World Nuclear Association Annua Symposium
4-6 September 2002 - London

Nuclear Renaissance: A View From Russia

N.N. Ponomarev-Stepnoi and A.Y u. GagarinsKi

The firg nuclear dectricity obtained in a US laboratory in 1951 and the first
nuclear power plant built in the Soviet Union in 1954 both marked the beginning
of the eraof the peaceful atom.

In the years since then, a huge amount of knowledge and technologicd experience
in the development, condruction and operation of nuclear power ingalations of
various types, as well as of nuclear fud cycle enterprises, has been accumulated.
The totd number of nuclear power ingdlations built in Russa done exceeds five
hundred, with the mgority of them representing the light-water reactor concept —
the most widely developed in the world.

Scientits and designers have condderably extended the limits of the reactor
fecility parameters. reactors with unit capacities up to 1500 MWe have been
developed and implemented; nuclear reactor uses for heat supply and water
dedination have been tested; nuclear facilities with direct energy trandformation
have been developed; the posshility of the long-term autonomous operation has
been proved (in space); the excdusive resdibility of the reactor ingdlations to
percussve loads has been demondrated (on sea); and unique fued compostions
and reactor materiads which have proven their ability to work at temperatures up
to 3000 K have been created.

Two phases can be clearly distinguished in world nuclear energy devel opment.

The fird phase — which is dill continuing — is a phase of evolutionary
development of nuclear technologies initidly created for military purposes, based
on themd reactors udng reatively chegp uranium and the once-through fud
cycle. This phase has demondrated the possibility and advantages of the industrid
use of nuclear power.

In the fidd of nuclear energy production, some countries have resched a
convincingly enhanced competitiveness thanks to improved NPP operating
parameters, and, in particular, capacity factors. In the United States, hdf of its
three-fold growth of nuclear eectricity production in the last 20 years was
achieved as a reault of these factors. Similar processes have also been developed
in recent years in Russa, where a 30% nuclear generation growth at the country’s
operating NPPsis equivaent to the commissoning of five 1000 MW units.
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A lage stientific and technologica reserve has been crested in the fidd of
advanced reactor sysems and fud cycles including those making possble
effident utilistion of accumulated plutonium. Posshilities for uranium and
thorium fue cycles with extended breeding have dso been sudied, thus paving
the way for the use of practicdly unlimited fud resources At the same time,
Russa is the only country in the world which operates a commercid fast neutron
reactor.

The current phase of nuclear power development has confirmed the viability of
nucleer energy. The key technica problems have been identified. The principd
ways of their solution are dready known, and, after their implementation in this
century, the beginning of the new phase of nuclear energy use — large-scale
nuclear power development — will become possible.

Its oecific features are;
use of nuclear reactors having practicaly no fud resource limits;

economic competitiveness due to the reduction of NPP condruction and
sarvice codts, high efficiency of the nuclear fuel and long operation lives,

eimination of severe accidents with radioactive reeases, which would require
the population’ s evacuation — mainly usng the inherent sefety systems,
environmentdly safe dosng of the nudear fud cyde incduding the burning
and transmutation of actinides and hazardous long-lived fisson products.

Russian re-estimation of therole of nuclear energy

Following the occurrence of a long-expected event in the Russan economy in
1999 — the dgart of growth in energy demand (after a 15-year decrease) — in the
coming years another important change in the economy is expected: Russa, for
the firgt time in the recent decades, will face a growing dectricity deficit.

The dructure of Russan primay energy production and consumption is
consderably biased towards natura gas (about 49%), with a much lower rate of
cod use (14% in production and 19% in consumption) and of oil use (33%
production and 22% consumption). Nuclear, with hydro and other renewables,
provides only 10% of national consumption. At the same time, in 2000 Russa
exported 60% of its national energy resources.

Certanly, in the coming decades, the Russan energy infrastructure — as wel as
the globd one — will gill be based on fossl fuds and traditiond energy
technologies.

However, today’s ‘pre-criSs dtuation in the Russan fud and energy complex —
masked until recently by fdling consumption — is just the result of the previous
long phase of rgpidly growing extraction and consumption of the country’s
abundant energy resources, when for many years funds were invested in
devdoping the power industry without sufficient reproduction of the
infragtructure.
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Russas natura resources represented a sort of a hampering factor in its
development and prosperity, making it possible to goply the 'easy’ decisons in
difficult gdtuetions, i.e. relying on the extraction of resources and increases in
consumption.

