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NÜKLEER ENERJİ KAMUOYUNU BİLGİLENDİRME SEMİNERİ

Nur YILDIRIM
TEAŞ

APK DAİRESİ BAŞKANI
Ankara, 26-27 Mayıs 1997

Türkiye elektrik enerjisi sanayi, bir taraftan elektriğin üretim ve iletiminden sorumlu
Türkiye Elektrik Üretim İletim Şirketi (TEAŞ), diğer taraftan dağıtımdan sorumlu
Türkiye Elektrik Dağıtım Şirketi O"EDAŞ) ile elektriğin üretim, iletim ve dağıtımından
birkaç ili kapsayacak şekilde sorumlu olarak görevlendirilen özel sektör kuruluşları
ve sadece ya üretim ya da dağıtımdan sorumlu özel elektrik şirketleri olmak üzere,
heterojen bir yapı arz etmektedir.

Yakıt çeşitlendirmesi de göz önüne alınmak suretiyle ithal kaynaklarda ekonomi
koşulları aranırken, elektrik üretiminde politikalar ağırlıklı olarak öz primer
kaynaklara yöneltilmiştir.

Kaynakların verimli kullanımı ve enerji tasarrufu kadar, enerji üretimi ve iletimi
sırasında çevre ve insan sağlığının korunmasına yönelik önlemlerin
u gulanmasının sağlanması ve desteklenmesi de enerji politikalarının öncelikleri
£ asındadır.

Enerji yatırımlarında yabancı sermaye ve ulusal özel sektör katılımı teşvik edilmekte
ve enerji fiyatlandırılmastnda sübvansiyonsuz rasyonel bir uygulamaya gidilmekte,
aynı zamanda komşu ülkelerle enerji alışverişi ve enterkonneksiyonlar
desteklenmektedir.

1970-1996 yılları arasında, Türkiye elektrik enerjisi gelişimi tüm yönleriyle şöylece
özetlenebilir.

Türkiye primer enerji kaynaklan arasında ilk sırayı alan kömür rezervleri, düşük
kalorili linyitlerden oluşmaktadır. 1996 yılı sonu kurulu güç itibariyle, primer kaynak
kullanımı, % 37 kömür, % 30 hidrolik olarak gerçekleşmiştir.

Toplam linyit potansiyeli 105 Milyar kVVh/yıl, taş kömürü potansiyeli 15.7 Milyar
kWh/yıl, ve hidrolik potansiyeli 125 Milyar kVVh/yıl üretime karşılık gelmektedir.

Türkiye toplam kurulu gücü, 1970 yılındaki 2 235 MW seviyesinden, 1995 yılı sonu
itibariyle 20 951.8 MW seviyesine ulaşmıştır. Kurulu gücün 5'er yıllık dönemler
itibariyle gelişimi şöyledir:



(MW)
YILLAR

1970
1975
1980
1985
1990
1995

TERMİK
1509.5
2407.0
2987.9
5244.3
9550.8

11089.0

HİDROLİK
725.4

1779.6
2130.8
3874.8
6764.3
9862.8

TOPLAM
2234.9
4186.6
5118.7
9119.1

16315.1
20951.8

1970 yılında 8.6 Milyar kWh olan toplam üretim, 1995 yılı sonu itibariyle 86.2 Milyar
kWh'a ulaşmıştır. Üretimin 5'er yıllık dönemler itibariyle gelişimi şöyledir:

(GWh)
YILLAR

1970
1975
1980
1985
1990
1995

TERMİK
5590.2
9719.2

11927.2
22174.0
34395.4
50706.5

HİDROLİK
3032.8
5903.6

11348.2
12044.9
23147.6
35540.9

TOPLAM
8623.0

15622.8
23275.4
34218.9
57543.0
86247.4

Kişi başına elektrik tüketimi 1970 yılında 244 kWh iken, 1996 yılı sonu itibariyle
1520 kWh'a ulaşmıştır.

1996 yılı sonu itibariyle 11 239 MW termik ve 9 925 MW hidrolik olmak, üzere,
Türkiye kurulu gücü 21 164 MW olarak gerçekleşmiştir. 1997 yılı içerisinde ise, 11
746 MW termik ve 10 427 MW hidrolik olmak üzere toplam 22 173 MW güce
ulaşılması planlanmaktadır.

1996 yılı sonunda elektrik üretimi 94.9 Milyar kWh olmuştur. Üretimin 1997 yılı
içerisinde 97 Milyar kWh olacağı tahmin edilmektedir.

Enerji talebi, uzun yıllardan beri ortalama %8'lik artış hızıyla yükseliş
göstermektedir. Bu talebin karşılanabilmesi için yeni üretim tesislerine gereksinim
duyulmaktadır. \

2020 yılına kadar elektrik enerjisi gelişimi tahminleri şöyledir:



YILLAR

2000
2005
2010
2015
2020

GÜÇ TALEBİ
(MW)
21 588
31 850
46 219
64 122
88 100

ENERJİ TALEBİ
(Milyar kWh)

134.3
199.6
289.8
398.2
547.1

KİŞİ BAŞINA TÜK.
(kWh)

1800
2 600
3 500
4 400
5 500

öngörülen talebin karşılanabilmesi için 2020 yılına kadar mevcutlara ilave olarak
yaklaşık 87 600 MW'lik yeni üretim tesisinin devreye alınması gerekli olmaktadır.
Bu ilave güç için gerekli yatırım tutarı 99.1 Milyar US$ olarak tahmin edilmektedir.

Söz konusu, yaklaşık 87 600 MW'lik gücün ilavesiyle, toplam kurulu gücün 2020 yılı
sonuna kadar 108 770 MVV'a ulaşması tahmin edilmektedir.

Bu ilave 87 600 MW kapasitenin % 13'ünün linyit ve taş kömürü, % 35'inin doğal
gaz, % 8'inin fuel-oil, % 10'unun ithal kömür, % 11'inin nükleer ve % 23'ünün ise
hidrolik kaynaklardan karşılanması amaçlanmaktadır.

2020 yılı için kurulu gücün yakıt tiplerine göre dağılımı, % 32 doğal gaz, % 16 linyit
ve taş kömürü, % 28 hidrolik, % 7 fuel-oil, % 8 ithal kömür ve % 9 nükleer olarak
öngörülmektedir.

Uzun dönem elektrik üretim planlama çalışmalarından elde edilen sonuçlardan en
dikkate değer olanı, üretimin giderek daha fazla termik kaynaklara dayalı olacağı
ile 2020 yılına kadar olan dönemin sonuna doğru ise ağırlıklı olarak ithal kaynaklara
kayacağı hususudur.

Planlama çalışmalarından ortaya çıkan bir diğer önemli sonuç da, yukarıda sözü
edilen yatırımların gerçekleşmesinde özel sektörün katkılarının kaçınılmaz
olacağıdır. Bu husus göz önüne alınarak, 1984 yılında yapılan yasal
düzenlemelerle özel sektörün enerji yatırımlarına katılımının temini için kamu
sektörünün bu alandaki tekeli kaldırılmıştır.

Çevre kirlenmesi dikkate alınarak, kamu, özel sektör ve dış sermayenin verimli
kullanımı ile talebe bağlı olarak üretim ve iletim sistemlerinin sürekli ve kaliteli
enerji temin edecek şekilde geliştirilmesi, enerji politikalarımızın temelini
oluşturmaktadır.

" Bu meyanda yürütülmekte olan YİD modeli kapsamında toplam 34 MW'lik 3 hidrolik
santral ve 254 MvVIık bir doğal gaz santralı inşa edilmiş ve 672 MVVIık bir hidrolik
santral ile 478 MW'lik bir doğal gaz santralının inşaatına başlanmış, ayrıca inşasına
yakın bir gelecekte başlanılması beklenen toplam 397 MW'lik 3 hidrolik santral ve
658 MW'lik 2 doğal gaz santralına ilişkin çalışmalar sürdürülmektedir. Bunun
ötesinde, 7 200 MW'lik 56 hidrolik santralın serbest rekabet koşullarında ihalesi için
resmi duyurular yapılmıştır.



İlk aşamada YİD modeli için öngörülmüş olan düzenlemeler, yapılan ilavelerle
kapsamı genişletilerek, özel sektörün üretim tesislerinin mülkiyetini de edinme
olanağı sağlayan Yİ modeli oluşturulmuştur.
Yİ kapsamında, toplam kapasitesi 10 700 MW olan 13 santralın uluslararası ihale
yoluyla inşası için gerekli çalışmalar başlatılmış bulunmaktadır.

Üretim planlama çalışmalarının sonuçlarına göre ve muhtelif bölgelerin enerji
talebine dayalı olarak ilk aşamada;

• Adıyaman Doğal Gaz Santralı

• Gebze Doğal Gaz Santralı

• Gebze Doğal Gaz Santralı

• Ankara Doğal Gaz Santralı

• izmir Doğal Gaz Santralı

• İskenderun İthal Kömür Santralı

700 MW

700 MW

700 MW

700 MW

1400 MW

1000 MW

2000 yılında

2000 yılında

2001 yılında

2001 yılında

2001-2005 arasında

2003 yılında

olmak üzere, toplam 6 santral Yİ modeline göre inşa ettirilmesi öngörülerek ihale
ilanına çıkılmış ve 34 firmadan alınan tekliflerin değerlendirilmesine başlanmıştır.

2020 yılına kadarki dönem içinde, YİD modeli kapsamındaki projeler ile Yi modeli
kapsamındaki projelerden oluşan projelerin tutarının 53.4 Milyar US$ civarında
olması beklenmektedir.

Üretim yatırımlarının 2020 yılı itibariyle kuruluşlara dağılımı şöyledir:

• TEAŞ yatırımları 41.5 Milyar US$
• YİD & Yİ yatırımları 33.4 Milyar US$
• DSİ yatırımları 4.2 Milyar US$
• YİD kapsamında HES yatırımları 20.0 Milyar US$

TOPLAM 99.1 Milyar US$
Yukarıdaki düzenlemelere ilave diğer bir politika olarak, TEAŞ'ın mülkiyetinde olan
santralların işletme hakkının devri uygulamasına başlanmıştır. Bu bağlamda 30
MW'lik bir hidrolik santral ile 1360 MW gücünde bir termik santralın işletme
haklarının özel şirketlere devri ile ilgili Bakanlar Kurulu kararı yürürlüğe girmiştir.

Bu politika çerçevesinde, toplam 6723 MW kurulu güçteki 12 termik santralın 1.660
Milyar US$ karşılığında işletme haklarının devri ile ilgili ihale ve toplam 1533.4 MW
gücündeki 19 hidrolik santralın yarım kalan inşaatlarının tamamlanarak işletme
haklarının devrine imkan vermek üzere ihalesi için Resmi Gazetede gerekli
duyurular yapılmıştır. '



Kamunun da bu alandaki katkıları çerçevesinde, ülkemizde ilk nükleer santra! olan
Akkuyu Nükleer Santralı ile, 4x350 MVV'lık Elbistan-B Santralının ve Yeniköy
Santralı Baca Gazı Arıtma Tesisinin TEAŞ tarafından gerçekleştirilmesine yönelik
ihale ilanlar» da Resmi Gazete'de yayımlanmıştır.

Planlanan enterkonneksiyonlar kapsamında, nihai hedefi Batı Avrupa Elektrik
Sistemi (UCPTE) ile entegrasyon olan, 400 kV Türkiye-Yunanistan
enterkonneksiyonu çalışmaları sürdürülmektedir.

17 Ocak 1989 tarihli Sözleşme ile başlatılmış bulunan ve en dinamik bölgesel
enterkonneksiyon projesi olarak Mısır, Irak, Ürdün, Suriye ve Türkiye ülkeleri
arasındaki Beş Ülke Enterkonneksiyonu Projesi başarıyla sürdürülmektedir. Bu
kapsamda, Genel Ticaret Anlaşması, Enterkonneksiyon Anlaşması ve İkili Tesis
Anlaşmaları ilgili ülkelerce imzalanmış bulunmaktadır.
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PUBLIC ENLIGHTMENT SEMINAR ON NUCLEAR POWER

NurYILDIRIM
TEA§

Head of RPC Department
Ankara, 26-27 May 1997

Today of Turkey's power industry reflects a heterogeneous structure with the public
enterprises namely Turkish Electricity Generation Transmission Co. (TEA§)
responsible for the generation and transmission of electricity and Turkish Electricity
Distribution Co. (TEDA§) responsible for the distribution as well as the private
sector entities assigned for the generation, transmission and distribution of
electricity so as to cover a few provinces and also the private power companies
responsible only for either generation or distribution.

The policies on primary resources for the electrical energy are mainly oriented on
domestic potential at the first hand, while seeking the economy with import
resources considering also the diversification of which.

Ensuring and supporting the efficient utilization of the resources and energy
conservation are among the priorities of the power policy as much as the
implementation of the regulations and measures for environmental and public
health protection in the courses of energy production and transmission.

The participation of foreign capital and local private power companies in energy
investments is promoted and rational structure in energy pricing is being applied
without any subsidies, whereas the interconnections and wider energy exchange
with neighbouring countries are supported.

Development of electrical energy in Turkey with all aspects between 1970-1996
can be outlined as follows;

The majority of the deposits of coal which takes the front rank among the primary
resources in Turkey, is formed of low calorific value lignites. The utilization of the
primary resources has been realized from coal by 37% and by hydraulic 30 % as
regards the installed capacity by the end of 1996. The total Lignite potential
corresponds to 105 Billion kWh/year generation, hard coal potential to 15.7 Billion
kWh/year generation and hydro potential corresponds to 125 Billion kWh/year
generation.

Total installed capacity has reached 20 951.8 MW with Turkey by the end of 1995,
while it was recorded 2 235 MW in 1970. The development of the installed capacity
by the five years period is as follows:



INSTALLED CAPACITY (TURKEY)

(MW)

YEAR
1970
1975
1980
1985
1990
1995

THERMAL
1509.5
2407.0
2987.9
5244.3
9550.8

11089.0

HYDRO
725.4

1779.6
2130.8
3874.8
6764.3
9862.8

TOTAL
2234.9
4186.6
5118.7
9119.1

16315.1
20951.8

Total generation has reached 86.2 Billion kWh with Turkey by the end of 1995,
while it was recorded 8.6 Billion kWh in 1970. The development of the generation
by the 5 years period is as follows:

ELECTRICITY GENERATION (TURKEY)

(GWh)
YEAR
1970
1975
1980
1985
1990
1995

THERMAL
5590.2
9719.2

11927.2
22174.0
34395.4
50706.5

HYDRO
3032.8
5903.6

11348.2
12044.9
23147.6
35540.9

TOTAL
8623.0

15622.8
23275.4
34218.9
57543.0
86247.4

The gross consumption of electricity per capita has become 1 520 kWh by the end
of 1996, from its level of 244 kWh in 1970.

The total installed capacity of Turkey, has reached 21 164 MW by the end of 1996.
This total capacity is composed of approximately 11 239 MW thermal and 9925
MW hydro. It has been planned to reach total 22 173 MW of which 11 746 MW
accounts for thermal and 10 427 MW for hydro by the end of 1997.

Total gross electricity production, on the other hand, has reached about 94.9 billion
kWhforthe year 1996.

Electrical energy demand of Turkey is growing rapidly with the rate of increase of
8% in average for long years. To meet the demand, the construction of new
generation facilities will be necessary.



The development of electrical energy upto 2020 is predicted as follows;

YEAR

2000
2005
2010
2015
2020

POWER
DEMAND

(MW)
21 588
31 850
46 219
64 122
88100

ENERGY
DEMAND

(Billion kWh)
134.3
199.6
289.8
398.2
547.1

CONSUMPTION
PER CAPITA

(kWh)
1800
2 600
3 500
4 400
5 500

In order to meet the demand forecast, the power plants with approximately 87 600
MW should be put under operation, in addition to the existing ones, by the year
2020. The cost of the required total power plant investments has been estimated as
99.1 billion US$.

By the addition of approx. 87.600 MW capacity, the total installed capacity will
reach 108 770 MW by the end of the year 2020.

This additional capacity around 87 600 MW will compose of 13% lignite+hard coal,
35% natural gas, 8% fuel-oil, 10% import coal, 11% nuclear and 23% hydraulic.

The breakdown of the total installed capacity by fuel types for the year 2020 are;
32% natural gas, 16% lignite and hard coal, 28% hydraulic, 7% fuel-oil, 8% import
coal and 9% nuclear.

One of the most important point to be noticed from the conclusion of the long term
electricity generation expansion study in the fact that generation will depend
progressively on more and more thermal resources and on import fuels towards the
end of planning period of 2020.

The above results obtained by the planning studies, put aside the indispensability
of the contribution of the private sector, in the realization of those investments.
Taking the above fact into consideration, our Government had relieved the
monopoly of the public sector in the field of electrical energy through an legislative
arrangement in 1984, to allow the involvement of private sector therein.

Taking care of environmental pollution, efficient utilization of government, private
and foreign capital and supplying energy continuously at a high quality by improving
transmission and distribution systems in accordance with demand, form the basic
principals of our energy policies.



Taking care of environmental pollution, efficient utilization of government, private
and foreign capital and supplying energy continuously at a high quality by improving
transmission and distribution systems in accordance with demand, form the basic
principals of our energy policies.

In addition to 3 hydro power plants with total 34 MW and a natural gas fired power
plant with 254 MW capacity realized under BOT scheme being implemented within
the framework of such approach, the construction of a hydro plant of 672 MW and
a natural gas power plant of 478 MW has been started while the studies for 3
another hydro plants with 397 MW capacity and 2 natural gas fired plants with 658
MW are being continued for which the commencement of the construction works in
the near future is expected. Besides the announcement for 56 hydro power plants
with total 7200 MW to allow the tendering under free competition conditions has
been made.

While the above legislative arrangements previously have been foreseen to BOT
model, those had been expanded, via additional arrangements, to BO model which
allows the private sector to own the property of the generating facilities.

Within the framework of the above mentioned new arrangement, i.e. the BO model,
the studies for the implementation of the construction of 13 power plant projects
with the total capacity of 10700 MW through international tendering have been
initiated.

Based on the results of generation expansion plan and electrical energy demand of
various regions, as the first stage 6 thermal power plants which are;

• AdapazanNG 700 MW (in 2000)

• Gebze NG 700 MW (in 2000)

• Gebze NG 700 MW (in 2001)

• Ankara NG 700 MW (in 2001)

• Izmir NG 1400 MW (in 2001-2005)

• Iskenderun Import Coal 1000 MW (in 2003)

will be constructed by BO Model and the tender announcement has been made,
bids are collected and bids evaluation process has been started.

The total cost of the investment projects which both are under implementation on
BOT model and also the projects under BO model covering the period till 2020,
are expected to be around 53.4 billion US$.



BREAKDOWN OF THE GENERATION INVESTMENTS BY UTILITIES TILL 2020

TEAS INVESTMENTS 41.5 BILLION $

BOT & BO INVESTMENTS 33.4 BILLION $

DSl INVESTMENTS 4.2 BILLION $

HPP INVESTMENTS ON BO 20.0 BILLION $

TOTAL 99.1 BILLION $

In addition to the above mentioned arrangements, another policy also has been
foreseen and initiated as the transfer of the operational rights of the power plants,
which are under the ownership of TEAS, to the private companies. In this respect
the ministerial decree were enacted for the transfer of the operational rights of a
hydro power plant with 30 MW capacity and a thermal power plant with 1360 MW
capacity to the private companies.

Via such policy, the tender announcement for the transfer of the operational rights
for 1.660 billion US dollars of 12 thermal power plants with total 6723 MW installed
capacity as well as the announcement forseing the completion of the construction
of 19 hydro power plants with total 1533.4 MW installed capacity so as to maintain
the transfer of the operational rights under free competition rules have issued in the
Official Gazette.

Within the framework of the contributions of the public sector in this field, the
investment program of TEAS is covered with 157 MW Kangal TPP 3rd. Unit with its
FGD Plant, and 2x160 MW Qayirhan TPP 3rd. and 4th. Units with its FGD Plant,
1400 MW Bursa NGPP, Orhaneli and YataQan Retrofit FGD Plants, 23.5 MW Suat
Ujjurlu HPP 3rd. Unit, -the construction of those are ongoing-, while Akkuyu NPP
to be the first Nuclear Power Station in Turkey, 4x350 MW Elbistan-B TPP and
Yenik6y Retrofit FGD Plant, the tender announcement of them has been made,
whereas 150 MW Seyit6mer-B, 700 MW AliaQa Fuel-Oil fired and 2x150 MW Can
TPPs (FGDs included), the tendering studies of which are underway.

As regards the planned interconnections, the connection of 400 kV lines of Turkish-
Greece networks is being studied which ultimately aims at the integration with West
Europe Electrical System (UCPTE).

The most dynamic regional interconnection project among Egypt, Iraq, Jordan,
Syria and Turkey under the Contract concluded on 17 January 1989 carries
successfully its progress forward. In this context, General Trade Agreement and
Bilateral Construction Agreements have already been undersigned by the
respective countries and the Interconnection Agreement shall be signed within a
very short time.
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Nevzat §AHlN
Head of Nuclear Power Plant Department

TEA§, TURKEY

TEA?AKKUYU NUCLEAR POWER PLANT PROJECT

TEA§ (Turkish Electric Generation and Transmission company) has restarted its Nuclear
Program amounting to approximately 3000 MW by annonsucing the bidding on 17th December
1996. Bids shall be received on 30th of June 1997 and the first unit of the NPP is expected to be
commissioned in 2005.

In this paper the project shall be introduced together with its financial aspects.

1. History of The Project

Site selection studies of the Nuclear Power Plant has started in 1972 in Turkey. Akkuyu on
the Mediterranean coast near Town GOLNAR has been selected for the following main reasons:

* Site is located in an area seismically the most stable region in Turkey.
* Heavy bulky NPP Parts shall be sea transported to the Akkuyu Seaport.
* Population density is low at the region.
* Akkuyu is located in the middle of heavy electric consuming load centers such as Adana,

Konya, Antalya and Mersin.
* Cooling water requirements'vpf the NPP site permit has been granted for Akkuyu by

TAEK Regulatory Body. *\

Until now 2 biddings for Akkuyu NPP have been attempted with TEA§( former TEK).

The first bidding has been made in 1997. Contract negotiation with ASEA-Atom could not
be concluded due to 100% finance requirement of the Turkish Government and the military coup
happened in Turkey in 1980.

The second bidding was first started as turn-key project. However later, Turkish
Government has turned the bidding to BOT Model (Built-Operate-Transfer). Since BOT was a
new model for Turkey and the world during that time long and tedious discussion with the
interested Consortium AECL (Canada) have collapsed due to some financial state guarantees
required by Canada and partly the Chernobyl accident occured during that time.

TEAS. Nuclear Program have been refreshed after 7 year in 1993. Akkuyu NPP has been
included again in the State Investment Program. The bidding specification prepared by the TEA$
Consultant KAER1 has been further developed by TEA§ Engineering and Commercial/Legal
Departments In 1995 and 1996 and the bidding announced on 17th December 1996 as pointed out
above.

II. Main Aspects of Akkuyu NPP Project and Principle Provisions of the Bidding
Specification.

The bidding is open in principle to NPP plant types PWR, BWR and PHWR commercialiy
in operation.



The bidders are expected to offer two alternative offers:

Alternative I (Main offer): NPP having net output max. 1400+5% MW ( 1 or 2 units
according to size offered)

Alternative II (Optional): NPP having net output max. 2800+5% MW (2 or 4 units
according to size offered)

Minimum unit size allowed is 600 MW (net) and minimum NPP plant size 800 MW (net)

Bidders are expected to comply the following main criterias for qualification:

- Construction and commissioning of at least two NPP's until now
- Designating one "reference plant" similar to the one to be offered for Akkuyu
- Preferance shall be given to the ones who has constructed NPP Abroad.
- The design which had an "accident" before shall not be accepted
- NPP offered shall be licensable first in the Bidders Country.
- 5 year operation experience for the type offered
- Offered power plant shall be the newest of its type.

The Scope of Supply shall comprise:

- Nuclear Power Plant on turnkey basis consisting nuclear and turbine island, fuel storage
system having 20 years spent fuel capacity, coolant water intake and outlet structures, GIS
Substation of 154 kV and 380 kV

- Nuclear Fuel Supply for the first loading and reloads during 2 years warranty period plus
5 year fuel supply after warranty period (optional) including heavy water if any.

- Operation supervision during 2 years warranty period and 3 years after warranty period
(optional)

- Spare parts covering warranty period plus 3 years (optional) spare parts after warranty
period.

- Training of the TEAS operation personnel in TURKEY and abroad and supplying a
replica simulator.

- Completion of partly constructed harbour, constructing social buildings for the TEAS
operation personnel, raw fresh water supply from 9 km distance for NPP and social facilities.

III. Financial Aspects of Akkuyu Project;

The Bidders are requested 100% full financial loan covering the Alternative I Main NPP
(max. 1400 MW) as described above. Letter of intends or similar documents having basic credit
terms and obtained from governmental agencies or respected financial organizations will be
evaluated and taking into account as to assessment of TEA§, for the additional amount of credit
needed for Alternative II (optional ofter, max. 2800 MW)*vhich exceeds the credit arranged for
Alternative 1 ofter.

II* a contract is signed on the base of Alternative II, the supplier having bid in above
condition shall bring final credit terms for the optional unit(s) within 1.5 year after signing of the
contract and covering the total amount of the Contract including escalation, optional items and
contingencies.

The credit offer shall be given together with the bids. The offered credits shall be subject to
the approval and acceptance of the Prime Ministry Undersecretariat of Treasury of the Republic
of TURKEY.



The bidders credit shall also cover the local portion; credit insurance premiums.

The owner TEAS will cover the following costs in addition to the approximately 100
million US dollars spent until now for the expropriation of the 7.5 km2 plant site area, fresh raw
water wells area, construction of the harbour(partly), connection roads to highway, job site inner
roads, 2x154 kV overhead lines to the site and temporary 154/34.5 kV Substation and
Distribution System, site related studies and reports exceeding 100 for and temporary site
buildings:

- Interest during construction
- Custom duties fees and other taxes and expenses for the permits to be obtained
- Construction of the 380/154 kV overhead lines for connecting Akkuyu NPP to the

Network
- All taxes and funds to be paid for the services which shall be performed in TURKEY by

foreign partners of the Bidders.

Terms of Payment: Klain course of payment is for the supplies against shippment and for
erection and services against progress 15% addance payment (local supply 10%), 80 percent
open delivery (85% for local supply) and 5% after temporary acceptance shall be made.

