
IAEA-TECDOC-376

SMALL AND MEDIUM
POWER REACTORS 1985

REPORT OF TWO MEETINGS
ON SMALL AND MEDIUM POWER REACTORS:

A SCIENTIFIC AFTERNOON HELD ON 25 SEPTEMBER 1985
AND A TECHNICAL COMMITTEE MEETING HELD ON 26 SEPTEMBER 1985.

BOTH MEETINGS WERE HELD IN VIENNA
DURING THE GENERAL CONVERENCE

OF THE
INTERNATIONAL ATOMIC ENERGY AGENCY

A TECHNICAL DOCUMENT ISSUED BY THE
INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA, 1986



SMALL AND MEDIUM POWER REACTORS 1985
IAEA, VIENNA, 1986

IAEA-TECDOC-376

Printed by the IAEA in Austria
May 1986



PLEASE BE AWARE THAT
ALL OF THE MISSING PAGES IN THIS DOCUMENT

WERE ORIGINALLY BLANK



The IAEA does not normally maintain stocks of reports in this series.
However, microfiche copies of these reports can be obtained from

IN IS Clearinghouse
International Atomic Energy Agency
Wagramerstrasse 5
P.O. Box 100
A-1400 Vienna, Austria

Orders should be accompanied by prepayment of Austrian Schillings 100,-
in the form of a cheque or in the form of IAEA microfiche service coupons
which may be ordered separately from the INIS Clearinghouse.



FOREWORD

This report is intended for designers and planners concerned with
Small and Medium Power Reactors. It provides a record of the
presentations during the meetings held on this subject at the Agency's
General Conference in September 1985. This information should be useful
as it indicates the principal findings and main conclusions and
recommendations resulting from these meetings.
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EXECUTIVE SUMMARY

To assist primarily developing Member States to introduce nuclear
power earlier, the IAEA has since more than 20 years tried to promote the
industrial production of nuclear power plants smaller (100 to 500 MW(e)
range) than were generally available on the international market. These
efforts were not successful and no Small and Medium Power Reactor (SMPR)
was exported as a direct result, although 200 to 400 MW(e) nuclear power
plants are being built and operated economically in India, Argentina and
the CMEA countries.

In 1983 the IAEA launched a new SMPR Project Initiation Study with
the objective of surveying the available designs, examining the major
factors influencing the decision-making processes in developing countries
and thereby also arriving at an estimate of a potential market. The
Nuclear Energy Agency of OECD offered its assistance in making a study of
the potential market in industrialized countries.

The report on Phase I of this SMPR Project Initiation Study has been
published in July 1985 and the Agency decided to convene during its
General Conference in September 1985 two meetings on the SMPR subject.

The Scientific Afternoon held on September 25 was intended to review
the contributions made by SMPRs in Member States and assess their future
potential particularly in the power programmes in developing countries.

The Technical Committee Meeting held on September 26 was intended to
provide prospective buyers with information about the first phase of the
SMPR Project Initiation Study and to analyze the specific constraints
that may exist in the introduction of SMPRs in developing countries and
consider the possible ways of removing the constraints.

Both meetings were followed by panel discussions.
Conclusion

The main conclusions came from the panel discussion during the
Technical Committee Meeting:

The suppliers are asked to improve their SMPR concepts whether they
are developed from larger and proven designs or they are new concepts in
order to cut down the costs, but maintaining or even improving
operability, availability and, of course, safety.

The first nuclear power plant project in a country's nuclear power
programme must be a success. The economical production of electricity by
means of a nuclear power plant in comparison with other available
alternatives must be a main objective. To reach this the lowest plant
cost should be obtained by the review of design concepts, taking in
account maximized suppliers shop-prefabrication. The financial burden
must be shortened by a short and well managed construction schedule.
This will, of course, reduce the transfer of technology by local
participation but this transfer is only considered as an interesting



by-effect which may be developed step-wise through the implementation of
the whole nuclear energy programme in the country.

The general study initiated by the Agency in the first phase of the
project initiation study can not be pursued without better knowledge of
costs and analysis of the specific constraints. There is no universally
valid classification of decision making factors. As the costs of a power
plant are heavily related to the site conditions and as the alternative
energy sources are specific to the buyers country the only way for future
work will be country specific-case studies. The future work plans of the
Agency are therefore to define what a case study should be and to assist
requesting Member States in the implementation of these case studies.
This could be done through an Interregional Technical Co-operation
Project. This project should involve potential buyer countries,
interested suppliers and the Agency. It should be based on designs ready
for bidding and for different site conditions (sea or land transport of
components, seismic conditions, hydrology and soil data among others).
In addition to overall energy and electricity demand and supply planning,
a case study will include economic and financial analysis, the assessment
of infrastructure requirements and identification of possible
constraints, the evaluation of possible domestic contributions, a
pre-feasibility study, a safety review and the analysis of regulatory
requirements.

In its current work the Agency should continue to sponsor and follow
all new technological developments, to collect information on the main
constraints against introduction of SMPRs and continue to implement
manpower availability through training courses and fellowships.



SCIENTIFIC AFTERNOON ON
SMALL AND MEDIUM POWER REACTORS



OPENING SPEECH

by Hans $LIX
Director General

of the International Atomic Energy Agency

For more than 20 years, the Agency has tried to promote the
industrial production and deployment of nuclear power plants in the small
and medium range (100 to 500 MWe) for electricity generation primarily in
developing countries. The subject of SMPRs has been discussed in General
Conferences on and off since 1958. By 1982 it had become clear that a
new concerted effort by the Agency would be timely and appropriate.
Following the recommendation of a technical committee meeting on SMPRs
held in August 1983, an SMPR Project Initiation Study was launched and
questionnaires distributed with the objective of surveying available
designs and examining the major factors influencing decision-making
processes in developing countries, and thereby arriving at an estimate of
the potential market. The report on the first phase of the SMPR Project
Initiation Study was completed recently and has now been distributed.

The first phase of the study produced some surprising results.
Sixteen suppliers responded to the questionnaire with information on 23
nuclear power plant designs in the SMPR range, most of them around the
300 MW(e) power level. Several designs are considered technically mature
and proven and a number are also ready to be offered for export either
immediately or within 2-3 years. This is a complete reversal of the
situation a decade ago when order books were full with large plants for
domestic markets and there was little interest in producing a new power
plant design for what was then perceived as a very uncertain market.

Why has there been such a dramatic change in the situation? First,
the suppliers, faced with diminishing and uncertain future home markets,
have been compelled to turn their attention to potential export markets.
There also seems to be some new interest, in at least some industrialized
countries, in smaller, standardized nuclear power plants especially for
situations involving lower load growth rates and to limit the financial
risks of individual investments. This would seem to give the suppliers a
possible home market, too, for the smaller units which in the past they
have not considered worth developing. It remains to be seen, however,
whether the industrialized countries really are interested in plants in
the SMPR range or in the 600 to 900 MW(e).

One subject on which suppliers' responses were inadequate, however,
was plant capital costs. Several suppliers gave cost indications which
can be considered only as best approximations or "guesstimates". Better
estimates would have to be based on specific case studies. Still, the
Agency's study, with general cost data, indicates that SMPRs are, or
could be, economically competitive with coal-fired power plants in
specific situations. The competition will in the long term be with
coal-fired power plants. The Indian experience reported to the study has
shown how expensive the development and expansion of coal mining,
transport and handling infrastructure can be. This was confirmed by a
Canadian contribution to the study. But whether this will apply to other
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buyer countries is again a question for specific case studies. In
general, however, we can be somewhat optimistic about the competitiveness
of SMPRs in developing countries. It seems likely that the cost of
imported coal will rise in the future as demand increases. Capital costs
for coal-fired plants may be low at present but these are also likely to
increase, and if environmental protection measures have to be added to
the plants - as is now required in »industrialized countries - nuclear
power plants, even in the 30U MW(e; range, could prove very competitive
with coal-fired plants. But in general, SMPR generating costs are higher
than for larger plants. Attempts are being made to bring down these
costs by reducing forecosts, mainly through increased shop préfabrication
and shorter and better controlled construction periods. In addition,
there are other factors which could make SMPRs attractive such as easier
financial risk management and greater suitability for low load growth.

Potential buyers in the developing world initially seemed more
hesitant to contribute to the SMPR study but we received 17 responses to
our questionnaire. In a technical committee meeting held in March this
year, some doubts were expressed by participants from developing
countries as to the wisdom of introducing SMPRs without more concrete
assurance about their economics. As mentioned above, however, such
assurance can only be obtained through more site-specific studies and
finally through a full and detailed feasibility study which will require
a major effort from both potential buyers and suppliers.

In addition to the economics of a nuclear project, the study also
indicated several important factors which will influence the
decision-making process in developing countries. They should all be
analysed in case studies. The most important are the following:

Urgency of the decision to change the energy supply system in a
country. This depends on the number of years of remaining
indigenous primary energy reserves and expected rates of consumption;

Organizational structures in the buyer country including legislation
for regulation;

- Availability of qualified manpower in the organizational structures,
for planning and participation in the construction of the plant and
for its operation and maintenance;

- Availability of industrial support.

These two last factors are very important for the transfer of
technology and for the success of any nuclear power project and should be
the subject of careful assessment.

Financing is, of course, the most important consideration and is
also a strong constraint on the introduction of nuclear power in
developing countries. The Agency can assist in this problem only
indirectly, as an adviser to intergovernmental banks and by informing the
financial community objectively about the status and maturity of nuclear
power. The capital costs involved in a project are, however, so large
that it should be expected that financing will continue to be a
constraint if no new initiatives are taken to find new financing methods.
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In order to have a better view of the total potential market, the
Nuclear Energy Agency (NEAj of the Organization for Economic Co-operation
and Development (OECD) has contributed to the Agency's study by making an
estimate of the potential market in industrialized countries.

The first phase of the Agency's SMPR study would seem to deserve to
be followed up with additional and more detailed studies which take into
account the specific conditions and planning constraints in potential
buyer countries. Indeed, this is the only way in which the work could be
carried any further. The Secretariat is, of course, prepared to
co-ordinate and assist in such work, which could be financed through an
interregional technical co-operation project if Member States so desire.

The purpose of this afternoon is, therefore, to focus on current
experience with SMPRs. This will provide specialists in all Member
States with additional background information so that more concrete
follow-up action can be taken in the study. The subject will also be of
general interest to those not directly involved in SMPR planning, whether
in industrialized or developing Member States.
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ECONOMIC CASE FOR SMALL AND
MEDIUM POWER REACTORS IN INDIA

M.R. Srinivasan
Chairman,
Department of Atomic Energy,
Government of India,
Bombay, India

1. INTRODUCTION

I thank the International Atomic Energy Agency for
providing me an opportunity to share the Indian experience on
nuclear power with this distinguished international gathering.
It is indeed appropriate that todays' "Scientific Afternoon"
on small and medium power reactors begins with the Indian
case. Today India is the only country in the world which is
utilising small and medium power reactor units for its
nuclear power programme and will continue to do so upto the
turn of the century.
2. INDIAN NUCLEAR POWER PROGRAMME

Fig. 1 gives the details of the programme upto
the year 2000 A.D. Unit-2 of the Madras Atomic Power
Station was synchronised to the grid on September 20, 1985.
We have as of now three Nuclear Power Stations in operation
namely Tarapur, Rajasthan and Madras with a total installed
capacity of 1330 MWe. Stations with two units of 235 MWe
each are under different stages of construction at Narora
and Kakrapar. Narora units are expected to be commissioned
by end 1987 and 1988, followed by Kakrapar units by end
1990 and 1991. This year work has been initiated at a new
site Kaiga in Karnataka, in the Southern region and at
Rajasthan in the Northern region as an expansion of the
existing station. Each of these projects consists of two
units of 235 MWe which are expected to be commissioned
in 1994. Four more units of 235 MWe each are in the plann-
ing stage, the sites for which are expected to be announced
soon and these units are planned to be commissioned during
1995. In parallel with this programme based on 235 MWe
units, design work on 500 MWe units is progressing and

15



as per current plans the first two units of 500 MWe size are
expected to be commissioned in 1995. This will be followed
by a series of 10 additional units with two units being
commissioned each year upto 2000 A.D.
3. OPERATIONAL EXPERIENCE

The operational experience of the nuclear units
in India has been quite satisfactory excepting for Unit-
1 of Rajasthan Atomic Power Station which is really in
the nature of a prototype reactor. Fig.2 shows yearwise as
well as lifetime availability and capacity factors for
all the units in operation.
3.1 Tarapur Experience

The two Tarapur reactors have registered life time
capacity factors of 49% and 51% and availability factors
of 73% and 70% respectively. This performance is quite
satisfactory when one considers that the Tarapur reactors
are the only BWRs of that vintage which are still operating.
A major share of the unavailability is due to the time
required for refuelling which is about 3 months each year.
Since April 1985, the Tarapur units have been de-rated
to 160 MWe due to problems with the secondary steam generators
which have now been isolated. Over the years many design

modifications have been carried out to improve the perfor-
mance and operational safety of the units. The cost of
power at 31 mills p/Kwh is highly competitive with power
from coal fired thermal plants in the region. Over the
last 16 years Tarapur Atomic Power Station has accumulated
a substantial profit after meeting, fuel charges, 0 & M
expenditure, depreciation and interest on capital.
3.2 Rajasthan Experience

The performance of the first unit has been much
below expectations with lifetime availability and capacity
factors of 38% and 27% respectively. Out of the 250 outages
upto end of 1981, nearly a quarter were due to grid problems
due to the fact that initially the nuclear unit was connected
to a small grid. Repeated failures of blades in the turbine
also accounted for a high degree of unavailability. The
best capacity factor of 64% was achieved in 1979. In 1982 a
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very difficult problem was encountered in the first unit
when the end shield developed a light water leak. The inaccessi-
bility of the location and the radiation fields necessita-
ted use of many remotely operated tools specially developed
for the rectification work. After repairing the end shield,
the unit was recommis s ion ed in February 1985 and operated
till May 20, 1985 with an uninterrupted run of about two
months at a power level of 170 MWe. Since then the unit
has been shutdown to carry out further investigations on
the health of the end shield. In summary, the performance
of the first Rajasthan unit is that of a prototype unit,
which in any case it was and many lessons have been learnt
therefrom for the PHWR programme.

The second unit at Rajasthan incorporated many
components, including key nuclear components, made in the
country. After commissioning in October 1980, the unit
commenced commercial operation in April 1981. It experienced
74 outages of which forty percent were during 1982. Around
56% of the outages are attributable to problems in conven-
tional systems (notably the turbine), 16% due to grid
problems and 22% due to problems in the nuclear systems.
The operation in recent years is generally satisfactory
as may be seen from Fig.2. The lifetime availability factor
is 68%. Its capacity factor at 46% is low mainly due to
partial unavailability of conventional equipment.
3.3 Madras Experience

The Commissioning of the first unit of the Madras
station in 1983 marks the coming of age of the Indian atomic
energy programme as the responsibility for engineering,
construction, commissioning and operation of the power
station rested with Indian engineers and scientists. The
designs used at the Madras station incorporate many changes
to improve the performance and reliability of the station.
Over 90% of all the equipment and components have been
produced in various shops within the country. The unit
was synchronised to the grid in July 1983 and commenced
commercial operation in January 1984. The unit achieved
a capacity factor of 64% and availability factor of 75%
during 1984. The lifetime capacity and availability factors
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are 58% and 67% respectively. One of the turbine bearings
has been experiencing high vibration levels; attending
to this problem has resulted in a 10% loss of capacity
factor (and availability factor). Efforts are on to resolve
this problem soon.

