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A B S T A C T

This paper discusses problems encountered in the integration of the first nuclear power plant in Turkey. Past
activities and the current situation is reviewed, special problems associated with the AKKUYU project are
discussed, and topics such as optimal size selection, policy for nuclear fuel cycle, choice of reactor type, and
regulatory matters are discussed.

It is concluded that the introduction of a well-planned, long-term, economically viable nuclear power
program into a developing country is a difficult task, which can be accomplished only through effective
organization.

1- INTRODUCTION

In developing countries, a continually increasing demand for electric power requires extensive investigation
into the most economical and most convenient method of electricity generation.

In the past 20 years, on average, the rates of increase of total electricity consumption was 7% per year in
developing countries and 3% per year in industrialized countries. If similar trends of increasing electrical
consumption on an overall worldwide basis continue as expected, conventional energy resources used to
generate electricity, i.e. hydro and fossil fuels, will be rapidly depleted. Moreover, fossil fuels (coal, oil and
natural gas) which now provide almost, two-thirds of the world's electrical energy, contribute significantly to
environmental pollution. Therefore, energy resources other than fossil fuels are needed, and nuclear systems
offer an effective option.

According to the OECD Nuclear Energy Data published in June 1993, the total electricity demand in the
OECD should continue to grow at about 2% per year until the year 2010, which means a total increase of
some 40% between now and then. In OECD, the net nuclear generation is expected to increase from 1628
TW/h in 1992 to 2023 TW/h in 2010, an increase of almost 25%. These projections show that nuclear
energy generation in OECD countries will not diminish over the coming decades.

When South-East Asia is considered as a whole (Taiwan, Japan and Korea), the development trends show that
nuclear power generation in the region will soon reach the same level of the OECD's European and North
American regions. It is believed that the increasing importance of nuclear power in this part of the world will
stimulate new efforts in (he traditionally developed countries of Europe and North America, and nuclear
power will regain the position of providing an increasing fraction of new generating capacity in the
industrialized countries. This position will increase the rate of growth in the world as a whole and, indeed,
will open the doors for the introduction of nuclear power to several new countries.

2-GENERAL BACKGROUND AND PAST ACTIVITIES

2.1- General Background

The per capita electricity generation in Turkey is considerably lower than that of other European countries.
The rate of expansion being achieved by Turkey is comparable with those found in countries regarded as
engaged in rapid development of the industry. During 1980-1990 the average energy production growth rate
was about 1 1 % .



In 1994 the total installed capacity of electric power plants was 20,492 MW with a gross energy generation of
99,039 Gwh, and the consumption per capita was 1300 Kwh/year. The contribution of the different sources
in this production are as follows: Coal 37%, Hydro-power 36% Natural gas 17% Petroleum 9%. In 1994,
26% of the electrical power was produced by imported fuels (see Table 1).

It is expected that, during 1994 -2000, the rate of production growth will be about 8% in average, and with
diminishing hydro and lignite resources, Turkey will soon be included in the category of countries which are
faced with an ever - growing fuel import level (1).

2.2- Past Activities

Turkish institutions have been involved in efforts to implement nuclear energy for the last 25 years. The first
attempt was made by the "Electrical Resources Survey and Planning Department" (EIEI) in 1970. Based on a
feasibility study by an advisory group (headed by the author) a 400 MWe CANDU nuclear power plant was
chosen, and the offer obtained from AECL was presented to ETIBANK, which was responsible for the
electric generation in Turkey at that time. This project did not proceed because of the foundation of Turkish
Electric Authority TEK in 1971, which took over the responsibility of electric power generation.

TEK has been involved, with the help of international consultants, in the process of preparing feasibility
studies and of choosing a suitable nuclear power plant for Turkish grid since 1971. Extensive work in 1970's
was carried out in the adoption of the nuclear option for Turkey, licensing the AKKUYU site and inviting
bids for this site from all international vendors. Following the initial evaluation, TEK entered into detailed
negotiations with ASEA-ATOM and STAL-LAVAL for a 660 MWe BWR power station. It was requested
that the vendors secure 100% financing. The project did not succeed because of financing difficulties.