CONCLUSION

Turkey is an energy importing country and around 60% of its need is imported in 1996.
Turkey Hydraulic and coal capacity for electricity production restricted to 245 billion kWh.

Electricity demand of TURKEY will exceed this amount beetween 2005-2010 which the
demand will reach approximately 300 billion kWh with approximately 8% annual demand
growth. Turkey for supply security has planned imported Coal Power Plants and Nuclear Power
Plants for fuel diversification against natural gas which will the Turkish Electric Sector will
heavily depend upon after year 2000.

There may be some problems expected by TEAS in shifting in a new and highly
sophisticated nuclear technology. However staff training needed for this new technology can be
achieved in paralel to the long construction period of the NPP, which is the normal procedure for
many countries started their nuclear program.

There are three potential bidders who showed up during the first prebid meeting.

- AECL (Canada)
- WESTINGHOUSE-M1TSUBISHI (USA-Japan)
- NP1 (France-Germany)

ANSALDO (Italy) is also trying to form a group as the fourth bidder. The major problem
to bo challenged by the potential bidders is the arrangement of the huge finance involved for the
project especially the finance of the local portion.

TEAS experience in similar big projects shows that the existing political and economical
atmosphere prevailing in TURKEY inspire creditors and eximbanks to participate in this huge
Power Plant Project and be a part of the Turkish Nuclear Program which will reach 10.000 MW
by the year 2020.
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Introduction

Energy is a basic input for all socio-economic development activities. It is for this reason that
world energy consumption has risen rapidly following the onset of the industrial revolution in
the 19th century - on average at 4-5 % per annum. It has increased about thirty-fold within the
current century.

In 1995 global primary energy consumption amounted to some 9 billion.tonnes of oil equivalent
(TOE) of which about 90% (8.3 billion TOE) was supplied by commercial forms of energy.
Non-commercial energy (fuel wood, animal and agricultural wastes) is used mostly by rural
populations in developing countries, where commercial fuels are not readily available at
affordable costs. Two points are worth noting here. First, that fossil fuels presently meet about
86% of the world's commercial energy needs, with the balance of the demand being met almost
equally by hydro and nuclear power. Second, North America and Europe today account for
about 65% of the world energy consumption, with respective shares for North America, Western
Europe and Eastern Europe being about 30%, 19% and 16%.

Most of the growth in world energy consumption so far has been in the developed countries,
which have gone through the process of large scale industrialisation and have developed the
corresponding infrastructure. Developing countries are still going through this process. As a
result, developed countries with about one quarter of the world population today consume about
three quarters of the global commercial energy, while developing countries with three quarters
of the world population account for only one quarter of such consumption. Not surprisingly,
there are large disparities in per capita consumption of energy and electricity among countries.
Countries at higher rungs of die developmental ladder have proportionally higher consumption
levels than as those at the lower rungs of the ladder. Countries like Bangladesh and Tanzania
use less than 100 kg of oil equivalent (OE) of commercial energy and less than 100 kWh per
capita per year, while Canada uses some 8000 kg OE of commercial energy and some 19,000
kWh per capita per year. Energy consumption levels in Turkey currently fall somewhere
between these extremes: about 1000 kg OE of commercial energy and 1500 kWh of electricity
per capita per year, equivalent to about one third of the average for other European countries.

In Western Europe, Sweden consumes five times more than Portugal, and ten times more than
Turkey. There is no doubt that such gaps will be reduced in the years to come. While Swedish
consumption may level off in the years to come, a strong economic development will fuel
increased energy and electricity demand of the presently less favoured countries of Europe.



There is absolutely no doubt that global energy use will increase sharply in the decades to come.
As developing countries industrialise, their energy consumption will increase dramatically. Also,
the world population continues to increase and billions of people in the developing world want
to live better. The use of electricity will expand even more sharply. The most recent forecasts
(1995) of the World Energy Council indicate as a middle course scenario that the world use of
energy and of electricity will increase by about 50% and 75% respectively by 2020. Already
power sector's share of energy consumption stands at a level of around 40% for OECD
countries, and 34% for the world as a whole, and this share is increasing everywhere over time,
due to the higher growth rate of electricity demand as compared to that for total energy.

Present status of nuclear power

Nuclear power has become an important energy source in many countries of the world since its
introduction four decades ago. Nuclear power is now a well established and economically proven
technology that is meeting about 17% of the world electricity needs - about 33% in Western
Europe and 14% in Eastern Europe (including the former Soviet Union).

The six largest producers of nuclear power in 1996 were the USA (675 TWh), France (378
TWh), Japan (298 TWh), Germany (153 TWh), Russia (109 TWh), and Canada (88 TWh). In
terms of nuclear power s contribution to national electricity production, the list is headed by
Lithuania where some 83% of the electricity was produced by nuclear in 1996, followed by
France with 77%, Belgium with 57%, Sweden with 52% and the Slovak Republic and
Switzerland with 45% each. In an additional 11 countries, more than a quarter of the electricity
was generated by nuclear power.

By the end of 1996, 442 units with a total generating capacity of 351 GWe were in operation
in 31 countries in the world, and another 36 units with a generating capacity of close to 28 GWe
were under construction. Of the 36 nuclear power plants now under construction, only 3 are in
Western Europe (France), 15 in Eastern Europe (Czech Republic: 2; Romania: 1; Russia: 4;
Slovakia: 4; Ukraine: 4), 2 in Latin America and 16 in South and South East Asia. The total
accumulated operating experience of nuclear power plants by the end of 1996 amounted to over
8100 reactor years, corresponding to an average operating period per plant of more than 18
years.

Energy situation in OECD Europe

Turkey is part of OECD Europe. With less than ten percent of the world's population OECD
Europe consumes about 20% of its energy. On a country by country basis*, however, there are
substantial differences in economic conditions and in energy use. Germany's GDP, for example,
is the largest in Europe, and equivalent to about $2000 billion. This is forty times more than the
GDP of Ireland, which itself is seven times more than that of Iceland. Five countries - Germany,
France, United Kingdom, Italy and Spain - account for 75% of the energy consumed in OECD
Europe.



On average, fossil fuels now comprise almost 80% of energy supplies in Western Europe (and
over 90% in Eastern Europe). But the energy and electricity mixes in individual European
countries vary as much as their economies. France and Belgium rely heavily on nuclear energy
for their electricity supply, while Austria and Italy cancelled their nuclear programmes in the
1980's. Italy now relies heavily on oil for its electricity generation, and on imports of French
nuclear generation. Austria relies on hydropower for two third of its electricity requirements.

Over-all, the rate of growth of electricity and energy consumption in Western Europe has been
slowing, as markets have matured, economic growth has slowed, and because of the existence
of excess - often high-cost - capacity. There has also been a shift in economic activity from
heavy manufacturing towards services and less energy intensive activities. In Eastern Europe,
a similar slowdown is evident, but for different reasons. The transition to more market oriented
economies and the accompanying need for industrial restructuring has slowed economic growth
and constrained investment in the energy sector, especially in electricity generation.

This slower economic growth has been an important element in changing the rate of growth for
nuclear power in European countries in the past 10 years. Another important factor was the
Chernobyl accident. Whatever the impact of that accident in terms of radiation, it has had a
major dampening effect on nuclear power in a number of countries and is one of the reasons that
nuclear deployment in Western Europe has been brought more or less to a halt. Some European
countries, including Italy, the Netherlands and Spain, have cancelled plans for continued nuclear
power development. In Eastern Europe, countries operating Chernobyl-type reactors found
themselves faced with costly restrictions and requirements for upgrading. With slow growing
economies and slow growing energy demand, most European countries are not interested now
in investing billions of ECUs several years in advance to produce nuclear electricity.

According the World Energy Outlook published by the International Energy Agency of the
OECD, nuclear electricity generation is expected to increase between 1993 and 2010 by only 2%
in Western Europe and some 20% in Eastern Europe. As a result, the share of nuclear in total
electricity supply is projected to change from the 1993 level of 33 % in Western Europe to 24
to 30% in 2010, and from about 14% in 1993 in Eastern Europe to 13-16% in 2010. This
slowed growth in nuclear generation should not be allowed to mask, however, the serious
contribution that nuclear power makes today in European countries.

Energy in Turkey Compared to the Rest of Europe

Turkey today uses close to 1500 kWh per person per year, about one fourth.of what is consumed
in Western Europe and one half of that in Eastern Europe. There is no doubt that - in the not-so-
distant future - the level of per capita consumption in Turkey will reach present consumption
levels of other European countries on a per capita basis. Rapid growth in this sector must
therefore be expected in line with past trends. The country has had an average growth rate of
about 9% per annum in its electricity sector over the last 15 years. There is no reason why such
high growth rates can not be maintained, at least in the medium term future, particularly because
the country is still going through an energy-intensive phase of economic development.



Unless it finds a way to meet an increasing fraction of its future energy needs without relying
on imported fuels, such high growth rates of energy and electricity demand, desirable as they
are, may have serious implications for Turkey in terms of increased energy import dependence.
This has already been on the increase over the last 10 years, rising from 44% in 1980 to 56%
in 1994. In fact, reliance on nuclear energy for electricity generation offers an important
opportunity to energy resource-poor countries for reducing their dependence on imported fossil
fuels, as has been demonstrated by the experience of France, Japan and the Republic of Korea.

The nuclear power option is attracting growing attention in Turkey. This has also been the case
in China and other fast developing countries. It is not difficult to understand why. The fastest
growing economies in the world require rapid growth in energy services. In Korea, where more
than one third of the electricity is supplied by nuclear power, current electricity consumption is
five times greater than fifteen years ago. In Turkey, electricity generation has grown more than
3 times over the last fifteen years. In the Republic of Korea, only one 600 MWe reactor was
operating in 1980; now installed nuclear capacity is fifteen times higher. Today, Turkey is
considering developing nuclear power, tomorrow a sizeable share of its growing electricity
demand could be supplied by nuclear power.

Reduced dependence on fossil fuels in the long run

Today, oil, gas and coal - the fossil fuels - provide some 85% of the commercial energy that the
world uses: close to 38% for oil, 26% for coal, and more than 22% for gas, with nuclear power
and hydro power together providing around 7%, each and commercial renewables like solar,
wind and geothermal, about 0.4%. Non-commercial uses of renewable energy are estimated to
provide another 10% of world energy consumption. In OECD Europe, the fossil fuels provide
about 77% of the commercial energy: 41% for oil, 19% for coal, and 17% for gas. Nuclear
power is providing 15%, hydro power stands at 8%, geothermal and others, 0.3%. In Turkey
nearly 90% of the energy supply comes from fossil fuels: 49% from oil, 31% from coal and
8% from gas. Most of the remaining 12% is provided by hydropower.

With increasing global demand - fuelled by economic and population growth - there is no
feasible alternative to increased fossil fuel consumption. Present energy and economic policies
can at best hope to slow down the rate of growth. According to the WEC, worldwide burning
of fossil fuels can be expected to increase almost 50% by the year 2020, still supplying 85% of
increased world energy consumption. By 2050, world energy consumption could increase by
another 50% with two thirds supplied by fossil fuels. In such a scenario fossil fuel consumption
would still increase by 20%, even though its share is expected to decline.,.

»
It is precisely this strong dependence on fossil fuels that has led in the last thirty years to the
active consideration - and increased use - of nuclear power. This situation has led numerous
countries in Europe to plan for nuclear power to provide a significant share of its electricity
requirements. France now relies on nuclear energy for close to 80% of its electricity
requirements.



Fossil fuels are cheap to produce and cheap to use. It used to be said that the cheapest energy
is the best energy, however countries are becoming increasingly concerned about environmental,
health and other external impacts of energy use. While the price tag for direct energy generation
still certainly remains of crucial importance, some other factors - like convenience and
cleanliness - cannot be ignored. Gas use is now expanding rapidly because the price is good, but
also because gas combustion is relatively free of pollution and emits less CO2. While other fuels
may be better for electricity production, oil is superb for transportation: its use is safe, its
delivery is simple and it provides useful energy to cars in concentrated form, permitting an
average service of at least five hundred kilometers between refuelling.

One of the early worries about the fossil fuels concerned the resource base. The Club of Rome
and other institutions warned in the 1970s that oil and gas would soon be depleted. The resource
worry is voiced with less intensity as fossil fuel prices and markets have become more flexible,
more oil and gas and coal finds are made and new exploitation techniques are developed.
Nevertheless there is a broad understanding and agreement that at current levels of development
and use, exploitable oil will last for another two generations, while coal may last, for another
two centuries or so. Despite what may seem like very long lead times, we cannot entirely ignore
the resource issue. We must know how we shall satisfy our future need for energy.

Evolution toward higher density energy and electricity

During the last 150 years major changes have taken place in the pattern of global energy use.
Until 1850, wood was essentially the only primary source of energy, with about a 10%
contribution coming from coal. Wood was gradually replaced by coal, which became the
dominant source of energy by the turn of the century. Oil entered the market around 1860 and
gas around the year 1900. By 1970 oil had become the dominant source of energy, a position
it still maintains though with a declining share since the mid-1970's. Nuclear power started
contributing to world energy supply in the mid-1950s. The shares of natural gas and nuclear are
still increasing but there are signs that the share of the latter might not increase much further
in the near term future. Hydropower has been making a modest but useful contribution at a level
of 6-8% for a long time.

Mankind has gone from the use of wood to coal, oil, gas and uranium because the higher energy
concentration has offered economy and convenience. Sailing ships were replaced by steamers
using coal-fired engines and these were replaced by oil-fired diesel engines. Nuclear power
reactors also have the potential to be used not only in aircraft carriers, ice-breakers and
submarines, but also to replace the diesel engines in large cargo ships. Some figures may help
to further illustrate the meaning of energy density: »

- 1 kg of firewood produces about 1 kWh electricity;

- 1 kg of coal produces about 3 kWh electricity;

- 1 kg of oil produces about 4 kWh electricity;



-1 kg of natural uranium produces about 50 000 kWh electricity;

- 1 kg of plutonium produces about 6 000 000 kWh.

Now that there is a need to shift away from fossil fuels because of their environmental
implications at global, regional and local levels, the only possible options are use of renewable
energy sources and nuclear power. Unfortunately, most of the renewable energy technologies
have not yet reached anywhere close to a level of development where they could compete
economically with currently used forms of energy. Besides, a number of these sources, e.g.,
solar and wind, are intermittent sources of energy and may not achieve availability factors of
more than 20-40% without a back-up source of supply.

Another handicap of renewables is that they are dispersed. If one wants significant amounts of
energy (electricity) from solar or wind or biomass, one must "harvest" them over large areas
and this is expensive. It has been calculated that, to achieve the electricity generating capacity
of one of today's commonly sized power plants of 1000 MW(e), one needs for renewable
sources:

- an area of 50 to 100 km2 to install solar cells or windmills; or

- an area of 3000 to 6000 km2 to grow the needed biomass.

In this light it is not difficult to understand that it will be hard to make such energy sources
largely available in densely populated areas, as in many parts of the world where electricity
demand will grow. Nor will it be easy to make them economically competitive. By contrast, one
would need an area of few square kilometers for a nuclear reactor, including all of its fuel cycle
requirements. We should have no illusion that in the short or medium term renewable sources
could bring us the huge quantities of energy that will be demanded. Despite the welcome gradual
progress that has been made in their effectiveness they cannot be expected to reach but modest
shares of the world energy use in the foreseeable future.

The relative costs of electricity producing systems

Actual Costs:

According to data available to the IAEA, construction costs of nuclear po\yer plants built in the
last decade varied from about 1,000 to 3,000 US$/kW(e). Fuel costs were found to vary from
about 4 to 12 mills/kWh, and operation and maintenance costs from 4 to 13 mills/kWh, resulting
in electricity generating costs of 25 to 60 mills/kWh. A similar range of about 20 to 60
mills/kWh was found for coal-based generation in the same countries.



V
Comparison of electricity generation costs between countries is of limited relevance because of
the number of country specific factors, such as regulatory frameworks and costs of manpower
and materials, that affect those costs. It is quite possible and useful, however, to compare the
generating costs of nuclear and coal-fired plants of the same vintage and built in the same
country. According to various surveys, nuclear power plants compete well with fossil-fired
plants in a majority of countries.

Actual operating experience thus demonstrates that nuclear power has been economically
competitive with other base load generation options. International studies project that this
economic competitiveness will be largely maintained in the future, over a range of conditions
and in a number of countries

Projected Costs:

Since 1983 die Nuclear Energy Agency (NEA)of the Organisation for Economic Co-operation
and Development (OECD), has co-operated with the International Energy Agency (IEA) as well
as the International Atomic Energy Agency - and with the International Union of Producers and
Distributors of Electrical Energy (UNIPEDE), in studying the comparative electricity generation
costs of nuclear and fossil-fueled power plants. Over the years, these studies have established
a standard levelised cost methodology for calculating generation costs over the expected lives
of new base load plants.

The most recent of these studies, published in 1993, focused on base load power plants that
could be commercially available for commissioning by the year 2000 or shortly after. These
include primarily pressurized and boiling light water reactors (LWRs), pressurized heavy water
reactors (PHWRs), pulverized coal burning plants, some fluidised bed coal burning plants and
gas fired combined cycle plants.

The costs considered for comparison include all costs that would influence the choice of new
power plants. The investment costs include allowances for interest during construction, the
ultimate costs of decommissioning and dismantling the plant and the disposal of decommissioning
waste. The fuel costs include, in the case of nuclear power, spent fuel management, reprocessing
when applicable, and radioactive waste management and disposal.

The 1993 study compared costs calculated on the basis of generic assumptions including: for all
technologies, commissioning in 2000 and discount rates of 5% and 10% per annum; and for
nuclear and coal-fired power plants, an economic lifetime of 30 years and a settled-down load
factor of 75%.

At a 5% p.a. discount rate, in all countries of Europe, except United Kingdom (UK), nuclear
generated electricity is projected to be cheaper than coal generated electricity or, electricity
generated by gas combined cycle plants for base load generation. Projected costs of nuclear
generated electricity in the UK come close to breaking even with costs of electricity generated
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using imported coal, and would be cheaper than those of electricity generated using domestic
coal at current prices.

At a 10% p.a. discount rate, nuclear power loses its competitive advantage in several countries.
The reason is the effect of the discount rate on the capital component of generation costs, which
is higher for nuclear than for coal fired and gas fired plants.
The attractiveness of the three main options - nuclear, coal and gas - for large base load power
stations is thus critically dependent on economic policies prevailing in each country. Higher
discount rates favour the lowest investment cost option, i.e., gas, while lower discount rates
favour the lowest fuel cost option, i.e., nuclear.

Other Cost Factors:

Other factors that have an impact on the competitiveness of nuclear power as compared to fossil
fueled power include fossil fuel price evolution, technical progress and changes in environmental
protection and safety regulations. As far as nuclear power is concerned, reactors of advanced
designs which are under development in several countries are expected to have lower
construction costs and improved fuel cycle efficiency, leading to an overall decrease of nuclear
electricity generation costs.

The implementation of more stringent atmospheric emission limits will increase the costs of
fossil-fueled power plants. They will have to add pollution abatement technologies and/or rely
on higher quality fuels (e.g., low-sulphur coal). Furthermore, global climate change concerns
are leading many countries to consider policy, such as carbon taxes, that would affect the
competitiveness, and/or limit the use, of fossil fuels. The cost of nuclear generated electricity
will not be affected by those measures but might increase owing to even more severe safety and
radiation protection standards. However, advanced reactors with streamlined designs and more
passive safety features are expected to satisfy higher safety standards without cost increase.

Clearly, on the basis of direct economic cost comparisons, choices between the three main
options available for base load electricity generation - nuclear power, coal and gas fired plants -
will depend on country specific and even producer specific factors. Levelized costs of electricity

generation by nuclear, coal and combined cycle gas power plants are projected to be close
enough in most countries that their ranking is very sensitive to the choice of discount rate and
to expected prices of fossil fuels. Therefore, external costs and policy choices and priorities,
e.g., sustainability and security of supply, will play a significant role in the selection of energy
sources and technologies for electricity generation.

Externalities of electricity producing systems

A comprehensive and objective assessment of alternative electricity generation technologies
should go beyond direct cost comparisons. The evaluation should take into account the full cost
to society of different energy chains, including health and environmental costs. The challenge
is to find an adequate trade-off based upon thorough cost/benefit analysis that balances social and
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environmental concerns with economic, financial and technical constraints, having in mind the
ultimate objective of satisfying demand at the lowest total cost for society as a whole. Some
environmental benefits of nuclear power are highlighted below.

Nuclear power plants require much less fuel and produce much less solid waste than fossil-fueled
power plants. A 1 GW(e) PWR produces only about 25 tonnes of spent fuel per year. When the
spent fuel is reprocessed, the volume of high-level waste to be disposed of is about 3 cubic
meters (m3) per year. The entire nuclear chain supporting this 1 GW(e) unit generates some 200
m3 of intermediate-level waste and some 500 m3 of low-level waste per year. By way of
comparison, a coal-fired plant of the same capacity equipped with modern pollution abatement
systems produces hundreds of thousands of tonnes of ash containing hundreds of tonnes of
hazardous heavy metals, such as arsenic, cadmium, lead and mercury.

Nuclear power plants and other nuclear fuel cycle facilities emit very small amounts of
radioactive gases into the atmosphere, limited by regulations to levels that are considered to be
far below any health significance. Other atmospheric emissions from the nuclear chain, including
fuel cycle facilities supporting the power plant, are essentially negligible, while fossil-fueled
power plants release significant amounts of sulphur dioxide and nitrogen oxides that are
detrimental to health and the environment when they are not carefully controlled and limited.
The following figures for emissions for a 1000 MW coal plant with optimal pollution abatement
equipment indicate the magnitude of pollution releases from fossil based electricity generation:

900 tons of SO2 per year;
4500 tons of NOX;
1300 tons of particulates; and
6.5 million tons of CO2.

With regard to greenhouse gases, the CO2-equivalent emission factors of the nuclear fuel chain
are estimated to range from about 10 to 50 g CO2/kWh, of the same order as those of wind and
geothermal energy. By contrast, the CO2 equivalent emission factors of fossil fuels are estimated
to range from about 450 to l,200g CO2/kWh, one to two orders of magnitude higher than for
the nuclear chain. Avoided CO2 emissions are demonstrably greater in those countries that have
substantial nuclear shares in their electricity production, e.g. France, Sweden, Belgium, Spain,
Switzerland. This is well illustrated by contrasting the cases of the UK and France. In 1994 in
the UK, where some 49% of electricity was generated by coal, emissions of CO2 per kWh were
about 0.52 kg. In France in that same year, where about 75% of electricity was generated by
nuclear power, the emissions of CO2 per kWh were about one tenth of the UK value, or 0.05kg.

»
In France, carbon dioxide emissions per kWh of generated electricity have been reduced by a
factor of eight and sulphur dioxide emissions per kWh by a factor of ten between 1980 and
1993 while total electricity generation roughly doubled, owing mainly to the increase of
nuclear's share in electricity generation from some 25% to more than 75%. France presently
emits only 50 g CO2 for each KWh of electricity produced, well below the European Union
average of 500 g. For each KWh generated in Turkey, also, about 500 g of CO2 are emitted,
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mainly due to the fact that only 60% of electricity is based on fossil fuels and the rest is supplied
by hydropower.

A no regret solution to reduce CO? emissions

Minimising the impact of possible global climate change has become one of the principal goals
of the sustainable development movement. At present there is much talk about the need to reduce
CO2 emissions, though scientists are not yet certain or agreed that there will indeed be an
irreversible global warming as early as 50 years from now as a result of CO2 emissions and
other greenhouse gas emissions from fossil fuel use. Because of this uncertainty many advocate
that the world should pursue so-called "no regret" policies, by which they mean energy policies
which we would not regret even if the fear of global warming were to prove unfounded. The
nuclear power option fits the requirement of a no regret policy, as it does not contribute to
global warming and is roughly competitive with the fossil fuels. In recognition of this fact the
World Energy Council includes in its most recent (1995) long term forecasts, an environmentally
oriented scenario that is premised on a major expansion of nuclear power among the developed
countries of the world, including Europe.

Prospects for nuclear power

This is not to suggest that nuclear power, alone, is a solution to the threat of global warming.
Many different approaches may be used as needed, including renewable and conservation. But
nuclear power can certainly be a viable and promising element for sustainable development in
the response policies which need to be worked out.

In the 1970s there was great enthusiasm for nuclear power and expectations for rapid growth,
not least to reduce dependence on oil. With high inflation and slower economic growth in the
following decade, energy demand grew more slowly than expected and became more price
sensitive. The large nuclear construction programmes contemplated in Mexico and Brazil were
not realised. With the many safety related changes required after Three Mile Island, nuclear
power also lost some of its economic competitive edge. These economic factors, along with
growing public opposition to nuclear power in many countries, slowed the expansion of the
industry. Concerns over safety and waste disposal, part of a larger environmental movement,
have stopped further nuclear investments in a number of countries. There is at present a
stagnation in the construction of further nuclear plants in Western Europe and in the Americas,
where slow economic growth and over-capacity in the generating industry have resulted in very
little major baseload construction of any kind in recent years. Construction of nuclear plants is
continuing vigorously only in east Asia and to a certain extent in Eastern Europe. Several
countries, such as Turkey, faced with an electricity demand strongly increasing, are considering
nuclear power.

Several reasons make nuclear power a viable and indispensable part of our global energy future:
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1. The economic competitiveness of energy options remains important to countries, utilities
and the consumers. In terms of generating costs, as detailed previously, nuclear power
is at present roughly on a par with coal, and in several cases is competitive with
presently low cost gas. The large up-front investments required for nuclear plants is a
drawback in capital starved developing countries. However, reactors now tend
increasingly to stay in production past the end of their depreciated economic life,
increasing their profitability with no more investment required. As nuclear technology
is relatively young, there should still also be scope for rationalisation, standardisation,
modular construction, higher burnup, simplification - all resulting in greater efficiency
and lower cost. Moreover, relative fuel prices may change over time in favour of nuclear
power. Nuclear generation can thus be expected to keep its competitive edge in various
countries for the long run.

2. The objections advanced to nuclear power on the grounds of safety, may gradually be
answered by positive experience. No accidents in the world have had more publicity than
those at Three Mile Island and at Chernobyl. This has tended to overshadow the fact that
by now the world has had experience of more than 8100 reactor years of operation
without any other major accidents. Through national regulatory organizations, through
the World Association of Nuclear Operators and through the Agency, these many years
of experience are made available for all to learn from.