The second unit at Madras attained criticality
on August 12, 1985 and was synchronised to the grid on
September 20, 1985. The commissioning of the unit proceeded
very smoothly and its performance is expected to be good.
4. STANDARDISATION OF DESIGNS

I would now like to refer to the Narora Project
which is our most important construction project at present.
The Narora design is being standardised for 235 MWe size
reactors at other sites (e.g. Kakrapar). Design principles
applicable for the 500 MW size units have also been incorpo-
rated. The design takes note of the seismic conditions
prevailing at Narora and incorporates provisions to meet
current safety standards. Fig. 3 shows the safety provisions
in the Indian PHWR designs.
5. CHOICE OF UNIT SIZE

The total installed capacity in India is about
40,000 MWe. This capacity is distributed over a large geo-
graphical area. Fig. 4 shows the distribution of power
plants in different size ranges in operation as of end
March 1985. It may be seen that there is only one 500 MWe
unit in operation. In contrast there are 84 units of capacity
less than 99 MWe each, 69 units between 100-199 MWe each
and 59 units in the range of 200-235 MWe each. The trend
of orders for future units to be commissioned over the
next decade is shown in Fig. 5. It may be observed that
the 500 MWe units are gradually picking up with 15 units
expected to be commissioned by 1995. In comparison, 73
units in the range of 200-235 MWe will be commissioned.
Units in the range of 100-199 MWe are also substantial
with 62 such units to be commissioned by 1995. 202 units
of capacity less than 99 MWe consist primarily of hydel
units of different sizes including mini and micro hydel
projects. This analysis of the unit size of power units
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planned in the country provides the rationale for the
programme of building 235 MWe and 500 MWe nuclear units.
6. INDUSTRIAL INFRASTRUCTURE

Fig. 6 shows the growth of indigenous manufacturing
capability for components of the nuclear steam supply system.
Some of the key components in the past have taken 5 to
6 years to manufacture. As a result of placing repeat orders
on the same manufacturer, we are now able to complete the
job in much shorter time. Ensuring a steady flow of orders
is important so that the manufacturers do not de-mobilise
the highly skilled personnel. The manufacturing times requir-
ed for key components such as calandria, end shields and
end fittings are shown against successive orders in Fig.7.
A trend of progressive reduction in manufacturing time
is obvious. In the case of end fittings, there is a reduc-
tion from 34 months to 25 months in the first two orders
for Madras Unit -1 and Unit -2 and for the third set there
is an increase to 30 months. This is due to a design change
that was introduced from that project onwards.
7. ECONOMIC ASPECTS

7.1 Financial outlay
Fig. 8 shows an estimate of the financial outlay

for the nuclear power programme including all activities
from uranium mining, fuel fabrication, heavy water produc-
tion, reactors, reprocessing and waste management. The
total outlay is about 12 billion US $ based on 1983 price
levels. The outlay for the reactors alone constitutes about
63%, heavy water 22% and other activities 15% as shown
in Fig.9. The outlay during the 1990s would be about one
billion US $ per year. The annual revenue from the sale
of electricity, as stations are gradually commissioned,
is estimated to increase from about one billion US $ per
year in mid 1990s to over 2.5 billion US $ per year by
the beginning of the next century.
7.2 Capital Costs

A summary of the capital cost per installed KW
for the nuclear power projects in terms of constant money
(1983 US $ ) is presented in Fig. 10. The capital cost in
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US $/KW is in the range of 1000 to 1100. Inclusive of interest
during construction and heavy water inventory the cost
per KW is around US $ 2000. There is a slight increase
in the capital cost per KW from RAPS-1 to RAPS-2. A falling
trend can be noticed from RAPS-2 to MAPS-1 to MAPS-2 which
incorporate similar design features. Narora costs are
10% higher which is due to adoption of design criteria
in line with current international practices in respect
of safety. To realise the full benefits of standardisation,
a package of 8 to 12 units should be considered a minimum.

The cost break-up of the Indian nuclear power stations
is shown in Fig. 11. A point to note is that the cost
of engineering has come down from 7.2% in MAPS to about
4.1% for the new project at Kaiga. The cost of engineering
for the first two 500 MWe units shows an increase as new
designs are to be evolved.
7.3 Cost of generation

The cost of generation from nuclear and thermal
stations now in operation is shown in Fig. 12. It will
be seen that nuclear power is cheaper than coal based power.
The tariff does not involve any subsidies and includes
a 12% rate of return on investment.

A comparison of projected cost of nuclear and thermal
units to be commissioned around 1992 is presented in Fig.13.
There is a clear advantage in favour of nuclear units even
for units as small as 235 MWe. This advantage is expected
to improve in favour of nuclear units with time.
7 . 4 Total fuel cycle costs

The total fuel cycle costs involved for coal and
nuclear units have been studied. The results are shown
in Fig. 14. It will be seen that nuclear power is attract-
ive from this criterion also.
8. CONCLUSIONS

In conclusion the following points emerge from the
discussion of Indian experience with nuclear power:

i) Both 235 MWe and 500 MWe units are currently compe-
titive with coal fired units and the cost advantage
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is likely to improve in favour of nuclear with
time. Naturally, the cost experience is specific
to the Indian situation where a high degree of
localisation of all fuel cycle activities has been
achieved.

ii) While we are now continuing with construction of
235 MWe units and starting work on 500 MWe units,
we will be gradually shifting more towards 500
MWe units as this will permit more effective use
of infrastructure of the industry and skilled man-
power. Larger units will obviously enable a faster
rate of capacity additions.

iii) A view held by some planners is that a country
should wait till it is ready to absorb large single
blocks of power before it can consider introduction
of nuclear units. This view is not borne out by
the Indian experience.

iv) Other developing countries with conditions compara
blé to those in India could consider adopting an
approach similar to that followed by India. India
will be willing to extend assistance or coopera-
tion in this regard.
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INDIAN NUCLEAR POWER PROGRAMME UPTO 2000 AD.

UNITS

OPERATIONAL UNITS

TARAPUR (BWR)

RAJASTHAN

MADRAS

UNDER CONSTRUCTION

NARORA

KAKRAPAR

NEW STARTS

KAIGA

RAJASTHAN
(EXPANSION)

PLANNED

NEW PROJECTS

NEW PROJECTS

CAPACITY
MWe.

2 x 210

2 x 220

2 x 235

2 x 235

2 x 235

2 x 235

2 x 235

4 x235

12 x 500

YEAR OF CUMULATIVE
COMMISSIONING CAPACITY

MWe.

1969 420

1973, 1980 860

1983. 1985 1330

1987. 1988 1800

1990. 1991 2270

1994 2740

1994 3210

1995 4150

1995 TO 2000 10150

PERFORMANCE OF INDIAN NUCLEAR POWER STATIONS

ENTIRE PROGRAMME BASED ON UNITS IN SMPR RANGE

EXCEPTING TWO BWR UNITS AT TARAPUR ALL OTHER

UNITS ARE PHWR TYPE.
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SAFETY PROVISIONS IN INDIAN PHWR DESIGN

SAFETY SYSTEMS

TWO INDEPENDENT FAST ACTING REACTOR SHUTDOWN
SYSTEMS.

EMERGENCY CORE COOLING SYSTEM INCORPORATING
HIGH PRESSURE ACCUMULATORS AND LOW
PRESSURE RECIRCULATION PUMPS.

EMERGENCY STATION ELECTRIC SUPPLY BASED ON
DIESEL GENERATORS AND BATTERIES.

EMERGENCY PROCESS WATER SUPPLY.

CONTAINMENT PROVISIONS

DOUBLE CONTAINMENT ENVELOPE

INTERENVELOPE SPACE PURGED VIA FILTERS TO
STACK TO MAINTAIN NEGATIVE PRESSURE

VAPOUR SUPPRESSION POOL TO LIMIT PEAK CONTAINMENT
PRESSURE FOLLOWING POSTULATED LOCA

CONTAINMENT AIR-COOLERS FOR POST-ACCIDENT
DEPRESSURIZATION.

PRIMARY CONTAINMENT FILTERATION AND PUMPBACK
SYSTEM ( FOR POST-ACCIDENT CLEAN-UP OF
CONTAINMENT ATMOSPHERE ).

AUTOMATIC ISOLATION OF CONTAINMENT ON BUILD-UP
OF PRESSURE OR ACTIVITY IN CONTAINMENT.

toto FIG. 3
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BREAK-UP OF EXPENDITURE FOR THE 10.000 MW« NUCLEAR POWER PROGRAMME
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COST STRUCTURE OF INDIAN NUCLEAR STATIONS
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TOTAL FUEL CYCLE INVESTMENT COSTS
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EXPERIENCE WITH ATUCHA I NUCLEAR POWER
PLANT, BOTH AS REGARDS TECHNOLOGY TRANSFER
ARRANGEMENTS AND OPERATIONAL EXPERIENCE

O.J. QUIHILLALT
Manager of Cost and Planning Division,
Comision Nacional de Energia Atomica,
Buenos Aires, Argentina

1 TRANSFER OF NUCLEAR TECHNOLOGY OBTAINED BY THE ARGENTINE REPUBLIC
AS A CONSEQUENCE OF THE CONSTRUCTION OF THE ATUCHA I NUCLEAR
POWER PLANT

1.1 INTRODUCTION
In the majority of the cases known up to the present date, when a
developing country decided the installation of its first nuclear
power station, it has chosen to sign "turn-key" contracts with big
international firms or consortia for the,supply of complete facilities
in guaranteed commercial operation at an established date and at a
known price.
This type of contracts usually presents difficulties due to the
obligations of the supplier when the contracting agency wishes that
this fiirst nuclear power station become not only an efficient,
economical and reliable electric power producing machine, but also
an adequate instrument for transfering to the local industry and
engineering firms the knowledge on nuclear technology advances and
standards in the areas of safety, design, construction, quality
control, erection and corrunssioning of nuclear systems and equipment.
This was the situation confronting the Comision Nacional de Energîa
Atomica when, in the years 1967 and 1972, it had to decide the
contracts for its two first nuclear power stations, and it then
became necessary, to establish in both cases a mechanism such as to
make the responsabilities and guarantees assumed by the main con-
tractors, compatible with the obtainment of the maximum national
participation and transfer technology in the design, construction,
erection and commissioning of the projects.

1.2 ATUCHAINUCLEAR POWER STATION
About 100 km northwest from Buenos Aires City, in the vicinity of
the town of Lima, Argentina's first nuclear power station is in
operation. The 367 MWe Atucha Nuclear Power Station is equipped
with a heavy water moderated and cooled natural uranium reactor, of
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the pressure vessel type. On March 20, 1974 it was synchronized for
the first time to the "Gran Buenos Aires-Litoral" electric system
network, having generated up to July 31 1985 a net 23,709,909 MWJV
In each stage of the project, the country has achieved an experience
which is briefly described below.

1. 3 NUCLEAR POWER STATION PLANNING
The philosophy of integral utilization of Argentine human and material
resources begins with the performance in 1965, by technicians and
professionals of the Comisiön Nacional de Energia Atomica, of the
Feasibility Study for the Atucha Nuclear Power Station, at a time
when, due to the technological novelty of such a facility for the
country, it could have been easily justified to engage an interna-
tional consulting firm to perform such a study since, in case to
obtain the final approval from the national authorities to proceed
with the project. The Commission, however, preferred to face the
challenge with its own specialists so as to be able from the
beginning to implemente this idea of integral utilization of local
capabilities and, at the same time, to form a professional team
that woold be capable to evaluate and negotiate the offers which
were to be received after the call for bids was to be issued.
In January, 1965, the Executive Power instructed CNEA to carry out
a feasibility study on a nuclear power station for the supply of
electricity to the "Gran Buenos Aires-Litoral" area, which, after
having been completed in 1966, reached favourable conclusions as to
the technical feasibility, economic convenience and financial
viability of the project.
This first stage meant, for CNEA, a transition from its former
activities, which were almost fully circumscribed to basic and
applied research, toward a wider action closely related to the sec-
tors engaged in the energy business.

1 .4 REQUEST, RECEPTION AND EVALUATION OF PROPOSALS CONTRACT AWARD
As a result of the invitations sent in May 1967, 17 proposals were
received on July 31, 1967. Owing to the fact that CNEA had emphasized
the importance it assigned to the amount of local industry partici-
pation contemplated by each offerer, this requirement was generally
adequately covered. After a process of evaluation of the proposals
by CNEA, in February 1968 the Executive Power decided to award the
contract in accordance with CNEA's recommendation. Although the
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emphasis of the evaluating groups was put upon the technical, economic
and financial aspects, recognition of the role that this plant woulcf
play as a fundamental step of a nuclear policy, had prioritary
gravitation upon the final decision. Looking at the natural uranium
alternative with that perspective, the CNEA, which had considered
it as inconvenient to make an "a priori" choice, but had rather
decided to compare concrete offers of both types, was finally in
the condition to recommend the natural" uranium line as the most
adequate for the country, even having evaluated the risk particular^
ly involved in accepting an offer that was not backed by a plant of
the same type and capacity, either in operation, or, at least, un-
der construction.
In the period between the above mentioned decision and the moment
the contract was signed on May 31, 1968, CNEA successfully completed
the financial and contractual negotiations thus obtaining a contract
which later experience permitted to qualify as excellent and a
contract was signed for the purchase of a 340 MWe power station,
using nat>ura] uranium as a fuel and moderated and cooled by heavy
water in a pressure vessel. In the contract, the supplier engaged
itself to give preference to the human and material resources
available in t\nt- Argentine Republic, and invest, within the general
financing conditions of the contract, a minimum of 100 million
Deutsche Mark in the country, an amount that was equivalent to about
'36% of the total cost-of the power station which-was2-78 million DM
then equivalent to approximately 70 millionU.S. Dollars. That price
covered the construction, erection and delivery of the complete
nuclear power station in guaranteed commercial operation, including
interests during construction (12%) up to the reception date, and
it was wholly financed over 20 years at a 6% annual interest on the
outstanding balances. A grace period equal to the time required for
the construction was also granted.
As the reception of the power station took place, on June 24, 1974,
the final price of the equivalent supply, including the accepted
additionals and the application of escalation formulae, turned out
to be 376 million Deutsche Mark, at that time equivalent to approx£
mately 150 million U.S.Dollars. This amount does not include the
heavy water inventory (300 tons plus 27 tons as reserve), nor the
first core loading constituted by 253 fuel elements totaling 38,6
tons of uranium, nor the cost of auxiliary constructions amounting
to an approximate USG 10,000,000 which were directly performed by
CNEA .
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1.5 PARTICIPATION OF NATIONAL INDUSTRY
From the above mentioned minimum of 100 million Deutsche Mark for
Argentine supplies and services, 13 million corresponded to
electromechanical supplies.
As representative data for the latter amount, a taxative list of 71
electromechanical parts and complete systems to be manufactured in
principle in Argentina was included in the contract, for which the
contractor would invest in the country the amount corresponding to
the FOB price of the equivalent German supply, while CNEA would
bear the differences between that price and the price ex-factory of
the similar national supply. In addition, for the items in that list
the supplier offered the same guaranties regarding delivery terms,
quality, etc. as for the rest of the imported supplies.
In order to avoid significatively taxing the project total cost
with the higher prices for these local components, CNEA had to
generate a legal structure enabling to put Argentine suppliers in
the best competitive position versus forcing suppliers.
As a result, a special legislation was obtained permiting them to
quote those items in similar conditions to an exportation, thus
avoiding that the internal market price of the national item be
compared against the FOB price of the foreing component.
From the technical point of view, the above mentioned 71 item list
was prepared with a selective critérium so as to achieve two important
needs for national development:
a) Preparation of an industry of nuclear components, and
b) Increasing the technological level of national industry through

the knowledge of new processes, materials and quality controls.
It was thus preferred to permit importation of some items that were
being currently manufactured in the country but, on the other hand,
to take benefit from the financing and technical advice from the sup_
plier and from the overprice to be paid by CNEA, in order to manufa£
ture in the country such electromechanical supplies which would
mean a technological advance to local industry.
Argentine manufacturers responded quite satisfactorily and the con-
fidence they inspired in the main contractor permitted to increase
the original 71 items list with the addition of 25 new supplies and
systems which were locally manufactured.
In no case was there any need for any component awarded to local
industry to be replaced by an import because of lack of quality or
of delivery term problems.
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Among the main supplies awarded to local firms are worth mentioning:
- Heavy water heat exchangers with very low permissible leakage.
- Ventilation systems for both nuclear and conventional areas .
- Mechanical cleanup and chemical treatment system for cooling
water (Primary circuit water-treatment systems).

- 200 t polar crane for the reactor vault.
- Main condenser tubing and envelope.
- Ordinary and stainless steel pumps and valves with very low
permissible leakage.

Summarizing, national participation amounted to approximately 40%
of the total cost of the project, while in the area of electrome-
chanical supplies it was 12% of the total.
Yet, even»more important than the percentage of local participation
achieved in the country's first nuclear power station, is the fact
that local industry was able to overcome with success the require-
ments imposed by strict and severe quality control standards, within
the established delivery terms.
The Atucha Nuclear Power Station was the first significant Argentine
public.work for which, in order to achieve the maximum possible
national participation, an analysis of the techonology involved was
made, as well as an effort for the diffusion thereof among the
various potentially adequate firms.