A third attempt was made by the Turkish Atomic Energy Authority (TAEK) in 1982, and extensive work in
mid 1980's was carried out in the selection of a reactor type. Offers obtained from well known international
vendors by TAEK were handed to the ministry of Energy and Natural Resources (ETKB).

Based on Turkish conditions, the preferred unit size was in the 600 to 1000 MW range, and bidding was on a
turnkey basis with suppliers responsible for overall project and construction management. Firm price foreign
supply and unit price for site related scopes were obtained (see Table 2). It was requested that the financing
for the base cost of the plant should be secured by the vendor. Based on the TAEK licensing policy, only the
commercially available reactors with suitable reference plants would have been appropriate. Reactors which
were not licensable in the home country of the vendors, and reactors which were prematurely absolute did not
meet the requirements.

NNC's offer of 2x300 MWe MGCR was refused by TAEK as being prematurely absolute, and the initial
evaluation confirmed the applicability of CANDU 635 MWe and KWU 970 MWe PWR, which satisfied
financial requirements, to the AKKUYU site from technical and commercial points of view. Also, a letter of
intent was given to GE for a future project of 2x1185 BWR in a new site at SINOP at Black Sea side at North
Anatolia.

TEK entered into detailed negotiations with AECL and with KWU for the application of these two reactors to
the AKKUYU site, and two separate bays at this site were evaluated for each of these reactors. Upon
Turkey's change of the financing basis to BOT (Build, Operate and Transfer) model, KWU withdrew and
AECL continued efforts and signed a preliminary agreement for this project. The project, however, did not
proceed because of die difficulties encountered in the guarantees required by Turkey on the financial credit
secured by AECL.

This attempt, which involved extensive work in the mid 1980's, was very significant and was almost
successful. But, had a major draw back associated with the difficulty of handling three different types of
reactors in Turkey from the point of licensing, operation, and technology transfer[2].



3-ANALYSIS OF THE PROBLEMS ENCOUNTERED

3.1- National Interdependence

Integration of nuclear power development is very much related to the general policies regarding utilization of
energy resources. Therefore, an attempt should be made to formulate the outlines of the national
conventional fuel policy before embarking on a nuclear power program.

The introduction of a well planned, long-term, economically viable nuclear power program to a developing
country, is a difficult task which can be accomplished only through effective cooperation between different
authorities such as planning, financing, power supply and licensing institutions, and through an effective
organization. The introduction of the first nuclear power station in a developing country would require
vigorous governmental support. Top political leaders must have faith in the project and the country must
have political stability, which was not the case in Turkey.

3.2- Policy for Nuclear Fuel Cycle

One of the basic considerations which have to be taken into account in the choice of reactor type is a policy
for nuclear fuel cycle. The most fundamental decision to be made is between natural and enriched fuel.

The choice of enriched fuel system carries with it the penalty of committing to the purchase of enriched fuel
or enrichment resources from a foreign supplier and commercial enrichment services at the present time exist
in only a few states. Most developing countries, taking into account some political difficulties, do not wish to
be entirely dependent for fuel supplies on one supplier for several decades. The conclusion is that in
considering enriched fuel utilization, it is essential to examine seriously the future availability, possible
sources, reprocessing and waste management requirements, and to evaluate actual costs of the fuel cycle
processes according to the fuel cycle policy of the country.

There are a number of reasons, such as availability of uranium ore deposits and desire to develop local
nuclear industry, which may greatly sway a country towards a natural uranium reactor system. A highly
irradiated natural uranium fuel element has no value except its plutonium and will not require reprocessing
for economic reasons and may be stored in the reactor site for future use. Plutonium in stock may be very
useful in the future, allowing for fast reactor requirement or recycling in thermal reactors. In the latter stage,
according to the country's fuel policy, it would be necessary to make arrangements for reprocessing in order
to permit plutonium separation or make arrangement for final disposal of used fuel elements. The current
storage practice developed in Canada is very suitable for developing countries as a safe interim measure for
the management of used fuel up to 100 years.