*
3. Energy independence is an important factor. Not all countries have abundant energy

resources - fossil fuels or hydropower. Turkey is importing nearly 60% its energy
requirements, primarily in form of oil. One third of its electricity comes from imported
fossil fuels. Nuclear energy could ease its outside dependency. The fuel can be stored for
several years use. Some 25 tonnes of heavy metal is all that is needed for one full year
of operation, and the space required for its storage is insignificant. Since fuel costs
represent only about one sixth of the overall cost of nuclear electricity, the cost of storing
several years worth of fuel remains very affordable, particularly when - as now - interest
rates are low. For countries without oil and gas, such as France, Japan and Republic of
Korea, the measure of self-reliance and the measure of immunity against international
crises which nuclear power offers, have been important. They will remain important
elements of choice for many countries such as Turkey, faced with fast growing energy
requirements and shrinking domestic resources base.

4. The availability factor for the world's nuclear park is close to 80%. The unplanned
outages, on the average below 5 %, can favourably be compared to what is occurring
with fossil fuel plants. This makes nuclear energy an excellent candidate for baseload
power generation.

5. Nuclear power does not generate air-borne emissions, and has been a key factor in
restraining global air pollution. Indeed, if the some 443 nuclear reactors which exist in
the world today were to be replaced by coal plants of equivalent capacity, some 2400
million tons of CO2, and millions of tons of associated sulfur and nitrous oxides would



12

be added to the world's atmosphere annually. Nuclear power thus offers a viable and
promising element for sustainable development, especially in the context of climate
change response policies which need to be devised.

The waste issue

Nuclear power is exceptionally clean in operation. Concern is usually focused on the highly toxic
and radioactive spent fuel and nuclear waste. What is characteristic of these, however, in
addition to their toxicity and radioactivity, is that they are limited in volume, which facilitates
waste disposal. This contrasts sharply with the waste disposal problem for fossil fuelled plants.

The disposal of nuclear waste that can remain radioactive for up to tens of thousands of years,
needs to be put into prospective. The argument has been made that it is irresponsible to leave
any long-lived radioactive waste behind us. The same is true for toxic chemical residues, whose
impact on health and safety is often more immediately drastic and which keep their toxicity
indefinitely .

It is standard practice in the mining industry to put back waste where it came from, i.e., the
mining pit, or the underground works, to make the remaining radionuclides naturally fixed, as
they were prior to uranium extraction. The same type of approach can also be applied for the
limited volume of other waste from the cycle. It can technically and economically be put back
in the crust of the earth (from whence the uranium originally came). Not everyone, however,
shares this confidence in high tech solutions. Blocking the disposal of waste does not make it
go away or stop its generation: it just prolongs direct environmental exposure unnecessarily. The
present waste disposal concepts vastly preferable to the ways we deal - or neglect to deal - with
the wastes originating from fossil fuels and other chemical and manufacturing sources.

The safety issue

The potential risks of nuclear accidents are comparable with, and in most countries lower than,
risks from other human activities. In the field of energy and electricity generation, scientific
experts have concluded that, although such comparisons should be interpreted with great caution,
human risks from severe accidents from nuclear, oil and natural gas electricity generation chains
are all of the same order of magnitude, and all two orders of magnitude lower than those of
hydropower. Stringent safety standards and regulation have been set up in most countries where
nuclear power plants and fuel cycle facilities are operated, and the results from systematic risk
assessment analyses show that the risks of a major core-release accident in reactors of modern
designs are extremely low. »

Moreover, technological progress includes the development of advanced reactors designed for
reducing even further the probabilistic risk of accident as well as on-site and off-site impacts of
a potential accident. Such technical progress is complemented by the emergence of an
international consensus on safety standards and practices and the implementation of a nuclear
safety culture worldwide. The International Convention on Nuclear Safety, establishing agreed
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benchmarks with a peer review process, was adopted in September 1994. Signed by more than
fifty States as of January 1995, it is a major step forward in this regard.

All the advanced LWRs under development or construction incorporate significant design
streamlining, increased design margins, improvements in construction, operation and
maintenance processes, better fuel utilisation, and greater standardisation. These improvements
enhance the availability, competitiveness and safety of advanced LWRs. The development
programmes for HWRs are following a similar approach with the main objectives of reducing
investment costs and specific fuel consumption, and further enhancing safety and availability.
Advanced high temperature gas cooled reactors (HTGR) are being developed in several
countries. These reactors, in particular modular designs with capacities ranging from 80-170
MW(e), offer a number of advantages in terms of inherent safety, high efficiency and cost
effectiveness. Present development efforts for liquid metal cooled reactors (LMR) are focusing
on reducing investment costs, enhancing safety, and on exploring the use of LMRs for burning
excess plutonium inventories arising from nuclear power plants and the dismantling of nuclear
warheads, and for burning long-lived actinide elements contained in irradiated fuel discharged
from other types of reactors.

Conclusion

The growth in energy demand and especially in demand for additional electricity generating
capacity, combined with the need to reduce the health and environmental burdens induced by
fossil fuel burning, call for the development of alternative non-fossil energy sources. Nuclear
power is one of the options available for reducing emissions and residuals from electricity
generation and mitigating health and environmental impacts from the energy sector. A revival
of the nuclear option could make a significant contribution in the implementation of sustainable
electricity supply strategies worldwide. It would permit enhanced security of supply, economic
development and environmental protection.

At the same time, it is certainly is not the task of the IAEA to "sell" nuclear power to anybody,
including Turkey. All States take their own decisions, on their own responsibility. However,
with greater recognition of:

the economic competitiveness of nuclear energy in the long term,

the high reliability and low risk level of reactors operated according to
internationally agreed safety standards,

•

the existence and implementation of adequate waste disposal strategies avoiding
undue risks to future generations,

the good safeguarding achieved and the further improvements to come which can
prevent proliferation,
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a global nuclear revival may well occur. Along with other industrialised countries in the West,
the European countries could re-embrace nuclear power on a large scale. Gradually, the more
advanced developing countries may also turn to the nuclear option - as Turkey might do, and
as Argentina, Brazil, Mexico, India and Pakistan have already done.
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Comparative Analysis of Energy Options
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Electricity and the Environment

Next month a special session of the United Nations General Assembly will
examine progress in achieving Sustainable Development, five years after the Earth
Summit held in Rio de Janeiro. The Earth Summit called for "actions that would halt and
reverse the negative impact of human behaviour on the physical environment and
promote environmentally sustainable economic development in all countries". Achieving
the sustainable development goal of protecting the environment is unquestionably linked
to energy and likewise to electricity which currently makes up more than one-third of all
energy use. Current energy use and electricity production effects the quality of the
physical environment in many ways. The effect on climate change and human health
through emissions of greenhouse gases along with noxious gases and other pollutants is
of growing concern. Depletion of natural resources, changes in land use and population
displacement are less discussed, but have significant impacts.

Key Impacts of Energy Production

No technology is risk free, significant issues and impacts are in reality inherent in
all options. Following are some of the major impacts of the various energy sources used
for electricity production.

Coal
•Air quality degradation (SO2, Nox, particulates)
•Global climate change (CO2i CH4)
•Lake acidification and forest damage
•Large waste quantities (ash, slag, abatement residues)
•Land disturbance (mining)
•Large transport requirements
•Resource depletion

Oil and Gas
•Global climate change (CH4)



•Marine and coastal pollution
•Groundwater contamination
•Some lake acidification, forest damage and land disturbance
•Large transport requirements
•Resource depletion

Hydroelectric
•Population displacement
•Land loss and change in use
•Ecosystem changes (water and air)
•Loss in bio-diversity (marine life)
•Severe accident potential
•Restoration concerns

RenewabJes (solar and wind, biomass)
•Land use and ecosystem changes
•Manufacturing impacts (toxic pollutants)
•Noise pollution

Nuclear (full energy chain)
•Severe accident radioactive release
•Potential production of weapons material

Clearly, fossil fuels can have a number of significant environmental impacts.
Hydroelectric and renewables while relatively kind to the earth's atmosphere can be much
less considerate to the earth itself. Nuclear power under normal operation can be
considerate to both the earth and its atmosphere - it has limited emissions limited mining,
transport and waste requirements and can be almost an unlimited sustainable energy
resource.

The Future Energy Needs

It is a huge challenge to balance the need to protect the environment with the
considerable energy and electricity needs necessary to drive development in the 21st
century for an exploding world population. History convincingly shows that
industrialization and general economic development call for ever greater amounts of
energy. Worldwide energy consumption multiplied twenty-five fold this century. With
a combination of industrialization, economic development and a projected two fold
increase in world population, global energy consumption will surely continue to increase
- driven principally by the developing countries which now have 75% of the world's
inhabitants consuming only 31% of energy produced. Conservation and improved
efficiency in energy use will restrain demand, but energy demand will decidedly grow -
ranging in the next 50 years from 50% for improbable ecologically driven projections to
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almost 300% for rapid economic growth scenarios.

The Current Situation

The five years since the Earth Summit have solidified the international consensus
on the need to protect the environment. But, the current global pattern of energy supply
and use must be modified There has been little real progress in reducing harmful
greenhouse emissions - in most cases not at all. Emission rates of the principal
greenhouse gas, carbon dioxide, have only slowed marginally in some industrialized
countries - primarily due to sluggish economies - while in most developing countries it
has increased significantly due to expanding energy demand and reliance on fossil fuels.
The vast majority of signatories to the 1992 Framework Convention on Climate Change
(FCCC) have little hope of meeting their committed goal of limiting greenhouse gas
emissions to 1990 levels by the year 2005.

The rapidly increasing use of nuclear power during the past several decades,
combined with a steady increase in hydropower, has clearly helped to restrain worldwide
Carbon dioxide output. If the world were not employing nuclear power today global
carbon dioxide emissions would be at least 8 percent greater annually. Countries with
significant nuclear power capacity have markedly reduced their emission per unit of
energy produced, up to 50 percent over the past 30 years.

Although some progress has been made in reducing other emissions from fossil
fuel burning, even with today's improved pollution control technology such as
desulfurizers, nitrogen oxide reducers, and precipitators, there are serious impacts on
human health and the environment from noxious gases and toxic matter. In addition to
releases of cancer inducing substance and elements responsible for a wide variety of
respirat v diseases, the environment including water and food chains continue to be
effected, uclear power considering its entire fuel chain from mining through energy
production to waste disposal, has limited health or environmental impacts as its
potentially harmful releases are confined and isolated from the human environment for
ultimate disposal in a controlled manner.

The Future Energy Mix

The adverse effects from the energy sector through the use of fossil fuels must be
controlled. Policies and programmes are necessary for more efficient energy supply as
well as use and to increase the contribution of less polluting and environmentally sound
energy systems. The future will see a mix of energy sources. The makeup of this mix
cannot be precisely defined - it will depend not only on environmental considerations, but
also on technological policy and market factors. But, for many years fossil fuels will
continue to play a major role in energy production. With adequate support the share of
new renewable energy supplies will increase. The World Energy Council expects



renewables to reach 5 to 8% in the next 25 years. Hydro will likely remain around the
current 6%.

Nuclear Power currently contributes significantly to the energy supply providing
about 8% of world energy and 17% of its electricity supply. However, although 32
countries operate 430 plants, there is no consensus concerning its future role. The
majority of countries are either positive or passive, but the policy of a number of
countries are decidedly opposed. While it stagnates in Europe and North America, it
continues to expand in Asia Security of supply can doubtlessly be an important factor.
But, where nuclear power has been accepted, mere is an awareness also that for the entire
energy chain - from mining, transportation, construction and operation to
decommissioning - energy production through nuclear power contributes not only limited
green house gases but also little environmental pollution.

Clarifying Nuclear Power Concerns

The International Atomic Energy Agency has for more than 10 years carried out
an active programme of comparative assessment of the various energy sources that has
involved cooperative efforts with a number of intergovernmental bodies. Nuclear power
is not assessed in isolation. Comparative studies of nuclear, fossil and renewable energy
chains show that there are significant issues and impacts inherent in all options. No
source of energy is risk free.

Comparative Assessments

Societal risks

An important measure in comparing the risk of different energy systems is the
health effects to society per unit of energy produced For comparisons, the unit of energy
is usually chosen as 1 GWy, that is the total electricity produced by a large 1000 MW
nuclear reactor or a typical two unit fossil plant per year. The impacts from normal
operation and the occasional small incidents are included in societal risk comparisons.
Severe accidents would not contribute significantly in such a comparison since the
infrequency of the event, even if there were large consequences, would result in a very
small risk. Nevertheless, severe accidents are subsequently discussed in more detail.

The summation of the health impacts per gigawatt year for all steps of the fuel
cycles is given in Table 1. The results are from a recent comprehensive study carried out
by the European Commission and includes occupational and public fatalities. An overall
cost in millions of ECU is also shown, the costs being based on valuations of the loss of
life to society. Two cases are included for coal, one for the United Kingdom where
public health effects are diminished due to dispersion of toxic elements and noxious gases
to the surrounding waters, and the other for Germany. The results clearly show that gas,
wind, and nuclear are on the low scale of health impacts.



Severe accidents

Statistically, severe accidents do not contribute significantly to societal health
impacts, usually a very small fraction of one percent of the total impact. However, they
are of particular concern because of their potential for societal disruption. Table 2 shows
the severe accidents that have occurred over a 15 year period that includes the Chernobyl
accident It is clear that the severe accident risk from nuclear power is small because of
the small likelihood of the event - Chernobyl being the only accident during the 40 years
of commercial nuclear power to have caused radiation releases resulting in public health
consequences.

However, the experience from the Chernobyl accident demonstrates that although
the actual health effects, including the potential for cancers late in life, are expected to
be comparatively modest, the consequences of land contamination, food control
measures, relocation and the fear of radiation can have large social effects. Thus there
is an international consensus that for the large scale deployment of nuclear power the
safety objective should be that the consequences for all realistically conceivable severe
accidents should have no significant off-site radiological impact. Some advance reactor
designs and new concepts that use inherent safety features such as natural circulation of
coolant water (small, safe and simple reactors) can be shown to meet this requirement.

Waste disposal

The challenges of radioactive waste management and disposal are the basis for
arguments against nuclear power. However, in terms of waste management, nuclear
power offers distinct environmental advantages, particularly when compared to burning
fossil fuels. The production and disposal of radioactive waste strictly follows a strategy
of confinement. The entire chain of events, from nuclear fission through waste treatment
to waste disposal, is isolated from the human environment. Additionally, the waste
volumes are small relative to the amount of energy produced and their hazard decreases
with time. In sharp contrast, the disposal of fossil fuel waste follows an alternative
strategy of dispersiou. It involves the release into the atmosphere and environment of
large volumes of waste having a broad range of toxic elements that are potentially
hazardous indefinitely, which in the case of coal also contains radioactive material.

In the case of the dispersion strategy, toxic substances are dispersed or diluted
in air or water to concentrations that are considered no longer harmful to humans or the
environment. While the resulting impact can be small on an individual basis, the
cumulative emissions from a large number of waste producing activities can easily
overburden the natural enviromnent either locally or globally. For the contrasting
confinement strategy, waste disposal involves collecting the wastes, concentrating them
and isolating therm from the human environment for the duration of their toxicity. No
waste substances are introduced into the biosphere and the environment is affected only



if the containment system were to fail.

Confinement is basically a preferable approach to dispersion for highly toxic
material, but it is only possible where waste volumes are small and arise under controlled
conditions, allowing it to be collected - as with nuclear power activities. In the non-
nuclear field, the confinement strategy is used mainly for relatively small chemically
toxic residues. It cannot be used for fossil fuels because of the large quantities of gaseous
and solid waste (see Table 3).

A common apprehension about radioactive waste relates to its long-lived hazard.
However, the vast majority of nuclear waste consists of short-lived low and intermediate
level waste. For this waste, a variety of disposal methods are used including near surface
facilities as radioactive decay in several hundred years reduces the activity to harmless
levels. Long-lived high level waste in the form of spent fuel or from reprocessing
facilities requires confinement for many thousands of years. The high level waste from
reprocessing facilities decays to radioactive levels of natural uranium ore in several
thousand years as much of the very long-lived materials such as plutonium have been
removed, while the unprocessed spent fuel requires significantly longer time periods.

But is the time span involved an insurmountable problem? Because nuclear power
activities produce relatively small quantities of high-level nuclear waste it is possible to
confine them in geologic formations which have not been disturbed for many millions of
years. Nature has shown that material in stable geologic formations can remain isolated
from the environment for not only many millions, but even billions of years. There are
geologic formations, particularly salt domes, currently being considered for deep disposal
that are impervious to water ingress at the 1 to 2 km depths - water ingress being the
major potential path to the surface environment. But, even if water ingress led to the
release of some radioactive material from its vitrified state, the path to the near surface
would assure sufficient dilution so as to pose little risk. Deep geologic disposal areas can
be monitored in the short term and necessary remedial actions could be taken if
necessary.

The management of high-level radioactive waste must be put into perspective. For
what period of time do waste substances from the burning of coal such as arsenic,
cadmium, lead or mercury - all of which are currently disposed of in near surface
facilities - remain toxic? The answer is indefinitely. There is a growing recognition that
disposal of indefinitely toxic chemical waste and the disposal of radioactive waste
warrant a harmonized approach. However, the costs of managing hazardous chemicals
to standards proposed for high level radioactive wastes is not economically feasible in
today's world economy.
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E. Lutfi SARICI
Nükleer Santrallar Daire Başkanlığı

TEAŞ/ANKARA

NÜKLEER SANTRAL NASIL ÇALIŞIR

1. GİRİŞ

Evrenin oluşumundan bu yana radyasyon mevcuttu ve insanoğlu bu doğal radyasyonla
yaşayıp, ona maruz kalarak ömrünü tamamlıyordu. Görüldüğü gibi radyoaktif madde ve radyasyon
insan icadı olmayıp, doğrudan geçmişte ve gelecekte de varola gelen bir gerçekti. Bu gerçekler
insanoğlunun maddenin varlığını araştırması ve çözümlemesiyle meydana çıkmıştır.

Maddenin özelliğini taşıyan en küçük parçanın atom olarak adlandırılması John DALTON,
Amedeo AVOGADRO ve onların varislerinin 19. yüzyılın başlarındaki çalışmalarıyla açıklık
kazanmış ancak 19. yüzyılın sonu, 20. yüzyılın başında atomun yapısı bilimsel olarak araştırılmış,
elektronun Joseph THOMSON tarafından keşfedilmesinden sonra Ernest RUUTERFORD, Niels
BOHR gibi diğer bilim adamları bu günkü tanımım kabul ettiğimiz atomun yapısını
olgunlaştırnıışlardır.

Maddenin özellliğini taşıyan, en küçük parçası olan atom minyatür bir güneş sistemine
benzer. Güneş sistemindeki, güneşin yerinde atomun çekirdeğini oluşturan pozitif yüklü proton ve
elektrik yüksüz nötronların, güneşin etrafında dönen gezegenin yerinde de negatif yüklü
elektronların olduğunu düşünerek atomu gözümüzün önünde canlandırabiliriz.

Bir atomun çekirdeğindeki proton sayısı kadar yörüngede dolaşmakta olan elektronu vardır,
elektronun yükü negatif çekirdeğinkide pozitif olduğundan atom elektrik yükü bakımından nötrdür.
Çekirdekteki proton sayısı (atom numarası) hidrojen 1' den Uranyum 92' ye kadar değişir.
Çekirdekte 92 den fazla proton ancak insan tarafından üretilmiş radyo elementlerde vardır. Herbir
kimyasal element kendi atom sayısıyla tanımlanır, yani aynı elementin atomlarındaki çekirdek
daima aynı sayıda protona sahiptir. Nötronların sayısı değişebilir bu durum aynı elementin
i/otopunu oluşturur. Mesela, Hidrojen üç izotopa sahiptir; Hidrojen (bir proton), Döteryum (1
proton +bir nötron) ve Trityum (bir proton + iki nötron).

Fizikçi Henry BECQUEREL 1896 yılında Uranyum mineralinin fotoğraf filmine etki ettiğini
keşfetmiş, bu ışınlara Uranyum Işınlan adı vermiş, bu ışınların bir manyetik alandan geçirildiğinde
üe tip radyasyonun varlığını (alfa, beta, gama veya x-ışınları) tespit etmiştir.

Bunlara sırasıyla:

- Alfa İşınları: Pozitif yüklü ve düşük nüfuz etkili, W. RAMSAY ve F. SODDY tarafından Helyum
(1 Ie) çekirdeği (iki proton, iki nötron) olarak tanımlanmıştır,

- Beta İşınları : Negatif veya pozitif yüklü, J. THOMSON ve Maurice De BROGLIE tarafından
elektron olarak tanımlanmıştır.

- Gama Işınları: Kütlesiz, ışık veya x-ışınlan gibi tabii bir yapıya sahip fakat yüksek enerji yüklü ve
derinlemesine nüfuz edebilir.

Bu üç tip radyasyon geçtikleri ortamı iyonize edebilirler, yani kendi gidiş yollarına yakın
atomlardan elektron koparırlar. Bunların etkileri canlı organizmalar için tehlikeli olabilir,
dolayısıyla bunlardan sakınılmalıdır. Bu konu "Radyasyondan Korunma" sahasına girer.



Becquerel'den sonra 1898 yıllarında Pierre Currie ve eşi Marie Uranyumun alfa ışınlan
yayınlayarak yeni bir elemente Polonyum ve Radyum'a dönüştüğünü bulmuşlardır. Radyoaktivitenin
keşfinden sonra 1930'lardaki bilim adamları bölünemeyen atomun bölünmesi için araştırmalarını
yoğunlaştırmışlardır. Özellikle Enrico FERMI elementlerin nötron bombardımanına tutarak yeni
elementler elde etmeyi başarmış, bunu takiben IreneJoliot-Curie büyük çabalan sonucu, doğal
radyoaktif maddelere ilaveten suni radyoaktif maddelerin üretimini Uranyumdan ağır Lantanyum'u
keşfettiler. Sonuçta Fermi'nin deneylerinin sonuçları Lise Meitner ve Otto Frisch tarafından
"nötronların Uranyum çekirdeğini iki parçaya ayırdığı" şeklinde açıklanmıştır. Böylelikle nükleer
fisyon keşfedilmişitr.

Ocak 1939 yılında Frederic Joliot'ın deney sonuçlarında Uranyum çekirdeğinin nötron
bombardımanı sonucu iki yeni elemente dönüştüğü ve üç adet hızlı nötron yayınladığını
göstermiştir. Üreyen yeni nötronlannda Uranyum çekirdeğini parçaladığı bunun sonucunda yeni
elementler ve yeni üç hızlı nötron türediği ve böylesine zincirleme reaksiyonunun devam edildiği
yani fisyon olayı keşfedilmiştir.

Uranyum çekirdeğinin parçalanmasıyla 200 MeV'lik enerji fisyon ürünlerinin kinetik
enerjisi olarak açığa çıkar. Bu hareketli fisyon ürünlerinin maddelerle etkileşmesi sonucu kinetik
enerji ısı enerjisine dönüşür. Bu ısı Nükleer Santrallarda elektrik üretiminde kullanılır.

1 eV=1.6x İO 1 9 Jul
1 fisyon = 200 MeV = 3.2 x 10"" Jul

veya
I Jul = 31 Milyar Fisyon

1 Jul enerji 1 gram suyun sıcaklığını 0,24 °C yükseltmek için gerekli ısı enerjisidir.
%30 verimle çalışan bir Nükleer Santraldan 1 kWsaat elektrik üretmek için 3,75xlO17 veya

375 Milyon Milyar fisyona gerek vardır.

500 gram tabii Uranyum 30 000 kWsaathk elektrik üretir.
500 gram kömür 1,5 kWsaatlik elektrik üretir.
500 gram fueloil 2 kWsaatlik elektrik üretir.

2. NÜKLEER FİSYON VE ELEKTRİK ÜRETİMİ

Fisyon sadece birkaç elementte oluşur, örneğin Uranyum ve Plutonyum'la. Nükleer enerjinin
hammaddesi olan Uranyumun hiçbir endüstriyel kullanım alanı yoktur. Uranyum doğada bol
miktarda bulunmaktadır. Uranyumun dikkate değer izotopu U-235 bugünün reaktörlerinde en
yaygın kullanılanıdır. U-235 atomuna bir nötron çarptığında, nötron çekirdek tarafından yutulur, ve
U-235 uyarılmış olur. Uyanlma sonucu kararsız hale gelen çekirdek fisyon ürünleri diye
adlandırılan iki daha hafif çekirdeğe parçalanır. Aynı zamanda 2-3 hızlı nötronla birlikte ısı şeklinde
enerji açığa çıkar. Açığa çıkan nötronlar diğer uranyum atomlanna çarparak diğer ek fisyonlara
sebep olurlar. Bu sürekli fisyon işlemi, zincirleme reaksiyon olarak adlandmlır.

Zincirleme reaksiyonun oluşması için nükleer yakıtta parçalanabilir izotopun
zenginleştirilmesine ihtiyaç duyulmadan tabii halde uranyum (%0.72 U-235 zenginliğinde) ve
moderator (nötron yavaşlatıcı) olarak grafit veya ağır suya, soğutucu olarakta karbondioksit,
helyum, veya ağırsu gereklidir. Eğer moderator ve soğutucu olarak hafifsu kullanılırsa az
zenginleştirilmiş (%3-4 U-235 zenginlikte) Uranyum yakıtına gereksinim vardır.

Reaktör kalbinde meydana gelecek nükleer reaksiyonu başlatmak için Kaliforniyum veya
Amerisyum-Berilyum gibi nötron kaynakları, reaksiyonu kontrol altında tutmak veya durdurmak



için boron, gümüş-indium-kadmium gibi nötron yutucu kontrol çubukları kullanılır. Konrol
çubuğunun reaktör kalbinden çekilmiş hali zincirleme reaksiyonun devamlılığını, sokulmuş hali ise
durdurulmasını gösterir. Nükleer reaktörler bu zincirleme bölünme reaksiyonlarının kontrollü olarak
yapılabildiği sistemlerdir.

Nükleer ve termik (kömür ve petrol ürünleri yakan) santrallar arasında en büyük fark ısı
kaynağıdır. Bütün termik santrallarda su ısının verilmesiyle kazanda buharlaştınlır. Buharın ısıl
enerjisi türbinde mekanik enerjiye ve mekanik enerjide generatörde elektrik enerjisine
dönüştürülerek elektrik üretilir.

Nükleer Santrallar da aynı termik santrallardaki prensiple çalışırlar. Aradaki tek fark ısı
üretimidir. Termiklerde ısı kaynağı kömür, gaz veya motorin, nükleer santrallarda ise reaktördeki
fisyon enerjisidir.