1.6 PARTICIPATION OF CNEA'S TECHNICAL AND SCIENTIFIC PERSONNEL
Contrarily to what happened with industry, the participation of
national engineering firms was.minimum, due greatly to the fact of
the lack of previous experience in this area. This circumstance was
understood during the development of the project and was overcome
in the case of the second nuclear power station.

On the other hand, CNEA clearly understood the importance of taking
advantage of this stage of the project to integrate the training
of its technical and scientific personnel. This determined that, in
addition to the future plant operating staff, CNEA sent those
members of its staff having the largest experience in the disciplines
related to the project to the offices of the main contractor. This
personnel acquired enough experience and training not only to
cooperate in the development of the project but also to provide
a technical and scientific support of practical value in the stages
of commissioning and later operation.
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1.7 NUCLEAR POWER STATION'S OPERATING PERSONNEL
As a consequence of the practically zero participation of conventional
electrical utilities in the project, of the progress in the construe
tion that would be in charge of operating the power station, CNEA
had to assume the xesponsability of integrating the operating crew.
This was accomplished on the basis of personnel having previous
experience in conventional power plants and, in a smaller propor-
tion, CNEA personnel with experience in research reactors. This
personnel was commissioned abroad for periods between 12 and 18
months , according to the cases, to complete their training.
The delay- of the project during the commissioning period, the delays
in completing the construction of facilities for lodging such
personnel in the vicinity of the plant, their heterogeneous extrac-
tion and, in certain cases, their lack of identification with the
aims of CNEA, the absence of a clear labour legislation contempla-
ting the operational peculiarities of a nuclear power plant and
"finally, the beginning of a period of responsability after thev defection of a high percentage of the crew during Öle /training period, led to tnertinal stages of the planté commissioning
Anticipating this possibility, by the middle of 1973 CNEA had
started with an intensive and accelerated training of additional
operating personnel to be employeîd in future projects and eventually
to cover situations such as this one.
This training, which was imparted in the country, at a much lesser
cost.than the original one, but starting .with professionals who
were integrated to CNEA practically from the beginning of their
professional careers, enabled CNEA to have available, at the moment
of receiving the power station, the necessary personnel to face the
responsibility of its operation.

1.8 DEVELOPMENT OF THE PROJECT
Plant construction started on June 15, 1968 with a contractually
anticipated delivery on June 15, 1972, while its effective reception
date by CNEA was June 24, 1974. This meant an extension of the ori-
ginal delivery term of slightly more than two years.
This delay was due to the following main reasons:

a) Difficulties during the fabrication of the pres's'Ure vessel,
which resulted in a 15 and one-half months delay in its delivery
and
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b) A problem detected in the original design of the fuel elements
and which interrupted the power plant's commissioning for a
period of almost 9 months starting in February 1973

These two events were an adequate opportunity for CNEA to appraise
the importance of having a technical and scientific capability
enabling it to have an active participation, in the evaluation of
the problem and in weighing the solutions which were later chosen
for both events.
The project's total supervision by CNEA was a task that exceeded
the possibilities of its human resources, but the effects of which
were lessened by the responsibility evidenced by the supplier in
carrying out the project.

1.9 COMMISSIONING AND TAKE-OVER
The power plant's commissioning stage proved to be the most valua-
ble one from the viewpoint of CNEA's staff integration.
Whereas the above mentioned defection of a part of the operation
personnel reduced its benefits, it was, however, a relevant expe-
rience .
The circumstance of the double role of CNEA as both the operator
and the licensing authority required at every moment ad-hoc solutions
However, during this stage, the limitations in human resources
preventing to cover these two functions in a completely independent
manner became more evident. It was thus necessary to use the
available personnel for the one as well as for the other function,
a situation that could have led to difficulties not only among
CNEA's personnel but also with the supplier. This was fortunately
not the case by virtue of a clear mutual understanding between the
parties and particularly because of the implementation at the site
of an ad-hoc commissioning team integrated with representatives
from the three parties which, following the general regulations
established by CNEA's licensing commitee, made a permanent evalua-
tion of the progress in commissioning and took the pertinent
decisions with the celerity required by the circumstances.
This close participation in the plant's commissioning, not only
regarding the performance of the tasks but also the evaluation of
the results, permitted an adequate knowledge of the power plant by
CNEA's personnel, which in turn facilitated the rapid performance
of the tasks associated with the contractual take-over and with
the classification and compensation of the discrepancies encountered.



2. OPERATIONAL EXPERIENCE

2.1 PLANT OPERATION
Shortly before the nuclear power plant, commissioning, CNEA had to
face the decision about the constitution of the Agency which, according to
the Decree authorizing the construction of the plant, should be in
charge of its operation. Sources otuside CNEA, invoking reasons of
electric market structure, were of the opinion that CNEA's funcions
had culminated, and that the plant should be transferred to some
electric utility. Against such arguments, CNEA manintained that
another priority of the Atucha Nuclear Power Station was that of
contributing to the development of an Argentine nuclear policy, at
least for as long as it would be the country's only nuclear power
station, and that from this point of view it was still called to
play a role as significant as the generation of electric power.
This thesis was accepted, and now, 11 year after take-over date,
the plant is still under CNEA's responsibility.
The Atucha Nuclear Power Station had a successful operation until
today.
During 1974, and after being synchronized to the network on March
20, the plant contributed 947,602 MWh to the system. On November
16, 1974 it reached its design capacity, after the scheduled
performance tests were completed and the fuel elements had reached
the required burnup.
On December 16, 1974 the plant was run at 108% of its design capa-
city in order to verify the possibility of a steady operation at
that new power level. This test showed that only a few minor
modifications would be necessary, which, as it is explained below,
were introduced during the first months of 1977.
During 1975, the first complete calendar year of full power opera-
tion, net power generation was 2,357,925 MWh and gross generation
amounted to 2,517,000 MW h, with as 85,6% load factor and an
availability of 89.4%.
In 1976 it generated a net 2,408,674 MWh and a gross 2,517,654 MWh,
with an 87,23% load factor and 88.9% availability.
In January 1977, after 30 months of operation, it was decided to
proceed to a general plant overhaul. Until that time, due to the
national network demand, it had been only possible to stop the plant
for very short periods which did not allow to make a detailed eva-
luation of the plant's condition. It was also decided to
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simultaneously carry out the necessary modifications, as dictated
by the December 16, 1974 tests, in order to allow a routine operation
at a 108% of the plant's original design capacity.
The programming of this general overhaul, the preparation of the
tests for verifying the facility's condition, and the introduction
of the required modifications in order to increase the plant's
capacity, signified a major engineering task. This was planned and
scheduled in cooperation with the nuclear power plant's supplier,
while ample possibilities were offered to a consortium of five local
engineering firms to participate in the whole process.
The plant was connected back to the network on April 28, 1977 and,
after the various performance tests were completed, on May 6, 1977
the plant reached a gross 367 MWe corresponding to a thermal 1179
MWe, i.e., 8.16% higher than the design capacity.
The power increase thus achieved allowed to contribute in the order
of an additional 27 MWe to the system, which, calculated at the
current installation costs and deducting the lost generation during
the modifications, as well as the expenses made, resulted in a
benefit in the order of U$S 20 millons.

2.2 ANALYSIS OF THE PERFORMANCE

2.2.1 NUMBER OF OUTAGE, LOAD FACTOR AND AVAILABILITY FACTOR
In this section we are going to deal with the number of outages,
the load and availability factors, the latter being the plant's
most remarkable feature since its value is not affected by the
limitations imposed upon production by the Load Dispatch Center.
The first 6 months of operation (July/December 1974) will not be
taken into account here, because of its lack of representativity.
During this period tests, controls and calibrations were the
cause of many outages.
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ATUCHA I PERFORMANCE

YEAR

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985 (*)

AVERAGE

Nu OF
OUTAGES

6
13
9
5
9
2
8
5
5
2
4
-

LOAD
FACTOR

%

85
87
52
92
85
74
90
59
80
57
35
74

.59

.43

.38

.41

.32

.13
,22
.75
.28
.98
„11
.11

AVAILABILITY
FACTOR

86 .52
88 .17
52.42
92 .60
85 .48
75 .78
92.35
82 .78
92.16
98 .46
89.53
84 .91

(*) Up to July 1985

The low factors of 1977 were due to serious damages in the main
transformer caused by lightening. This repair took over four months
In 1980, the planned shut-down took one month more than expected
due to scheduling errors.
The availability factor was always of over 80% and even over 90% in
some years, disregarding years 1977 and 1980. These values make
Atucha's performance comparable to those of the world's most important
NFS. It is also to be remarked that Atucha, which started operating
as a constant full load machine, adapted itself to the requirements
of the electric system, cycling daily without trouble,
The number of unplanned outages diminishes as the plant's original
failures are amended and its personnel became; more experienced,

2.2.2 FUEL BURNING
The fuel, burning obtained al present is 6,100 MW day per t.U
(7000 MW day per t U according to the original contract)
The fuel burning could be increased from 6,100 to 12,000 MWd / TU
if slightly enriched uranium was used instead of natural uranium.
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There is at present a project to use 1.2% enriched uranium which
will reduce costs.
1.2% enriche uranium has an optimal yield and the enrichment costs
are compensated by the savings in uranium.
Atucha will then be a natural uranium plant burning enriched uranium.
In case this last was unavailable, natural uranium could be used as
well.

2.2.3 HEAVY WATER LEAKAGE
According to the guarantee value standing in the contract, leakage
must not exceed 2,600 kg a year. Up to now, the highest value has
been 2,664 kg in 1977, being the average value of 1,750 kg a year,
which represents 0,6% of the Dj.0 total inventory of the plant, —--
312,000 kg.

2.2.4 PRODUCTION COSTS
The present cost structure of Atucha's MWh, assuming an annual
production of 2,600,000 MWh is the following:

U$S/MWh %
FIXED COSTS —————

Capital charges 8.86 38.24
Operation and Maintenance 4.35 18.77
Total Fixed Costs 13.21 57.01
VARIABLE COSTS
Fuel cost 9.96 42.99
Total Cost of MWh 23.17 100,00

We shall mention only two figures of this table:
- The low cost of capital charges can be explained through Atucha's

cost, which is about 200 million U$S in 1974, to be paid in 20
years.

- The high cost of fuel is due to the very conservative design
concept, which may undergo a much higher burning than the 6,000

MW day per tu -t obtained at present.

3 RELATION CLIENT-SUPPLIER
The quality of the plant and the technical qualification and experience
of the personnel are responsible for the NFS's good performance.
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We must also acknowledge that the supplier played an important role
in this achievement. KWU trained the operating personnel which was
able to take over operation three months after the NFS was synchronized
to the grid.
The station was handed over having a complete spare parts stock and
a technical documentation which was enlarged to our demand.
The supplier has always shown a deep and constant interest in the
performance of the plant. It would be unfair to think that this was
only due to commercial interest.
Technical advice and a prompt supply of spare parts and assistance
services show KWU1s willingness.
This can be better appreciated bearing in mind that the plant's
performance is conditioned by the spare parts supply and that
14,000 km separate the plant from the supplier.
At the same time, Argentina's objective is to be as much self-
sufficient as possible as regards maintenance-operation and spare
parts.
After the first months of operation, when technical assistance -/as
needed in every area of the plant, just one KWU representative
remained in charge of this aspect.
Another improvement of the Argentine staff is shown by the fact
that for the first planned shut-down 30 KWU specialists were needed,
while at present not more than 10 to 12 are required..
The manufacturing of spare parts or components in our country
represents a more complex problem, since we lack fabrication
drawings and technical specifications. Although some improvements
have been made in this field, we have aood motives to try and better
the situation* namely:.
- The increasing costs of spare parts.
- The discontinuation in the production of components and spare

parts.
- The possibility of taking advantage of the technical capacity

developped in our country during these last years.
- A greater local participation in the manufacturing of components

for our NFS.
The achievement of this aim will allow us to make a qualitative and
quantitative balance of the technology transfer.
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ANNEX I

REPRESENTATIVE TECHNICAL DATA OF C.N.A. I

TYPE: PRESSURIZED HEAVY WATER REACTOR (PHWR)
PRESSURE VESSEL TYPE, NATURAL URANIUM,
HEAVY WATER MODERATED AND COOLED

- Start of construction
- First criticality
- Synchronization to the grid
- Start of commercial operation
- Increase of power to 108%
- Gross generator output
- Net power station output
- Thermal reactor power
- Type of fuel
- Number of fuel elements
- Shape of fuel elements
- Active length
- Total natural uranium inventory
- Clad-tube outer diameter
- Clad-tube wall thickness
- Clad-tube material
- Fuel burnup at equilibrium
- Moderator/fuel volume ratio
- Mean heat flux density
- Average specific fuel rod power
- Refueling
CONTROL RODS AND DRIVE MECHANISM
- Number
- Absorber material
- Drive type

REACTOR PRESSURE VESSEL
- Internal diameter
- Cylindrical shell thickness
- External overall length

June 1968
January 13, 1974
March 19, 1974
June 24, 1974
May 6, 1977
367 MWe
345 MWe
1179 MW£
Natural Uranium Dioxide
253
37 Rod Cluster
5300 mm
38,6 t
11,9 mm
0,55 mm
Zircaloy-4
6100 MWd/tU
16,8
62 W/cm2
232 W/cm
During power operation

29
Hafnium
Electromagnetic Jack, Friction
Type

5360 mm
220 mm
12.000 mm approx.
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BACKGROUND FOR AND EXPERIENCE WITH
QINSHAN PROJECT IN CHINA

Ouyang YU
Chief Engineer,
Shanghai Nuclear Engineering

R & D Institute,
Shanghai,
Tne People's Republic of China

Qinshan Nuclear Power Plant is now under construction
in full swing. It is expected to be commissioned in 1989«The construction of this NPP is an important part of China's
nuclear power development plan.

1 THE NEED FOR DEVELOPING NUCLEAR POWER IN CHINA AND
ITS FAVORABLE CONDITION FOR THIS DEVELOPMENT

China is a developing country with vast territory andimmense population. Its conventional energy resources areabundant, but the geographic distribution of these resour-
ces is uneven. Hydraulic resources concentrate in south-west China, while coal resources are mostly found in ShanxiProvince and Inner Mongolia. However, in those more developedcoastal regions which have high desity of population and
great power demand, both coal and hydraulic resources are
scarce. Under such condition the economic development inthese areas is restricted if the energy problem is not re-
solved. One of the most effective measures to resolve this
urgent problem is to build nuclear power plants.

China has fairly abundant deposits of uranium. She
started to develop nuclear industry and technology in 1955»
originally for the purpose of national defence. Through
many year's efforts China has already built up a complete
system of nuclear industry and formed a well-qualified tech-
nical team. We have successfully built several scientific
research reactors and industrial reactors for military use,
and relevant nuclear fuel fabrication and reprocessing fa-
cilities, thus laying down the corner stone for the deve-
lopment of nuclear power.

2 RESEARCH AND DEVELOPMENT WORKS FOR THE 300MW(e)NUCLEAR POWER PROJECT————————————— ————

Based on the above-mentioned consideration, in the
early 1970's, late Premier Zhou Enlai initiated the peace-
ful use of nuclear energy in China. As a first step, a
project of building a prototype nuclear power plant of 300
MW(e) capacity was approved in 1974. Accordingly a R&D pro-
gram was worked out for this purpose. This program consists
of 264 items of scientific research and technological tests
which are necessary for confirming and verifying the design
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of the project , At the same time a plan for renovation of
some nuclear equipment manufacturing factories was also
carried out in order to improve their technical ability and
quality assurance ability. By the end of 1981, more than 80$
of the R&D items has been conducted and satisfactory results
have been obtained. For example, the results of zero-power
physical test shew that the computer codes used for physical
calculation of the reactor core are accurate enough for
engineering design. The requirements for calculation accu-
racy of Kg-ff and flux distribution as recommended by the
1971's symposium of IAEA are met. The reliability of
thermal-hydraulic calculation of the reactor was proven by
the crirt-ical-h-eat -f-iux tests of the fuel assembly and the
hydraulic tests of the reactor core.