It may therefore be wise to select a policy for nuclear fuel cycle before the choice for a reactor type. For
Turkey's vast thorium resources used in conjunction with a suitable reactor system, may offer the prospects
of energy independence for centuries. Fuel cycle considerations was not taken into account in the earlier
attempts in Turkey.

3.3- Optimal Size Selection

For the first reactor in a developing country, optimal size selection is very important. Cost considerations
favour larger unit sizes, but there are some difficulties into the integration of a large nuclear power plant in
the relatively small grid of a developing country. The normal rule of thumb is that the largest unit should be
less than 15 % of the system size.

The installed electric power capacity in Turkey will be about 30,000 MWe in the year of 2000. Therefore, a
1400 MWe nuclear unit could be integrated to the Turkish system. But, it is generally recommended that a



relatively smaller unit be chosen for the first nuclear power plant in a developing country. The advantages of
smaller sizes and multiple units are:

- Less capacity required for the same planning reliability;
- Less spinning reserve for the same operational reliability;
- Large units may adversely affect interconnected system stability;
- Small units give more planning, financing and operating flexibility.

It may be concluded that 2x700 MWe multiple units station is more suitable than one 1400 MWe unit for
Turkey.

3.4- Choice or Reactor Type

Reactor type selection is a very difficult task for a developing country which requires greater reliability of
operation than a developed country. A criteria which must be applied is that a developing country should
limit its considerations to designs which have already been constructed, licensed and operated successfully in
some other country's system. The installation of a nuclear power station makes little sense if it does not fit
into a long range nuclear power program. The first nuclear power reactor should not become prematurely
absolute, and future stations should be based on a reasonable extrapolation of the incurred experience of this
technology. Innovative reactors which incorporate new technologies and new materials can only be acquired
with risks such as excessive delays being encountered in getting the nuclear power plant built, the
consequences of failure during operation, or worst an extreme accident. The only protection against such
risks is to confine procurement to proven equipment and manufactures. Judgment of "Provenness" can only
be based on actual operating experience with the unit.

3.5- Other Considerations and Analysis

Among the other considerations which should he taken into account in the choice of a reactor type are the
potential for local participation in the projects, financing terms and training possibilities. If the first order is
regarded to be only one in a series for essentially the same reactor system, it is clear that the possibilities of
local participation will increase with each project [3].

The earlier attempts for the integration of nuclear power development in Turkey were not successful for the
following reasons:

- The project was not included in the five year development plans, therefore, it was not integrated in the
national energy program;
- Nuclear power was not clearly justified in relation to other alternatives for energy production;
- There was not a general agreement for the introduction of nuclear power in Turkey, therefore, the
cooperation between different institutions was not effective;
- Top political leader did not have faith in the nuclear power nor did they have enough power;
- The negative impact to nuclear power development from the 1986 Chernobyl accident.

4-CURRENT ACTIVITIES AND ORGANIZATION

4.1- Institutional and Organizational

Most of the work involved in planning and building a nuclear power station is identical to that for a
conventional station. Therefore, it is essential to have a power agency who has the necessary experience oil
conventional power stations. In Turkey, matters related to electric power are the concern of the Ministry of
Energy and National Resources (ETKB). Turkish Electric Authority (TEAS) and States Hydraulic Works
Department (DSI), which concern respectively with Thermal Power stations and hydro-power development,
are two very powerful entities within the ETKB. State Planning Organization (DPT), which is under Prime
Minister's office, has the responsibility for development plans for Turkey. It receives its input for electricity



planning from TEAS. Therefore, Turkey possesses power agencies who have enough experience in
commercial power stations.

The establishment of legal provisions and technical bases, necessary to provide that nuclear installations can
be constructed and operated without undue risk to the public health and safety, through a competent and well
established regulatory authority is perhaps the most important problem for a developing country.