Kurulu gücü 1000 M We olan bir termik santral için yakıt cinsine göre yıllık tüketim miktarı

2 200 000 Ton Kömür
1 400 000 Ton Petrol
1 000 000 Ton Doğalgaz

Aynı kurulu güçteki Nükleer Santral için yıllık yakıt sadece 30 Tondur.

3. NÜKLEER SANTRAL TİPLERİ

Bugün fisyona dayalı nükleer enerji, teknolojisine iyice hakim olunan ve kaynakları
bakımından da insanlığın ihtiyacı olan enerjiyi çok uzun yıllar boyunca sağlayabilecek imkandadır.
Nükleer hammaddenin stoklanabilir olması durumu insanlığın elektrik enerjisi açığını uzun vadede
karşılayacak ciddi adaylardan birinin fisyon enerjisine dayanan nükleer enerji olduğu
anlaşılmaktadır.

Nükleer Santrallar genel olarak kullandıkları yakıta, moderatöre, soğutucuya ve nötron
kaynaklarına göre sınıflandırılabilir. Yakıta göre; tabi ve zenginleştirilmiş yakıt kullanan reaktörler,
moderatöre göre; ağırsulu, hafif sulu ve grafik çubuk halinde karbon soğutucusuna göre; hafif sulu,
ağır sulu, gaz ve sıvı metal soğutmalı, nötron kaynaklarına göre termal (ılık) nötronlu, ve hızlı
nötronludur. Bu çeşitli sınıflandırma kendi içlerinde alt gruplarla da ifade edilebilir.

Nükleer güçten ilk elektrik 1951 yılında ABD yapımı hızlı üretken reaktörden üretilmiştir.
1955 yılı civarında ilk nükleer santral; Obninsk RUSYA'da, Shippingport ABD'de, Calder Hail
ingiltere'de ve Marcoule Fransa'da işletmeye alınmıştır. 42 yıl sonra bu gün 442 nükleer santral
dünya elektrik üretiminin %17'sini karşılamaktadır. Ayrıca 14 ülkede 36 adet nükleer santral inşa
halindedir. Bu yeni enerji kaynağının katkısı 21. Yüzyılın başlarında %20'lere çıkacaktır. Bu gün
Avrupa ülkeleri nükleer sahada ABD'nin önüne geçmiş, özellikle Fransa dünyada ikinci en büyük
nükleer üretim kapasitesine sahip olmuş ve şu an kendi elektrik tüketiminin dörtte üçünü, dört
lambadan üçünün enerjisini, nükleer santrallardan temin etmektedir.

Bu metinde soğutucularına göre adlandırılan ve ticari olarak bilinen Hafif Sulu Reaktörler
(Basınçlı PWR ve Kaynar Sulu BWR) ve Ağır Sulu Basınçlı Reaktör PHWR tipleri tanıtılacaktır.

3.1. Basınçlı Sulu Reaktör (PVVR)

Basınçlı sulu reaktörler ticari olarak elektrik üretimi için ABD'de kullanılan ilk reaktör
tipidir. Halen çeşitli ülkelerde 246 ünite çalışmaktadır. Bu ünitelerin toplam kurulu gücü 216 GWe
civarında olup toplam nükleer santrallar içerisindeki payı % 63 mertebesindedir. İnşaat halindeki



nükleer reaktörlerin kurulu gücünün % 67'si bu tip reaktörlere aittir. Basınçlı su reaktörlerinin
10192 TWh'lik enerji üretimlerinin nükleer reaktörlerin toplam enerji içerisindeki payı % 61
civarındadır.

Bu tür reaktörlerde kalpte üretilen enerji birincil devre soğutucusu vasıtasıyla kalpden
çekilir. Birincil devre basıncı soğutucu suyun kaynamasını engellemek için 15-16 MPa civarındadır.
Soğutucu suyu kimyasal işlemler sonucu yumuşatılarak deminaralize edilmiş hafif su olup,
yavaşlatıcı ve yansıtıcı olarak da kullanılır. Soğutucunun kalbe giriş sıcaklığı 290 °C çıkış sıcaklığı
ise 320-330 °C civarındadır. Reaktör kalbinden çıkan soğutucu türbinlerde kullanılan buharın
üretimi için buhar üreteçlerine gönderilerek 7-8 MPa'da buhar üretilir. Reaktörlerin birincil
soğutucu devreleri iki, üç ya da dört tane benzer döngüden oluşur. Her bir döngüde bir buhar
üreteci, bir reaktör soğutucu pompası ve bağlantı boruları bulunur. Ayrıca reaktör basıncını kontrol
edebilmek için bir basınçlayıcı bu döngülerden biri üzerinde bulunur.

3.2. Kaynar Sulu Reaktör (BWR)

Kaynar sulu reaktörler dünyada basınçlı sulu reaktörlerden sonra en yaygın olarak kullanılan
reaktör tipidir. Ağustos 1995 itibarı ile varolan 93 kaynar sulu reaktör 76.2 GW elektrik üretim güç
kapasitesine sahiptir. Bunlara ek olarak toplam 5377 MW elektrik üretecek güç kapasitesindeki 6
kaynar su reaktörü yapım aşamasındadır.

Kaynar sulu reaktörler (BWR) bir çok yönden PWR reaktörlerine benzemekle birlikte,
temel fark reaktör koru içinde kaynama olayına izin verilmesidir. Uzun bir süre reaktör koru içinde
kaynamaya izin verilmesinin buhar kabarcıkları oluşması sonucu tehlikeli kararsızlıklara sebep
olacağı düşünülmekteydi. 1950 yılında yapılan ünlü BORAX deneyi de bu savın düşük basınç
altında olan kaynamada doğruluğunu göstermiştir. Fakat basınç yükseldiği zaman kaynama olayı
kararsızlığa sebep olmamakta ve reaktör kontrol edilebilmektedir. Bu olaydan sonra BWR tipi
geliştirilmiş ve PWR tipine rakip olmuştur. İlk kaynak sulu reaktör santralı 1960 yılında ABD'de
işletmeye alınan 180 MWe gücündeki Dresden-1 nükleer santralıdır.

BWR tipi reaktörlerin diğer hafif sulu reaktörlere göre üstünlüğü reaktör koru içinde
doğrudan elde edilen buharın türbinlere gönderilmesidir. Bu nedenden dolayı BWR reaktörleri
doğrudan çevrim ile çalışırlar.

3.3. Basınçlı Ağır Sulu Reaktör (PHWR)

Dün> ada 1995 istatistiklerine göre çalışmakta olan Basınçlı Ağır Su Reaktörü 33 adet olup
toplam kurulu güç 18637 MWe'tir. İnşa halinde olanların sayısı 17 olup 11 tane de kurulması
planlanmaktadır.

Basınçlı Ağır Sulu Reaktörler, Basınçlı Sulu Reaktörler ile benzer özellikler taşırlar. Ağır
sulu reaktör olarak adlandırılmalarının nedeni, yavaşlatıcı ve soğurucu için ağır su D2O
kullanmalarıdır. Bu tür reaktörlerin en yaygın olarak kullanıldığı ülke Kanada'dır.

CANDU reaktörü, içinde düşük basınçta yavaşlatıcı, ağır su D2O bulunan yatay silindir
şeklinde bir reaktör kabı, zırhlama kabı, zırhlama suyu, kor çukuru, yakıt kanalları ve reaktivite
mekanizmasından oluşur. Reaktör kabı, içinden yatay şekilde geçen 380 adet yakıt kanalı ve
reaktivite kontrol mekanizmalarını içerir. Yakıt kanalları doğal uranyum yakıt ve ağır su
soğutucusundan oluşur. Yakıt kanalı kullanımı reaktör çalışırken yakıt değişimini ve optimum yakıt
işletimini sağlar.

4. NÜKLEER SANTRALIN GÜVENLİ İŞLETİLMESİ VE KARŞI ÖNLEMLER:

Santralın güvenli işletilmesinde uygulanacak temel prensipler üç düzeyde ele alınmaktadır.

1. İşletme prensipleri: Reaktör kurulurken ve çalıştırılırken göz önünde bulundurulması
gereken hususları kapsar. Kısaca,



- Tasarımda yeterli güvenlik paylarının bulunması
- Tasarım, imalat, inşaat, montaj, işletmeye alma deneyleri ve işletmede kalitenin temini,
- Servis içi gözetim ve denetime önem verilmesi
- Güvenilir monitoring sistemi ve işletme talimatlarının bulunması,
- İşletme personelinin yeterliliği, eğitimi ve bilgi tazeleme becerisinin artırılmasıdır.

2. Anormal olayların kazaya dönüşmesini önleme:
- Reaktörün "kendine öz güvenlik" özelliklerinin bulunması,
- Önemli parametreleri sınırlayan güvenlik sistemlerinin bulunması,
- Kusurları haber veren ışıklı ve sesli alarm sistemlerinin olmasıdır.

3. Mühendislik Koruma Sistemleri:

Nükleer Santrallar gerek normal çalışma koşullarında gerekse olası bir kaza durumunda
çevreye zarar vermeyecek biçimde tasarımlanırlar. Tasarım aşamasında, santralın normal işleyişi
esnasında olabilecek her türlü insan ve alet hatasının kazaya neden olmaması için gerekli tüm
önlemler alınır. Dolayısıyla bu tür hatalar oluşsa dahi normal işletme sistemleri bunu önleyecek
Ncterüliktedir.

Bu koruma sistemleri pasif ve aktif koruma sistemlerini içermektedir. Pasif koruma
sistemleri (Radyoaktif maddeler veya radyasyonun sızmasına karşı konulan engeller); yakıt zarfı,
soğutucu akışkanın basınç sınırı, biyolojik zırh, dış güvenlik kabuğu, reaktör çevresindeki yasak
bölge gibi. radyasyon kaynağı ile işletme personeli, halk ve çevre arasına peşpeşe dizilmiş önlemleri
içermektedir. Aktif koruma sistemleri ise; kontrol odası güvenlik sistemleri, kaza halinde kalp
soğutma sistemi, güvenlik sistemlerini besleyen yedek güç sistemleri, kaza halinde buhar
üreticilerini besleme suyu sistemi, atık ısı alma sistemi, kaza halinde reaktör binasını havalandırma
sistemi, dış güvenlik kabuğu basınç düşürme düzeni, dış düvenlik kabuğu kaçak önleme
sı/dırmazltk sistemi vb. dir.

4.1 - Bir Nükleer Santralın Güvenli İşletilmesi

Bir Nükleer Santralın başarılı ve güvenli işletilmesinde aşağıda tanımlanan konular;

• Yer Seçimi (Yerleşim),
• Tasarım,
• İnşaat,
• Montaj, test ve işletmeye alma

yanısıra santralın yönetimi ve işletilmesi de en önemli unsurlar olarak göz önüne
alınmalıdır.

Buradaki amaç, işletme faaliyetlerini çevreye, insanlara ve nükleer santrallarda çalışan
personele radyasyon tehlikesi yaratmaksızın gerçekleştirmektir.

4.2. İşletici Ve Otorite Kuruluş Tarafından Gözetim

Nükleer santralın güvenli işletmesinden tamamen işletici kuruluş sorumludur. Santral
yönetimi doğrudan sorumlu olmasına rağmen, işletici kuruluş gerekli bütün desteği verecek ve
işletme sınırları ve şartlarına göre güvenli bir biçimde nükleer santralın çalışmasını temin etmek için
gerekli gözetimi sağlayacaktır.

İşletmeci kuruluştan tamamen bağımsız otorite kuruluş, nükleer santralın güvenli
işletilmesinde denetim yapacak tek kuruluştur.



Güvenli işletme her iki kuruluşun da ortak amacı olup otorite kuruluş ve işletici kuruluş
arasındaki münasebet karşılıklı anlayışa ve saygıya dayanır.

Otorite kuruluşun uygulanabilir şartlarına göre işletici kuruluş elde mevcut doküman ve
bilgileri sağlayacak veya temin edecektir.

Doküman ve bilgiler aşağıdaki başlıklarla tanımlanmıştır:

• Kalite temini programı
• İşletme sınırlan ve şartları
• Daha önceden tanımlanan yöntemlere göre işletme sınır ve şartlarından sapmaların
belirlenmesi
• Montaj programı ve uygulama adımların gözden geçirilmesi
• Montaj sonrası test sonuçları
• İşletme talimatları ve yöntemleri
• Periyodik bakım, test, deneme ve denetim programı
• Bakım, test, deneme ve denetim kayıtlan
• Değişiklik Yöntemleri
• Değiştirilmesi düşünülen gözden geçirilmiş bir parçanın ele almışı ve kayıtlan
• Güvenlikle ilgili kategoriye giren gözden geçirilmiş bir parçanın değiştirilmesi
• Işınlanma kayıtları
• Önerilen artık yönetim programı ve ilgili dökümanlan
• Etrafa bırakılan artık sınırlan ve bırakılan artığın kontrolü ve ölçüm metod ve yöntemleri
• İşletici kuruluşun uygulayacağı acil plan programı
• Beklenen işletme şartlan ve kaza koşullannı periyodik işletme özet raporu ve gözden
geçirmeyle ilgili kayıtlar
• Nükleer Santralın sökülmesi programı.

Otorite kuruluş işletme denetiminde;

• İşletici kuruluş tarafından sunulan önerilerin tüzük ve yönetmeliklere göre yerine
getirildiğin değerlendirilmesi,
• İşletme sınır ve şartlarına göre Nükleer Santralın işletildiğinin araştınlması için nükleer
santral işletmesinin gözden geçirilmesi,
• Nükleer santralın durdurulması ve değişikliklerin yapılması dahil nükleer güvenlikle ilgili
tedbirleri içine alan, gerekliyse uygulama ve güvenlikle ilgili işletici kuruluşunun bütün
diğer görevleri, işletme sınır ve şartlannı doğru denetleyerek doğruluğunu saptamak.
• Otorite kuruluşun görevini yerine getirebilmesi için, işletici kuruluş otorite kuruluşun
ihtiyaç duyduğu zamanda;

- Nükleer santrala girişini kolaylaştırma
- Özel test ve denetimleri üzerine alma gibi

her türlü yardımı verecektir.

• İşletici kuruluş, işletme sınır ve şartlanna göre, Nükleer Santral işletilmesi için gerekli
olan talimat ve yöntemleri tespit edecektir.
• İşletici kuruluş önceden tanımlanan tüzük ve yönetmeliklere göre kayıt ve raporlann
hazırlanması, muhafazası ve dağıtımını düzenleyecektir.



4. 3. İşletme Sınırları Ve Şartlan (ÎSVŞ)

• Güvenli işletmeyi temin etmek için bir dizi işletme sınırlan ve şartlan resmi olarak
yazılmalıdır. Buda son tasarımda bütün önlemlerin alındığı göstermeli ve ticari işletmeden önce
otorite kuruluş tarafından değerlendirilmeli ve onaylanmalıdır.

• İşletme sınırlan ve şartlan, işletici kuruluşun nükleer santralı işletmek için
yetkilendirilmesinde en önemli unsurdur

- Otorite kuruluş tarafından değerlendirilmesi ve onaylanması sonrası
- İşletici kuruluşa Nükleer Santralı işletme yetkisi verir
- Kaza koşullarına sebeb olacak durumlan önler
- Güvenli işletme, personele olduğu kadar aletede bağlıdır. Bunun için ÎSVŞ alınacak
bütün önlemleri kapsar ve işletmeci personel tarafından sınırlar izlenebilecektir.

• Aşağıdaki fiziksel karekteristiklere göre sınıflandınlabilir ve tespit edilecektir.
- Güvenlik sınırları
- Güvenlik sistemlerinin kurulması
- Normal işletme için sınır ve şartlar
- Gözetim şartları

• Beklenen işletmenin meydana gelmesinden sonra normal işletme şartlanndan birine
yeniden getirilebilir, hatta gerekliyse, reaktör durdurulabilir. ÎSVŞ'dan herhangibir sapma olursa
Nükleer santral yönetimi uygun düzeltme hareketini ani olarak alacak ve işletme kuruluşu,
gerekirse, yeniden gözden geçirecek, değerlendirecek eğer uygulanan yöntem ihtiyaç duyulursa
otorite kuruluş haberdar edilecektir.

• Montaj ve test programının uygulanması boyunca işletmeci kuruluş ile otorite kuruluş
arasında sıkı bağlantı temin edilmelidir.

4.4. Montaj, Test Ve İşletmeye Alma

• Nükleer Santral güvenli işletmesinde temel bilgilerin toplanması için dikkatli planlama
ve montajın yapılması gereklidir. Bu nedenle detaylı bir test programı hazırlanmalı ve programın
çeşitli kısımları detaylı program üzerine uygulamada ve raporlamadaki sorumluluklar açıkça
belirlenmelidir. Montaj ve test programının uygulanması boyunca işletmeci kuruluş ile otorite
kuruluş arasında sıkı bağlantı temin edilmelidir.

• Testlerin amacı, test şartlannda beklenen sonuçlar, kabul edilir kriterler uygun olan
yerlerde önerilen işletme sınırlan ve şartlanna uygunluğu
• Test sıralaması
• Test yapımı esnasında gereken minimum teknik ve idari önlemler ve güvenlik ön
tedbirleri
• Santral sahasında gereken personelin nitelik (vasıf) ve sayısı (ilerde kullanılacak
işletmeci personelde dahil)
• Test yönetimi (usulü)
• Görevlendirilenlerin rolü ve sorumluluklannı içeren organizasyon düzenlenmesi.

Yukarda başlıkları tanımlanan herbir programın dokümanı istenecektir. Bunlara ek olarak
bütün gerekli test sonuçlannı içeren detaylı test raporu; takip edecek işletmede her iki konuda da
testin başarılı tamamlandığını rapor etmesi ve temel bilgiyi sağladığını göstermek için,
hazırlanacaktır.

Montaj ve test programı işletici kuruluşun amacını yerine getirmeli ve otorite kuruluş
tarafından onaylanmalıdır.



Otorite kuruluş tarafından gerekli görülen bütün ön-işletme tesisleri yerine getirilmedikçe
ve elde edilen sonuçlar her iki kuruluş tarafından kabul edilmedikçe ilk yakıt yüklemeye izin
verilmez.

Otorite kuruluş tarafından gerekli görülen bütün testler yerine getirilmedikçe ve elde edilen
sonuçlar her iki kuruluş tarafından kabul edilmedikçe ilk güç yükseltmesine izin verilmez.

4.5. İşletmeci Kuruluşun Yapısı

Nükleer Santral işletilmesinde, işletmeci kuruluş güvenliğe özel önem verilmesi bilincinde
olacaktır.

işletmeci kuruluş, düzenli yönetimi ve Nükleer Santralı güvenli işletmeyi sağlamak için
aşağıdaki sorumlulukları yerine getirecek bir yapıda olacaktır:

• İşletmeci kuruluş içinde ayrıcalıklı sorumluluk ve yetkili otoriteye sahip olması
• Başarılı yönetim programının yerine getirilmesini tesis etme ve takipçisi olma
• İşletme personelinin yeterli eğitimini sağlama güvenlik şartlarına uygunluğu elde etme,
anlama ve amacını gözönünde tutarak kamu kuruluşları ve otorite kuruluş arasında sıkı
işbirliğini temin etme.
• Santral yönetimine hizmet ve tesisleri temin etme
• Yeterli halkla ilişkiler bağlantısı kurma

Organize edilmiş bir yapı oluşturmada yönetim görevlerinin ana kategorileri aşağıdaki
şekilde ele alınacaktır:

• Karar verme görevleri
• İşletme görevleri-Normal işletme
• Takviye görevleri
• Yeniden gözden geçirme görevleri

4.6. Nükleer Santralın Yönetimi ve İşletme Personeli

Nükleer Santral yönetimi, doğrudan Nükleer Santral güvenliği işletiminden sorumludur.
Nükleer santral güvenli işletilmesine katlanırken Nükleer Santral yönetim yapısı bütün görevleri
uygun performansla yerine getirecektir.

İşletme personelin görev ve sorumlulukları haberleşme hatları ve yetkileri yazılı olarak
tanımlanacaktır.

İşletme personelinin her biri görevlerini rahatlıkla yerine getirebilmeleri için yeterli haklar
verilmiştir. Kontrol odası yetkili ve görevlileri ve Nükleer Santralı güvenli bir şekilde durduracak
şekilde düzenli bir biçimde açıkça yazılı olarak yapılacaktır. Benzer şekilde, anormal bir olay
sonucu durdurulan veya uzatılan bakım süresi sonucu Nükleer Santral yeniden işletmeye alınması

sorumluluk ve yetki, yazılı olarak açık bir şekilde saptanacaktır.

Santralın işletme durumlarındaki herhangibir değişikliği, sadece görevli ve yeterli
yetenekte işletme personeli kontrol ve süpervizyonluk yapabilirler. Güvenlikle ilgili sorumlu karan
bu kişilerin dışında kimsenin sorumluluğu almasına müsaade edilmemiştir.

İşletme personelinin her biri için gerekli yeterlik, işletmeci kuruluş tarafından tanımlanacak
ve otorite kuruluş tarafından gerekirse onaylanacaktır. Güvenlikle ilgili çalışan personel otorite
kuruluş tarafından yeterlilik sınavına tabi olacak ve yeterliliği tarafından onaylanacaktır.
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Bu kişilere uygun bir eğitim programı uygulanır. Bu program belirli bir periyotta yenilenir,
özellikle kaza şartları ve acil durumlar sık sık tekrarlanır. Eğitimi düzenli esaslar dahilinde
yenileyerek işletmeci personelin belirli zamanla durumları kontrol edilir.

Santral yönetimi, santralın işlemesini periyodik olarak gözden geçirecek ve belirlenen
herhangi bir soruna karşı alınacak doğru uygulama hareketini belirleyecektir.

4.7. İşletme Talimatları ve Yöntemleri

Ticari işletmeye geçmeden önce, işletici kuruluş Nükleer Santralı işletmek için detaylı
işletme talimatını ve yöntemlerini düzenli bir biçimde yazacaktır. Bu dokümanlar, santralı
tasarlayan ve yapan firma ile işbirliği içerisinde yapılır. Bütün işletme koşullan, normal işletme ve
beklenen işletme koşulları, tasarıma esas kaza koşullan, dahil, ciddi kaza durumlannı da içeren
işletme talimatları ve yöntemleri düzenli bir şekilde yazılmış olacaktır.

4.8. Bakım, Test, Kontrol ve Denetim

Ticari işletmeye geçmeden önce, işletmeci kuruluş güvenli işletme için gerekli olan sistem,
bileşen ve yapıların periyodik bakım, test, kontrol ve denetim programını hazırlayacaktır. Bu
program otorite kuruluşta da olacak ve işletme tecrübelerin ışığı altında yenilenecektir, işletici
kuruluş uygun alet ve tekniği kullanan, yetenekli uzman personeliyle yapacağı periyodik test kontrol
ve denetimi düzenleyecektir.

İşletmeci kuruluş yapı, sistemde bileşenlerin bakım, test, kontrol ve denetiminden önce
düzenli bir şekilde yazılan talimat ve yöntemleri hazırlayacaktır. Bu dokümanlar tasanmcı, santral
ve ekipmanı temin eden firmalar, kalite temin ve radyasyondan korunma personeli tarafından
hazırlanacaktır. Bu dokümanlarda, personelin "ALARA" prensibine göre ışınlanması temel
alınacaktır. Santral yönetimi bu aktivitelerin yapılması sırasında kullanılan talimat ve yöntemlerin
uygulama yönteminin takipçisi olacaktır.

4.9. Reaktör Kalb Yönetimi ve Yakıtın Kullanımı

Yakıtın santral yerinde taşınması ve depolanması esnasında güvenliğin ve reaktörde yakıtın
güvenli kullanımını sağlamak için işletici kuruluş santral yerinde yakıtın kullanımı ve reaktördeki
yakıtın yönetimiyle ilgili bütün faaliyetleri düzenleyecek ve sorumlu olacaktır.

Reaktörde kalb yönetimi için işletici kuruluş yakıtın temini, yüklenmesi, kullanımı,
değiştirilmesi ve reaktör kalb bileşenlerinin ve yakıtın test edilmesiyle ilgili talimat ve yöntemleri
hazırlayacak ve yazılı hale getirecektir.

Tasarıma esas olarak hazırlanan yakıt programı düzenlenecek ve otorite kuruluşa
sunulacaktır. Kalb durumunun monitoringi yapılacak ve yakıt programı yenilenecektir birinci
soğutma devresinde ve gaz antma sistemindeki fizyon ürünü aktivitesini azaltmak için hatalı yakıt
kullanılmaması için kriterler düzenlenerek ve yöntemler hazırlanacaktır.

Kullanılmamış - kullanılmış yakıtın taşınması, sahada depolanması ve sahadan başka bir
yere taşınmasını da içeren yakıt ve kalbde kullanılan bileşenler, kullanım yöntemleri yazılı olarak
hazırlanacaktır.

Kullanılmamış ve kullanılmış yakıtın depolama planlan, onaylanması için otorite kuruluşa
sunulacaktır.



Kullanılmamış - kullanılmış yakıtın paketleme, taşıma ve gönderilmesi ulusal ve
uluslararası düzenlemelere göre yapılacaktır.

Kalb yönetimi, yakıt performansı, yakıt ve kalb bileşenlerin kullanımı ve yakıt depolamayı
içeren bir kapsamlı raporlama sistemi sürdürülecektir.

4.10. Değişiklikler

Santralın işletmesi sırasında yapılacak değişiklikler;

• Yapı. sistem ve bileşenlerin değiştirilmesi,

• İşletme sınır ve şartlarının değiştirilmesi,
• Talimat ve yöntemlerin değiştirilmesi veya
• Bunların bileşenleri'nden ibarettir.

Yukarda tanımlanan değişikliklerden herhangibiri, önceden otorite kuruluştan alınan
işletme lisansını etkiliyorsa, yeniden yapılan değişiklikler için otorite kuruluşun onayına başvurulur.

Bütün değişiklikler tasarım, malzemenin temini ve hizmetleri, inşaası, test ve bakım
dokümanları, çizimler ve kayıtların hepsi bir kalite temin yönetmeliğine göre yapılacaktır.

Yapılan değişiklikler Nükleer santral performansını hiç bir şekilde azaltmayacaktır.

4.11. Radyasyondan Korunma

Sosyal ve ekonomik faktörler gözönüne alınarak ışınlamada "ALARA" prensibi
radyasyondan korunmada hedeflenmiştir. Nükleer santralda çalışan personel ve halktan herhangi bir
kişinin ışınlanma miktarı otorite kuruluş tarafından belirlenen sınırlan, aşmayacaktır.