Stress tests and analysis were undertaken for the main
nuclear components, which demonstrate that these components
have sufficient strength and design margin. Reactor protec-
tion system was also proved to be reliable and effective.
Other tests for structural stability, hydraulic performance
and anti-vibration characteristics of the fuel assembly,
reliability of control rod and CRDM, and mois'ture separa-
tion efficiency of the steam separator and dryer were carr-
ied out and design modifications were ma.de accordingly.

The experience of all these R&D show that we are able
to design and construct a prototype nuclear power plant
mainly-on our own efforts. However, in consideration of ourdebut on construction of nuclear power plant, foreign A/E
companies and manufacturing factories such as Sargent &
Lundy, Ebasco and Breda were invited to conduct consulta-
tions on certain complicated design topics.

In the meantime, technological renovation including
building of 22 new workshops, establishment of QA departments
, and installation of equipments and devices for machining
and inspection was executed in some home manufacturing fac-
tories in order to enhance their technical capability.
These factories are Shanghai Heavy Machine Building Factory,
Shanghai Boiler Works, Shanghai Steam Turbine Works, Shang-
hai Electric Machinery Works, etc. With these reform andtechnological preparation we are now capable of fabricating
the following main components: steam generator, pressurizer,
reactor internals, fuel assemblies, control rod drive mecha-
nism, and the main generator, etc. In spite of all this, it
is still difficult for us to manufacture reactor pressure
vessel, reactor coolant pump, incore flux instrumentation,
U-tubes of steam generator, and some important parts of the
steam turbine in a short period, so we decided to import
them from abroad.

3 DESIGN AND CONSTRUCTION

Qinshan Nuclear Power Plant has a two-loop PWR NSSS.
The underlying principle of the design and construction of
the plant is "Safety First" and "Quality First", not to pur-
sue high performance. More than 10 candidate sites in Zhejiang
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Province, Jiangsu Province, and Shanghai suburbs were surveyed
, and Qinshan of Haiyian County, Zhejiang Province was finally
selected as the site.

In September 1981, on the basis of the above-mentioned
works, feasibility report on construction of this project was
submitted. Other two reports of site selection and environ-
mental assessment were thereafter submitted. These three
reports were successively approved by the relevant authorities.
In 1982, this project was approved by the State Planning Commi-
ttee to be one of the priority projects in the sixth 5 year
plan of the country. In the same year, engineering design and
site excavation began.

The preliminary design of the project(including the
Preliminary Safety Analysis Report) was reviewed and approved
by our state in January 1984. Soon afterwards was begun
detailed design which is still underway and will have been
completed by the. end of this year. Excavation and ground leve-
lling and sea wall building began from June 1983 and finished
in the end of 1984. In January 1985 the first concrete was
poured and the basemat was completed in June with good quality.
It is expected that civil construction will have been completed
by the end of 1986. In late 1986, components and equipments
will be transported in succession to the site, followed by
two years(87-88) of erection and installation. Then in early
1989, commissioning will begin and the plant will be tied tothe grid in the same year if everthing runs smoothly.

Final Safety Analysis Report of the project is under
preparation and commissioning and operator training programs
are being worked out.

The total capital cost including the first core fuel
inventory is approximately $400 million(basic price).

4 ORGANIZATION AND MANPOWER PREPARATION

The Qinshan NPP project is under the leadership of the
Ministry of Nuclear Industry. The Chief Director of thisproject, a vice minister of MNI, is responsible for adminis-
trative leadership of the project, Chief Design Manager, for
technological leadership. Shanghai Nuclear Engineering
Research and Design Institute is the main design contractor,the East China Electric Power Design Institute and otherinstitutes are subcontractors for the design of conventional
island and BOP. The Qinshan NPP, the owner, is responsiblefor procurement, quality inspection, commissioning and opera-tion. The construction work is conducted by MNI's two cons-
truction and installation companies.

The State Nuclear Safety Bureau takes the responsibilityfor the review of all safety-related engineering designs.The Ministry of Urban and Rural Construction and Environmen-
tal Protection takes the responsibility for review of aspects
of environmental impact of the plant.
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The backbone members of SNERDI, the Qinshan NPP and the
two construction and installation companies mostly come from
those who have participated in the activities concerning
design, construction and operation of testing reactors and
industrial reactors. The operators of the plant will also be
trained in conventional power plants at home as well as nuc-
lear power plants abroad.

In China there are three universities in which is insti-
tut ioned nuclear engineering department, therefore, graduates
required by the nuclear power development are guaranteed.
Besides, we are going to get help from IAEA for personnel
trainj ng.

5 SIGNIFICANCE OF CONSTRUCTION OF THE QINSHAN NPP

Qinshan NPP is a small PWR power plant with 300 MW(e)
capacity. Its technical characteristics are almost the same
as those of large PWR power plants. By building this plant,
it is possible to acquire systematically and comprehensively
the first-hand experience and technical data from,R&D, design
, component manufacture to construction and operation of the
plant. The Qinshan project also serves as a good classroom
for technical personnel training. Those who have participated
in the project not only have learnt theory, but also have
obtained practical experience.

The construction of this plant will obviously strengthen
our national nuclear power industry, thus creating favorablecondition for further development.

Considering the high demand for electricity and speed-
ing-up of our nuclear power development, our government has
decided to import complete sets of large nuclear units toge-
ther with technology transfer. Good command and efficient
application of the transferred nuclear technology depends on
our capability of understanding and digesting these techno-
logies. It is quite evident that the Qinshan project can
improve such capability.

In addition, construction of the Qinshan NPP takes the
leading role for building SMPRs in some parts of China.Regarding the (present situation in China it is still worth
building SMPRs due to their following advantages:
i Suitable for small power grids of 2000-3000 MW capacity
which are still quite popular in China,
ii Lower capital cost and easier gathering of money, there-
fore, more practical to build SMPRs in case of limited fund,
iii Easier manufacturing and quality assurance due to
smaller components for SMPRs,
iv Shorter construction time and earlier generation of
electricity and repayment of principal.
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SMPRs and their primary systems can be appropriately
modified to produce steam for process purpose and urban areas.
With the capability of construction of the Qinshan NPP, build-
ing of SMPRs is obviously without problems.

We firmly believe that SMPRs will make a due contribu-
tion to meet the ever-rising energy demand in China.
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SMALL AND MEDIUM POWER REACTORS IN THE
SOVIET POWER-GENERATING INDUSTRY*

G.A. VERETENNIKOV
Deputy Minister and Department Head,
USSR Ministry of Power Engineering and

Electrification
Moscow, Union of Soviet Socialist Republics

I. INTRODUCTION

In the two decades following the introduction of industrial-scale
power-generating units at the Novo Voronezh and the Beloyarsk nuclear
power plants, two main lines in the development of nuclear power stations
emerged in the USSR nuclear power industry, based on the use of water-cooled,
water-moderated vessel-type reactors and water—cooled, graphite-moderated
channel-type reactors.

In 1984, Soviet nuclear power plants accounted for 9.5% of the
electric power generated. Over 140 000 million kW/h were generated (a growth
of 27.57,, compared with 1983), which is evidence of the significant, ever-
increasing role of nuclear power stations in the overall picture of the
country's power production.

A substantial contribution to the USSR's nuclear power generation
is made by stations with reactors of small and medium size (<^ 440 MW(e)
gross). Reactors of the WWER type, with an output of 440 MW(e) gross
are installed at the Novo Voronezh, Armenia, Rovno and Kola nuclear power
plants. At the Bilibino station four low-power (EGP-6 type) are installed.
The installed power utilization factors of the units of these stations
are in the range of 78-90%.

Power-generating units with WWER-440 reactors

The operation of nuclear power plants with WWER-440 reactors over
long periods of time is evidence that the USSR has developed a reliable,
safe and economical source for supplying energy, the performance characteristics

of which are fully competitive with those of the best foreign counterparts and
also with those of conventional thermal plants operating with organic fuel.

The generating units with WWER-440 reactors are designed for operation
under base-load conditions with three partial refuellings during a campaign.

* Presented by Y. Evdokimov, Deputy Chief Engineer in Exploitation of Nuclear
Power Stations, USSR Ministry of Power Engineering and Electrification,
Moscow.
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The period between refuellings is 6500-7000 effective hours, which permits
a reloading to be carried out once a year during the summer reduced-load
period.

The specific capital costs for building a nuclear power plant range
from 200 to 327 roubles/kW in terms of 1977-1981 prices [l]. The increase
in the cost of building the units can be explained both by local factors
(construction in polar regions - e.g. the Kola plant; making buildings and
equipment earthquake-proof- e.g. the Armenia station) and by general
trends: increased expenditure on ensuring the safety of the facilities,
the higher cost of energy resources.

Experience of the operation of nuclear power plants with WWER-440
reactors shows that the operational reliability of fuel elements and fuel
assemblies, in comparison with the initial period of their operation under
base-load conditions (1973-1976), has increased substantially as a result
of improvements in technology and equipment manufacture as well as of optimiza-
tion of operating conditions. Between 1977 and the present, the frequency
of occurrence of defects like gas leakage from fuel assemblies, for all units
with WWER-440 reactors, is less than 1% per annum per fuel assembly (fuel
element failures amount to less than 0.017,,). The level of coolant radioactivity
in the primary circuit, resulting from the presence of non-leaktight fuel
assemblies in the core is 10 -10 Bq/Land the exposure of staff during operation
and repair does not exceed the established norms (less than 1 rem per annum).

At present 14 power-generating units with reactors of this type,
constructed abroad with Soviet assistance, are operating successfully.

The general layout of equipment and systems in these series-produced
units is in accordance with the unit principle - i.e. operating in a unit
with one reactor are two saturated steam (4.2 MPa) turbines. The heat-
carrying system has two circuits. The first includes a water-cooled, water-
moderated reactor with a thermal output of 1375 MW and six circulation loops.

Each loop comprises a main circulation pump, a horizontal steam generator,
two barrier-type slide valves with electrical drives and other equipment
contained in a nuclear steam supply system (NSSS) (pressure compensation
and coolant purification system; systems for make-up, blow-down and evacuation
of the primary circuit; warm-up and afterheat-removal systems, etc.).

The WWER-440 reactor is a heterogeneous, vessel-type thermal reactor
with pressurized light water as coolant and moderator. The nuclear fuel
consists of slightly enriched uranium dioxide and the plutonium formed in
the process of operation. The total load is 42 t. The reactor vessel can
be transported by rail.
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The design provides for the possibility of the switching off, heating
up, shutdown cooling, evacuation and filling of each loop.

Temperature variations within the coolant volume are compensated by
means of the steam pressure compensator. The coolant of the circuit is
purified in a filter device. The system provides for the possibility of
performing preventive maintenance and repair work on the equipment and reactor
lid simultaneously with refuelling.

The secondary circuit is non-radioactive: it consists of the steam
generators and auxiliary equipment of the machine section. The secondary
circuit system also includes mains-water heaters for the heating of buildings
and industrial site installations.

The steam generators produce saturated steam. The steam pipeline
system is built with lateral connections, so that any steam generator can
be coupled with any turbine. Provision exists for removing steam from the
main steam collector into the turbine condensers. On the steam pipelines
and the collector are mounted fast—opérât ing stop-cutoff valves by means
of which the steam generator can be disconnected in the event of damage to
the steam piping. In each power-generating unit the machine section contains
two turbogenerators with an output of 220 MW(e) each.

The turbine condensers are cooled by circulating water fed in, depending
on the site, either from the coolant pond or from the cooling towers.

The safety installations of nuclear power plants have improved steadily
with the development of WWERs. In the standardized plants with WWER-440
reactors, the safety systems have double redundancy with a safeguarding and
a back-up system - i.e. there are three cooling systems which include
receptacles for water, pumps for the emergency introduction of high-pressure
boron, pumps for emergency shutdown cooling of the reactor; three systems
for supplying process water for important users; three systems of reliable
power supply, with diesel generators and continuous feed aggregates. Fission
products escaping from the primary circuit are localized by a system of
hermetically sealed compartments with sprinkler systems which also have a
twofold redundancy. The reactor room remains accessible for servicing.
The condenser-bubbler ensures steam condensation during the design-basis
accident.

The safety systems provide emergency shutdown cooling and localization
in the event of failures up to and including instantaneous rupture of the
primary circuit piping (diam. 500 mm) coinciding with complete loss of electric
power in the plant.
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The main technical characteristics of the reactor facility are as
follows :

1. Thermal power - 1375 MW;

2. Pressure in the reactor - 125 abs.atm;

3. Pressure in the steam generator - 47 gauge atm;

4. Temperature at reactor inlet - 268 C;

5. Temperature at reactor outlet: - 296 C;
36. Flow rate of coolant through the reactor - 45 000 m /h;

7. Dimensions of reactor vessel (h x d) - 11.8 x 4.2 m ;

8. Weight of reactor vessel - 200.8 t;

9. Number of fuel sub-assemblies - 349;

10. Burnup - 286 MWd/kg;

11. Annual fuel (U0_) consumption - 14.5 t.

Experience of operating the Kola and Novo Voronezh nuclear power plants
and the first and second units of the Loviisa plant have confirmed yet another
advantage of WWER-440 reactors, namely the theoretical possibility of safe
(from the point of view of the fuel element and fuel assembly performance)
control of the output of a nuclear power plant in accordance with weekly,
daily and short-term variations in load.

In principle, units with WWER-440 reactors enable a nuclear power
plant to operate at certain periods under a variable load regime. The range
of control of the permissible load variation is 70-100%.

The permissible rate of load variation in the 70-1007» nom. range:
2-37» nom/min.

The permissible heat-up rate for coolant in the NSSS at the time of
startup: 20 /h.

The duration of startup from the cold state of a unit: 15-20 h.

Experience of operating domestic and foreign nuclear power plants
with WWER-440 reactors warrants the conclusion that these plants are a reliable
and safe source of energy supply and give an installed capacity utilization
factor of the same order as that of foreign nuclear power plants with PWR
reactors. It also provides a basis for the possibility of using stations
with WWER-440 reactors under variable conditions, with limited recourse to
weekly and daily adjustment of the load curve between 15 and 20 per cent.
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NUCLEAR ELECTRIC POWER AND HEATING PLANTS

A particularly important: application of small nuclear energy sources
is the provision of energy to towns and villages and industrial undertakings
in regions which are isolated and difficult of access. The most rational
solution for providing energy to such areas is a nuclear electric power and
heating plant which produces electricity and at the same time supplies heat.

More than ten years of experience have by now been accumulated with
the first such plant in the Soviet Union, at Bilibino, which uses an EhGP-6
reactor. The design and construction of the reactor and of the plant as a
whole take into account the characteristics of the region and the need for
the plant to operate within an isolated energy system, which determined the
basic design features:

Simplicity and reliability of the technological layout and
all its elements: a minimum of components requiring complex
repair work;

- Stability of the reactor plant in accident situations, including
complete electric power failure in the station;

Great flexibility in the operation of the reactor and all plant
equipment, enabling the station to work in regimes of variable
frequency and power;

Manufacture of equipment in comprehensive units, taking into
account the possibilities of transport and the need to keep
on-site construction work to a minimum.

The electric power and heating plant is constructed on unit principles.
All four reactors are located in a single reactor block. The building rests
on monolithic steel-reinforced concrete slabs lying on pre-thawed ground.
The outer walls of the reactor hall have aluminium panelling.

The reactor is a graphite-water channel-type plant with tubular fuel
elements. The reactor housing consists of graphite blocks 200 x 200 mm in
cross-section and rests on the lower steel slab in a hermetically-sealed
steel cowling filled with nitrogen. The fuel channels and the channels con-
taining absorber rods form a cylindrical core with a dimater of 4.1 m and a
height of 3 m. Altogether the reactor contains 333 channels, including
60 channels belonging to the safety and control system. The upper part of
the reactor housing, l m in thickness, is part of the biological shielding.
Tubular fuel elements clad in stainless steel are located around a central
tube in graphite sleeves.

In the first loading most of the technological channels contained
uranium enriched to 3%. Less than a quarter of the channels - located on the
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periphery - have an enrichment of 3.3%. The total core load is 7.2 t, includ-
ing 220 kg of uranium-235.