Atomic Energy Commission (AEK) established in 1956 was reorganized by a new law in 1982 as Turkish
Atomic Energy Authority (TAEK), under the auspices of Prime Minister Office. This agency is in charge of
regulating the nuclear industry, for development of a nuclear policy for Turkey as well as research,
development and training in this field. TAEK operates three research centres (2 in Ankara, 1 in Istanbul) and
has approximately 600 employees with of them engineers or scientists. The organization of TAEK is shown
in Figure 1.

Many universities in Turkey have courses related to nuclear science and engineering, approximately 200
students are enrolled in these studies.

Hacettepe University in Ankara has a nuclear engineering department and trains both undergraduate and
graduate students in nuclear engineering, about 25 students are presently enrolled in this study.

Institute for Nuclear Energy of Istanbul Technical University was established at 1961. This graduate school
has been operating a TRIG Mark II research reactor since 1978 and has gradated about 250 graduate students
since 1961. About 60 graduate students (15 Ph.D. and 45 master) are currently enrolled to the courses.
These two universities are the resources for TEAS and TAEK in the course of the project.

In 1982 there was a Nuclear Power Department at TEK, with about 25 well trained engineers. Presently,
TEAS, the new organization which replaced TEK, has a small "Nuclear Power Plant Group" reporting
directly to the TEAS General Manager, which is not adequate for launching the program. It is expected that
an independent "Nuclear Power Plant Department" will be established again. The mechanism of making a
start with nuclear power supply is shown in Figure 2.

4.2- Regulatory Basis For Licensing

In discharging its responsibility for public health and safety, the Government should ensure that the
operational safety of a nuclear reactor is subject to surveillance by a regulatory body independent of the
operating organization. This body is Turkish Atomic Energy Authority (TAEK) in Turkey.

It is necessary to provide a regulatory basis and a licensing procedure of which the main components are:

- Setting the necessary organization;

- Setting the basic safety principles and criteria for authorization;

In Turkey the regulatory documents are :

- Turkish Atomic Energy Law of February 9, 1982, No.2680.
- Licensing procedure of Nuclear Installations, Decree of 1983 No.7405.
- Regulations for Radiation protection, Decree of 1985 No.9801.
Other regulatory documents such as code of regulation necessary for setting forth the safety principles and
licensing criteria which, have the force of law, and Regulatory Guides which describe methods that are
acceptable by the regulatory body does not exist in Turkey.



In this connection, it appears necessary to cooperate closely with the licensing authority of the reactor
supplier country. According to the policy set-up by TAEK at 1982, "the proposed reactor should be
licensable in the supplier country1, most of the safety documents of this country could be used.

In 1984 KWU's offer (970 MWe PWR) was extensively investigated by using the German safety codes and
guides and was discussed with KWU experts during the contract negotiations. Following some corrections
and additions, the licensability of this reactor for Akkuyu was confirmed.

A primary objective of the IAEA is to help developing member countries in providing safety rules
comparable to those of advanced countries. In this respect, IAEA safety series could be used, and with help
of IAEA experts it might be possible to enable this function.

The procedures, which are to be followed in order to put a power plant in operation in Turkey, are as
follows:

Presentation to the regulatory authority of a site report, in which all the safety related characteristics of the
site are evaluated, including the environmental aspects, leading to the issuing of site license by TAEK. This
license is the statement of the suitability of the site for the considered reactor. During 1976, the site license
was issued for the AKKUYU site for PWR and CANDU reactors.

Presentations of the Preliminary Safety Analysis Report (PSAR), in which all die safety aspects of the nuclear
power plant are presented, leading to the issuing of Construction Permit by TAEK. Towards the end of the
construction, the Final Safety Analysis Report (FSAR) is

presented to TAEK. In which the proof is given that all the relevant safety considerations have been taken
into account before the operating license is given by TAEK (see Figure 2). Conditions on fulfillment of
particular requirements could be attached to the operating license.

4.3- Current Situation

It is expected that in the year 2000, the total installed capacity will be 29,247 MW, corresponding to a total
production of 148,966 Gwh, and consumption per capita will be 1878 Kwh/year.