Bu amaçla işletici kuruluş tarafından hazırlanan radyasyondan korunma programı aşağıdaki
sorumlulukların bilinci dahilinde uygulayacaktır.

- Santralın işletilmesinden sonra santralda çalışan personelde artacak radyasyon dozunun
kontrolü

- Santralda çevreye bırakılan radyoaktif madde miktannın kontrolüdür.

Ayrıca, Radyasyondan Korunma Programı (RKP) yeterli Önlemleride ihtiva edecektir;

• Önceden tanımlanan sınırlar ve ALARA prensibine göre personel ve halkın
ışınlanmasının temini,

• Personelin kontrolü ve korunması için enstrüman ve kontrol cihazları,
• Sahada radyolojik kontrol ve gözetim,
• Radyolojik bir kaza senaıyosuna göre işletme ve bakım yönteminin kurulmasında işbirliği
• Çevresel radyolojik gözetim
• Personel, ekipman ve yapıların radyoaktif kirliliğinin temizlenmesi(dekontaminasyon)
•Radyoaktif maddenin sevkedilmesinde varolan yönetmeliklere uyulmanın kontrolü

Radyasyon kontrol programı yetenekli sağlık fizikçileri sayesinde temin edilir.

İşletmeci kuruluşlar, denetim ve onaylarıyla, RKP'nın doğru bir şekilde uygulandığını ve
hedeflediği amaca ulaştığını, gerekirse düzeltme kararlan alabileceğini ve eldeki işletme deneyimine
göre programı yenileyebilir.
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RKP ayrıca çalışan personelin tıbbi kontrolunuda kapsar.
RKP, nükleer yakıt santral sahasına getirilmeden önce düzenlenir.

4.12. Çevreye Bırakılan Atık ve Atık Yönetimi

Radyoaktif artık, otorite kuruluşun tanımladığı yönetmelik çerçevesinde aktivite ve miktar
açısından en alt sınırda tutulur. Yani, üretilen ve dışarı bırakılan atık ve artık yönetimi sürekli
kontrol altındadır.

Otorite kuruluşun tanımladığı sınırlar dahilinde radyoaktif atık çevreye bırakılır ve saha
dışı radyasyon kontrol programına göre düzenlenir. Bırakma sınır değerleri deneysel ve teknolojik
gelişmelerin ışığında tanımlanır.

İşletici kuruluş radyoaktif artık yönetimini hazırlamış olup, bu da işleme, sabitleştirme,
depolama, taşıma ve alıcı ortamdan izole edilmiş alanlara koyma adımlarını içerir.

Paketleme, taşıma ve sevketmede ulusal ve uluslararası kurallara uyulur.

4.13. Acil Durum Hazırlığı

Nükleer santrallar halka, çalışan personele ve çevreye radyolojik zarar vermeksizin işletme
şartlarını yerine getirecek, gerekenden fazla bir miktarda yeterli güvenlikte işletilmesine göre
tasarlanmıştır. Bununla beraber, alınan bütün bu önlemlere rağmen, nükleer acil durum halinin
yaşanmasında, yani önemli miktarda radyoaktivite çevreye bırakılır veya önemli miktarda ışınlama
olursa, bu miktar fazla olmamalıdır. Bunun için işletmeci kuruluş hazırlık yaparak, bu durumu en az
zararla kapatabilmek için bölgesel, ulusal, yerel ve diğer kurumlarla işbirliği halinde önceden
hazırladığı acil durum planına göre birlikte çalışırlar.

Acil durum planı işletici kuruluş, otorite kuruluş ve kamu kurumlarmm birlikte koordineli
bir çalışmasını içerir.

İşletici kuruluşun acil planının amacı; kazanın sonucunu ve radyoaktif bırakma sınırlarını
azaltmaktır.

4.14. Kalite Temini Programı

Nükleer santralın güvenli işletimi için işletici kuruluş nükleer santralın test, montaj,
deneme işletmesi, işletme ve sökülmesinde detaylı bir kalite temin programı hazırlayacaktır.

Bu program ulusal yönetmelikler ve elde edilen tecrübelere göre gerçekleştirilecek ve
özenle hazırlanacaktır.

4.15. Düşmanca Hareketlere Karşı Korunma

Güvenliği tehlikeye sokacak yetkisiz faaliyetlerin oluşumundan sorumlu olacak insanlardan
korunmak için alınan bütün kabul edilebilir önlemlerdir.

Bu nedenle güvenli işletmesine gerek duyulan aletleri ihtiva eden kısımlar geçişi yasak
bölgeler olarak nükleer santral çeşitli bölgelere ayrılmıştır.

Bu nedenle giriş noktalarının sayısı en alt sayıda tutulmuştur.

Bu koruma planı, ancak bilmesi gereken bir kaç insanın kontrolünde olacaktır.

11



4.16. İşletme ve Takviye Deneyimlerinin Gözden Geçirilmesi

İşletmeci kuruluş, güvenlik tedbirlerinin yerine getirildiğini hedefleyerek nükleer santralın
işletme tutanaklarının düzenli gözden geçirilmesini temin edecektir. Dokümanlar güncelleştirilecek,
gözden geçirmeler uzman personelle temas kurularak yapılacak, uygun kayıtlar yapılan düzeltme
müdahelerini de içerecek şekilde tutulacaktır.

Nükleer santral güvenliğini ters yönde etkileyecek herhangi bir olayı önceden tesbit etmek
için. işletme deneyimi dikkatlice incelenecek böylelikle ciddi durum ortaya çıkmadan önce bu olayı
önlemek için olayı düzeltecek önlemler alınacaktır.

Benzer şekilde, işletmeci kuruluş diğer nükleer santrallann işletme deneyimlerinden bilgiyi
elde etmek ve değerlendirmeyi yapmak için, orada işletmede elde edilen tecrübeler tatbik edilip,
denenecektir.

4.17. Kayıtlar Ve Raporlar

Nükleer santral ticari işletmeye alınmadan önce, santralın güvenli işletilmesi için santralın
tasarım ve inşaasını içeren bütün önemli bilgilere işletmeci kuruluşun sahip olması gereklidir. Bu
bilgiler tasarım ayrıntıları, güvenlik analizleri, sağlanan ekipman ve malzemenin detayları, çizimler
ve resimler, imalatçının işletme bakım el kitablan ve diğer kalite temin dokümanları işletme
esnasında denetim, deneme ve peryodik testler için gerekli kalite temin ve test raporlanda dahil
montaj ve test kayıtları işletmeci kuruluşun elinde olacaktır.

işletme kayıtları bunlarla sınırlı kalmamak kaydıyla;

- Nükleer Santral işletme statüsü
- Parçalanabilir, üretken ve diğer özel malzemenin dolaşımı ve miktarı
- Bakım, test, deneme, denetim ve onarım,
- Kalite temini,
- Çalışan personelin eğitimi, tıbbi kontrolü, pozisyon ve yetenekleri
- Radyasyon ışınlama, dışan bırakılan atıklar, çevrede radyasyon kontrolü ve radyoaktif

artık depolama.

Güvenlikle ilgili konularda, periyodik özet raporlar işletmeci kuruluş tarafından
hazırlanarak otorite kuruluşa sunulacaktır. Beklenmeyen olayları, kaza durumlarını takiben gözden
geçirilmesi gerekli raporlar ve kayıtlar ayrıca yapılan değişikliklerle ilgili raporlar ve kayıtlar sürekli
tutulacak ve otorite kuruluşun talebi halinde el altında bulundurulacaktır.

Rapor ve kayıtların depolanması ve korunması ve tanzimi kalite temin şartlarına göre
olacaktır. Doküman yönetim sistemi personelin kullandığı herbir dokümanın en son haline
ulaşılabilecek şartta olmalıdır. Acil durumda kullanım için bazı dokümanların Nükleer Sanrallann
dışında depolanması düşünülmelidir. Bazı sınıflandırılmış rapor ve kayıtların belirli ve uygun bir
sürece kadar tutulmaları önceden tanımlanmalıdır.

4.18-Sökme

Nükleer Santral işletilmesine son verilmesinden sonra işletmeci kuruluş Nükleer Santralın
sökümünden sorumlu olacak ve otorite kuruluş tarafından onaylanmasıyla işletmeci kuruluşun
sorumluluğu son bulacaktır.
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Sökme, planlı bir programın güvenli ve gerekli organizasyonel düzenlemelerin ışığı altında
yapılır. Bu program güvenliğin öncelikle her adımda yerine getirildiğini ve sökmenin
tamamlanmasına kadar uygulanacaktır.

Sökme stratejisi, radyoaktif artık yönetimi konusundaki ulusal uygulama ve politikasına
bağlıdır. Ulusal bir politikanın ve büyük miktardaki radyoaktif artıkların konulacağı uygun bir
alanın varlığı işletici kuruluşun kararlarını yönlendirebilir.

Sökme alternatiflerin seçimine etki edecek faktörler:
- Reaktörün durdurulmasından sonra ve zamanın bir fonksiyonu olarak sökme esnasındaki

personelin radyasyon ışınlanması
- Sökmenin ertelenmesi halinde çalışan personele ve halka tehlikesi
- Güvenlik ve gözetim şartlan arasındaki denge
- Gelecekte bu yerin kullanımıdır.

Sökme programının yönetiminde, göz önüne alınacak hususlar:
- Sökme projesinin yönetimi
- Saha yönetimi
- Bu konuda çalışan kuruluşun sorumlulukları ve rolü
- Radyasyondan korunma
- Radyoaktif artığı sabitleştirme, taşıma ve zararsız hale getirme alanında depolama
- Sökmenin herbir adımının tamamlanmasından sonra gözetim
- Güvenlikten ibarettir.

Sökme programı, otorite kuruluşa sunulur otorite kuruluştan onay alındıktan sonra sökme
programı uygulanır. Sökmenin tamamlanmasından sonra otorite kuruluşun yer için yeniden onayı
gereklidir.

îşletmeci kuruluş Nükleer Santral işletme ömrü boyunca sökmeyi aklında tutmalıdır.
Bakım veya değiştirme esnasında radyoaktif olarak kirlenmiş, radyoaktif hale gelmiş bina, sistem ve
bileşenler rapor edilmiş olacak bunlar santralın sökünümde kullanılacak şekilde tutulacaktır.

5. SONUÇ

Atom çekirdeğinin parçalanmasının bulunmasından bu yana, çeşitli endüstriyel ülkelerde
atom enerjisi barışçıl amaçlarla kullanılmaya başlanmıştır. Alışılagelen yakıtların tabiatta sınırlı
bulunuşu, elektrik üretiminde nükleer enerjinin önemini daha da artırmıştır.

Nükleer Santrallar, içinde şiddetli bir radyasyon kaynağı bulunan, ileri teknoloji ürünü,
kapital yoğun enerji üretim tesisleridir. Bir radyasyon kaynağı olan reaktör kalbi ile işletme
personeli, halk ve çevre arasına derinliğine ard arda konmuş çok sayıda engel bulundurmak,
maliyetleri rekabet sınırlarını aşmayacak şekilde, birbirinden bağımsız ve paralel çalışan, çok
yedekli güvenlik sistemleri kullanmak suretiyle santralın güvenli işletilmesi amaçlanmıştır.

Nükleer Santrallar gerek normal çalışma koşullarında gerekse olası bir kaza durumunda
çevreye zarar vermeyecek biçimde tasarımlanırlar. Tasarım aşamasında, santralın normal işleyişi
esnasında olabilecek her türlü insan ve alet hatasının kazaya neden olmaması için gerekli tüm
önlemler alınır. Dolayısıyla bu tür hatalar oluşsa dahi normal işletme sistemleri bunu önleyecek
yeterliliktedir.
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1. Introduction

Safety of nuclear power plants is determined by a deterministic approach
complemented by probabilistic considerations. Design, construction and operation is governed
by national and international safety standards and practices. The IAEA has prepared a set of
Nuclear Safety Standards as recommendations to its Member States, covering the areas of
siting, design, operations, quality assurance, and governmental organizations. A revised set
of standards will be prepared by the year 2000. Safety is not just determined by a good plant
and qualified operators. Rather safety is heavily depending on an adequate national and
international framework which promotes i.e. learning from the more than 8,000 years of
commercial reactor operation, exchanging of information, using the mechanism of peer
reviews and striving for excellence.

In 1988 the IAEA published a report by the International Nuclear Safety Advisory
Group (INSAG) on Basic Safety Principles for Nuclear Power Plants, summarizing the
underlying objectives and principles of excellence in nuclear safety and the way in which its
aspects are interrelated. The paper will summarize some of the key safety principles and
provisions, and results and uses of Probabilistic Safety Assessments (PSA).

The Convention on Nuclear Safety modelled after the IAEA Safety Fundamentals
published in 1993 has added a new dimension of legally binding obligations, the fulfillment
of which will be reviewed by meetings of the contracting parties.

Head, Safety Assessment Section

Division of Nuclear Installation Safety

International Atomic Energy Agency (IAEA)
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2. Safety objectives and principles

Fig. 1 shows the structure of safety objectives and principles for NPPs according to
INSAG. Three kinds of safety principles are discussed, relating to management, defense in-
depth and technical issues. Central to management responsibilities is the concept of safety
culture. This is the set of attitudes and qualities in individuals and organizations which ensures
that, as an overriding priority, nuclear plant safety issues receive the attention warranted by
their significance.

In its ongoing work to expand the concept in such a way that its quality may be judged
in specific cases, INSAG has identified two components of safety culture. The first is the
necessary framework setup within an organization and the responsibility of the managerial
hierarchy. The second is the attitude of staff at all levels.

On the technological side, nuclear power plant safety rests on the strategy of defense-
in-depth. This concept involves successive barriers to prevent the release of radioactive
material to the environment and the protection of the barriers themselves and is complemented
by measures for accident prevention and mitigation.

This relationship between physical barriers and levels of protection in defence-in-depth
is depicted in Fig 2. INSAG explains this Figure in the following way:

"The figure shows radioactive material at the center. A first level of protection in
defence-in-depth is a combination of conservative design, quality assurance, surveillance
activities and a general safety culture that strengthens each of the successive obstacles to the
release of radioactive materials.

The first three physical barriers are the fuel matrix, the fuel cladding and the boundary
of the primary coolant system. All nuclear power plants now operating or under consideration
have all these barriers; some gas cooled reactors also have another barrier in the form of a
graphite moderator in which fuel particles with a graphite or ceramic coating are embedded.

>

The second level of defence-in-depth is control of operation, including a response to
abnormal operation or to any indication of system failure. This level of protection is provided
to ensure the continued integrity of the first three barriers. Together, these constitute the
normal operating systems and barriers.
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A third level of protection is afforded by those engineered safety features and
protective systems that are provided to prevent the evolution of failures of equipment and
personnel into design basis accidents, and design basis accidents into severe accidents, and
also to retain radioactive materials within the confinement.

The confinement is a fourth barrier which is provided unless it has been shown that
the function is provided by other means.

A fourth level of protection comprises measures that include accident management,
directed to preserving the integrity of the confinement.

The fifth level is that of off-site emergency response, aimed at mitigating the effects
of the release of radioactive materials to the external environment"

3. Specific safety principles in design of modern reactors

Specific principles implemented in the design are redundancy, diversity, fail safe,
physical separation and qualification of equipment to withstand environmental conditions
under accident situations. The "fail safe" concept is implemented to ensure that no failure of
a single active component can render a safety function inoperable. The objective of safety in
reactor design is to control the location, movement and conditions of radioactive materials
inside the plant. To this end there are three basic safety functions which need to be assured:

• controlling reactor power
• cooling the fuel, and
• confining radioactive materials within the physical barriers.

Most important is to control reactor power through plant process control systems and
automatic shut down systems if trip parameters are exceeded. Two redundant and diverse shut
down systems are available. Shut down immediately reduces the available energy to several
percent of its original value and to one percent within a few hours. However, the remaining
decay heat is still substantial and cooling is necessary to protect the fuel from melting. This
can be achieved by forced or natural circulation provided a heat sink is available through the
steam generators. In case the steam generators are not available as a heat sink, though there
is redundant feedwater and auxiliary feedwater supply, an emergency core cooling system
(ECCS) exists with accumulators and high and low pressure injection pumps. This ECCS is
also designed to cope with guillotine breaks of the main coolant pipes. A containment ensures
that even for such accidents the radioactivity in the primary coolant is not released to the

-3-



outside. Sprinklers and in some cases ice condensers are used to keep the pressure in the
containment below the design pressure for which it is built and tested.

In order to assure the availability and effectiveness of safety systems, the plant is
operated under a set of technical specifications which include allowed outage times for
components (AOTs) and surveillance test intervals (STIs) and requirements for adequate
staffing at all times.

All important plant neutronic and thermal-hydraulic variables have assigned operating
ranges, trip setpoints and safety limits.

In addition to these general considerations NPPs are designed to cope with a set of
initiating events (design base accidents), which also include external hazards. A typical list
of such events considered in the design of pressurized and boiling water reactors are given
in Fig. 3.

4. The Nuclear Safety Convention

The Convention on Nuclear Safety has the objective to:

"(i) achieve and maintain a high level of nuclear safety worldwide through the
enhancement of national measures and international co-operation including, where
appropriate, safety-related technical co-operation;

(ii) establish and maintain effective defences in nuclear installations against potential
radiological hazards in order to protect individuals, society and the environment from
harmful effects of ionizing radiation from such installations;

(iii) prevent accidents with radiological consequences and to mitigate such consequences
should they occur."

It provides a new mechanism to strengthen international co-operation in the area of
nuclear safety. The Convention was adopted by a Diplomatic Conference in June 1994, and
was to enter into force on the ninetieth day after the date of deposit with the Depositary of
the twenty-second instrument of ratification, acceptance or approval, including the instruments
of seventeen States, each having at least one nuclear installation which has achieved criticality
in a reactor core. These requirements were met on 26 July 1996 by the deposit of the twenty-
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fifth instrument referred to above, being also the seventeenth instrument from a State having
at least one nuclear installation which has achieved criticality in a reactor core. The
Convention on Nuclear Safety therefore entered into force on 24 October 1996.

By mid May 1997 the Convention held 65 signatories and 37 instruments of
ratification, acceptance or approval had been received, including 25 from States operating
nuclear power plants.

Sixteen Articles specify the obligations under the Convention. They are based on the
IAEA Safety Fundamental "The Safety of Nuclear Installations". The basic mechanisms for
implementation is the review of "country reports" by meetings of the Contracting Parties on
the measures taken to implement each of the obligations. The first of such meetings is now
planned for early 1999.

As an example regarding assessment and verification of safety, Article 14 specifies
that "Each Contracting Party shall take the appropriate steps to ensure that: comprehensive
and systematic safety assessments are carried out before constructing and commissioning a
nuclear installation and throughout its life. Such assessments shall be well documented,
subsequently updated in the light of operating experience and significant new safety
information, and reviewed under the authority of the regulatory body."

4. Developing Risk Informed Regulations

The use of PSA to complement the deterministic safety analysis to identify safety
shortcomings has, over the last 20 years, led to significant safety improvements of the plants
for which such PSAs were carried out. Figures 4 and 5 give examples of the use of PSA to
identify main contributors to the estimated core damage frequency. Still controversial is the
use of probabilistic targets to judge the overall safety level of plants. Some countries have
established targets for individual and societal risk, which would require Level-3 analyses.
Most commonly, use is made of targets for the frequency of major releases or core damage
frequencies requiring Level-2 and Level-1 analysis respectively. For example, in INSAG-3
the following targets are given:

"The target for existing nuclear power plants consistent with the technical safety
objective is a likelihood of occurrence of severe core damage that is below about 104

events per plant operating year. Implementation of all safety principles at future plants
should lead to the achievement of an improved goal of not more than about 10s such
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events per plant operating year. Severe accident management and mitigation measures

should reduce by a factor of at least ten the probability of large off-site releases

requiring short-term off-site response."

It is presently being discussed if compliance with higher level goals can be acceptably

demonstrated by using bounding conditions with lower level studies.

PSAs provide the possibility of ranking systems, families of components, individual

components operational occurrences, manual actions, etc. according to their significance. A

further step in risk informed regulations is thus to define requirements which are consistent

with the risk-importance of the equipment, events and procedures to which the requirements

apply. This would have the advantage that resources could be focussed according to risk

significance (Fig. 6). The areas which could most immediately benefit from such

considerations are:

• design modifications and backfitting (as discussed above)

• optimization of maintenance

• evaluation of operational events

• optimization of operational limits and conditions (Tech Specs)

• configuration control

• monitoring of safety performance

Such applications, which are not yet widely implemented, need to be based on

standardized quality PSAs (The IAEA has developed PSA Level 1-3 Guidelines.) In addition,

it is of utmost importance to perform uncertainty and, even more important, sensitivity

analyses in particular if it is used for cost/benefit analysis. In many cases one can rely on the

fact that conclusions from relative values are more robust than those relying on absolute

figures. This is in particular the case for use in cost/benefit analyses.

5. Monitoring Operational Safety

If the resources have been spent to prepare a PSA, one might as well spend the

additional resources to periodically update the PSA with regard to safety system

modifications, plant specific data and other accumulations of operating experience. Such

concepts are termed "Living PSAs". They provide information on the core damage frequency

averaged over a year by random distribution of initiating events and unavailabilities of

systems and components due to maintenance or failure. Living PSAs are the prerequisite to

go a step further to develop "Safety Monitors", which calculate core damage frequencies in
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real time, based on actual system/component status and tests in progress. Such a safety
monitor can be used to ensure that combinations of failures and maintenance and testing
conditions do not lead to large increases above average core damage frequency. In addition
such saferv monitors can provide additional information such as safety significance ranking
of systei components and accident sequences. Some systems can be consulted to advise on
recovery actions.

6. Safety of future nuclear power plants

The next generation of Advanced Light Water Reactors with a capacity of well beyond
1000 MWe is presently being built. These evolutionary designs combine and refine advanced
features, in particular through simplification or elimination of equipment (e.g. see Fig. 7),
increased safety margins, increased capacity and redundancy of safety systems, increased
attention to severe accidents in the design, and use of modern (computer) control technology.
In addition, evolutionary small and medium size reactors are being designed which in
particular rely more on passive safety systems and greatly increase the time by which human
intervention might be necessary. Such designs have the potential to significantly reduce core
damage frequency below IQr6 per year, thus pushing to the limit what could reasonably be
modelled by PSA. The trend in the reduction of core damage probability over time is
indicated in Fig. 8. Since containment performance would reduce the probability of significant
radioactive releases by another one or two orders of magnitude, it would be close to, but not
quite zero. Some revolutionary designs try to completely eliminate core damage accident
scenarios. The new German Atomic Law requires that it has to be "demonstrated also for
events, which.... can be practically excluded, that severe measures to protect against radiation
outside the site boundary, would not be required" (simplified translation). It is presently being
explored if a combination of designing out high pressure core melt scenarios and designing
to cope with low pressure core melt scenarios (core catchers, spreading areas) is able to meet
such a requirement.

Against this background the IAEA has prepared a document on the "Development of
safety principles for the design of future nuclear power plants". In addition to the normal
design basis envelope, it introduces the objective that "severe accidents addressed in the
design" should have no "significant radiological consequences". No significant radiological
consequences is defined as ensuring with a high degree of confidence that "the need for
urgent protective actions would in effect be limited to the immediate vicinity of a plant, and
possibly to the plant site boundary, thus minimizing societal and environmental impact". Thus
it would eliminate the need to plan for rapid evacuation and permanent relocation. Severe
accidents addressed in the design are accidents beyond the design basis which are selected on
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the basis of a combination of deterministic and probabilistic considerations using best estimate

analysis. For the remaining severe accidents not addressed in the design the targets suggested

by IAEA and INSAG as described above are repeated. Work continues to further explore a

list of severe accidents to be addressed in the design.

7. Concluding remarks

The safety of nuclear power plants is continuously being improved. To date, the

combination of several layers of protection has led to an excellent safety record when

compared with other means of power production. This holds true even after the Chernobyl

accident, which was caused by a very special reactor design with severe safety shortcomings

unknown to the operators due to an environment lacking safety culture. However, continuous

efforts have to be made to update the safety of older reactors or such reactors need to be

closed if obsolete. A new generation of reactors will add again an order of magnitude in

safety for the future.
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1I) Increase in heat removal by the secondary system
(a) Decrease in feedwater temperature
(b) Increase in feedwater flow
(c) Increase in steam flow ,•
(d) Inadvertent opening of a steam generator relief or safety valve
(e) Steam system piping failure inside and outside of containment in a

PWR.
(2) Decrease in heat removal by the secondary system

(a) Loss of external load
(b) Turbine trip
(c) Loss of condenser vacu u m
(d) Closure of main steam isolation valve (BWR)
(e) Steam pressure regulator failure (closed)
( 0 Loss of non-emergency AC power to the station auxiliaries
(g) Loss of normal feedwater flow
(h) Feedwater system pipe breaks inside and outside containment (PWR).

(3) Decrease in reactor coolant system flow rate
(a) Loss of forced reactor coolant flow including trip of pump and

controller malfunctions
(b) Reactor coolant rotor seizure and reactor coolant pump shaft break.

(4) Reactivity and power distribution anomalies
(a) Uncontrolled control rod assembly withdrawal from a subcritical or

low power startup condition
(b) Uncontrolled rod assembly withdrawal at power
(c) ControrTOd misoperation (system malfunction or operator error)
(d) Startup of an inactive reactor coolant loop or recirculation loop at an

incorrect temperature, and flow control malfunction causing an increase
in BWR core flow rate

(e) Chemical and volume control sysTem malfunction that results in a
decrease in the boron concentration in the reactor coolant (PWR)

( 0 Inadvertent loading and operation of a fuel assembly in an improper
position

(g) Spectrum of rod ejection accidents (PWR)
(h) Spectrum of rod drop accidents (BWR).

(5) Increase in reactor coolant inventory
(a) Inadvertent operation of ECCS and chemical and volume control system

malfunction that increases reactor coolant inventory.
(6) Decrease in reactor coolant inventory

(a) Inadvertent opening of a PWR pressurizer relief valve or a BWR relief
valve

(b) Radiological consequences of the failure of small lines carrying primary
coolant outside containment

(c) Radiological consequences of a steam generator tube failure (PWR)
(d) Radiological consequences of main steam line failure outside of

containment (BWR)
(e) Loss of coolant accidents resulting from spectrum of postulated piping

breaks within the reactor coolant pressure boundary.
(7) Radioactive release from a subsystem or component

(a) Waste gas system failure
(b) Radioactive liquid waste system leak or failure (release to atmosphere)
(c) -Postulated radioactive releases due to liquid-containing tank failures
(d) Radiological consequences of fuel handling accidents
(e) Spent fuel cask drop accidents.