The EhGP-6 reactor plant produces saturated steam in a single-loop
system and differs from other systems in that heat removal from the core of a
channel-type reactor with a graphite moderator and tubular fuel elements is
accomplished by boiling water with natural circulation at all power levels;
this simplifies operation and reduces investment costs for equipment and costs
for the plant's own requirements.

The steam-water mixture from the technological channels moves to
collectors and from there through vertical conduits to a separator drum where
the steam is separated and sent to the control-heating turbines while the water
is returned to the reactor. The reactor and all its systems satisfy standard
nuclear safety requirements; it is easy to operate and control in all steady-
state and transient regimes. Reactor stability is guaranteed by a negative
power coefficient of reactivity at the beginning of a campaign and a near-zero
coefficient just before fuel reloading. The plant allows regular operation
in a variable-load regime, which means that the nuclear electric power and
heating plant can contribute to the variable-load portion of the load curve.

Technical characteristics of the EhGP-6 reactor

Thermal power 62 MW
Electrical power 12 MW
Heat output 15-25 Gcal/h

2Steam pressure 65 kg/cm

The plant has a three-circuit heat supply system and the temperature
regime of the thermal network is 150/80 C. The town heating and hot water
supply network are separate loops and constitute a third loop within the heat
supply system. The turbines each have two steam take-offs: an unregulated
emergency take-off at a pressure of 1.5 MPa and a regulated principal take-off
at a pressure of 0.2-0.4 MPa. The steam from the turbine outlets, in both
the normal and emergency boilers, heats the water of the intermediate circuit
which passes through 3.5 km of conduits to the town heating facility and is
then returned to the plant. The heating system is designed to prevent any
penetration of radioactive material from the primary circuit into the thermal
loop and the hot water supply. The water pressure in the intermediate circuit
is higher than the steam pressure at the turbine outlets to the main and
peaking boilers. The pressure in the boilers themselves is 0.2-0.4 MPa, and
the pressure in the intermediate circuit 0.8-1.0 MPa.

The quantity of thermal energy produced by the nuclear electric power
and heating plant (NEPHP) in a year corresponds to the burning of 230 000 tonnes
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of reference fuel. The cost price of the thermal energy thus produced is
1'ower by a factor of 2 to 2.5 than that produced by conventional boilers in
Bilibino.

The operational data testify to the safety of heat supply from NEPHP.
The specific activity of the water in the heating circuit shows the same values
as the feed water from the storage tank. The gamma dose rate from the
surfaces of heating plant equipment, radiators and conduits in buildings and
houses does not exceed that of the natural background.

The activity of radioactive gas releases through the stacks (mainly
argon-41) is only one tenth of the maximum permissible level. In the ten
years since operation began, radioactivity in the region of the site has been
virtually at the background level.

The plant water supply and the cooling of the turbine condensers rely
on a closed system in which the circulating water is cooled by air radiators -
mainly because of the lack of water in the region.

In accident situations involving leakages from the reactor loop combined
with a loss of electric power in the plant, feed water is provided to the
circuit by emergency pumps connected to a reliable diesel-powered electricity
supply.

Operating experience has shown the following:

(1) Great reliability of the technological channels (not a single
defect so far);

(2) In accident situations involving a prolonged loss of electric
power (several hours), safety limits have never been exceeded
and the reactor has always been successfully cooled;

(3) From the time of startup the plant has operated on a dispatcher
schedule and has been used to cover the variable part of the
grid load curve. The power delivered by the units selected for
variable load operation charges in the 50 to 100% range three
or four times a days, depending on the load curve peaks.

The station's units work on an automatic power control system designed
to maintain (regulate) the grid frequency and voltage.

The experience gained with nuclear power on an industrial scale in the
Soviet Union is being used among other things for the development of prototype
nuclear district heating plants.
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SAFETY OF SMALL AND MEDIUM SIZED
NUCLEAR POWER PLANTS

With the development of nuclear power, safety requirements have, over
the years, become substantially more rigorous than they were at the outset.
The Soviet regulations impose requirements at least as strict as the inter-
national norms and the IAEA requirements on safety. The main provisions of
these regulations are set forth in a document entitled "General Safety
Regulations for Design, Construction and Operation", which are obligatory for
all organizations and undertakings involved in the various stages of building
and operating nuclear power plants. Nuclear plants are equipped with
technical features and safety systems designed to prevent accidents, limit
their consequences and localize any radioactive material which escapes
beyond the confines of the primary loop. The safety systems are installed
in twofold redundancy and ensure cooling of the reactor and localization of
material in all accident situations, including rupture of the primary circuit
piping and total loss of electric current in the power plant.

But safety questions are not solved simply by technical means. Thus,
along with key safety problems such as site selection, marking out a health
protection zone, fitting safety systems, high-quality design work and
efficient quality assurance applied to the manufacture and installation of
equipment, there remains the matter of efficient and safe power plant
operation. In the Soviet Union enormous importance is assigned to it. Nuclear
power plants must have all the required documentation for the commissioning
procedures and for actual operation - with allowance for all possible transient
and emergency regimes.

Great importance is also attached to the training of personnel and to
keeping their qualifications at the necessary level, as well as to various
other accident prevention measures.
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THE ELECTRIC POWER RESEARCH INSTITUTE (EPRI)
STUDY ON SMALL AND MEDIUM POWER REACTOR CONCEPTS
HAVING PRESENT POTENTIAL FOR THE USA

C. BRAUN
Technical Manager,
Energy Study Center,
Electric Power Research Institute (IPRI),
Palo Alto, California, United States of America

The small light water reactor programme that we are starting in EPRI
is a part of a more general programme of advanced light water reactors
study of both large and small. The overall programme has got three parts.

The first part is essentially the third item on the list given in
chart 1. It involves discussions with NRC, trying to stabilize the
regulatory requirements and conditions for the design of new power plants
and attempting to close all remaining issues that still stand out between
NRC and reactor vendors and utilities, interested in ordering reactors.

The second and the largest part is the first item on the same list
and that is what we refer to as to the requirements documents. This is a
set of system design requirements descriptions, which will show what
should and what should not be in a nuclear power plant. Presumably
vendors or utilities designing nuclear power plants in the future to meet
what is in the requirements documents, which have been very thoroughly
reviewed and approved both by the NRC and by the utilities would have
little problems licensing such power plants.

Finally based on the results of these two parts comes the third part
which is the design of the small reactor and which is the topic of my
discussion.

Why is it that American utilities are interested in small reactors?
Well most of the subjects or most of the reasons were already being
discussed by the Director-General and I don't have to repeat them. There
are only two major new items specifically related to US conditions and
these are the facts that American utilities on the average are small
sized, about 4000 MW(e) or so, and that American utilities as now happens
do not wish to work together, jointly, on several large projects. Due to
various reasons that I will not get into now, it is better for American
utilities, or that is the current conception, for each of them to
separately own a nuclear reactor. As such, smaller reactors of the
capacity range of about 600 MW would be the ideal size for an independent
average sized American utility.

Fig. 1 shows essentially the point that I mentioned before: most
American utilities because of the small system size have only one or two
reactors and if one wants to have more reactors per utility or if one
wants to have more utilities introducing nuclear plants into their
systems, there should be available a smaller sized reactor in the
capacity range of about 600 MW, that should fit their grids.

The major problem that is confronting nuclear power plants in the
United States today is the issue of cost. That has also been alluded
before by the Director General. That is a very acute problem in the

59



United States. If we consider plants by order of the base cost, i.e. the
cost without interest charges, we see that prices range all the way to
almost US$3,000 with the average being about 1800 to 2000 US$ (see Fig. 2)

Once we had the interest charges of the different units depending on
their construction times which vary from project to project you see that
we get quite a bit of high time-related charges additions on top of the
base costs, and one of the promises that we see in the small reactor
programme is the possibility of reducing the time-related charges and
bringing them down to reasonable levels.

The major problem in controlling the base cost, which is the part of
the cost that we could consider in terms of construction rather than the
time-related charges, is the increase in labour charges rather than
materials. This is the reverse situation in the US, compared with how it
used to be 10 or 20 years ago. As we see in Fig. 3, the three bottom
portions of the curve have to do with labour. 30% of the cost have to do
with actual craft construction, craft cost on site. Another 30% of the
cost has to do with design and engineering. And design and engineering
is the fastest increasing component of base plant capital cost in the
United States right now and only 30% have to do with materials.

It is hoped that through the design of simplified and standardized
plants in the United States, it will be possible to cut down the
engineering and design expenses and spread them all over a large number
of units. It is also hoped that through modular construction and through
shop-fabrication it will be possible to reduce the hours required for
craft site work and to transfer some of the site work into the vendor
shop under better quality control and assurance.

With this objectives or with this needs in view, the general
objective of the smaller reactor programme that we have embarked on at
EPRI are to provide a reactor plant of 400 - 600 MW design or at least
the conceptual design of such plant. Actually the first part of the
programme is only pre-conceptual design with the general groundrule that
the plants' total generation costs should be equal to coal generation
costs in the United States. I will remind you that coal prices in the
United States are quite low, lower than in Europe and in other parts of
the world. We will, further, like the capital costs of the small LWRs
not to be higher than the capital costs of the current large nuclear
power plants, i.e. if you would like, if possible, to bend down the
economy of scale and reduce the extra penalty of relatively small
reactors as compared to the large reactors.

With this general objectives in mind, the things that we will be
looking for in terms of the design of the small reactor have to do with
modular construction, with factory fabrication and then we have to
consider aspects that are specific either to the PWR or to the BWR. The
general design criteria that we are looking for are essentially
approaches to lower core density reactors and the other approach will be
improvements or directions towards natural circulation. We don't think
that we will be able to achieve natural circulation in 600 MW reactors
but there are aspects of natural circulation that we will try to strive
for. The other specific items that have to do with either PWR like with
this soluble boron content in the cooling water and in terms of the BWR,
we will consider the external re-circulation pumps that we will try to
eliminate.
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With these general objectives and design criteria in mind we can
consider to structure the programme which is made up of two phases. The
first phase of the programme is now under way and that includes the
selection of three design teams made up of most of the vendors and
architect engineering companies in the United States to do a
pre-pre-conceptual design of a plant that will cut the capital cost and
try to provide us the objectives that we have listed above. Then there
is going to be a second phase in which one or two of the better designs
that come out during the first phase will be further carried out to a
full conceptual design.

The three design teams that we selected are, for the PWR, the team
of Westinghouse and Burns and Roe, which have been working together for
some long time and are quite experienced in working togeter. We also
have the team of General Electric and Bechtel in consultation with MIT
that will look into Boiling Water Reactors. This team will do only the
-BWR design and that design will be reviewed by some of the PWR
contractors. The third team is made up of Babcock and Wilcox and United
Engineers and Constructors, their associate Architect Engineering
Company, that will also look into small reactor plants, based on the long
history of involvement of Babcock and Wilcox in small reactor design.

When we look at the programme that Westinghouse and Burns and Roe
have proposed to us, (see chart 2) we see essentially that there are two
general directions for the programme: one is based on simplifying the
existing small reactor design that Westinghouse had for a long time.
This is based both on the Korean experience and on the Philippine reactor
experience of Westinghouse - simplified further and attempted to pass
muster with NRC in the United States. The other approach will be to take
ideas from smaller plants designs that have independently evolved in
Westinghouse in a different connection and see which of those design
ideas and concepts would be applicable to a simplified 600 MW reactor.
So we have a top-down as well as a bottom up approach in terms of the
Westinghouse design.

And finally the other thing that we look too in terms of
Westinghouse contribution to our programme is the NUPAK concept of a
floating nuclear power plant built on three barges, floated over to a
particular site, sunk down at the site, connected to site facilities and
essentially you have a completed plant. On that we already have a report
which is the first output of our programme and that is now available.

The GE and Bechtel project and with the consultation of the MIT
essentially envolved the same general idea (see chart 3). We have a
top-down approach based on the general design, or the updated general
design of General Electric plant, that has to do with the small unit size
of 600 MW, as well as a combination or ideas that are obtained from a
very nice small plant design that was independently developed by General
Electric. We try to see what is it in that small plant design that could
be incorporated into a plant of 600 MW size.

The final team that we selected is Babcock and Wilcox and United
Engineers and Constructors (see chart 4). We selected a conventional
Babcock and Wilcox plant design not the same as the CNSG plant design
which many of.you might have been familiar with in the past. The reason
being that the CNSG plant design represented more of an advanced or leap
in the technology that we are willing to entertain at this point.
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Chart 5 shows what we hope to see in the second phase of our
programme that is after we have finished the projects with our three
contractors that are listed above and some of the activities of the
special technical activities that our contractors will try to achieve are
listed in my presentation. I did not have time to show them here on the
board, but essentially after we got the three pre-pre-conceptual designs
we will try to carry two of them to completion and we will work together
with the Department of Energy in terms of co-ordinating the research and
development programme and the carrying-out of the full complete
conceptual design of the plant.

I will like to say a few words about other reactor designs that have
been considered in the United States and abroad at this time, those are
the PIUS reactors which are essentially another group of light water
reactors and the modular HTGR's which represented different technology.
All these are very interesting reactor designs. We are very much
interested in them though they seem to have some problems. First of all
the licensing regime in the United States under which they will be
licensed is not yet clear at this time. Second and that is the more
important problem since these plants represent a new technology or a
quantum leap in technology, they will require demonstration in the United
States situation at least. Such demonstration will cost quite a bit of
money, we are not sure exactly how much and we are not sure where the
funding will come from. The demonstration of such concepts will require
time. In terms of timing they will delay the implementation of the
programme for few years.

That shows the basic engineering maxim that a pie in the hand is
better than a pie on the table which is better than a pie in the sky.

Chart 6 essentially says that we expect a new wave of reactor orders
in the United States in the very late 1980's or in the early 1990's. For
any nuclear plant to be able to compete at that time period to be
licensable and to be able to be constructed so as to be in operation by
the late 1990's - the only plants that we consider, or we can consider
and hope for achievement in this time-frame, is the light water reactor
designed for evolutionary changes only and this is the scope of our
programme and with that I will finish.
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PLANT INVESTMENT COST ESTIMATES FOR A SINGLE
1000 MWe NUCLEAR PLANT
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EVOLUTION OF PWR CAPITAL COST COMPONENTS
IN CURRENT DOLLARS
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ADVANCED LWR INDUSTRY PROGRAM

INDUSTRY/EPRI ADVANCED LWR
SMALL PUNT CONCEPTUAL DESIGN PROGRAM

H/B8R PROJECT

A PROGRAM TO BENEFIT FRON COMMERCIAL NUCLEAR POWER
EXPERIENCE FOR FUTURE PWR AND BWR DESIGNS.

CURREKT PROPOSED DEL1VERABLES

• A UTILITY AND INDUSTRY REVIEWED, NRC SUPPORTED
REQUIREMENTS DOCUMENT FOR FUTURE GENERATION
NUCLEAR GENERATING PLANTS.

