe
MBtu
GWh

TJ Gcal Mtoe MBtu GWh
Multiply by:

1
4.1868x10"3

4.1868 xlO4

1.0551 x IO'3

3.6

238.8
1

IO7

0.252
860

2.388 xlO"5

IO7

1
2.52 x 10"8

8.6 x 10*

947.8
3.968

3.968 x IO7

1
3412

0.2778
1.163 xlO"3

11630
2.931 x 10"4

1

TABLE 3. CONVERSION FACTORS FOR MASS
To:

From:
kg (kilogram)
t (tonne)
It (long tonne)
st (short tonne)
lb (pound)

kg t It st 1b
Multiply by:

1
1000
1016
907.2
0.454

0.001
1

1.016
0.9072

4.54 x 10^

9.84 xlO"4

0.984
1

0.893
4.46 x 10^

1.102 x i ( r
1.1023
1.12

1
5.0 xlO"4

2.2046
2204.6
2240.0
2000.0

1

TABLE 4. CONVERSION FACTORS FOR VOLUME
To:

From:
US gal (US gallon)
UK gal (UK gallon)
bbl (barrel)
ft3 (cubic foot)
1 (litre)
m3 (cubic metre)

US gal UK gal bbl ft3
1 m3

Multiply by:
1

1.201
42.0
7.48

0.2642
264.2

0.8327
1

34.97
6.229
0.22

220.0

0.02381
0.02859

1
0.1781
0.0063
6.289

0.1337
0.1605
5.615

1
0.0353
35.3147

3.785
4.546
159.0
28.3

1
1000

0.0038
0.0045
0.159

0.0283
0.001

1
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