The indigenous resources of Turkey are the hydro-power potential of 122,000 Gwh/year and the lignite
potential of 105,000 Gwh/year. In the year 2000, about 36% of these potentials will be recovered, and 33 %
of the electrical power will be produced by imported fuels.

It is expected that during 2000 - 2010, electrical power production growth rate will be about 7,5% and
installed capacity and total gross production at the year 2010 will be respectively 60,034 MW and 313,913
Gwh, and consumption per capita will reach about 3267 Kwh/year when the recovered percentage of hydro-
electric potential will be about 70% and the lignite potential will be almost used up. Therefore, the
contribution of imported fuels in electric power production will be about 45 % [4].

It appears that it is necessary to introduce to the grid 2000 MWe of nuclear power generation between the
years 2005 and 2008. The estimated potential contribution of the various energy sources in die electrical
power production will be as the followings : Lignite + Coals 30%, natural gas 25%, hydro-power 25%,
nuclear power 4 %, petroleum 3 %.

The 7th five year plan (1995-1999), which is under preparation now, indicates that work should be started for
the implementation of about 2000 MWe of nuclear plant between as soon as possible.

The current activities for the nuclear plant in Turkey started once again in October 1992, when TEK
requested a preliminary proposal from all nuclear vendors. The responses from vendors show that AECL is



again in a position to offer CANDU-6, Westinghouse and ABB-CE have offered AP-600 and BWR-90
respectively, and NPI offered Konvoi PWR-1400.

In 1994, TEAS, which replaced TEK, decided to invite bids from all international consultants for the
advisory works of AKKUYU project. Following initial evaluations, TEAS signed a contract with KAERI
and associates at February 1995.

The key issues according to ITB are :

Phase I- Comparison of commercially available reactors, and recommendation on type, size and
organizational requirements (this report is already issued to TEAS);

Phase II - Preparation of bid documents for the implementation of a nuclear power plant at AKKUYU
site(this phase in underway and ITB completion date is July 31, 1995).

Phase III - Assist TEAS in the evaluation of bids.

Phase I and Phase II are already completed by the consultant. TEAS is presently reviewing the ITB and is
scheduled to issue it to the vendors in May or June 1996.

The recently formed (February 1996) coalition government in Turkey has placed the implementation of
nuclear power plant in (he coalition protocol and also in the government program submitted to the parliament.

4.4- Estimated Cost of Generating Electricity

The cost analysis performed in this paper is prepared according to IAEA and OECD-NEA's recent references
[5] [6].

The plant types considered for this study include 1x700 MWe CANDU, 2x700 MWe CANDU and 1x1385
MWe Siemens PWR.

Base specific cost for 1x700 MWe CANDU and 2x700 MWe CANDU are estimated respectively
1850$/KWe and 1540 $/KWe. For 1350 MWe gross, Siemens-PWR reported case cost is 2400 $/KWe [6].
Since this price is not competitive with other PWR's, an estimated base cost of 1750 $/KWe for an exported
plant is used in this analysis. The specific construction cost of 600 MWe Coal plant is estimated 1400 $/KWe
[5].

Other parameters used in the calculations are given in Table 3 and the results of the analysis are given in
Table 4 [7].

4.5 - Public Understanding

In parallel with the recent sociopolitical changes taking place in Turkey, public interest in nuclear power has
risen drastically. With the anti-nuclear movement having been developed by left groups and
environmentalists, local demonstrations have become intensified, and doubt and criticism about nuclear plant
safety has increased.

To efficiently and effectively cope with this challenge, the government departments working closely with
utilities, universities, research institutes and other nuclear related organizations should place more emphasis
on public acceptance of nuclear power.



5. CONCLUSIONS

It is expected that TEAS will invite bids for the AKKUYU Nuclear Power Plant in 1995 from international
vendors, and the process of implementing a Nuclear Power Reactor in Turkey will start once again.