• CONCEPTUAL DESIGN OF SMALLER «600MWE) NUCLEAR
GENERATING PLANTS (LHR)

t STABLE REGULATORY ENVIRONMENT FOR LICENSING OF
PLANT DESCRIBED IN REQUIREMENTS DOCUfENT

CHART 1

APPROACH

t 2 PLANT CONFIGURATIONS EVALUATED IN PARALLEL
- EVOLUTIONARY IMPROVEMENT OF STANDARD 2-LOOP

- MORE PROGRESSIVE ADVANCED DESIGN WITH FEATURES
FROM 10MW DESIGN

t BEST CHOICE FOR INDUSTRY/EPRI PROGRAM OBJECTIVES
TAKEN TO FURTHER DEVELOPMENT

i IMPROVED ARRANGEMENT FOR MODULAR CONSTRUCTION
- EVALUATE NUPACK COMPATABIL1TY

FEATURES TO BE EVALUATED
• LOW POWER DENSITY CORE
• CANNED ROTOR (WET WINDING) RCPs

(IMPROVED NATURAL CIRCULATION REQUIRED)
• LARGER PRESSURIZER
• PASSIVE SAFETY FEATURES

- GRAVITY FLOW ECCS
- FULL PRESSURE, NATURAL CIRCULATION DHR

i SOLUBLE BORON REDUCTION/ELIMINATION

CHART 2

INDUSTRY/EPRI ADVANCED LWR
SMALL PLANT CONCEPTUAL DESIGN PROGRAM

GE/B/MIT PROJECT

APPROACH
• ADVANCED DESIGN EMPLOYING INTERNAL RECIRCULATION

PASSIVE SAFETY SYSTEMS AND ELEVATED SUPPRESSION POOL

• SEPARATE STUDY OF ALL NATURAL CIRCULATION CONFIGURATION

FEATURES TO BE EVALUATED

• INTERNAL RECIRCULATION WITH WET-WINDING PUMPS

• ISOLATION CONDENSER WITH POOL AS HEAT SINK

• IMPROVED DEPRESSURIZATION VALVES

• GRAVITY-FLOW ECCS FROM POOL

CHART 3
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INDUSTRY/EPRI ADVANCED LWR
SMALL PLANT CONCEPTUAL DESIGN PROGRAM

B&W/UE&C PROJECT

INDUSTRY/ERR! ADVANCED LWR
SHALL PUNT CONCEPTUAL DESIGN PROGRAH

SECOND PHASE

APPROACH
• SCALE DOWN 145 FA PLANT
» USE EEÜB REFERENCE COSTS TO IDENTIFY MOST

EFFECTIVE AREAS FOR COST IMPACT
FEATURES TO BE EVALUATED

t IMPROVED NATURAL CIRCULATION
- ELEVATED S/Gs
- HIGH POINTS FOR VAPOR COLLECTION

i LARGER REACTOR VESSEL
• INCREASED SECONDARY MASS INVENTORY
t WET WINDING PUMPS
• LARGER PRESSURIZER
• LOW POWER DENSITY CORE
• SOLUBLE BORON REDUCTION/ELIMINATION
• FULL PRESSURE DHR
• PASSIVE S/G HEAT REMOVAL

6/86 - SELECT CONTRACTOR(s) FOR SECOND PHASE
BASED ON WORK DONE IN FIRST PHASE

7/86 - 7/89 - Two- TO THREE-YEAR EFFORTS TO COMPLETE
ONE OR MORE CONCEPTUAL DESIGNS

- PARALLEL EVALUATIONS OF ECONOMICS
- COORDINATION WITH DOE ON SUPPORTING

RESEARCH, COMPONENT TESTING, ETC.

CHART 5

CHART 4

ADVANCED LWR INDUSTRY PROGRAM

CONCLUSION

t FOR THE NUCLEAR POWER INDUSTRY TO REMAIN
VIABLE, IT MUST SUCCESSFULLY COMPETE FOR
THE NEW GENERATION CAPACITY, WHICH IS
EXPECTED TO BE ADDED BEFORE 2000

• THE BEST HOPE OF SUCCESSFULLY MEETING THIS
NEED IS THROUGH THE EVOLUTIONARY DEVELOPMENT
OF NEW TECHNOLOGY

CHART 6
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PANEL DISCUSSION

The theme of the panel discussion was as follows:
"Based on the experience of those who have used nuclear power what
would they consider as the most important factor in the introduction
of nuclear power in developing countries?"
The main aspects stressed by the panelists in response to questions

addressed to them were as follows:
- The first point to be analyzed by a country's authorities must be

the need for energy sources development in connection with the grid
size and with its growth rate in order to define the size of the
future power plants to be connected to the grid according to a
continuing development programme.

- The choice of the energy source for these power plants shall take
into account all alternatives available in the country and nuclear
power should be chosen only if its economy has been demonstrated in
competition with the alternatives. Resources of uranium ore in the
country must also be considered.

- Financing of a nuclear power plant should be based on a long
repayment period to match the rather long life time of these plants.

- Extra credits must be available to save the project in case of
unexpected price increase or schedule delay.

- Political stability is important due to the long lead time of a
nuclear power programme.

- The Small and Medium Power Reactors should be redefined to include
600 MW(e) plants.

- For the first plant in a country a comprehensive technology transfer
is not necessary.

- Manpower availability on the other hand is very important
particularly focussed on quality assurance and plant operation.

- It is recommended to establish a team in the country which will be
able to prepare bid specifications and evaluation. This will be the
best means to provide the country with qualified decision makers who
will later manage the project. As project management will have a
large impact on the final cost it is essential that a project
management team controls the interfaces between engineering,
construction, commissioning and operation.

- In analyzing the nuclear option the country's authorities should not
forget that the unavailability of electric power will hinder the
country's development, i.e. the consequences of postponement of a
decision.

- SMPRs may be useful also in large countries in case of small local
grids and for district heating.
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- Low construction times together with smaller invested capital can
lead to a total capital cost per installed kW(e) comparable, if not
smaller, to those of larger plants.
All these considerations stressed that there is a need for

country-specific case studies and manpower training.
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ONE DAY TECHNICAL COMMITTEE MEETING



ONE DAY TECHNICAL COMMITTEE MEETING

The purpose of the meeting was to provide prospective buyers with an
opportunity to be informed about the results of the first phase of the
SMPR Project Initiation Study and to define better the specific
constraints which may exist in the introduction of nuclear power in
developing countries.

During the first part of the meeting the Agency gave information
about:
- The results of Phase I of the SMPR Project Initiation Study.
- The results of the seminar on Costs and Financing of Nuclear Power

Programmes in Developing Countries held in Vienna in September 1985.
- The analysis of the invited countries questionnaire responses.
- The proposed Interregional Cooperation Project on SMPRs.

During the second part of the meeting participants from some invited
countries gave short presentations on the situation of nuclear power in
their countries. These presentations were followed by a panel discussion.

The reader will find hereunder the text of the Agency's
presentations, the theme of the panel discussion and the main findings
from this discussions and from the participants' presentations.
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INTRODUCTION

by L.V. KONSTANTINOV
Deputy Director General

of the International Atomic Energy Agency

The Agency has since many years tried to promote the availability
and use of Small and Medium Power Reactors primarily for Developing
Countries.

In 1983 the Agency launched a Project Initiation Study with the
purpose of highlighting the potential market, the decision making factors
and the readiness of suppliers concepts.

Phase I of this Study is now completed by the publication of a
report. The report clearly shows that SMPRs now can be made available
and there are several designs which are mature and could be offered
immediately or within the next few years. It also shows that there is a
potential market for SMPRs but it also states that further
country-specific studies are necessary.

This meeting is to address the question on how we should now
proceed. In order to help define what the next step should be, the
Agency has scheduled during the present General Conference a Scientific
Afternoon on the SMPR subject.

The lectures highlighted current experience with Small and Medium
Power Reactors and also their potential in industrialized countries as
this may bring a new support for the development and market availability
of this kind of power reactors.

The panel discussion at the end of the meeting gave the opportunity
to review the most important aspects of the experience which has been
gained from the introduction and continued use of SMPRs and also to try
to find out in which manner the experience in specific countries could
apply also to other potential buyer countries. This Scientific Afternoon
was mainly directed to countries using SMPRs or considering to use them.

The present Technical Committee Meeting should help to provide
Developing Member States with a summary of the Agency's understanding of
the problem of SMPRs. It should also discuss the factors which are
considered most important for the decision making process in order to
define future studies which the Agency is prepared to coordinate and
guide if Member States so desire.
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PRESENTATION OF THE PURPOSE OF THE MEETING

N.L. CHAR
Director,
Division of Nuclear Power,
Department of Nuclear Energy and Safety,
International Atomic Energy Agency,
Vienna

Nuclear power, like many other technologies, has been characterized
by a substantial growth not only in numbers but also in plant sizes, with
economies of scale generally assumed to favour large plants. The plants
in sizes of 900 MW(e) and above now generally built in industrialized
countries are too big to be integrated in the small grids of most of the
developing countries. That's why the Agency has been endeavouring since
several years to promote small and medium size nuclear power plants, or
SMPRs, which are now understood to be plants in a size range below 600
MW(e). The subject of SMPRs has been discussed in General Conferences on
and off since 1958. By 1982 it became apparent that a new concerted
effort by the Agency would be timely and appropriate. A technical
committee meeting on SMPRs, held in Vienna in August 1983, recommended
the launching of an SMPR Project Initiation Study with the objective of
surveying available designs and examining the major factors influencing
the decision making processes in developing countries, thereby also
arriving at an estimate of a potential market.

A general result of the study is that the situation of SMPRs now
shows a complete reversal of the situation which prevailed a decade ago
when potential SMPR buyers were relatively numerous but suppliers showed
little interest to produce a new power plant design. The results of
Phase I of the SMPR project initiation study, which will be presented in
a few minutes by Mr. F. Wald, of the Reactor Engineering Section, show
that there is now an increasing interest for SMPRs on the supplier side
but that buyer countries hesitate to take a decision probably both
because they are aware of the problems linked with the introduction of
nuclear power and because they want assurance of the economics of a
project before launching it. That assurance, we have concluded is only
possible to achieve in more country-specific studies.

That is why the Agency decided to hold, during the General
Conference, yesterdays' Scientific Afternoon and todays' TCM essentially
directed to prospective buyers in order to provide them with an
opportunity to be informed about the results of the first phase of the
SMPR Project Initiation Study and to define better the specific
constraints which they see to exist in the introduction of SMPRs in
developing countries and consider the possible ways and means of removing
those constraints.

Early September this year a seminar on Costs and Financing of
Nuclear Power Programmes in Developing Countries was held in Vienna and
as financing is one of the most important factors in the decision to go
nuclear, Mr. L.L. Bennett, Head of the Economic Studies Section will
present to you the most interesting findings of this seminar.

We sent to 20 invited potential buyer countries a questionnaire with
the purpose of highlighting the most important constraints which hinder
decision-makers of the countries concerned.
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Mr. F. Wald from the Reactor Engineering Section will also analyse
the responses obtained after which we will invite some of you to give a
short presentation on the specific constraints that were encountered in
individual countries.

After a panel discussion this afternoon I hope that we can draw
conclusions and recommendations on additional and more detailed studies
taking into account the specific conditions and planning constraints in
potential buyer countries. The Secretariat is, of course, prepared to
co-ordinate and assist in such work, which we have foreseen could be
financed under an interregional technical co-operation project if Member
States so desire.
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PRESENTATION OF MAIN RESULTS OF PHASE I
OF THE SMPR PROJECT INITIATION STUDY

F. WALD
Division of Nuclear Power,
Department of Nuclear Energy and Safety,
International Atomic Energy Agency,
Vienna

As a result of a first Technical Committee Meeting held in Vienna in
August 1983 the IAEA launched a new SMPR Project Initiation Study with
the objective of surveying the available designs, examining the major
factors influencing the decisio-making processes in developing countries
and thereby also arriving at an estimate of the potential market. The
Nuclear Energy Agency of OECD^) offered its assistance in making a
study of the potential market in industrialized countries.

Two questionnaires were used to obtain information from potential
suppliers and buyers. Suppliers responded with an overwhelming 23 design
concepts' which could be offered for export but with varying levels of
r,adiness and provenness. From potential buyers 17 responses were
received, 16 of which were from the developing countries.

The analysis of the responses which was done by the Agency with the
help of experts from Member States gave the basis for a draft report
including the OECD/NEA part. This draft was discussed during a second
Technical Committee Meeting held in Vienna in March 1985.

The meeting was characterized by a strong supplier interest but also
be hesitation of potential buyers to make any kind of commitments
relating to the market introduction of SMPRs.

Most of the suppliers provided up-dated information on their
technical designs, possibilities of reducing construction time and on
economic comparison between nuclear and coal fired plants. Two
developing countries presented papers on their SMPR market situation.
Detailed information was presented about economic comparison of nuclear
and coal-fired plants, based on experience in India and Canada, which
clearly indicates the advantages of a nuclear power programme with small
reactors. Other participants expressed doubts about the use of nuclear
power versus other power sources, especially coal in the size range below
600 MW(e).

All new information has been incorporated into the report together
with a number ot expressed comments, especially related to the
presentation of the economics of SMPRs, the necessity of a reference
plant, provenness of major components and systems etc.

The results of the study are as follows:

(1) Organization for Economic Cooperation and Development
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The SMPR Supply Situation

In reviewing the suppliers' proposed design concepts, no in-Odepth
evaluation of provenness and safety aspects could be performed, as the
information provided in most cases would not permit this. The following
notable design trends could, however be discerned from these proposals:

- An emphasis on a shortened and tightly controlled construction
schedule. This is evident in many proposals, and is the principal
theme of two designs.

- Efforts to satisfy provenness criteria through utilization of
systems, components, and concepts proven by commercial operation.
This is evident in many designs including the Magnox and PWR
concepts. Two designs share all key component designs with current
larger reactors.

- A high level of shop préfabrication. This is emphasized in several
designs, and is maximized in a barge-mounted unit.

Recognition of site conditions in some developing countries. Most
of the SMPR designs presented incorporate a relatively high seismic
design level, and would also function satisfactorily with relatively

cooling-water temperatures.

- Several of the design concepts include at-reactor storage of spent
fuel for the entire foreseen lifetime of the plant (up to 40 years)
or easily expandable storages, recognizing the present uncertainty
in the back end of the fuel cycle.

These trends are notable for the plants proposed to be offered
immediately or in the near future. For the longer term, some suppliers
referred to on-going Idevelopment work on inherently safe smaller
reactors but also stated that these could not be offered for bids until
well into the next decade.

Only very few of the potential suppliers gave any indications of the
costs of the plants offered. They must be considered as carefully made
estimates but not applicable to any specific site. It is still
interesting to see that all estimates are low in comparison to costs
extrapolated from equally generalized IAEA estimates for the size range
above 600 MW(e). It would indeed appear that SMPR specific designs and
fabrication methods would have managed to supercede the usual scaling
laws.

The Potential Market for SMPRs

In reviewing the potential market for SMPRs not only the economics
but also the infrastructures in potential customer countries had to be
included in the evaluation. The varying contents of questionnaire
responses made it necessary to seek additional information from IAEA
missions. In this manner some 25 countries which are expected to have
grids with a capacity of 2000 - 6000 MW(e) in the period 1991 - 2001
could be included.

The potential market assessment focussed on 300 MW(e) plants as most
of the plants offered by the suppliers were in this size range and as it
also gives a distinct alternative to the already available 600 MW(e)
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plants and would include a significant number of countries unable to
accept the larger plants.

A primary consideration must, of course, be economic competitiveness
of the nuclear plant. If an economically viable hydro potential is
available in a country it was assumed that this will probably be chosen
and it also offers easier financing conditions in most cases. Oil is not
competitive with a nuclear plant even in the 300 MW(e) range for any
oil-importing coutnry and, from national economics considerations, also
for oil-exporting countries. In the major oil-exporting countries it
was, however, assumed that because of existing oil resources there would
be a tendency to set national development priorities so as not to favour
an early introduction of nuclear power. The existence of significant
reserves of non-associated gas was in general assumed to provide a time
delay for the introduction of nuclear power but not to compete over a
longer term, because of the value of natural gas not as an energy source
but rather as a raw material for industrial development. The remaining
competitor with nuclear power thus was coal-fired plants.

Economic competitiveness must, of course, be decided in country- and
site-specific planning studies with good estimates of capital costs,
future fuel costs, expansion requirements and levellized lifetime costs
for all alternative generation capacity additions. In the SMPR study,
however, such detailed studies were not possible becauseof lack of firm
data, and it was necessary to use a simple screening test of levellized
generation costs to determine whether SMPRs in general can be competitive
with coal-fired plants. The first step in this screening test was the
calculation of "breakeven" fore costs for SMPRs, that is, the SMPR fore
cost which would lead to levellized generation costs equal to those
obtainable from coal-fired plants with coal costs of 45, 65 and 85 US$/t
and fore cost estimates given by the suppliers were then compared with
those calculated breakeven fore costs. A fairly high interest rate of
10% in constant 1985 money was used. This screening test shows that 300
MW(e; SMPRs could be competitive with coal-fired plants in the $65 - 85/t
coal cost range and 960 to 1200 US!J>/per kW fore costs, which are the cost
ranges for many coal-importing developing countries. It thus indicates
that further specific studies would be justified to take into account
local conditions.