No new cheap fossl fud resources should be expected in Russa in future. The
rate of codt-effective exhaudion of reserves at the country's exploited oil deposits
has exceeded 50%. The times have passed when giant deposits were found which
provided both growth of reserves and decresse of prospecting and extraction
costs. The growth of proved reserves in recent years does not cover the current ail
extraction.

Basic gas deposits in Western Siberia have reached the stage of decreased output
and ae more than hdf exhausted. In order to mantain only present extraction
output for the period to 2020, as a minimum, a three-fold increase of investments
in the development of new gas depodts in the circumpolar zone and a the
northern shelf would be necessary.

Projected decreases in naturd gas extraction in Russa, as wel as the
'degadfication’ of the power industry, which has dready darted, will require
dternative sources to cover the ggp in the primary energy resource base,
epecidly cod. However, cod is actudly a regiond fud resource, and congraints
on the &bility to get it to the European region of Russa will inevitably conflict
with the posshilities provided by the trangportation system, resulting in the
trangtion to other kinds of fuds. Moreover, growth in cod consumption will
strongly depend on evolving environmenta redtrictions.

The increasing rate of exported fossl energy resources (which could be further
promoted by their partid subdtitution in national energy consumption) is another
very important feature of the Russan fud and energy complex. It should be noted
that in the case of a condderable increase in exports, the potentia for a cridgs
impacting the country’s economy would become much gronger. In the next two
decades, the increase of Russan suppliesto externd markets should be restrained.

The underdanding of the need to goply anti-criss measures to the country’s
economy — both by government leaders and by the science and industry dlite — has
led, at the turn of the century, to a considerable re-estimation of the role of nuclear
energy, which, previoudy, had been severdy redraned both by the economic
Stuation and by post-Chernoby! political pressure.

It is now generdly recognised that, in the short term, nuclear power — which has
guaranteed fuel resources for the coming decades even on the base of the currently
avallable technologies — may become a stabilizing factor in the power industry,
operating, moreover, in an environmentaly safe manner.

The firg results of this reconsderation of nuclear power policy can be indicated
dready:
The improvements in the use of exising capacities referred to aove has made
it possble in just three years, to increese annua generation by 30 hillion
kWh;
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In 2001, for the firg time in the last eight years, a new nuclear unit was
commissioned in Russa, thus opening the way to an expected series of plant
completions on nuclear congruction stes which had been hdted by Chernobyl
and economic didocation in the pog-Soviet period. Work on another nine
gtesis underway, with the target of launching the new units by 2010;

For the firg time in the Russan nuclear indudry, a 5-year operding life
extenson licence (with the posshility of a 15year extenson) was granted,
and smilar work is underway for ancther nine units;

Five 1000 MW units are being built abroad;

Work on the new projects has been darted: the fast neutron reactor BN-800
and the floating smd| co-generation plant, based on nava nuclear reactors.

Quite gpart from the feashility of these plans and the projections of the further
developments, it should be noted that the politicd will of the country’s leaders to
devedlop nucler power has been demongrated both by their internationa
datements (a& the UN Summit) and by the government's own progranme
documents (‘Strategy of the Russds nuclear power development in the firgt half
of the XXI century").

The adoption of the portfolio of the Russan laws amed a legdisng services for
the storage and reprocessing of foreign nudear fud — which was without doubt a
difficult political decison for the country’s leeders — is indicative of a serious and
long-term recognition, a the highet Russan governmenta levels, of the need for
the development of nuclear power.

The new US eneagy doctring, which practicdly coincided in time with Russas
reconsderation of its nuclear strategy, and which consders nuclear energy as 'a
magor naiond policy component, has made it objectivdly possble to intensfy
rapidly cooperation between the two ‘pioneers of the nuclear erd in the area of
the long-term use of nuclear energy. This hagppened immediady &fter the May
mesting of the two countries presidents.

The joint group of experts crested a the presdents ingigation has recently
submitted to the two presidents its proposals for cooperation between the United
Staes and Russia in the fidd of advanced nuclear reactor and fud cycle
technologies, as a pat of a joint drategy amed a improving energy reliadility, as
well as the economies of the two countries.