This time two nuclear power plants, of about 1000 MWe each are included in the long range energy plan up
to 2010 and political leaders are supporting the construction of nuclear power in Turkey.

The institutions relevant to the nuclear implementation are already in place in Turkey. But, the organization
of some institution such as Licensing Division of TAEK and the Nuclear Power Plant Department of TEAS
should he strengthened and a close cooperation between TAEK and TEAS should be achieved in order to
ensure that all aspects of the nuclear program are fully covered.

In Turkey nuclear electricity is economically justified, and past negotiations confirmed the applicability of
two proven reactors, namely AECL-CANDU 6 and KWU-PWR 970 We, to the AKKUYU site from
technical and commercial points of view.

Turkey needs to start a national nuclear energy program with self reliance in energy and with versatility in
fuel cycle options. Considering also operational flexibility and the estimated cost of electricity, it seems that
2x700 CANDU power station is more suitable than one 1350 MWe PWR for the start of the nuclear power
plant program in Turkey.
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1994 1996 2000 2005 2010

Thermal Power (MW) 10414 11595 16725 23785 36985

Hydro-Electric Power (MW) 16078 10954 12522 18602 25059

Installed Capacity (MW) 20492 22549 29247 42387 60034

Power Demand (MW) 12915 15235 20990 30445 43590

Reserve (%) 59 48 39 39 38

Thermal Production(Gwh) 63347 71023 104368 150758 236558

Hydro-Electric Production(Gwh) 35692 39108 44598 63778 77355

Total Production (Gwh) 99039 110131 148966 214536313913

Contribution of The Various Energy

Sources:
Lignite+Bituminous Coals(%)

Hydro-Power

Natural Gas (%)

Petroleum (%)

Nuclear Power

Imported Power

Demand (Gwh)

Reserve Capacity (%)

37

36

17

9

0

27

60095

24

36

36

20

9

0

28

94605

16

37

30

26

6

0

33

130350

14

33

30

27

4

3

37

189630

13

30

25

25

3

4

45

271450

16

Hydro security Production (Gwh) 27895 29798 33453 44852 52619

Dry years Total Production (Gwh)91242 100821 137821 195610 269177

Security reserve (%) 14 7 6 3 7

Table 1 Evolution of Turkish Electrical Power System
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Vendor

AECL(Canada)
Asea Atom(Sweden)
Framatom(France)
KWU(Germany)
NNC(U.K.)
GE(US)

Westinghouse(US)

Type Power
MWe(l)

CANDU635
BWR 990
PWR 1000
PWR 970
MGCR 2x300
BWR 1185

2x1185
PWR 625

940

Total Cost
Millions of
USD

986
943
951
896
1037
1402
2452
749
910

Estimated Cost of
Electricity
Mills/Kwh.

36,0
34,1
36,2
34,7
57,8
39,3
35,3
49,1
41,2

(1) For CANDU Load factor 66%,Others 60%.

Table 2 Proposals of Different Vendors (Date, January, 1983)

Parameters

Amortization Life
Interest rate
Escalation rate
Real Discount rate
Construction Period
Load factor
Fuel Cost

Nuclear Plant
1350 MWe

30 years
6%
5%
5%
7 years
72%
1368 $/kg
enriched-U

Nuclear Plant
2x700 MWe

30 years
6%
5%
5 %
7 years
75 %
89 $/kg 89
Natural-U

Nuclear Plant
700 MWe

30 years
6%
5%
5%
7 years
75 %
89 $/kg
Natural-U

Coal Plant
600 MWe

25 years
5 %
4,5 %
5%
5 years
73 %
64 $/ton

Table 3 Parameters Used in the Calculations

Power Plants

600 MWe Coal Plant
1x700 MWe CANDU
2x700 MWe CANDU
1350 MWe PWR

Capital

20,5
35,0
30,0
37,9

O & M

8,5
7,6
11,6
7,5

Fuel

23,2
3,9
3,9
8,3

Tota

52,2
46,5
45,5
53,7

Table 4 Estimated Costs of Generating Electricity (U.S. Mills of 1994)
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