With the above very simple determination of a possible economic
viability of proposed SMPR designs, the potential market for them in
developing countries was surveyed using a qualitative rather than a
detailed quantitative approach. Developing countries were first divided
into groups from the point of view of their likely interest in procuring
SMPRs:

countries with on-going nuclear power programmes (outside CMEA);

countries with large grids considering nuclear power;
some CMEA countries;

- countries without on-going nuclear power programmes but with grid
sizes unable to take plant sizes above 600 MW(e), during the study
period.
The study period was defined as the 10 years between 1991 and 2001,

as 1991 would correspond to the earliest date when a plant could
conceivably go on line, with 10 years being a reasonable period for a
potential market.
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It was excluded that the first two groups of countries would procure
SMPRs. Their choice would then be dictated by much the same
considerations as for a utility in an industrialized country and it was
estimated that the market could be up to 5 units during the study period.

In the CMEA countries fifteen 440 MW(e) PWR plants are now under
construction and it would appear that they would have a continuing market
with 5-6 additional plants to go on line in the 1990s.

For the last of the above groups all countries were selected for
which available data indicated that they would have grids in the 2000 -
6000 MW(e) range during the study period.

Three types of parameters were used as indicators for the assessment
of the potential market in these countries.

(a) Parameters which indicate the technical feasibility of introducing
SMPRs at all, i.e. grid size and projected annual capacity addition
rates 1992 - 2001. (The "10% rule" was used in relation to grid
size, recognizing that a case can be made for a different size
limitation).

(b) Parameters which indicate the urgency with which the country's
authorities should consider introducing nuclear power plants in the
electric enrgy supply system:

Cost of oil imports as % of total exports of merchandise for net
oil importers;

- An estimate of how long domestic coal and hydro resources will
last.

(c) An assessment of the infrastructures of the country in qualitative
terms. (A certain level of expressed interest by national
authorities in considering nuclear power for the future energy
supply was used as a first indicator).

- Organizational structure for nuclear power including
legislation. The basis for assessment has been the existence of
appropriate legislation, a regulatory body and an organization
with experience from the construction and operation of large
power projects, etc.

- Availability of qualified manpower. Basis for assessment: e.g.,
the availability of qualified engineers (mechanical, electrical
and civil), engineering consultants, qualified technicians, code
licensed welders.

- Availability of industrial support. Basis for assessment:
domestic production of, e.g., heavy rebars, boilders, cables,
small valves.

- Capacity for financing as indicated by present external debt as
% of GNP; the cost of servicing debts as % of exports of good
and services; also by the total GNP, as energy sector
investments normally fall in the range of 2-3% of GNP, with
electric system investments as a maximum half of this.
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It was assumed that major oil exports, with the exception of those
that have stated an interest in nuclear power, would most probably set
national development objectives which would not include introduction of
nuclear power. All countries were carefully screened to detect
situations of abundant and cheap hydro power, dams built for joint or
export production purposes, major dams built for specific industries, etc.

The screening finally left a small group of 9 countries which were
considered likely to consider seriosly introduction of nuclear power
during the study period and which could decide in favour of SMPRs if the
economics can be demonstrated. Using experience gained in IAEA
electricity expansion studies, it was deduced that for the some 21 000
MW(e) new generating capacity which would be needed in these countries,
about 50 of the new plants could be base loaded units in the SMPR power
range. If 15-20% would be nuclear this would mean a potential market of
7-10 units in these countries.

With the additional 5 units in other countries, the total potential
market in the developing countries could be some 10-15 units during the
10-year period.

If authorities in a country were to decide to wait with nuclear
power introduction until a 600 MW(e) unit would be acceptable in the
grid, this would mean a delay of, on the average, some 7-10 years.

It is clear that many could have a different view of the screening
process, e.g. in the choice of a unit size limit of 10% of the grid's
installed capacity. There are in addition uncertainties, e.g., in
respect of availability of financing. Thus no really accurate estimate
of the market can be made but only an indicative one under specified
assumptions.

It is also clear that the estimate is for a potential market,
further definition of which would require more detailed country-specific
studies with more accurate data from both potential suppliers and
buyers. This will also require a willingness and a commitment from both
sides and also from the financing community to enter into discussions of
specific projects. The Agency can assist in this but the major effort
would have to come from the project partners.

The NEA study of the potential market in the OECD Member States
concluded that "the maximum market for units of 200-400 MW(e) (all types
- fossil and nuclear) may be in the order of 10 units or more per year.
Part of this market could be served by SMPRs".

Decision-making factors. The above described supply situation and
potential market analysis show that there is a complete reversal of the
situation which prevailed a decade ago when potential SMPR buyers were
relatively numerous but suppliers had their order books full with big
plants for demostic markets and showed little interest to produce new
power plant designs for what was then perceived as a very uncertain
market. Nowadays the suppliers, faced with diminishing and uncertain
home markets, are compelled to turn their attention to the potential
export market. There also seems to be some new interest, in at least
some industrialized countries, for smaller, standardized nuclear power
plants as an alternative to the large ones, especially for situations
involving lower load growth rates and for limiting the financial risks of
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individual investments. This would tend to give the suppliers a home
market, too, for the smaller units which they have in the past not
considered necessary for development. It still remains to be seen,
however, whether the industrialized countries really would be interested
in plants in the SMPR range or in the 600 to 900 MW(e) range.

On the buyers side, however, particularly during the technical
committee meeting held in March this year some doubts were expressed by
participants from developing countries as to the wisdom of introducing
SMPRs without more concrete assurance about their economies.

Several other decision-making factors were found out by the study
among them the most important ones are as follows:

Financial Factors:

Difficulty to find financing
- Lower absolute capital needs for SMPRs with smaller financial burden

than for a larger plant
- Limitation of financial risks by the lower absolute capital need for

SMPRs versus larger plants.

Economical Factors:

- SMPR economic viability versus larger nuclear power plants
- SMPR economic viability versus alternative energy sources
- SMPR can have shorter and better controlled construction schedules

than a larger plant and therefore offer better control of financial
requirements
SMPR show trends for shop préfabrication leading to cost reductions.

Technological Factors:

- An SMPR will better fit smaller and weaker grids than a larger plant
- The introduction of nuclear power requires infrastructures:

o manpower availability
o industrial support
SMPRs give more limited possibilities for domestic participation due
to trends for shop préfabrication in suppliers countries

- Earlier introduction of nuclear power with SMPRs with potential for
longer term technology transfer.

It is not possible to classify these factors in a priority order
because they may not have the same weight for all countries.

As an example I would underline that if a country chose to increase
the economy the best way is to chose the turn-key contract with maximized
shop préfabrication in supplier's country and short construction
schedule. In this case the technology transfer by local industrial
participation will be low. One can chose this solution and increase the
local participation in the erectionof further plants or choose to have a
maximized technology transfer with the first plant but with a risk for a
more expensive plant and an extended construction schedule. The choice
will be guided by the manpower and industry availability and is a matter
of industrial development policy in the country.

The economic competitiveness is not the only decision-making
factor. Some countries want to introduce nuclear power also because of
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its other characteristics for example among others the independent fuel
supply such as given by natural uranium fuel cycle, fuel supply
diversification, environmental protection and spin-off for national
industry.

That is why it was decided to end the general study called Phase I,
by the publication of a report and to define the further development of
the study which may be found only through specific case studies taking
into account the specific conditions and planning constraints in
potential buyer countries. The Secretariat is, of course, prepared to
co-ordinate and assist in such a work, which could be financed under an
interregional technical co-operation project if Member States so desire.
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PRESENTATION OF THE RESULTS OF THE
SEMINAR ON COST AND FINANCING OF NUCLEAR
POWER PROGRAMMES IN DEVELOPING COUNTRIES

L.L. BENNETT
Division of Nuclear Power,
Department of Nuclear Energy and Safety,
International Atomic Energy Agency,
Vienna

The technical feasibility and economic competitiveness of
nuclear power has been demonstrated in industrialized countries, and
although the experience in developing countries is somewhat limited
for the time being, the situation is not so different from that in
industrialized countries. The examples of the ten developing Member
States of the Agency which are already embarked on nuclear power
programmes (Table 1) prove that step by step the technical problems
can be solved and the economic competitiveness of nuclear power can
be demonstrated.

The Agency has seen that the success of nuclear power projects
and programmes in developing countries is, to a large extent,
dependent on five infrastructures, namely:

grid size and stability;

availability of qualified manpower at all levels, from
managing staff to welders;

organizational structures to plan, take decisions and
stick to those decisions, execute and operate the project,
and regulate its safety;

industrial support, not only for construction but also for
operations, maintenance and repair;

research, development and demonstration, not only on the
nuclear side but also in general industrial research which
is of fundamental importance, e.g., for standards
promulgation in the country.
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Assistance in the strengthening and development of these
infrastructures is a matter to which the IAEA has, especially during
the last ten years, focussed its attention and assistance to
developing Member States considering nuclear power introduction.

It has become apparent, however, that it is necessary to focus
also on financing, because financing clearly is a major constraint
which must be solved if nuclear power is to find more widespread use
in the Agency's developing Member States.

Therefore, the Agency organized a Seminar on Costs and
Financing of Nuclear Power programmes in Developing Countries, in
Vienna during 9 - 12 September 1985. The seminar dealt with three
main topics: 1. nuclear investment and fuel cycle costs; 2.
financial risk assessment at project and country levels; 3. loan
conditions. The primary objective of the seminar was to promote a
dialogue among the various parties involved in the domain of nuclear
power financing, i.e., buyers, suppliers and financing
organizations. The keen interest in this topic was demonstrated by
the participation of some eighty delegates from twenty-nine Member
States (eighteen of them developing countries) and seven
international organizations. Many financing organizations were
represented in the seminar.

The Agency presented information from its own studies as well
as results from studies by other international organizations
(OECD/NEA and UNIPEDE) and information from national experience,
showing that nuclear power plants are an economic means of
generating electricity. (See also "Economic performance of nuclear
plants: How competitive?", IAEA Bulletin, Vol. 27, No. 1, Spring
1985, page 40.)

The records of power plants in operation clearly indicate that
the availability factors have been increasing steadily over the last
ten years and now reach a level of around 70 to 80% in most
countries, and even higher in some. Furthermore, analysis of
operating experience data collected in the Agency's Power Reactor
Information System (PRIS) clearly shows that availability factors
are strongly influenced by the experience of nuclear power plant
operators.
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The economic competitiveness of nuclear power stations against
oil-fired plants has been clearly established, especially with crude
oil prices being above US $ 25/bbl. With coal-fired plants the
situation depends on local conditions, on plant size and, of course,
on the coal price. Studies published by the International Union of
Producers and Distributors of Electricity (UNIPEDE) and the OECD
Nuclear Energy Agency (OECD/NEA) have shown that in Europe and
Japan, nuclear power plants would have a 30% to 70% cost advantage
over coal-fired power plants. In the USA and Canada the
competitiveness depends very much on the region considered, with
nuclear power showing an economic advantage in Central and Atlantic
Canada and a small advantage in the northeastern and southeastern
parts of the United States.

Ten developing Member States of the IAEA already have active
nuclear power programmes (Table 1). In terms of electrical power
needs and considerations of grid sizes, it might at first glance
appear that an additional 20 - 30 developing countries could be
potential users of nuclear power plants during the next fifteen
years. For various practical reasons, however, this is much too
optimistic. The IAEA expects nuclear power additions in the
developing world to be some 35 - 75 GW(e) during this period,
leading in the year 2000 to some 45 - 85 GW(e) of nuclear power
capacity in the developing countries. The lower figure would apply
if the present programmes continue at a slower than expected rate
and only two or three new countries introduce nuclear power. The
higher figure assumes that the present programmes continue as
planned and that some five or six new countries place nuclear plant
orders.

Seen from the developing countries' point of view, these
figures would mean that only some 5 - 10% of their new capacity
additions will be nuclear, which is certainly disappointing but
probably a realistic assessment of the present and future
constraints.

Seen from the suppliers' point of view this would still mean a
market for some 50 to 100 nuclear power units, the great majority of
which will be based on imported designs, representing of the order

89



of 15 to 20% of the total expected a.dditions in the industrialized
world and very likely more than 50% of the total export market.

In order for the above-described market to develop, however, in
particular at the higher figures, certain conditions favourable to
nuclear power would have to be met. It would certainly require that
financing be made available under acceptable terms, and that the new
countries would plan for development of their infrastructures in an
accelerated manner.

In spite of their proven overall economic competitiveness, the
high capital requirements for nuclear power plants pose difficult
financing problems and financing remains a major constraint on
nuclear power programmes in developing countries. The capital costs
for a nuclear power plant in the size range of 600 to 900 MW(e) are
about US $ 1.5 to 2 billion, including interest during
construction. It is interesting to compare this amount for a single
plant with the approximately 2.5 billion US $ that the World Bank
will have available for electric power sector loans to the whole
developing world during 1985, or to the 10 billion US $ of foreign
exchange that, on average, is made available for the power sectors
of all developing countries each year.

TABLE 1
Status of Nuclear Power Programmes in

Developing Member States
(as of 1 January 1985}

Country

Argentina
Brazil
China
Cuba
India
Korea, Rep. of
Mexico
Pakistan
Philippines

in
Units

2
1
-
-
5
3
-
1
-

Plants
operation

HW(e)

935
626
-
-

1020
1790
-
125
-

Plants
under

Units

1
1
1
1
5
6
2
-
1

construction
KW(e)

692
1245
300
408

1100
5622
1308
-
620

Yugoslavia

Total« 18

632

9140 19 12202

Total figures include Taiwan, China, where there were five
units with a total capacity of 4011 MW(e) in operation and one
unit with a capacity of 907 KW(e) under construction.
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In fact, it is not only the large amount of money which hinders
the financing of nuclear power plants, but also the credit-
worthiness of the various countries, as seen by the various lending
organizations. In a period where most of the developing countries
are facing difficulties in fulfilling their debt services,
commercial bankers as well as governmental organizations of
exporting countries are reluctant to lend these countries additional
funds. Although the situation regarding the national debt of
different countries is improving nowadays, the situation still
remains serious. Some countries have re-scheduled the reimbursement
of their debts, and the interests due are generally paid step by
step, but the net export of goods often is still too low to supply
sufficient foreign exchange for repayment of the capital.

Of course, the situation is different from country to country
but, in general, as long as the debt service situation of a given
country is not judged satisfactory (e.g., level of debt and debt
services versus gross national product and sufficient supply of
foreign exchange through export of goods), lenders, exporters and
governments of industrialized countries will remain hesitant to
finance nuclear power plants. The major problem is more a question
of general economic policy than a problem of nuclear power
financing. Nonetheless, financing projects of 1.5 to 2 billion US $
under present conditions is not an easy task. A rough simplified
example can give an idea of the difficulties. Let us take a 2
billion US $ project. It is often requested that 20% be financed
locally in order to ensure the real interest of the importing
country (generally to cover local expenditures such as site
preparation and some basic civil works). Most developing countries
will face difficulties to mobilize the equivalent of some 400
million US $ within their own banking system or through government
donation. For the remaining share no more than 75% can be granted
by export-credit agencies of exporting countries under the present
conditions of the OECD Consensus of August 1984, which stipulates
guidelines for the export conditions of nuclear power among OECD
countries. This means that the remaining 25% (400 million US $, in
our example) will have to be financed through commercial loans. As
any commercial bank is likely to limit its participation to US $ 20
to 30 million or less, some 20 banks will most likely have to
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participate in the US $ 400 million syndicated loan considered in
this example. It is not so much the total funds which cause
difficulties, as the amounts are undoubtedly available on the
market, but there are extremely complex problems in arranging for
this kind of financing and it will involve getting together a
significant number of the some 100 banks worldwide which could be
interested in this type of project.

In view of this double difficulty, the need for more foreign
exchange in most developing countries and the inadequacy and
complexity of present international financing systems for supporting
financing requirements of the order of a nuclear power project, the
question is now open for additional approaches and complementary
mechanisms.

It goes without saying that no new magic mechanisms may solve
the problem if the credit-worthiness and the country risk as
perceived by the exporters are not improved. Both are dependent on
the economic policy of each individual developing country and
discussions on this matter would go far beyond the scope of this
short article.