(8) Anticipated transients without scram.

Fig. 3 - List of initiating events
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Fig. 4 - Summary of core damage frequency results: Suny
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Fig. 5 - Contributors to mean core damage frequency from internal events
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Dr. Graham Mason
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Radiation Safety Services Seccton TR9800007

Radiation and human health - a perspective

Introduction

It seems that everyone is anxious about radiation. There is widespread public concern
about harmful effects of radiation, but Kttle understanding of what radiation is and how it
forms part of our natural environment. People who are in favour of nuclear power, especially
those who operate nuclear power plants, tend to say the risks are insignificant On the other
hand, people who are opposed to nuclear power tend to say the risks arc unacceptable. Where
does the truth lie?

On the basis of the scientific evidence available, it does seem that the extent of public
anxiety is out of proportion to the risks to health when compared with other hazards of daily
life. A gross discrepancy between perception and reality does not help good decision making.
so it is important to put the effects of radiation on human health in perspective.

To do this, it is necessary to discuss what radiation is, how it is produced, how it
affects biological tissues, and what harm it may cause to human health.

Radioactivity

People often mix up the terms 'radiation' and 'radioactivity'. Radioactivity is a
property of some materials in which unstable nuclei decay spontaneously. The nucleus of an
atom contains protons and neutrons and almost all of the mass of the atom.

A T O M electrons

NUCLEUS

•\
neutrons



Each element is characterized by having atomic nuclei with a specific number of protons. A
carbon atom, for example, has six protons in its nucleus, but it may have a different number
of neutrons. In a stable atom, the protons and neutrons in the nucleus are 'in balance'. In an
unstable nucleus, there are too many neutrons or too few neutrons; the nucleus has more
energy than it can contain and it will decay to another, more stable, form by releasing energy.

10, 11

The number of neutrons in a carbon nucleus can be anything from 3 to 10.
Only two of these isotopes of carbon are stable, the rest decay spontaneously.

The more unstable a nucleus is, the shorter is the time for which it can survive. The
length of time required for half of a number of radioactive nuclei of a particular species to
decay is called the half-life for that species. Carbon-14, for example, is almost stable and has
a half-life of 5730 years; the other isotopes of carbon have half-lives of only a few minutes or
less.

The rate at which a given mass of radioactive material decays, that is the number of
disintegrations per second, is called its activity. The activity is directly proportional to the
mass of the material and is often used instead of mass as a useful measure of quantity. The
unit of activity (one disintegration per second) is given the special name becquerel (symbol:
Bq), after the French physicist who discovered natural radioactivity one hundred years ago.

A becquerel is a very small quantity of radioactive material. A smoke detector, for
example, contains tens of thousands of becquerels of a radioactive element called americium.
A wrist watch with a luminous dial may contain over one hundred million becquerels of
tritium, a radioactive isotope of hydrogen.

Radiation

When a radioactive nucleus decays, the released energy is called radiation - energy in
transit It is fired out from the nucleus either as small bundles of energy, such as gamma rays,
or as energetic particles, such as alpha particles and beta particles, or as a combination of
these.

Radiation can also be generated by other means, such as firing electrons into a metal
target at high speed: this is how an X ray machine produces X rays.
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The different types of radiation have different properties. Gamma rays and X rays are
forms of electromagnetic energy like visible light and radio waves, but with very short
wavelengths. When gamma rays or X rays fall on solid materials, some are scattered by the
atoms of the material but many of them are able to pass through. For this reason, gamma rays
and X rays are called penetrating radiation. It is also the reason that X rays are so useful in
diagnostic medicine, as it allows an image to be formed of the inside of the body.

Beta radiation was named before it was realised that beta particles are just electrons.
It comes from the radioactive decay of a nucleus, but is not very penetrating. A thin sheet of
metal will stop beta radiation. Alpha particles are the same as helium nuclei: two protons and
two neutrons. Alpha radiation is very weakly penetrating: a sheet of paper will stop it The
skin usually prevents alpha radiation from causing harm to the body. However, if radioactive
material is inhaled or ingested, the alpha particles and beta particles produced by decaying
atoms can be harmful to internal organs and tissues.

outer layer
of skin dennis underlying tissues
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Radiation in the environment

Radiation and radioactive materials occur naturally in the environment. Cosmic
radiation falls on the Earth from outside the atmosphere and accounts for about one seventh
of average human exposure. Natural radioactivity in much of the Earth's crust includes low
concentrations of radioactive elements like uranium and thorium in rocks and soil. The
gamma radiation from these materials contributes another sixth to the total average exposure,
but a much larger contribution, about half, comes from inhalation of the radioactive gas
radon, which is one of the decay products of uranium.

Radon is produced in the ground, but because it is a chemically inert element it
diffuses out of the ground surface into the air without reacting with other atoms. It is present
in all the air we breathe. When inhaled, the decay products of radon can lodge in the lung and
irradiate lung tissue.

Because there are small quantities of naturally occurring radioactive materials in soil
and water, they get into the food chain, causing internal exposure. The main contribution to
average dose, about one tenth, comes from a radioactive isotope of potassium: potassium-40.

internal 1 7 ' 1 %

8.6% . .
Cosmic
14.5%

Man made
0.3%

Medical
11.2%

Average yearly radiation dose from all sources of radiation.

Because we consume small quantities of naturally occurring radioactive materials in
food and water, human beings are slightly radioactive. A person of normal weight has about
four thousand becquereis (4000 Bq) of potassium-40 activity, meaning that four thousand
potassium-40 atoms decay every second inside the body. This has always been the case, and
has nothing to do with artificial sources of radiation, nuclear weapons tests or nuclear power.

Measuring radiation

We know from accidents which have occurred in the past that exposure to large
quantities of radiation is harmful, and that the harm increases as the exposure increases. In
order to assess the extent or risk of biological harm, we need to be able to measure radiation
quantitatively. A special quantity has been devised called effective dose, or just 'dose' for
short, which is a measure of the amount of energy absorbed by biological tissues when they



are irradiated and of the consequent biological effects. Dose is measured in units called
sieverts. A sievert is a very large dose, and in most circumstances radiation is measured in
one-thousandths of a sievert, or millisieverts. (1 Sv - 1000 mSv)

For example, the worldwide yearly average exposure 10 radiation is about 2.4 mSv,
nearly 90% of which occurs naturally, with medical exposure contributing almost all of the
rest A chest X ray would give the patient a dose of around one twentieth of a millisievert.

How radiation affects biological tissues and leads to health effects

When gamma radiation is absorbed by biological tissue, many individual gamma rays
collide with individual molecules in the tissue. Each gamma ray carries a minute amount of
energy - many, many times too small to be felt But because the energy transferred in each
collision is deposited over a very small volume, the force of the collision can break the
molecules of which the tissue is made. If this happens inside a cell, and the broken molecule
was crucial to the functioning of the cell, the cell may be killed. Sometimes, however, the
cell may survive but in a damaged form.

At very high doses, which may occur in an accident or deliberately in radiotherapy,
there are very many gamma rays or X rays and a large number of collisions occur and a large
number of cells may be killed. If this happens inside an organ, such as the kidney, the organ
may stop working or may continue with reduced efficiency. The effect is similar to what
happens with a burn from a fire. A large amount of energy is absorbed and some of the tissue
is destroyed. With radiation, however, the damage can be-deep inside the body, not just near
the surface.

The clinical consequences of massive cell killing can include nausea, vomiting,
diarrhoea, ulceration, necrosis (death of tissue) and death. Effects such as these occur soon
after exposure and are called short-term effects. Below a certain level of dose, these effects
do not happen: there is some undetectable molecular or cellular damage, but the body is able
to replace or repair the damaged cells. The level of dose above which short-term clinical



effects become observable is called a dose threshold. One of the aims of radiation protection
is to keep doses below these thresholds.

At doses below the dose thresholds, the short-term effects do not occur. Human
organs and tissues contain millions of cells and the loss of a few cells is not noticed. Cells
die all the time and the body is constantly eliminating dead cells and replacing them.
However, there is a possibility that long-term effects, such as cancer induction, may occur
which arise not from cell killing, but from the survival of damaged cells. Most damaged cells
will be rejected by the body, but some may be able to divide and pass defects on to
subsequent generations of cells. When this happens in a way that the body's defence
mechanisms cannot control, a cancer can result.

Cancer risk

. There is clear evidence that radiation causes cancer at high and moderate levels of
dose. The evidence comes mainly from the survivors of the atomic bomb blasts at Hiroshima
and Nagasaki in the Second World War. That group of people has been studied since 1945
and their state of health monitored very carefully. The study of the incidence of disease in
population groups such as this is a branch of medical science called epidemiology. The
epidemiological evidence from the bomb survivors suggests that the risk of developing cancer
increases with increasing dose.
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For high doses and high dose rates (atomic bomb survivors),
the risk of cancer is proportional to dose.

At very low doses (less than about 50 mSv), there is no epidemiological evidence that
radiation causes harm, so the risk vs. dose relationship can only be guessed at. For the
purposes of radiation protection, it is assumed that risk is proportional to dose, without
threshold. However, because there is some evidence that the risk for low doses and low dose
rates is not as great as for high doses and dose rates, the risk factor derived for atomic bomb
survivors is reduced by a factor of two for radiation protection purposes.



The risk factors adopted by most countries are those recommended by the
International Commission on Radiological Protection (ICRP). For members of the public, the
ICRP recommends a risk-per-unit-dose factor of 5% per sievert, or one in twenty for each
sievert of dose received. However, doses of a sievert are not received by members of the
public, so it is best to work in terms of millisieverts. For example, if a person receives a dose
of one milHsievert, the risk of death from radiation-induced cancer is assumed to be one in
twenty thousand.

probability
of effect
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radiation protection
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epidemiologicai
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slope
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The risk vs. dose relationship assumed for radiation protection purposes

Radiation protection principles

Protection from short-term effects of radiation is very easy in principle: regulations
require that all doses are kept below the dose thresholds. In practice, however, there may be
accidents in which thresholds are exceeded, but the regulatory requirements for controlling
sources of radiation axe intended to minimize the likelihood of accidents occurring.

Protection from the possible long-term effects of small doses is much more
complicated because of the assumption that risk is proportional to dose down to zero dose. It
means that safety concerns must be taken into account for all exposures so that unnecessary
exposure is avoided.

First, it must be shown that more good than harm will come from an activity which
causes exposure to radiation. This is the principle of justification. When a human activity
involving exposure to radiation is proposed (a proposal to build a nuclear power plant, for
example) the potential benefits must be weighed against. the possible risks. Only if the
benefits outweigh the risks should that activity be permitted. Judgements about justification
are usually made by governments or government authorities acting on behalf of the
population.



Second, protection should be opflmi^ That is, doses should be reduced to values
that are as low as reasonably achievable, taking into account what it costs to reduce them. As
with justification, a judgement is called for about what is reasonable, and again it is the
regulatory authorities which ultimately have to make that decision. In many cases of day-to-
day radiation protection, common sense and good practices learned from experience are
sufficient to satisfy the regulatory authorities, but a formal demonstration of optimization
may be required from time to time, particularly at the design stage of a plant where exposure
to radiation will occur.

Third, exposures must be kept below values that would generally be regarded as
unacceptable: the dose limits. In setting dose limits, most countries (and the IAEA) take note
of the recommendations of the ICRP. The ICRP has examined acceptability of risk in various
industries and for a number of human activities and formed the conclusion that workers
exposed to radiation should receive no more than about one sievert in a working life and that
members of the public should receive no more than one millisievcrt per year.

ICRP recommended annual dose limits

Workers Members of the public

20 mSv* 1 mSv

Averaged over 5 years

Regulation for radiation protection

The ICRP has no regulatory role. It offers independent advice based on detailed
review of the scientific literature. Regulations for controlling exposure to radiation have to
be promulgated by national governments. To assist in developing internationally consistent
regulatory standards the IAEA published in 1996 the International Basic Safety Standards for
Protection against Ionizing Radiation and for the Safety of Sources (Safety Series No. 115),
known as 'the BSS*. This document is jointly sponsored by the Food and Agriculture
Organization of the United Nations (FAG), the International Labour Organisation (ILO), the
Nuclear Energy Agency of the Organisation for Economic Cooperation and Development
(OECD/NEA), the Pan American Health Organization (PAHO) and the World Health
Organization (WHO). It represents a unique consensus of international opinion on radiation
protection standards and it is anticipated that most of the world's national regulatory
requirements will be consistent with the BSS in time. .--'

The BSS provides for certain activities to be exempted Iruiu regulatory control: those
which lead to trivial risk, for example, when doses arc of the order of one hundreth of the
public dose limit For activities that cannot be exempted, it adopts the recommendations of
the ICRP concerning justification, optimization of protection and dose limitation, and the
ICRP recommended dose limits. It is written in a regulatory style, setting out the minimum
requirements which must be satisfied in order to ensure safety. It is supplemented by a
number of Safety Guides which provide advice, based on international experience, about how



the requirements of the BSS can be met The IAEA is confident tha; national regulations
based on the BSS and properly put into effect will ensure that activities involving exposure to
radiation can be undertaken safely.

Comparisons of doses and risks

To put the hazards of radiation into perspective it is important to distinguish the short-
term effects caused by large doses from the long-term effects caused by small doses. If we
use the Eiffel tower in Paris to provide a scale, life-threatening doses occur only at the top. A
dose of about 3000 mSv to the whole body, delivered as an acute exposure (that is, over a
short period) may lead to early death in a few weeks; a dose of 10,000 mSv will almost
certainly be fatal in a few days. Doses below one or two thousand millisieverts will not cause
death, but can cause temporary illness, such as nausea and vomiting. Acute doses below one
or two hundred millisieverts (about the height of a three-storey building on this scale) will no:
cause any detectable short-term effects. Medical examination of a person exposed below this
level, or laboratory analysis of the blood, will not reveal any information about the exposure.

3000 mSv

2000 mSv

1000 mSv

life threatening

temporary
illness

no detectable
short-term effects

annual dose limit for
workers (a person)

annual dose limit for
the public (a brick)



The annual dose limit for occuptional exposure is 20 mSv (about the height of a
person on this scale). The annual dose limit for members of the public is 1 mSv (about the
height of a brick). Note, however, that these limits are for protection from long-term effects;
they are well below the dose thresholds for short-term effects.

To put the estimated hazards of long-term effects into perspective, it is useful to
compare them with other risks in daily life. The calculated risk of dying from radiation
induced cancer several years after a dose of 1 mSv is 1 in 20,000. For United Kingdom data,
this is about half the risk of being killed in a road accident or by an accident in the home. A
dose of a millisievert or two is a typical average for occupational exposure, but is very much
higher than doses received by members of the public from artificial sources.

Average annual risk of death in the UK from some common causes

Cause Risk of death per year

Smoking 10 cigarettes a day 1 in 200
Natural causes, 40 years old 1 in 700
Accidents on the road 1 in 10.000
Accidents in the home 1 in 10,000
Radiation dose of 1 mSv* 1 in 20,000
Accidents at work 1 in 50,000

*This risk is estimated from the assumption of a linear, no-threshold risk
vs. dose relationship; the other risks are from published statistics.

These comparisons support the conclusion that well-regulated industries which
involve work with radioactive materials and radiation sources can be considered safe in
normal operation from the perspective of human health. Adherence to regulations consistent
with those set out in the BSS ensures that risks to workers exposed to radiation are acceptably
small and that risks to members of the public are minor. Conversely, in order to ensure
safety, industries giving rise to radiation exposures must be properly controlled to acceptable
standards
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Introduction

The present paper should not to be considered as a course but rather as a walk
through various issues concerned in the technical approaches to radioactive waste
management. It deals with the main conditions for a sound waste management
approach, stressing the importance of an overall integrated approach (systems
approach), in which radiation protection and environmental impact considerations are
essential and central issues. Since disposal of radioactive waste is a final and
terminating activity seen as the most evident solution to alleviate the burden of the
waste to present and future generations a short generic review will be made of the
worldwide situation of disposal activities.

1. Sound radioactive waste management

Sound technical management of radioactive waste is in its very basics not
profoundly different from sound management of toxic and industrial wastes. It implies a
technical approach that is: conform with legislation and regulation, functional with
regard to the processes it is related to, cost-effective, sustainable, integrated, and
comprehensive including radiological optimization. It is the latter issue of radiological
optimization that makes radioactive waste management approached in a more stringent
manner than waste management is in general.

Because of its specific physical properties (various types of radiation and
associated potentials for harm to man and impact on the environment) legislation and
regulation deal with radioactive waste in a different manner and practical technical
management will as a consequence also approach it differently.

A well structured and controllable policy for the management of radioactive
waste can be set out easily since the processes using or generating radioactive waste
are understood and identified without problem, waste generators and organizations
involved in the management of radioactive waste are known and their number is
relatively limited, and the waste volumes generated are limited as well.



Conform with legislation and regulation. The legislation defines the. legal
framework and associated organizational infrastructure for radioactive waste
management by, inter alia, stipulating the laws applicable, assigning responsibilities
(e.g. for regulation, enforcement, implementation,
financing) and imposing implementation schemes. Regulations formulate, inter alia,
general or specific requirements and criteria to be applied and licensing schedules. It is
evident that the legislative and regulatory compliance is compulsory for a sound
technical approach in waste management.

Functional with regard to the process it is related to. Sound radioactive
waste management requires that the technical solutions and the timing of their
implementation are respectively technically and time-wise compatible with the
processes that generate the waste. Undue regard to this functional compatibility could
result in undue costs (e.g. due to interruption of the operation) or exposure.

Cost-effective. This is a basic and evident principle of economics and is
relatively simple to handle when for instance the cost for a waste related process can
be calculated with regard to the value of the product or output it is associated with (e.g.
a KWh). However, it is less evident how to handle cost-effectiveness in a
comprehensive waste management approach taking into account the radiological
optimization principles or in activities (such as siting of a disposal facility) where the
increment of costs can not be measured against increments in protection.

i
" * *

Sustainable. The concept of sustainability, although recently formulated in the
context of conservation and global protection options, is in its fundamental
considerations not a novel issue. In the context of radioactive waste management
reprocessing, reuse of materials, waste minimization, and final disposal were concepts
that in practice found their justification, already a long time ago, from considerations
that can be grasped all together in the concept of sustainability. The IAEA is presently
developing the concept of sustainability in energy generation and waste management.
It is expected that the concept of sustainability related to radioactive waste
management will develop in the sense of minimizing or decreasing intra- and
intergenerational burdens and in a comparative mode to limit the consequences of
energy generation on a global scale.

Integrated. Each specific management related activity needs to be considered
and developed with due regard to its technical and time-wise compatibility with all other
waste management activities. At present it is accepted that already in the design and
planning phase of nuclear installations and in the selection of the processes to be used
a prospective assessment is made'of the waste arisings and the consequences related
to that waste.

Comprehensive. All the previously mentioned considerations have to be



considered on their own and in their relation with each other, with on top of that the
specific requirement to take into account the basic radiological protection principles of
limitation, optimization and justification of the exposures and the principles of protection
of the environment and future generations. This leads to a overall practical management
approach which is generally referred to as a system approach.

2. Systems approach for radioactive waste management

One generally considers a sequence of successive steps in the technical
management oof radioactive waste: 1/ waste generation, 2/ collection and transport, 3/
treatment, conditioning and packaging, 4/ interim storage and 5/ final disposal. For
each step of the sequence specific responsibilities assigned and targets can be
formulated.

2.1. Waste generation j

The chemical and physical processes involved in the power generation,
industrial or other applications (e.g. type of reactor or fuel cycle) together with the
quality of the operations are determining factors for the waste generation. This early
point in the live of waste existence is also the place where wastes are first segregated
in technical categories of radioactive waste: long lived vs. short lived, heat generating
vs. non-heat generating, combustible vs. non combustible, compressible vs non-
compressible, solvents or other organic materials, wastes containing chemotoxic
substances, etc. At this point the waste generator is identified and the principle of the
waste generator (polluter) pays provides an incentive for a proper segregation of the
wastes (since various waste categories will end up in various waste management
costs) and minimization of wastes. Separation of radioactive waste cycles from non-
radioactive waste cycles, segregation of volume reducible wastes, adopting exemption
principles and reusing contaminated materials instead of delivering them to the waste
stream are upfront means to minimize the waste arisings.

2.2. Collection and transport

Collection and transport'of wastes is done in view of treating, conditioning and
packaging these in specially designed (centralized) facilities. Collection offers
opportunities to monitor the exact nature of the wastes and, if required, decide for
further segregation. For safety considerations related to transport or other reasons (e.g.
economic) larger waste generating facilities may prefer to condition some wastes (e.g.
toxic liquid low level waste) already at the waste generating plant.

2.3. Treatment, conditioning and packaging



The main purpose is volume reduction and physicochemica! and mechanical
stabilization of the waste in view of its storage and/or disposal.Treatment and
conditioning deliver a waste product that determines to a very large extent the final
waste packaging charateristics. Treatment may also mean preparing waste into an
appropriate physico-chemical form so that it can be released as an effluent.

2.4. Interim storage

Interim storage is practiced in attendance of disposal (e.g. for cooling down high
level waste or if a disposal facility is not yet operational).

2.5. Disposal

Disposal is the final emplacement of radioactive waste, without intention to
retrieve it, in an engineered suitable (geological) environment (repository) that satisfies
safety and environmental scriteria and requirements. Since these environments may
show very different properties the concepts for disposing the waste packages may also
be considerably different from one host rock environment to another.

3. Waste Management System Optimization

In the implementation of the; system, infrastructural conditions have to be
satisfied, namely the legislative and regulatory framework, standards and criteria
related to the implementation steps (e.g. related to waste packages, transport,
disposal) and financing of the operation has to be assured. The different alternatives
and approaches for waste processing and for disposal need to be considered and
evaluated in conjunction with one another in order to develop a system able to satisfy
the safety requirements. Care, however, has to be taken to ensure compatibility
between various steps, bearing in mind that decisions concerning these steps are not
necessarily all taken simultaneously. In the following, an example is given which
illustrates the diversity of the considerations.

Incineration of low-level wastes is often practiced and it is known to achieve high
volume reduction, to destroy some hazardous organic components of the waste and to
deliver a very durable end-product. However, it requires additional actions such as gas
purification by dry, wet or combined processes and possibly gas capture. An alternative
to incineration is a high efficiency compaction. Disposal of compacted material
(including, organic material) in an oxygen deficient and water saturated zone, requires
additional engineered components to avoid or compensate for biological decomposition
of organic materials, gas formation and formation of complexing biodegradation
products.



This illustrate the fact that, whereas efficient individual processes exist, it is also
necessary to have a view on the whole waste management system and to make the
right combination of processes, thus avoiding the risk for having to undertake
secondary conditioning or remedial actions at a later stage.

The combination of activities involved in waste management are subject to
radiological, engineering and economic optimization with respect to a range of differing
criteria: exposure of the operators, exposure of the public, volume of waste produced,
and the cost of the product (e.g. the KWh).

4. Initial Actions

In the implementation of an integrated waste management system, experience
has shown that the following general successive initial actions can be recommended:

a) Collection of information on waste arisings and quantification and
characterization: both current and future inventories.

b) Identification of possible storage requirements - interim and long term -
either for reasons of cooling/ageing or for any other reason e.g. absence
of clear views on the disposal policy.

c) 4 Assessment of the disposal options which are available and which ones
can be provided in the future.

d) Identification of treatment, conditioning and packaging options - for
various types of wastes - compatible with disposal opportunities and,
where required, their compliance with current regulations on handling and
disposal of chemically hazardous materials.

These actions should be revisited from time to time to allow update of the waste
management system and allow measures to adjust the approach to the new situation.

There is need for flexibility in organization and management. Non-standard
types of waste will always need to be dealt with: it is impossible to foresee all the
different types of waste that might be generated in the future, including those from new
industrial processes and/or accidents.

When disposal arrangements are not assured, there is need to keep disposal
options open. Irreversible and specialized waste treatments, conditioning and
packaging that limit suitable disposal options should be deferred or avoided unless
dictated by immediate safety considerations. This case will of course give rise to a
higher burden on the storage prior to conditioning and the full consequences of this



should be understood by those deferring disposal arrangements. More sophisticated
storage concepts may be needed in order to cope with a increased potential for risks
associated with the storage.

5. Quality assurance

A reliable quality assurance system for radioactive waste management needs to
be based on quality and reliability in all steps and actions. In virtually all cases, quality
assurance in waste management involves three components:

the intrinsic quality of the process, e.g. the separation - or conditioning
process or the study of the properties of the geologic formation;
quality and care in the implementation so as to guarantee optimum quality
of the product; .
control of the end product or end-situation so as to assure conformity
between the real quality and composition of the end product, including the
non radioactive components, and the agreed or imposed specifications.

In some countries, careful QA planning and operations in all steps of the waste
management system are vital in obtaining a licence to construct and operate a final
repository. The level of proof required to demonstrate safety and environmental
protection of a repository can be high and, if proof is inadequate (e.g due to lacking
QA/QC), the whole system could be invalidated.

6. Waste disposal

Disposal of solid or solidified radioactive wastes is the final step of the nuclear
fuel cycle and other applications and uses of nuclear technologies and radioisotopes.
It is meant to become an irreversible step after the operational stage of a repository
and is only applied to materials and packages which have been properly conditioned -
or need no conditioning at all in case the radioactivity is very low - monitored and found
in accordance with the criteria established for the selected disposal facility.

As already mentioned earlier in the management of radioactive wastes which
includes disposal, all steps are interrelated from waste arisings to their final end. The
steps prior to disposal are therefore important as they determine the quality and
quantity of the wastes to be disposed which in turn will have a significant impact on the
final fate of the radionuclides in the disposed material over the periods of concern.

Disposal can be totally irreversible, as for example in the case of environmental
release of effluents. Retrieval may be possible in shallow and sub-surface ground



disposal, as well as in some geologic disposal schemes for solid waste, but it is the
absence of the intention to retrieve which implies disposal. Usually, disposal concepts
do not require continued surveillance. However, in particular cases, such as shallow
ground repositories, surveillance of the site during a limited period of time may be part
of the disposal concept. Furthermore, deep geological disposal facilities remain under
surveillance at least until after sealing.

Disposal, as a final step in radioactive waste management, has been the subject
of very important R&D programmes, international studies and evaluations, reviews,
controversies among members of the public, scientists and decision makers. For the
disposal of radioactive waste, two fundamental but contrasting courses of action are
available:

isolation of the waste during a time adequate for the decay of the
radionuclides to levels of insignificance;
dispersion and dilution of radionuclides into the environment.