Theglobal nuclear future

The dmilaity of the near-teem Russan and US nucdear energy plans is wel
known. They are based on the advanced pressurized water reactors (AP-1000 and
VVER-1000 and -1500, respectively) and a common interes in high-temperature
gas-cooled reactor technology. According to some estimates, given government
support and appropriate economic conditions, nuclear power could meet up to
50% of US and 40% of Russan dectricity demand by 2050.

Strategic perspectives — in the form of promisng internationd programmes — are
being deve oping independently at the moment.
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Russan specidigs paticipate in the INPRO project initisted by Russa in the
IAEA and having the god of '‘uniting the producers and usars of nuclear
technologies from dl the member countries in order to jointly condder the
measures which should be teken a the internationd and naiond levels for
redisation of innovaive nuclear reactor and fue cycle gpproaches, ensuring
competitiveness and security based on inherent safety systems, as wdl as reducing
the risk of nuclear arms proliferation and negeative impact on the environment..

At the same time, severd countries, following the initiative put forward by the US
Depatment of Energy within the framework of the programme 'Generation IV
Internationd Forum' (GIF), are exploring the possbility of creating reactors
cgpable of ensuring a compdtitive cost for dectricity, minimisng the risk of
accidents involving core destruction, reducing the financid risks of invesments in
NPP congruction and of enhancing the resdibility of nuclear energy to nuclear
proliferation. The programme provides for the development of severd nuclear
power sysems suitable for implementation in both developed and deveoping
countries starting from 2030.

The IAEA international project INPRO and the GIF project are not a dl
contradictory; on the contrary, they are mutualy supportive and — taken together —
cover the main gods of short- and long-term nuclear energy development, the
cregtion of large NPPs for large power systems, as well as autonomous low- and
medium-capacity sources of dectricity generation and nuclear fuel cycle facilities.

Thee projects, in ther devdopment of new nucdeaxr energy technology
complexes, will certainly help to reduce the pressures caused by limited oil
production capacity, for example, through the use of high temperature nuclear
technologies for generating hydrogen (‘nuclear hydrogen energy’), and dso
through water desdination.

The posshilities for a Rusdan contribution to world nuclear development are
illugrated in Table 1, which compares the reactor concepts sdected for further
dudy within the GIF framework (by June 2002) with the avalable Russan
technological experience. It can be seen that dl the preconditions exist for
cooperation in the fidd of long-term nuclear energy development, innovative
nuclear reactors and fuel cycles.

Accumulated world experience provides the bass for the feashility of large-scde
globd nucler power devdopment. Now is the time for the mgor nuclear
countries to develop a joint initigtive that will define the new nucdear era and
assure the extended use of nucear technologies which will indeed contribute to
globd energy security.

These countries should join efforts in developing a fud cycle sysem for the future
that can be shared with the deveoping world by usng reactor-lease agreements
and cradle-to-grave supply contracts.  This could reduce the increasng globa
competition for finite resources and dependence on ungtable energy exporting
regions, and dlow the non-nuclear weapon dates to share in the consumption of
nuclear warheads and the beneficia use of other by-product meaterids left over
from the Cold War.

© World Nuclear Association 2002 5



Nuclear Renaissance: A View From Russia

For the long term, the idea of creating a limited number of large nuclear fud cycle
centres, based on the technological experience of the leading nuclear dHates,
should be consdered. These centres could manufacture nuclear equipment and
fud, as wdl as cary out leesing-based supply to other countries throughout the
world, with the by-products being returned for processng, leading to conditioning
and minimisaion of waste The nuclear energy technology complexes in these
large nuclear centres would be subject to internationa control.

Such an approach to the organisation of the globa nuclear infrastructure, in our
opinion, would completdy satisfy requirements for preventing nucear ams
proliferation, while keeping access to nuclear energy sources open for all
countries of the world.

Mog of the energy industry's drategic problems have a long-term character. The
adility of private invesment to provide long-term solutions is limited because of
their globa character and the existence of the high economic risks, especidly in
light of the current trend towards globdisation of the energy sector. Only
governments can formulate policies and invest in the technologies necessary to
manage these risks over the long term.  The creation of an invesment climate
which supports private capitd's involvement in the solution of energy problems
will be an important part of these policies.