Foreign suppliers of nuclear plants will continue to look for
continuous improvements in the maintenance and operation of electric
networks and power plants with skilled and effective staff as the
major condition to keep plant availability and reliability at
satisfactory levels. In parallel, lenders (foreign and local) will
request adequate tariff levels for electricity in order to ensure
debt reimbursement. A pre-requisite for the possibility of setting
up adequate tariffs is to demonstrate the need for the produced
electricity and to show, through coherent planning studies, that the
foreseen power investment programmes are the most economical way of
providing this electricity. In particular, nuclear power programmes
should be carefully assessed within overall national energy planning
studies and not be decided from political considerations. (See "An
assessment of nuclear energy in developing countries: How the Agency
can help", IAEA Bulletin, Vol. 24, No. 3, September 1982, page 3.)
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If all the various conditions mentioned above are satisfied in
a given country, e.g., good national credit-worthiness, sufficient
supply of foreign exchange through exports, country risk estimated
at a satisfactory level which implies coherent and continuous
economic policy of the government, satisfactory operation and
management of electrical utilities with qualified manpower, reliable
electric network and overall well-justified energy planning
demonstrating the need for nuclear power, then - and only then -
bankers and financial institutions will accept to look for a
financing solution.

As already indicated the traditional financing approach is
mainly based on a double buyer credit: one from the export-credit
agency from the exporting country (e.g., COFACE in France, Hermes in
the Federal Republic of Germany, ECGD in the UK, EXIM-BAKK in the
USA, etc.). This export-credit is generally limited to about 75% of
the cost of export and is subject to the present condition of the
OECD Consensus on nuclear (i.e., maximum duration: 15 years, and
rate varying between 10.85% and 13.25% according to the wealth of
the country). The remaining part should be covered by financial
loans from commercial lenders.

Some additional mechanisms can be introduced to improve the
present situation, such as:

a. The creation of a joint venture between the exporting and the
importing country, such as what has been proposed by the
Canadian and Turkish authorities for the first nuclear power
plant (Akuyu) in Turkey. Such joint ventures are, in fact, new
companies created for 15 or 20 years, composed of personnel of
both the exporting and the importing country, with governmental
guarantees from both sides. In such a way the exporter-
supplier of the nuclear power plant is better covered against
the risk of the plant not being completed, risk of low
operational reliability due to shortage of qualified personnel
and has better guarantees for the repayment of the loan in
foreign currency. There are different schemes of joint
ventures and it is up to both parties, buyer and supplier, to
find an acceptable solution.
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b. The implementation of an international investment fund that
would have as a goal to share the risks at a multi-national
level. In fact, such joint international funds are already
studied by the World Bank under the name of "Multilateral
Investment Guarantee Agency". This idea, which is in fact not
new, is not easy to implement but could help to party solve the
difficulties.

c. The multi-country financing approach is also an idea that is
being considered in some cases. It undoubtedly could be an
effective way of risk sharing. This has already been done in
other domains. It could be executed with a turnkey contract or
a non-turnkey contract.

Several other approaches could be envisaged (such as leasing or
counter-trade) but each of them needs careful analyses among the
lenders, the suppliers and the potential buyers. Thre is a need for
creative and realistic proposals to solve this problem of nuclear
power financing in developing countries.

During the seminar, the IAEA's competence and neutrality for
technical and economic assessment of nuclear power was recognized as
being helpful to provide confidence to the lending agencies
regarding the suitability of nuclear power in specific cases. It
was suggested that the IAEA could broaden its scope of technical
assistance to developing countries, in particular by providing
information on financing techniques and by promoting feasibility
studies which could lead to a better risk appraisal. How far the
Agency could go in the area of helping the preparation of the
financial feasibility studies was not clearly defined and will
require further investigations. It was suggested that the IAEA
could, for example, either commission such studies from reputable
third parties experienced in such matters, or provide a function
which could audit the country's methodologies and procedures. Such
preparation of financial feasibility studies jointly with the host
country would carry great weight with lenders and export-credit
agencies.
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The catalytic role that the IAEA could play in order to
establish new working relationships on the part of potential buyer
countries, suppliers and lending organizations was strongly
emphasized:

Vis-à-vis developing countries the IAEA should continue to
help in the objective definition of the role of a nuclear
power programme within their national energy development
plans, and with assessment of their infrastructures for
nuclear power and formulation of associated development
programmes.

Vis-à-vis suppliers closer co-operation could stimulate
them to develop techniques better adapted to developing
countries, e.g., SMPR, standardized plants, etc.

The IAEA could also contribute to a better information
flow to commercial lenders, on the technical proveness of
nuclear power and on the specific financial requirements
and conditions of nuclear projects which are quite
different from those of other industrial domains.

Therefore, it was recommended that the Agency develop and
strengthen its contacts with commercial lenders and with
export-credit agencies, in order to enlarge its role to assist in
developing new financing concepts better adapted to the nuclear
domain. Some examples were provided, such as:

a. joint ventures, such as that currently being negotiated
between Turkey and Canada, which provide the lenders with
more confidence for project completion and operation;

b. development of a central fund in industrialized countries
for project financing in developing countries;

c. development of schemes of multi-national financing;

d. development of mechanisms for re-scheduling of financial
loans (complementary loans offered by commercial banks to
complete loans of export-credit agencies).
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A point of major interest was the World Bank (IBRD)
presentation which clearly stated that the IBRD has an open mind on
nuclear power, and would be prepared to consider requests for
financing for well-justified nuclear projects. However, given the
limited resources of the IBRD for loans in the power sector, the
indications at the present time are that the external financing for
nuclear power will continue to come mainly from bilateral and
private lending sources. Co-operation by the IBRD was seen by
seminar participants as a major contribution to an objective
judgement for the appropriateness of nuclear projects in a specific
country. It was clear that co-operation of the IBRD and also with
regional banks (such as the European Investment Bank and the Asian
Development Bank) would provide more confidence to the commercial
lenders.
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ANALYSIS OF THE INVITED COUNTRIES
QUESTIONNAIRE RESPONSES

F. WALD
Division of Nuclear Power,
Department of Nuclear Energy and Safety,
International Atomic Energy Agency,
Vienna

The Agency has sent with the invitation letters to the present meeting
a questionnaire in order to get information from the invited countries on
the heaviness of the most important decision-making factors highlighted by
the SMPR Project Initiation Study. (See Annex).

We received only 5 responses to this questionnaire and this msall
response is probably due to the fact that we sent out the questionnaire too
short time before the present meeting. This is not enough to make a
statistical analysis.

Anyway, these responses are interesting because they give some
information about which of several decision-making factors are considered
important.

The two first places were given to the technical adaptation of the
plant size to the grid (h; and the availability of manpower which will have
to manage the whole project (j).

It is also recognized that the lower capital cost with its smaller
financial burden is attractive (b; but the project has to be economically
viable versus alternatives (d). These four factors summarize the
feasibility study and logically the financing comes at the fifth
place (a).

Provenness, readiness of designs (g) and earlier technology transfer
(1) come only at the sixth position and this seems to show that potential
buyers are rather confident in the technology and that the introduction of
nuclear power is based on an economical motivation, with the technology
transfer to contribute to the industrial development being considered only a
spin-off effect. The fact that the domestic participation (k) is in the
last position is surprising because the technology transfer can only be
obtained together witn domestic participation.

The eighth position of the short construction time (f) shows that there
is a necessity better to explain the importance of this factor in the
economic viability of a project through the reduction of the interests
during construction.

In this eighth position we find also the availability of industrial
infrastructure (j; which is considered less important than manpower
availability and together with the last position of domestic participation
can be interpreted as being considered necessary in case of a first project
only for the participation in operation and maintenance of the power plant.

The tenth position of distribution of economic risk (e) through several
small plants and better adaptation of small plants to low load growth rates
(i; shows that these factors will apply rather to industrialized countries
than to developing countries.
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The fore last position of the viability versus large plants (c)
confirms that it Is much more important that the introduction of an SMPR is
economically viable versus alternative energy sources rather than versus
larger plants which cannot be introduced In a small grid.

Although this analysis was made on only five responses the responses
seem to be logical and confirm the general statements of the SMPR Project
Initiation Study.

Annex

Questionnaire on Specific Constraints for SMPR Buyers

Country name:

Questions: Are the following items in your specific case important factors
in your decision making process? Answer "yes" or "no".

If your answer is "yes" give a classification of the items from the
most important to the less important by marking the item as of "high"
"medium" or "low" importance.

Item Yes/no Classification

Difficulty to find financing

An SMPR needs lower absolute capital,
with smaller financial burden than a
larger plant

Larger units have lower specific capital
costs per kw(e) and better economic viability
SMPR economy versus alternative energy sources

Distribution of economic risk through
several smaller units

An SMPR can have a better controlled construc-
tion schedule than a larger plane

SMPRs have in many cases non-standard design,
with provenness, licensing and availability
questions

An SMPR will better fit smaller and weaker
grids than a larger unit

An SMPR is better fit to a low load growth
rate situation than a larger unie

The infrastructure requirements which are
essentially the same for smaller or larger
plants, in particular:

- manpower availability
- industrial support

SMPRs give more limited possibilities for dome-
stic participation due to treads for shop pré-
fabrication in suppliers countries

Earlier introduction of nuclear power with
SMPRs with potential for longer i.erm
technology transfer.
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THE INTERREGIONAL TECHNICAL CO-OPERATION
PROJECT ON SMALL AND MEDIUM POWER REACTORS

J. MONTES PONCE DE LEONE
Division of Technical Assistance and
Co-Operation,

Department of Technical Co-Operation,
International Atomic Energy Agency,
Vienna

1. For more than a decade, the Agency has been performing activities to
facilitate the introduction of nuclear power in developing countries
with relatively small grids using the concept of SMPR. In 1984/85 a
study on SMPR's has been performed which resulted in identifying a
definite interest among potential suppliers and buyers. This study
gave further progress in promoting SMPR's but to carry it further
country specific case studies would be needed. To make this
possible an interregional technical cooperation project has been
established for 1986-88.

2. The primary objectives of this project are:
2.1 To identify among potential suppliers thos who are willing to

start a definite project on SMPR's;
2.2 To identify among potential buyers those who are ready to make

an initial investment to ascertain the feasibility of SMPR's.
3. The following outputs would be expected:

3.1 To have a basic engineering design of SMPR made by a potential
supplier;

3.2 To have a technical and economic specification of a SMPR to be
used by potential buyer;

3.3 To perform a pre-feasibility study in a potential buyer country
taking into account the specific characteristics of the
potential site allocated for the reactor;

3.4 To undertake a study on the licensing of the SMPR in order to
advise the buyer countries on the licensing of the reactor.

4. In order to accomplish the project the following working plans
should be established:
4.1 A review meeting of all work done in the past in the country

should be held in Vienna with 1986;
4.2 The interested suppliers should start the basic engineering

design and technical specification with enough details to allow
an economic evaluation of the plant and a licensing study;

4.3 To study the basic engineering design and technical
specification and economic evaluation;
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4.4 The countries interested in the project should start a
pre-feasibility study of the proposed plant of a specific site
within their country taking into account the characteristics of
the site from the seismotectoriic point of view and the
requirements of the specific plant;

4.5 The supplier, taking into account the NUSS guide, should prepare
a licensing study using the technical specification of the plant;

4.6 A meeting should be held to undertake a study on licensing of
the plant in Vienna.

5. Budget
5.1 From the supplier countries;

- 12 m/m engineer in Vienna to coordinate the project;

- Preparation of technical specification in the suppliers
country;

- Preparation of basic engineering design;

- Preparation of economical evaluation;
- Preparation of licensing study;
- 6 m/m of expert in Vienna for the presentation of the project

to coordinate and discuss with the potential buyers.
5.2 From the buyer countries;

- 3 m/m of expert in Vienna to coordinate the activities;
- 24 m/m of experts for pre-feasibility studies;
- Potential sites selection in the country;

- 3 m/m of expert for licensing studies.
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PANEL DISCUSSION

The theme of the panel discussion was as follows:
"If nuclear power is to be realized in Developing Countries What are
the challenges to:
(1) The suppliers
(2) The buyers
(3) The Agency
and What are the immediate tasks for the above groups".
The main opinions stressed by the panelists and coming from the

questions addressed to them were as follows:
- Concerning the Suppliers;
o They should review the present concepts derived from larger and

proven designs in order to reduce the costs without decreasing
safety and availability. The purpose of this review is to reduce
the installed kW(e) cost to bring it closer to those of larger
plants and thereby improve the economy of SMPRs versus
alternatives. In doing this they must define what is the right and
credible price, based on detailed engineering designs.

o They should develop new concepts for the longer term with the
objectives of reduced costs and easy and inherently safe operation.
The costs must again be well defined and credible. The -concept of
"small, cheap and safe" power reactors was particularly stressed.

o The offers should be clearly presented: the financial terms should
be clearly defined (payment schedule, price conditions, primes and
penalties etc.) and the scope of supply should clearly define what
is included in the offer and what is not. Often the scope of supply
is not presented with the same precision for all parts of the offer,
this should be improved. The purpose of this clear presentation is
to avoid any later overcosts. For the same purpose the technical
descriptions must be clear and homogenous.

o The authorities in a suppliers country should show a willingness to
to promote the sale of a plant and should be prepared to participate
in the financing of the project.

- Concerning Buyers:
o The first nuclear power plant project in a country's nuclear power

programme must be a success. The economical production of
electricity by means of a nuclear power plant in comparison with
other available alternatives must be a main objective. To reach
this the lowest plant cost should be obtained by the review of
design concepts, taking in account maximized suppliers
shop-prefabrication. The financial burden must be shortened by a
short and well managed construction schedule. This will, of course,
reduce the transfer of technology by local participation but this
transfer is only considered as an interesting by-effect which may be
developed step-wise through the implementation of the whole nuclear
energy programme in the country.
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o The manpower must be developed. This can be reached by
participation in training courses and fellowships in a first stage.
It is also strongly recommended to the buyers that they themselves
should conduct the feasibility study with the help of consulting
engineers and the Agency in order to improve the qualification of
manpower which will later be able to prepare bid specifications and
evaluations and take part in the project management.

o It should be clearly stated in the bid specification that the
availability and safety of the proposed plant must be as good as it
used in the suppliers country. The only way pay back the loans is
with the money obtained through selling the electricity produced in
plants having high availability.

o In the decision making process the country's authorities must take
into account the economic goals of the country and the role of
nuclear power in national priorities. Any negative change after the
programme is initiated will be expensive.

o The feasibility study should not be based only on the first nuclear
power plant but on a long term nuclear energy programme.

- Concerning the Agencyt
o The 600 MW(e) plants should be included in the SMPR definition.
o The help of the Agency is requested:

specifically in the country specific-case studies. It was
considered that the Agency should not act as a consulting
engineer but to help the buyers in the definition and analysis
of these studies.
in acting as an impresario and help arrange, find and provide
information on financing processes.
to participate in preparation of bid specifications and
evaluation of bids, helping buyers from developing countries to
keep a clear mind in matters of technology and finance.

. more generally continue to help developing Member States to get,
evaluate and classify the information on nuclear power. For
this purpose the Agency should continue to sponsor and follow
the development of SMPR designs obtained through economical
scaling down from proven designs or development of new concepts.
continue to help developing countries to improve the manpower
availability by the publication of manuals and organization of
training courses and fellowships.

. give a classification of the designs in relation to their
provenness. Given the neutral status of the Agency this would
be difficult, but the Agency can assist buyers in all steps of a
nuclear power programme through its collection and evaluation of
information as described above.
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CONCLUSION

From the presentations given during both meetings and related panel
discussions the following conclusions and recommendations regarding the
future work plan of the Agency can be drawn as follows:

The general study initiated in the first phase of the project
initiation study can not be pursued without better knowledge of costs and
analysis of the specific constraints. There is no universally valid
classification of decision making factors. As the costs of a power plant
are heavily related to the site conditions and as the alternative energy
sources are specific to the buyers country the only way for future work
will be country specific-case studies. The future work plans of the
Agency are therefore to define what a case study should be and to assist
requesting Member States in the implementation of these case studies.
This could be done through an Interregional Technical Co-operation
Project. This project should involve potential buyer countries,
interested suppliers and the Agency. It should be based on designs ready
for bidding and for different site conditions (sea or land transport of
components, seismic conditions, hydrology and soil data among others).
In addition to overall energy and electricity demand and supply planning,
a case study will include economic and financial analysis, the assessment
of infrastructure requirements and identification of possible
constraints, the evaluation of possible domestic contributions, a
pre-feasibility study, a safety review and the analysis of regulatory
requirements.

In its current work the Agency should continue to sponsor and follow
all new technological developments, to collect information on the main
constraints against introduction of SMPRs and continue to implement
manpower availability through training courses and fellowships.

103