The two courses of action are in fact necessary and complementary since it is
just as impracticable to retain and contain all the radioactivity in the waste as it would
be unacceptable to release all of it to the environment. The balance between
containment and dispersal is a complex issue involving radiological optimization
considerations. The chosen disposal strategy in the nuclear industry is to contain most
waste in repositories and take advantage of the isolation capability of a geologic
environment.

6.1. Disposal of short lived low level and intermediate level waste (LILW-SL)

Management practices for the disposal of LILW-SL include a number of options
adopted or under consideration in different countries. Such options are: disposal in
near surface facilities and disposal in subsurface mined facilities at intermediate depth
or (deep) geological repositories.

Near surface disposal facilities
•

A common method for the disposal of LLW and ILW involves the emplacement
and burial of wastes at relatively shallow depth. The emplacement can be in simple
trenches or in engineered vaults. In any case, an important issue in shallow burial is
the establishment of waste acceptance criteria to ensure an acceptable low risk to
humans and the environment. The two basic option? for the establishment of waste
acceptance criteria are the definitions of universally valid reference limits, and the
adoption of site-specific criteria depending on the unique site characteristics and facility
design.

Near surface non-engineered dispsoal
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In this concept, wastes, usually emplaced in containers, are buried in trenches
that, when filled, are covered by a layer of soil. The success of shallow land disposal
depends on the capability of the system to prevent the mobilization and migration of
radionuclides. It is therefore essential to minimize contact time between waste and
percolating water and/or ground water. This is relatively easy to achieve in sites of low
rainfall and with permeable soils. The sorption capability of the ground material is
another feature contributing to the retention of the radionuclides at the place of
disposal. This system of disposal has been used in the United States, in Canada and
in the United Kingdom.

Near surface engineered disposal

Waste isolation in near surface land burial facilities can be improved by
engineered structures such as concrete lined trenches, vaults, mounds, cased wells,
etc. Examples of such facilities are found in France (Centre de la Manche and Centre
de I'Aube) and Spain (El Cabril).

Subsurface disposal facilities

In this case, disposal of low and intermediate level wastes is performed in low
permeability or dry geological formations, at depths of tens to hundreds of meters.
Waste acceptance criteria can be'different from shallow land disposal, since the
desired isolation capability of the entire system is much greater. In many cases,
repositories of this type at deeper levels could also accept long-lived waste of different
categories as well. Examples of such disposal facility are the operating Morsleben
disposal facility in Germany and the opertional disposal facility in Olkilouoto in Finland.

An international symposium on "Experience in the Planning and Operation of
Low Level Waste Disposal Facilities" was organized by the IAEA in Vienna last year
with the objective to review and summarize the experience gained worldwide in
implementing low level waste disposal from the initial planning until final closure. The
symposium covered topics on regulation and licensing, infrastructure and planning,
siting, disposal systems in the operational and post-operational phases, and safety
assessment. The symposium showed that the LLW disposal is based on mature and
well demonstrated technologies. Nevertheless, many industrialized countries face
difficulties in implementing LLW disposal mostly due to public concern and opposition.
It was also noticed that technology transfer is required to provide developing Member
States with cheap but adequate and safe solutions taking into account the level of
national requirements for waste management and level of nuclear activities in the target
countries.

A survey of the situation related to low level and intermediate level waste



disposal (LILW) in IAEA Member States learned that about 110 individual "active"
disposal projects are under way. We considered in this survey a project as "active"
when a particular site has been selected for hosting a repository. About one fourth of
the Member States have presently "active" LILW disposal programmes. Most of the
countries (about 85 %) with "active" LILW disposal projects are countries with
commercial nuclear power plants installed. In 72 of these projects waste is or has been
disposed.

6.2 High level waste, spent fuel and long-lived waste disposal

The IAEA recommended the disposal of HLW and long-lived waste (with long
lived radionuclides above 400-4000 Bq/gram) to be disposed of in (deep) geological
repositories. A (deep) geologic repository should have, among others, the following
genrral characteristics: •'

- be located in a low permeability host rock which is either dry or has a very slow
groundwater flow;
- be compatible with the physical and chemical properties of the waste

packages;
- be located in seismically and geologically stable area
- offer a barrier (physical and chemical) against mobilization and migration of
radionuclides;
- the waste will remain compatible with the properties of the host rock, normally

much longer than the period of isolation required by the waste;

The inherent efficiency of such geologic repositories may be enhanced by
adding other barriers e.g. the form of conditioning and packaging of the waste,
overpack materials for the waste canisters, buffer and backfill materials and other
engineered structures. Although the properties of the geologic environment are usually
the controlling factor in the long-term safety of radioactive waste disposal schemes, the
additional barriers can also play a role for the overall safety of the system.

Safety (performance) assessment studies show that several geologic disposal
systems or concepts have the capability to prevent most radionuclides from returning to
the biosphere and that the quantities that eventually reach the accessible environment
are very small. The resulting calculated radiation doses are usually very low to cause
any concern. «

To date, no site has been licenced for actual final disposal of HLW or spent fuel
and there was no reason to do so until today. The decaying thermal output of such
wastes requires a waiting period with interim storage until the early decades of the next
century to allow these wastes to reach thermal output levels than are acceptable for the
receiving host rock.
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In the USA, the Waste Isolation Pilot Plant located at Carlsbad in New Mexico, a
repository to receive transuranic waste (with limited heat output) from nuclear weapons
programmes, is in the licensing process, if all goes without objections or obstructions,
transuranic waste can be disposed by the end of this year or beginning next year
(1998).

in all other countries, the concept of geologic disposal of HLW and spent fuel is
in the experimental and demonstration stage and detailed risk assessments are being
performed. However, R&D programmes are rapidly progressing and the abundance of
results could help in making rapid decisions if such decisions were required for
operational reasons.

The formations currently under study fall broadly in four groups: salt (bedded or
salt domes), granite and other fock formations, argillaceous sediments and tuff. Each of
these have specific features and characteristics that make them, under certain
conditions, appropriate to h ost HLW and/or spent fuel wast.

Conclusions

Waste management scherri.es have been established and implemented.
Individual operations and activities composing a waste management scheme should
not only be evaluated for their own qualities but the waste management scheme has to
be assessed as a whole, taking fully into account the types and merits of wastes, their
composition and their final destination.

A total system optimization is to be aimed at, as measured by various
parameters: such as exposure of the operators and the public, and costs.

Disposal of low and intermediate level short lived waste is already frequently
applied in many countries. Some facilities reached already the end of the operational
life-time.

Disposal of HLW and spent fuel waste is actively investigated in many countries
with nuclear power programmes. The status is such that these wastes, at the rate they
arise, are put in interim storage allowing heat decay and preparation of (deep)
geological repositories to be developed to receive them, when their thermal output is
acceptable for disposal.
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Figures

Fig. 1. WASTE MANAGEMENT SCHEME

Table 1. Member States with "active" LILW disposal programmes (inclusive closed
repositories)

withNPP's without NPP's Total

Developing Countries 15 3 18

Geneva Group Countries 11 2 13

Total '26 " 5 31

(Marshall Islands, Russian Federation , Taiwan, DPRK?)

In terms of number of active disposal programmes, considering each programme
focusing on a specific site (let us call it here projects) the numbers are higher. In total
we registered 185 LILW disposal facilities. This is due to the fact that some large
countries with geographically extended generation of radioactive waste (like PRChina,
Russian Federation and USA) develop several repositories (e.g. regional domestic
repositories). The total number of LILW active projects worldwide is however extremely
biased by the fact that Belarus has developed 77 repositories on its own territory to
accommodate the waste from clean up of contaminated zones after the Chernobyl
accident. It would thus be also instructive to have figures about capacity and disposal
volumes. However the latter figures are not yet obtained and for the purpose of the
present of somewhat less importance.
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Reprocessing / Separation Techniques

• Aqueous
- Solvent extraction (Purex, Thorex, Butex)
- Bismut phosphate/lanthanum fiouride precipitation

• Pyrometallic
- Halide volatility processes
- Airox process
- Chetox process

Department of Nuclear Energy
MHTUifomlMmcEMiByAoancy \tF/ J

Waste Resulting from
Reprocessing/Separation

• Form
- Salts, sludges, liquids, calcines, debris, resins

• Solidification
- HLW: Calcination, vitrification, ceramics/mineralization

- UWL: Concrete, bitumen, calcination

Oepartmwit of Nuclear Energy



Sources of Radioactive Waste

Nuclear fuel cycle

Research, medicine, industry and agriculture

Decommissioning of nuclear facilities

A/aturally Occurring Radioactive Materials {NORM)

Dep»rtment dt Nuclear Energy
Mtmabonef Atomic Energy Agency

tun * »« «rCtol«*«Mlfe*V

Low Level Radioactive Waste from
Different Sources

Source

OollegefUr..

Government

Hospitals

Priv. Industry

Nuclear Power

TOTAL*

Waste
Volume

inf)
1,478

3,150

.788

16,090

24,760

46,260

Fraction of
Total

VoJurmOW
32

6.8

1.7

348

S3.5

Acfivtty
(TBq}

511

360.5

ZJ3

2,515

14,290

17,220

Fraction of
Total

Ac8vfty(%)
0^1

209

0.02

1461

8297

USA annual averaps from commercial aource* based on data from 1887-89.
There I* tome roundoff enw.

Oepxtment o< Nuclear Energy
Atomic En«sy Ajeney



Waste Management Concept

DtpwtRMnt d NudMr Ewgy
l A t e E A

Waste Classification System

High Uvel Waste (HLW)

K | : Long Uved
f [Waste (ULW-LL)

4Q040M B9ft Una U M <
MtaC

Short Lived Waste (ULW-SL)

Cleared or Exempt Waste

Decay Periods

Dip«rtm«KefNuel*«E»«rBy
mrilaMl Atomic Enww Agtncy



Typical Characteristics of Waste
Classes and Disposal Options
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Radioactive Waste Compared to
Toxic and Industrial Waste

• Radiating

• Non permanent

• Small In volume

• Easily controllable

• Recent issue
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Annual Radioactive Waste
Arising from Different Countries

Country

Belgium

Finland
Franca
Germany

Japan

Swaden
Switzerland
UK
USA

Waste Volumaa (m")

Spent
Fuel

not
60 t
1611
4301

6701

1,9641
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14

300
23

730

12
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1,600

2,600

45

3,250
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Short-
lived
1,400
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10,000

6,700

3,600
1,100

28,600
61,000
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Operational Sequence

• Waste generation

• Collection and transport
4

• Treatment, conditioning and packaging

• Interim storage

• Disposal
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At the End: DISPOSAL

Emplacement of waste In an approved,
specified facility without Intention of retrieval

(may also include improved direct discharge
of effluents)

(IAEA definition)
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Why Disposal ?

Since radioactive waste Is not permanently
radioactive, disposal alms at Isolating the
waste over the time span that It Is potentially
harmful to man and the environment

Indication of Risk
Related to

Spent Fuel Waste

D*p«1n»nl ot Nuctow Enwgy
MwnaHonal Atomic EnwgyAgtncy



Indication of Risk
Related Reprocessed

HLW Work

1 M W DtfwlrMnto<NuolrarEn«gy

Types of Disposal

• Short lived low level and intermediate level
waste (LILW-SL)
- Near surface non-engineered disposal
- Near surface engineered disposal
- Subsurface disposal facilities

• High level waste, spent fuel and long-lived
waste (HLW and LILW-LL)
- Geological repositories

D«p«fcn«nlolNuelMrErwfgy
International AlomioEMrgyAewwy



Experience in LILW-Disposal

Hundreds of cumulative years of practical
experience

110 active disposal projects

Engineered trench, concrete vault, tumulus,
rock caverns, geologic repository, numerous
cover designs

Large variety of waste packages and
chemical barriers

Otpwtntnt of Nuclear Enwgy
trtomakontl Momfa Entrgy Aeancy

Final Solution for Disposal of
High-Level Waste

• Basic repository concepts are being
developed in a number of countries

• Concepts foresee emplacement of vitrified
HLW or conditioned and packaged SF in
geological formations *

«
• Underground research laboratories are

playing an Important role in the site
characterization process
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System
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Spatial View of the WIPP Faciiity (31)
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r
Baseline for Sound Radioactive

Waste Management

• SAFETY Is always, at ail steps, In each
activity, for all parties, the first concern

(Even when I do not repeat it systematically)

Department ot Nuclear Energy
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Department of Nuclear Energy
Homational Alomlo Energy Agency
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Waste Containing Enhanced
Concentrations of NORM

NORM Containing Watt«

Uranium mining ovarburdan
Phosphat* proeaaalng waata
Phoaphata tartllizara
Coalaahaa
OH and gaa aeala and aludgaa
Watar traatmant *Studaa

• Raalna
M «tal mining and proeaaalng

Production Rata
(tonna/yr)

3t,000,000
60,000,000

6,000,000
• 1,000,000

260,000
260,000

40,000
1,000,000,000

I Atomic Enarpy Aganoy

Nuclear Fuel Cycle

• Reference case for 1000 MWe/a PWR

• Provides a general Indication of the waste
that is expected from the front end to the
back end of the cycie

• Can serve as an Initiai basis for
comparative assessment
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Reliability Is Built Upon
Quality Assurance

Processes/operations
Waste "product"
Control to assure conformity
with the specifications

QA/QC planning and Implementation
have a vital role In obtaining a license
to construct and operate a final
repository
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IAEA Public Information Seminar, Turkey,
Ankara 26-27 May, Mersin 28-29 May, 1997

Dr. Bjbrn Sigurbjornsson doc.turkey2

NUCLEAR TECHNIQUES TO PROMOTE
WORLD FOOD SECURITY

Introduction

World food security was the topic discussed at the World Food Summit, held at FAO's
Headquarters in Rome last fall. Several Heads of State feared that securing adequate food
for the world's population in the next century could present a difficult aim. By 2030 this
would entail doubling food production. Even permitting the unlimited use of inputs:
fertilizers, pesticides, irrigation water, to attempt to achieve this, it is doubtful that this aim
is attainable without causing irreparable and unacceptable harm to the environment.

Some of the world leaders stressed that use and further sophistication of science and
technology in service of agriculture presented the only real hope for feeding the world
population towards the middle of die next century.

One of the most powerful scientific tools in agricultural research is nuclear technology, based
on the use of ionizing radiation and isotopic tracers.

Many people have difficulty associating nuclear technology with the humble and basic tasks
of producing food; yet, these techniques already have added significantly to our ability to
increase the productivity of the world's soils, crop plants and livestock as well as contributing
to plant and animal health and wholesomeness of food..

What is the nature of the nuclear tools used in food and agriculture?

Nuclear Techniques used in agriculture are of two distinct types but both are based on the
special characteristics of radio-isotopes which give off radiation or on isotopes which are
heavier than the normal element.

One type of technique makes use of the unique ability of ionizing radiation - x-rays, gamma-
rays, electrons and neutrons - to penetrate all types of matter and produce changes within
living cells. These changes in cells, induced by radiation can do three things: 1) kill the cell;
2) render it incapable of reproducing itself (sterilize); or 3) cause changes in its genetic
make-up, called induced mutations. This is made use of to kill microoganisms in food, prevent
sprouting of potatoes and onions, breed better crop plants or sterilize insects for control.
Some of this can be accomplished by chemicals, but often the chemicals used leave residues
dangerous to health or are themselves dangerous to workers because of their mutagenicity
or carcinogenicity. No chemical can compete with radiation in penetrating packaging
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material or Irving tissues, flesh, bones and fruits.

The other type of technique uses the radiation given off by isotopes to enable the detection
of individual atoms in matter. With this technique we can e.g. follow the travels of fertilizer
elements in the soil, into and throughout the plant, or trace the movement of nutrient atoms
in the animal and their deposition in milk and meat. This has resulted in enormous advances
in crop and livestock research. Very minute traces of pesticides and their residues can be
detected in food, in plants and animals and in the environment, enabling the development of
measures to reduce harmful effects.

Therefore these nuclear techniques have become highly successful tools in research,
development and in processing. Sources of the radiation used are kept in completely
shielded containers with no radiation hazard to their users. Electronic accelerators and X-ray
machines of course can be turned on and shut off at will like any electronic appliance. The
handling of radioactive isotopes requires strict safety measures. Agricultural scientists
employing nuclear techniques require special training in handling them

Use of Nuclear Techniques and their Impact

A. Radiation

There are three main types of uses:

1. To sterilize insects for control or eradication
2. To induce mutation for plant improvement
3. To kill or sterilize microbes and pests in food and food ingredients or prevent

sprouting quality, to increase shelf-life and wholesomeness

1. Insect Sterilization

This application is used in the so-called Sterile Insect Technique (SIT). The technique is
based on an elegant and simple technique, discovered by two American entomologists, Drs.
Knipling and Bushland: an insect infestations is eradicated by releasing into the infested area
insects, sterilized by radiation in a ratio of 10-15 times the number of the same wild, insect
species found in the area. Since the flies mate at random, not distinguishing between fertile
and sterile (lies, it should be obvious that if the sterile flies are 10 times as many as the wild
flies, the chance of a fertile mating is reduced to 10%. Therefore the next generation of the
wild population is much smaller. If we again release the same number of sterile flies and
repeat this over a few generation, we end up with no flies. As I said, this is an elegant and
smart theory but the exciting part is that it works in practice.

Using this technique it was possible to totally eradicate the enormously devastating pest, the
New World Screwworm from the USA and Mexico. To do this large factories had to be
built, capable of producing billions of flies which are sterilized by gamma rays. You may
recall in 1989 when this pest was found in Libya, posing a potentially disastrous threat, not
only to Libya and North Africa, but possibly to all of Africa, the Near East and the northern
Mediterranean, including Turkey. Through an emergency programme, costing some 70
million dollars and requiring the air transport of 40 million sterile flies per week from a
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factory in Mexico to Libya. The number of cases of livestock miasis - the disease caused by
the flies - had reached some 12,000 in addition to hundreds of cases of human miasis before
the release of the sterile flies which resulted in the total disappearance of the New World
Screwworm from the continent.

Unfortunately there is another type of screwworm, the Old World Screwworm which is a
major threat to livestock - and to humans- in Africa and Asia. It has become established
on the Arabian peninsula and has been found in Iran. In 1996 there was an outbreak in Iraq
and this is now being dealt with as an emergency by FAO which is cooperating with IAEA
in attempting to use chemical treatments together with SIT to combat this pest. A new factory
for mass producing this fly for use in SIT programmes was opened in Malaysia last April.

One cannot exclude the potential danger to parts of Turkey from this pest.

Another important and successful example of the use of SIT concerns the Mediterranean
fruitfly. The Medfly is undoubtedly the most damaging insect pest of citrus and stone fruits
worldwide, resulting in enormous loss in fruit quality and thus of marketable products as well
as the huge costs of treatment wilh pesticides and the resulting chemical contamination. The
Medfly originated in the south Mediterranean area and is a major pest in all the countries
bordering on the sea, including Turkey. It was first found in the Americas some 30 years
ago. When it invaded Mexico in the mid 70's and threatened its valuable citrus crop, the
Mexican Government took immediate steps. With advice from the Joint FAO/IAEA Division
the Government built a factory in Southern Mexico capable of producing some 500 million
sterile Medflies per week (about 5 tons). Shortly thereafter systematic releases were started
in the infested area with sterilized flies in overwhelming numbers. A few years later the
Mexico was free of the Medfly.

Medfly factories have been built in Hawaii, Guatemala, Peru, Chile and Argentina. Total
eradication has recently been reported from Chile; progress is good both in Guatemala and
Argentina. The Hawaiian and the Mexican factories are also being used to combat the fly in
California.

The damage inflicted by this pest is certainly no less in southern Europe and around the
Mediterranean. Strangely, no large-scale Medfly factories have been built in any of the
affected countries. One tries to control the pest by pesticide applications, but there is growing
opposition to the use of pesticides due to their secondary effects of wildlife, food supplies and
human health. A scheme is now under way to unite all the countries bordering the eastern
Mediterranean in an area wide effort at eradicating the Medfly, using the SIT. This includes
the Arab countries, the Magreb, as well as Israel and the countries on the northern
Mediterranean shores. It has been suggested that a central factory be built on Cyprus for
producing billions of flies per week. One thing is certain: The Medfly cannot be eradicated
from this area without the participation of Turkey to eradicate it from its southern shores.

A recent breakthrough in mass rearing the Medfly has made the use of SIT much cheaper,
many times more effective and completely harmless to marketable fruit. This breakthrough
was achieved in the FAO/IAEA laboratory and enables the killing of all female eggs by
simply raising the temperature of the solution containing the eggs by some 10 degrees. This
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means that only male flies need to be reared, resulting in significant savings in rearing costs
and that SIT can be used as a means of control without having to aim for total eradication
which in some cases is impractical or even unattainable.

The Medfly cannot survive at low temperatures and does' not travel over long distances
without suitable hosts. This is why the Medfly will not survive north of Naples or move south
over the Sahara or east of Amman and Damascus. It is therefore very tempting to consider
the total eradication of this pest once and for all from this whole area and I believe the FAO
and the IAEA are already drawing up the master plan for such a Pan- Mediterranean Medfly
Eradication Project.

2. Food Irradiation

Ionizing radiation has the unique ability to penetrate any type of food packaging and the food
itself, specifically killing or sterilizing living and active cells of microbes or in insects while
having minimal effect on the food itself.

Until recently, a variety of chemical fumigants have been used to disinfest fruits and grain
or to prevent sprouting. Now a number of these fumigants have been found to be harmful,
carcinogenic or mutagenic. As a result, many countries have banned nearly all of them,
creating great concern in the food industry. Ionizing radiation will effectively disinfest fruits,
vegetables and grains without any harmful effect. Even more important is that the products
can be packaged before treatment, thus preventing reinfestation as long as the package is
intact. Now that the GATT accords on sanitary and phytosanitary measures in international
trade have taken effect, it is essential that quarantine regulations be met. It is becoming
widely recognized that radiation treatment may present not only the most effective means but
also the safest way of meeting quarantine regulations and thus facilitating international trade.

It is also becoming widely known that food borne pathogens are on the increase and are
causing widespread serious illnesses. WHO says that diarrhea caused by food borne
pathogens is the most common cause of child death in the developing world. It is almost
impossible to buy chicken in the market which is free of Salmonella or other pathogens.
While Salmonella is killed with proper cooking, secondary contamination of e.g. vegetables,
continues to cause outbreaks. WHO has recognized that the only effective method of treating
chicken for Salmonella is irradiation treatment and indeed recommends to travellers that if
possible they should buy irradiated chicken to prevent infection. The recent ban by the EU
on import of chicken from the USA arises from their treatment of chicken with what the EU
considers excessive levels of chlorination to control Salmonella. Clearly a low level and
harmless radiation treatment of chicken could easily resolve this issue, if such treatment was
permitted on both sides of the Atlantic.

The advantages of food irradiation are many and its potential uses manifold. Yet, it has been
difficult to introduce food irradiation into the food industry. There is surprising fear of the
use of radiation in the minds of consumers and consumer unions. For those who know how
radiation treatment works and how the results of decades of extensive research into the
wholesomeness of irradiated food, it is difficult to understand the basis for this fear. The
reason seems to be a general fear of anything "atomic", a belief that irradiated food becomes
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radioactive - which is never the case - and the association of ionizing radiation with atomic
bombs and power plant accidents (Chernobyl).

I recall that in 1965 Turkey built an irrradiation plant for disinfestation of grain. The facility
was ready and about to start, when a campaign was initiated against it. It was said that there
was no proof that irradiation of food was harmless, that there could be something in food
treated with ionizing radiation which could in some way be detrimental to human health and
that the Turkish people were to be used as Guinea pigs to test the wholesomeness of
irradiated grain. As a result this project was abandoned. If it had been built it would have
been the first commercial food irradiation facility in the world.

Regardless of the grounds for this unfounded fear, consumers' attitudes must be taken
seriously and the consumers and their associations should be given factual information about
the true nature of food irradiation and the benefits food irradiation can have for improving
and securing food supplies

3. Mutation Breeding

Plant cells are sensitive to ionizing radiation. A high dose can kill or stunt the cells;
appropriate dose levels can break chromosomes and affect the DNA in the nucleus, giving rise
to permanent genetic changes, by inducing so-called mutations. Certain chemical treatments
can also induce mutations. AH present day life forms of plants and animals, including man,
are the result of nature's selection of "natural" mutations which have arisen as a result of
cosm. radiation, various chemicals and environmental factors. The use of ionizing radiation
or mutagenic chemicals only speeds up the induction of mutations, thereby accelerating
evolution. Mutations can cause plants to become shorter, mature early or late, having more
resistance to pests and diseases or to give higher yield or better quality food. Most induced
mutations are harmful; only a few are beneficial and the task of the plant breeder is to select
from the mutations induced those which will improve the performance of the crop and breed
a new variety.

The results of the application of radiation in plant breeding have been quite dramatic: To date,
over 2000 varieties of nearly all species of crop and ornamental plants of induced mutant
origin have been officially named and released to growers throughout the world. Induced
mutations have resulted in improvement of practically all important agronomic characters and
have resulted in improved varieties in all important crop species, especially in the major
cereals. In some countries the induced mutants have come to represent major areas of
cultivation, e.g. wheat and rice in China, cotton in Pakistan, rice in the USA, durum wheat
in Italy and barley in Europe. These mutant crops are grown on millions of hectares
throughout the world and their value to growers, consumers and national economies is
measured in billions of dollars.

Modern field and horticultural crops are becoming ever more refined and higher yielding. In
the efforts ahead to double food production in the next 30 years, we are unlikely to find the
necessary qualities in existing plant germ plasm collections. The plant breeder will have to
depend on the generation of additional genetic variability which can be induced by mutagenic
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agents, particularly ionizing radiation. There are many ways to combine mutation breeding
techniques with modern biotechnology, molecular biology and genetics, cell and tissue
culture. Combination of these techniques has already opened up new possibilities for crop
breeding. The application of these and yet to be discovered new technologies were said by
many of the world leaders at the summit to present the only real hope of producing enough
food for mankind after the middle of the next century.

B. Isotopes

1 Soil Fertility

A radioactive or stable isotope of a fertilizer element allows tracing of the fertilizer after it
enters the soil, is taken up by a plant root and distributed to various plant parts. Using this
technique, a scientist can determine how best to apply fertilizers, how deep to place it in the
soil, how close to the roots, at what time before or after planting and in what chemical form
the fertilizer gives the best results. Many such studies were carried out within the joint
FAO/IAEA programme throughout the world some 20-30 years ago. They led to new and
improved ways of fertilizer applications. The new methods have long since been incorporated
into recommended fertilizer application practices in many countries and for a number of crops,
e.g. all the major cereals, legumes and some tree crops. Documented savings to farmers and
consumers from more effective use of fertilizers are enormous and may now amount to
billions of dollars, in addition to minimizing the effect of chemical fertilizers on the
environment, especially by run-off into waterways.