Free market mechanisms ensure efficient use of current resources, but they do not
guarantee sudainable devedlopment for future growth in energy needs. In the
twenty-fird  century, mankind will live in conditions of swift technologicd and
socid change. In order to ensure sustainable world-wide development, large and
long-term  capitd  investments in the globd infragtructure (beginning with the
energy infrastructure) will be required to support globa economic growth.

It will be necessary not only to overcome limitations in globa resources, but adso
to develop nationd and world energy development srategies that will ensure the
sustainability of energy supply systems and the flexibility of nations to reect to the
continuous changes in the technologicd and economic Stuation expected over the
next century.

To achieve this the leading powers must creste a stable energy nucleus which is
less sendtive to the dedtabilisng factors in world energy. From the exigting
technologicd options, nuclear energy best satisfies these requirements.  Nuclear
energy could play a dtabilisng role in periods of trandtion and in crigs Stuations
thanks to the high level of independence in the character of sSze of the nuclear fud
extraction and production infrastructure. The proportion of nuclear energy in the
totd fud and energy complex, and even in dectricity production, is not very
large, but it may turn out to be important for energy resource price dabilisaion
and for economic development as a whole. The development of nuclear energy
requires condderable long-term investments, but in the long term, ther efficency
will grow Steedily.

Given the events unfolding a the gart of the new millennium, and some 50 years
after the Eisenhower Atoms for Peace Programme, a new Atoms for Peace and
Prosperity programme could now be launched.
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Such a proposal was, in fact, included in the joint report prepared by the Sandia
Nationd Laboratories (USA) and the Kurchatov Inditute (Russa) for the May

Summit of the US and Russian presidents.

Table 1. International project Generation-1V
and Russian technology experience

GENERATION-1V
(June 2002)

RUSSIA

Thermal systems

Supercritical Water-Cooled Reactor:

1700 MWe. 20 years of R&D, including the

500°C outlet temperature. reactors with variable neutron

Efficiency near 45%. spectrum, with up to 1800 MWe
capacity.
Works stopped at the beginning of
the 1990s.

Very High-Temperature Reactor:
600 MWe. 30 years of R&D.
> 900°C outlet temparature. Existed an operationa prototype with

1250°N fuel temperatures.
Solid graphite block core based on
GT-MHR.

outlet temperature of 3000 E.

NPP technical projects (ABTU-50,
VG-400 with temperature of 950°N).
International GT-MHR project is
being devel oped.

PBMR development is supported.

Molten Salt Reactor:

Fud — liquid Li, Be, Th, U fluorides.
1000 MWe.

low pressure (< 0.5 1D4) and high
temperature (> 700°N).

30 years of R&D, including fluoride
technologies, physics and chemistry
of the molten sdt fudl, loop and
reactor tests, etc.
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Fast systems

Sodium-Cooled Reactor with Advanced Recycle Technology:

150 to 500 MWe.
Metd fud with metalurgica recycle
Or 'pyro'-process.

50 years of R&D, several reactor
prototypes.

20 years of operating a BN-350 plant
with desdination.

In operation: the world's only
commercial NPP with fast BN-600
reactor. Under construction: NPP
with BN-800 reactor.

Development of BN-1600 reactor
was stopped in 1992.

Research, development and reactor
tests both of the traditiona oxide fuel
and the 'dense’ fuel (metallic, based
on carbides and nitrides).
Gas-fluoride and chloride technology
of the fuel pyro-chemica processing
reached the stage of pilot facilities.

Fast Lead-Bism

uth-Cooled Reactor:

120-400 MWe.
540 to 750°N outlet temperature.

30 years of R&D, existed operationa
prototypes with total operation time
of 80 reactor years.

Fast Gas-Cooled Reactor:

600 MWth / 288 MWe.
& — coolant.
48% efficiency.

20 years of R&D.
Works stopped at the beginning of
the 1990s.

Fast L ead-Cooled Reactor:

No proposals.

15 years of R&D.
Technical design of the
demongtration unit is being
devel oped.

Small systems

No proposals.

40 years of R&D. Hundreds of
existed and presently operating ship
facilities with water-cooled reactors.
Severa NPP prototypes, including an
operationa one (Bilibino).

About 20 NPP designs with water-
cooled and lead-bismuth reactors.
Congtruction-ready design of a
floating NPP with KLT-40 reactor.
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