Similarly, the use of isotopic tracers for studying nitrogen fixation by bacteria in symbiotic
relation with legumes (e.g. peas, beans and clovers), it has been possible to develop more
efficient ways of employing this symbiotic relationship to replace expensive nitrogen
fertilizers. Isotopic techniques are by far the most exact methods of measuring nitrogen
fixation rates.
2. Agrochemicals

• •

There is increasing concern for the impact agricultural practices can have on the environment,
especially the harmful effects which may result from careless use of agrochemicals, such as
fertilizers and pesticides. An isotopically labelled ingredient in the effective component of
such agrochemicals will reveal the presence of the chemical or its residues long after their
application when they may appear in plants and animals, water and soil, food or human
beings.

For this reason, one attempts with isotopic techniques, to assess the impact of various
agrochemicals on the environment, on the non-target fauna and flora as well as in food and
water.

However, radioisotopes can only be used under experimental and closed-system surroundings
since the release of long-lived isotopes emitting harmful radiation is not desirable. Therefore
most of these applications in nature rely on non-radioactive or stable isotopes which can be
identified and traced on the basis if their atomic weight. FAO, together with IAEA, is
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establishing at their agricultural and biotechnology laboratory at Seibersdorf in Austria, an
international reference and training facility for pesticide and food quality control which will
assist its Member Nations in controlling the wholesomeness of food in international trade.
The need for such a facility has become very evident after the establishment of the WTO and
the increasingly free flow of food in international commerce.

3. Disease Diagnosis. Molecular Biology and Genetics

Isotopic markers are widely used in a variety of basic scientific disciplines which form the
basis for much work undertaken in support of food and agriculture. It can be safely stated
that without the use of isotopic markers there would be no modern biotechnology, no
molecular biology and genetics or the myriad spinoffs off these technologies such as modern
disease diagnostic techniques. DNA, the basic chemical of life on earth, containing the
genetic code, consists of two strands which separate in cell division during reproduction.
Molecular biology and genetics are based on the ability to identify one strand of DNA from
the other. This is done by labelling one of the strands, in most cases by a radioactive isotope

Work of this nature has led to the many breakthroughs which have occurred in both basic an
applied biotechnology. One such application has led to the development of chemicals which
are used for the most efficient disease diagnostic method known, called ELISA (enzyme
linked immuno sorbent agent). This diagnostic method supports a large programme supported
by FAO and IAEA in making available diagnostic kits to veterinarians, enabling them to make
reliable and quick diagnosis. The large and successful campaign to eradicate Rinderpest from
Africa relies on the use of FAO/IAEA supplied ELISA kits. Many other techniques used in
the fight against animal diseases rely on isotopic labels: DNA probes, monochlonal
antibodies. A related immunoassay technique is based on radiation and is called
radioimmunoassay. In FAO/IAEA programmes this technique is primarily used to study the
level of the reproductive hormone progesterone. Such studies have given results which have
led to shortening of the time interval between calves, thereby increasing markedly both meat
and milk production and the grazing pressure on land.

The use of isotopic markers in animal nutrition similarly has led to improved animal feeding
practices and better utilization of locally available feeds and agricultural wastes. Using in
vitro systems (artificial rumen) one can use full strength radioisotopes to conduct detailed
studies on the complex mechanism of digestion in the rumen.

The Role of Nuclear Techniques to Meet Food Security Challenges of the Future

FAO has published two papers on this subject: one on agriculture towards 2000 and the other
on agriculture towards 2010. The first one really told us not to worry: increase the use of
inputs, fertilizers, pesticides, irrigation water, employ higher yielding varieties and break new
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land and forests for crops. The second one was more sober. Yet it said, yes, enough food
can be produced, provided there are sufficient inputs. Some experts have said that these
predictions are unrealistic; it really can't be done that way.

The World Food Summit attempted to analyze these issues and look further into the future -
all the way to 2015! By then the assembled world leaders hoped that the number of hungry

people on earth could be halved, from the present count of 800 million to 400 million. One
thing a number of Heads of Government and Ministers of Agriculture were sure of: Without
scientific breakthroughs and development of new technology, without breaking through the
yield barrier and more sustainable use of natural resources, there would be no hope of
securing adequate food supplies for all towards the middle of the next century.

One must realize that, from the time of radiation treatment of a seed to the release of a
marketable, improved variety, there may be a 12-15 year interval, so that desicions on actions
taken today may not be translated into reality until the year 2010 to 2015. In other words:
there is no time to lose to make decisions for the future.

The overriding concern for future developments is the rapid population increase, one million
more mouths to feed every 4 days and most of them in already food-deficient countries.

Another, equal concern is for the 800 million souls living with us on this earth who do not
get adequate food and the 200 million children who are undernourished or malnourished and
either do not survive or are left with lasting physical deficiencies.

A simple calculation shows that around 2030 there may be some 9 billion people on earth,
and to feed them all we must double food production. And this must be done in face of
growing environmental concerns and demands for sustainable development. Doubling food
production would be difficult enough even if we were allowed to dump ever increasing
amounts of fertilizers and pesticides on crops, have unrestricted access to water and plenty
of fertile, virgin soils which could be brought under cultivation.

*
Unfortunately, none of this is available. On the contrary: Soils are eroding at 22 billion tons
per year, half of that directly attributable to man's use of the soil. Half of the earth's soil
resources may have disappeared in a hundred years. Over the last 30 years, cultivated land
per person has shrunk some 32%. These trends must be reversed lest our food production
capability is not going to deteriorate further in the future.

Whatever measures will be taken, one thing is certain: We must rely on science and
technology to uncover new methods and new materials, new systems and new crop varieties
that will give us a chance. As reviewed above nuclear techniques provide accurate, sensitive,
fast and effective tools in research and development. They seem to become more relevant
in agricultural research with every year. They are based on some of the most fundamental
characteristics of our physical universe, the very nature of atoms and nuclei; it is difficult to
imagine technology more firmly based on fundamental natural phenomena.

The problems of food and agriculture must be resolved to meet man's most basic and
essential needs: the very survival of the individual and the human species is at stake. The
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application of nuclear technology therefore must be problem driven; not simply a
demonstration of elegant technology. Nuclear techniques in food and agriculture should
not be used aside from and in isolation from the overall effort to increase and secure food
supplies. It is for this reason that the International Atomic Energy Agency applies nuclear
technology in food and agriculture in a joint programme with the Food and Agriculture
Organization of the United Nations. It is an example which should be followed by
national and regional atomic energy establishments.
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Hello ladies and gentlemen. I am delighted to be here today.

I am the Director for Corporate Afffairs at the British Nuclear Industry
Forum (Forum), which is a trade association representing nearly 80
companies with an interest in the civilian use of nuclear power. •

The Forum has been in existence since the 1960's serving the trade and
communications needs of the nuclear industry. I joined the Forum a
little over seven years ago, looking after communications and public
relations.

United Kingdom was the first country in the world to produce electricity
from nuclear power nearly 40 years ago. Infact 'Calder Hall' the first
station built is still operating today and has had its 40th birthday last
year.

The nuclear industry in the UK now has 18 stations from which three
are being decommissioned at the moment. (This means that out of 37
reactors six of them are being decommissioned.)

As you can see, the stations are scattered all around the country, with
nnuclear energy's contribution to Britain's electricy market being nearly
a quarter in total, however in Scotland this accounts for 50% of the
electricity needs of the region. The industry also employs
approximately 50,000 people both directly and indirectly.

The nuclear industry in the UK has gone through a lot of changes in the
last couple of years, with organisations splitting into two, one for
flotation and the other to remain in the public sector with the liabilities.
Finally last July British Energy, the flagship company for Nuclear
Electric and Scottish Nuclear was privatised with their newer AGR
Advanced Gas Cooled Reactor) stations. Also AEA Technology, the
high-tech consultancy services firm was privatised in the autumn.

The remaining stations of the older Magnox type have remained in the
public sector and the company responsible for them Magnox ltd will
merge with British Nuclear Fuels pic (BNFL) by March 1998. This
arrangement will enable BNFL who are the fuel manufacturer and
reprocessing company to take responsibility for them in the public
sector.
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Within the last month the UK nuclear industry's plans for a 'rock
characterisation laboratory' to be built in Sellafield prior to a deep
repository being constructed was turned down by the Government.
Nirex ltd, the company responsible for dealing with the intermediate

with alternative solutions that will enable the safe storage of waste in the
long term. The UK government and the nuclear industry are committed
to a deep disposal site as part of the long-term radioactive waste
management programme for the future.

Other companies within the membership of the Forum and key suppliers
to the nuclear industry include GEC, Rolls Royce and other household
names.

The mission of the Forum is to support its members, its customers,
partners and other stakeholders on information, policy development and
trade matters by creating a favourable climate of political, business and
public opinion towards the beneficial use of civil nuclear technology and
its spin-offs. Also to ensure a proper balance between energy and
economic development, and the responsible care and maintenance of the
global environment.

This entails providing information, to exercise influence and to create
and sustain contact between members and others in the UK and
internationally.

During the last couple of years, the industry's communication
programme has varied from being proactive to reactive as events
unfolded. But the most effective way of dealing with all of these
suuaiiuus lias ueeii me use uf uiliu paiiy auvuuaies. w e have AJUUU iiuu
a way of winning trust and support for the industry is to have someone
from outside the industry clarify or emphasise the points relevant to our
case. As research shows, the public trust independent scientists far
more than scientists from the industry. A few words of support are
enormously valuable if they come from a respected source.

An example of how we handled the 10th and 1 lth anniversaries of
Chernobyl is a good example to highlight.
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The Forum started the non-political international committee on
Chernobyl, which included getting all interested nuclear groups together
to deal with a single issue of concern.

The task force prepared accurate information and responded to the
tactics of the anti-nuclear organisations in an as effective a way as
possible.

It was hoped that the 10th anniversary would get balanced coverage at
the end rather than any hopes about it being positive.

In the last 11 years the myth surrounding the accident at Chernobyl had
been steadily getting worse with journalists practically competing with
one another to sensationalise it even further. Naturally this led to more
journalists quoting the myth rather than the facts.

The Task Force succeeded in getting the truth to appear in the media
and enabled the industry to speak with 'one voice'.

Third parties such as Keith Baverstock of the World Health
Organisation (WHO) were exceptional in getting the truth across as
much as possible.

During this year, the Forum issued updated 'fact sheets' to the media
and industry representatives to enable them to give out the latest
findings about the aftermath of the accident.

The various aspects of the Fact Sheets included information on:

. The RBMK Reactor

. Human factors relevant to the Chernobyl Accident

. The Soviet response to the accident

. The sarcophagus

. Emissions and health effects

. Energy and nuclear power in Ukraine

. Status report on the RBMK Reactor

. International efforts to improve safety in the CIS

The fact sheets and the press packs were translated into French,
German, Russian and many more languages with nearly five thousand
copies circulated in total.
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The Forum also produced broadcast quality footage of life at the
Chernobyl plant in 1996, the nearby company town of 'Slavutich' and
the exclusion zone around the plant. The footage was distributed free to
broadcasters and used extensively in news and documentary
programmes throughout Europe. Interviews were offered by third party
experts and by employees of the nuclear industry. These were crucial
to help show the public how normal everyday life was at the plant.

Another key element of the programme were trips by journalists and
others to Chernobyl itself. Our press officer was seconded to the plant
to advise on the visits and welcome the journalists. He also gave advice
on how the exhibition centre already set up could be improved.

The research carried out after the anniversary on 'what the media said1

evaluated objectively the effects of our communications programme.

CARMA International (a media research and evaluation company)was
engaged to produce a summary of media reporting of Chernobyl in the
British media for the period of 1st October 1995 - 31st May 1996.
During that period 579 articles appeared in the national dailies, the
regional press, national radio and TV in the UK, which when calculated
would come to 163 million 'impressions' of the public (based on
readership figures).

The conclusions showed that Chernobyl was a very important issue in
terms of public interest and the bulk of the coverage had a favourability
rating of 43%. Thus confirming that the bulk of the articles written were
balanced.

As a member of the task force I felt its success was due to its usefulness
to us (the public relations specialists) in our day to day business and I
hope it will now be seen as a way forward in dealing with other
important issues in the future.

One of the key public information activities in the UK this year is the
preparations taking place for the forthcoming The third conference of
the parties to the framework convention on Climate Change' in Kyoto,
Japan in December, which is the follow up to the 'Earth Summit' held
in Rio during 1992, where 150 governments all agreed to its principles
of keeping their pollution levels under control. The UK is committed to
reducing its emissions down to 1990 levels by the end of this century.
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This time all the UN countries will be debating the effects of climate
change in a sustainable environment.

As the public are becoming increasingly aware of the environmental
issues now facing the world, global warming and acid rain are becoming
the real concerns of the present generation. However as we all know,
population growth will put a lot of pressure on the world's natural
resources. The UN estimates that by 2020 the world's population will
exceed 8 billion. By then, India's population will be expected to be
bigger than that of China. Pakistan, Indonesia and Brazil will have a
quarter of a billion people each. The World Energy Council predicts
that total world energy usage will increase by 50% by 2020, most of it
in the developing world.

In 1994 the world used a little more than 7,900 million tonnes of oil
equivalent, 40% came from oil, 23% from gas, 27% from coal, 7%
from nuclear power and 2.5% from hydro power. However, 1995
estimates suggest that proven world reserves of gas will be exhausted in
65 years at current rates of usage, for oil the figure is 43 years, and for
coal 230 years.(Source: BP Statistical Review of World Energy.)

This highlights the importance of having an alternative source of
energy, such as nuclear power as base load power. Wind power on a
commercial basis has visual problems, wave-power stations are
unreliable and solar power is not geographically suited. A sustainable
power source of nuclear power is now an alternative that the countries
of the Far East are investing in for the future.

Last year's Forum market research showed that public opinion towards
using nuclear power to generate electricity is improving as a result of
the issues surrounding sustainability. The positive public opinion was
37% as shown by our last survey. The don't knows were at 22% and
those against at 41%.

Our survey has also confirmed the view that men are more supportive
than women. This may have something to do with the way the industry
has communicated with this group in the past. We have learnt that the
best way of getting our message across to all our target audiences men
or women is via all the existing information channels such as press, TV
and radio and the new information channels such as the Internet World
Wide Web (WWW) and e-mail.
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The examples of the messages given out for each topic include the
following:

. Safety: The nuclear industry is one of the most highly regulated
industries in the UK and is subject to constant scrutiny by various
organisations such as the Nuclear Installations Inspectorate (Nil).
Naturally the IAEA plays a very important role too.

. Spent Fuel: Britain is one of two countries in the world who are the
specialists in reprocessing spent fuel.

. Radiation: The levels of radiation emitted from the nuclear industry in
the UK are less than the doses received in Cornwall from background
radiation.

, Decommissioning: The UK is the world leader in winning
decommissioning contracts especially in the US given the experience
gained as the pioneers of nuclear power.

. Technology Transfer: The experience gained in this hi-tech industry
is used in the medical and industrial fields, ie. radiotherapy, x-rays,
materials testing etc.

. Balanced Energy Policy: UK is rich in fossil fuels and has large gas
reserves, however nuclear power provides a diversity of supply and
security for the long term.

As the world becomes smaller and smaller due to the hi-tech
information age we live in, our task becomes one of international co-
operation and exchange of ideas as we are doing here today in order to
communicate more effectively in a world of information overload.

Before I finish I would like to show some examples of the advertising
campaigns that have run in the press lately for your information.

Thankyou.
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PUBLIC INFORMATION AND THE MEDIA

Dr. Hans-Friedrich Meyer
Senior Information Officer

INTERNATIONAL ATOMIC ENERGY AGENCY

Since the accidents at Three Mile Island in 1979 and increasingly since the Chernobyl
accident in 1986, the Division of Public Information of the International Atomic Energy
Agency (IAEA) has become a contact point for journalists on all questions related to the
nuclear energy and nuclear applications. In particular, the IAEA has been inundated with
calls from journalists whenever there was a rumor or a report of a radiological or nuclear
accident. This continues to be the case. Very often, the public information officers are the
first among the more than 2000 staff members in the secretariat of the IAEA to learn
about accidents and incidents in the nuclear field.

Today, almost every place in western industrialized countries as well as most places in
other countries where nuclear facilities operate or radioactive material is handled or stored
are carefully watched by a frightened public. People in the neighborhood are generally the
first to raise alarm, when something irregular shows up.

Good examples are nuclear power plants with cooling towers. As long as there is the
white cloud above the cooling towers, people living in the vicinity know and assume that
everythi; g is normal. As soon as the cloud changes or disappears or other steam clouds
appear, people start asking questions and concerns and journalists' interest is raising.

Nuclear facilities have become a place of suspicion of accidents even when their
operational experience has been excellent for years. And this seems to remain so. Every
abnormality immediately leads to fears for the worst. The sequence of steps that follow a
sign of irregularity is always similar:

the information or rumor that something has happened spreads rapidly;
official clarification what has really happened is difficult to obtain or is not
available immediately;
journalists are always under time-pressure and in a competition to report
something, best as the first ones;
as they are in general not scientifically trained the news they report are more risk
related than balanced.
every source of information is welcome as long as it can underline the importance
of the news and the risk from the event.

Increasingly, international organizations are contacted by journalists and the public for
information on incidents and accidents in the nuclear field. This stems from the fact that
the news today are so globalized that a nuclear or radiological incident or accident
elsewhere attracts interest and fear in a way as if it had happened in the neighborhood.
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News media have in addition detected that international, intergovernmental organizations
like the IAEA have a great amount of information stored in different data banks, which
can be useful for an early assessment of an incident or accident or for the initial
understanding of what could have happened and what consequences it might have.

Journalists also address us when they intend to report on nuclear energy, radiation
applications or nuclear facilities in normal operation. However, reports like these are
much more rare. Work with journalists for a normal balanced report on a nuclear power
plant and its benefits for the people in the region takes only a small fraction of time in a
public information office in an international organization. This is more the field of
national or operator's public information offices.

I feel that I am therefore much more experienced to report on the reaction to negative
opinion towards nuclear power than to positive opinions. Allow me to give an overview
on the main subject fields that seem to influence the situation between nuclear energy and
the public media from my point of view:

Interest on nuclear energy is focussing in the public media on following points:

— the fear for an accident;
— the fear for radiation escaping;
— the believe that nuclear power plants are too expensive;
— the believe that electricity could be saved;
— the believe that nuclear wastes cannot be properly disposed;
— the fears for unsafe transport, and
~ the fears that the neighbors operate their plants carelessly.

The fear for an accident

Generally speaking, it is astonishing that the general public is not honoring the good
operating experience of nuclear power plants in comparison to all other electricity
generating sources.

There are presently 444 nuclear power plants in operation in 31 countries and Taiwan,
China. The first one started operation in 1956, more than 40 years ago. And the years of
operating experience worldwide have accumulated to more than 8000 years. Nuclear power
plants provide for ca. 17 Percent of the electricity of the world.

The only big accidents that have happened in these more than forty years in commercial
nuclear power plants are the accidents in Harrisburg at the Three Mile Island Plant in 1979
and the Chernobyl Accident in 1986. Nevertheless, the fear for the likelihood of a nuclear
accident any day is an ongoing perception of the public media. And every incident in
another facility is immediately put in a perspective on how it could have become the
greatest possible accident and how it can be compared with the Chernobyl accident.
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This situation cannot be changed by public information activities in the next years. It is
immanent and we have to live with it. A public information office of a national authority
or a nuclear power plant however can be very helpful to the public media in putting every
accident, incident or moreover rumor of an accident or incident in a correct perspective.

In the Public Information Division of the International Atomic Energy Agency we are
trying hard to be available for journalists questions whenever there is a news that an
accident/incident might have occurred at a nuclear power plant. Journalists want to know
as much as possible. And therefore it is already helpful and increases the credibility of a
public information office if basic information on the plant in question can be given and
sensational questions can be put in a perspective.

The IAEA is operating since the beginning of the 90s the International Nuclear Event
Scale INES. 59 countries, including Turkey, have agreed to immediately rank nuclear and
radiological events, incidents and accidents on a 7 step event scale and send a short report
on what has happened immediately to the IAEA. All countries with operating nuclear
power plants participate in INES. Over 500 events have been reported since 1990.

This has proven very helpful for the public information office of the IAEA. As INES
national officers get this information as well immediately after it has reached the IAEA,
national public information offices could be a good contact point for the national media in
their country. It requires that a spokesperson is willing to also be addressed outside
working hours by telephone and that the authorities or the switchboard of a facility is in a
position to pass on the private telephone number.

It is our experience that especially news agencies which are the centre point for the other
news media are very important for such contacts. When they get good information and
quote the source, a lot of balanced information can be provided and wrong reporting be
avoided.

If there is an event, incident or accident in the own facility it is essential to prepare
immediately a good and comprehensive statement for the public media. This should be
updated when the event is better understood. It must however not be contradictory to what
has been said before.

The fear for radiation escape

Different from events, incidents and accidents the fear for effects from radiation are an
ongoing phenomenon. As early as nuclear power plants started operation experts declared
that radiation levels in the vicinity of the facilities would create illness and diseases. None
of these statements up to now could be proven by scientific experience. But the public
believes it and people and organizations opposing nuclear energy are claiming it again and
again.
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For the public media it is the easiest to report on fears. This creates interest and journalists
can claim that they just report what has been stated. Radiation fears are also a good
argument for politicians against an energy policy based on nuclear energy. Rational
arguments and scientific data always have a difficult stand against the fears.

The best seems to me to have a good network of radiation monitoring stations around a
nuclear facility and in particular around a nuclear power plant. The readings of the meters
of these monitoring facilities/points should be made public as much and as regularly as
possible. Either in a weekly report by a press release or via electronic online information
boards in the larger towns in the vicinity of the plant or in other online channels, e.g.
internet.

In this context it is also important to report again and again how environmentally friendly
nuclear power plants are. For example, the information office of the operator could
regularly publish how much electricity was produced by the nuclear power plant and how
much release of CO, CO2 and NO* was prevented from release to the environment if this
electricity would have been produced by fossil fuel.

Expenses and saving-

An important argument of the opposition in countries embarking on nuclear power
programmes which is always immediately carried by the public media is the report that
nuclear power plants are too expensive.

It is true that a nuclear power plant costs more in the primary investment than most of the
other plants for electricity production. However, one has to distinguish between the costs
for building the plant, which are higher than for other electricity sources, and the running
costs for producing electricity which are on the long run low. It is important to explain the
difference between base load electricity production and peak load production. The Turkish
situation with a high potential for peak load production from the hydro sites but a low
potential for base load production must be explained to the public and the media.

There is a growing necessity to extend the capacity for baseload electricity production in
Turkey. Nuclear power plants, when operating only need a small amount of fuel per
year, which can easily be transported and stored at the plant. The argument of high costs
of nuclear electricity production as well as the argument of the availability of cheap
alternative electricity sources must be put in" perspective.

Nuclear opponents repeat the statement that the cheapest way of electricity production is
to save in consumption. This is underlined with examples from US electricity producers
who have started campaigns for electricity saving. In the USA this might be a good
solution but it is not applicable for countries with a continuously growing demand for
electricity, like Turkey. Here, one cannot save, one has to provide for more electricity to
meet the growing demand of people and industry.

Nevertheless the message to the media is difficult. In France almost 80 percent of the
electricity is produced by nuclear. Nevertheless, recent reports say that gas turbines may



- 5 -

produce electricity cheaper than nuclear plants, and these are immediately used in the
nuclear debate. It is not said in a discussion that gas turbines are for sure cheaper in peak
load production but not in base load. And that a substantial base load production can be
economically produced by nuclear plants supported by gas turbines for peak load
production.

Radioactive wastes

Another important subject field in the nuclear debate is the disposal of radioactive wastes.
As there is an ongoing controversy in many industrial countries on the concept of and sites
for radioactive waste disposal opponents claim that radioactive wastes cannot be disposed
of safely.

In the discussion with the media one should point to the facts. Radioactive wastes are
small in quantity. There exist experienc and programmes for their proper disposal
worldwide. 32 countries have reported to the IAEA that they operate licensed final waste
depositories for low and intermediate level radioactive wastes. It is also important to point
to the small amounts of radioactive wastes in quantity and volume compared to wastes
from other electricity generation. Nuclear has here a great advantage but it is difficult to
get the message to the media.

The transport of radioactive material

Safe transport of radioactive materials is an additional question in the nuclear debate
which is used in public media as an argument against nuclear power. Especially the big
demonstrations in Germany in recent months against the railway transport of spent fuel
elements to intermediate storage in Gorleben have added to this debate.

There are about ten million of transports of radioactive material per year worldwide. And
the record of safe transport of radioactive material is excellent. There was no major
transport accident or incident of radioactive material over years. But one large
demonstration with ten thousands of policemen changes the picture.

The only suggestion for the discussion of this with the public media is that facts have to
be provided. The safety record can be discussed. The International Atomic Energy
Agency is the centre point for the "International Convention on the Physical Protection of
Nuclear Material" which sets rules for the safe transport together with the IAEA's
Regulations for the Safe Transport of Radioactive Material.

The international perspective

The nuclear accident of Chernobyl has proven that a nuclear accident somewhere can have
consequences everywhere. The fear that nuclear power plants in neighboring countries are
not safe should not be used as an argument against the operation of a nuclear power plant
in the own country.

Turkey is a member in the major international conventions for the safety of nuclear power
plants:



the convention on the early notification of a nuclear accident,
the convention on assistance in case of a nuclear accident,
the convention on physical protection of nuclear material,
the convention on nuclear safety and
it participates actively in the work for a convention on the safety of radioactive waste
management.

The public media should be told that only international cooperation is the way to raise
nuclear safety standards internationally. Turkey's active participation in the work of the
International Atomic Energy Agency guaranties that the utmost is done towards fears
against accidents and incidents of nuclear power plants in neighboring states.

My presentation has up to now centered on highlights of controversy in the public debate
on nuclear power.

There are some aspects on longer.lasting perspectives which should be. considered in a
country embarking on nuclear power:

- physics teaching at schools
- information on nuclear fission and nuclear power in science museums in the city
- good information centres on all nuclear facilities in the countries

Nuclear has a lot of advantages but it is difficult these days to convince normal people on
that. It is important to be prepared to use the arguments on the beneficial uses of nuclear
energy whenever a debate arises.


