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The NEA’s Mission Statement:

To assist its Member countries in maintaining
and further developing, through international
co-operation, the scientific, technological and
legal bases required for a safe, environmentally
friendly and economical use of nuclear energy
for peaceful purposes, as well as to provide
authoritative assessments and to forge common
understandings on key issues, as input to
government decisions on nuclear energy policy
and to broader OECD policy analyses in areas
such as energy and sustainable development.
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Among the challenges facing the OECD in this day and age of aspiring economic globalisation
and sustainable development, is the prospective role that nuclear energy could play in meeting
future broad energy and environment objectives of its Members.As part of this process, a high-
level advisory group on nuclear energy has delivered recommendations to the OECD Secretary-
General regarding the future role of the Organisation in this area.One of the results has been to
develop a Strategic Plan for the NEA.

The NEA’s first Strategic Plan* will serve as a fundamental tool for guiding the work of the Agency
in the coming years including goals, priorities, methods of work and products. This Plan also
addresses the adjustment of the structure of NEA bodies toward efficiency objectives.

On the basis of its new Strategic Plan, the NEA will aim at fulfilling three major objectives,
namely:

● to provide Member countries and other parts of the OECD with nuclear policy analyses
based on its technical work;

● to offer a forum for information and experience among Member countries and for promoting
international co-operation;

● to create a centre of nuclear competence which helps Member countries pool and maintain
their technical expertise and support their nuclear policies.

Another new and important feature of the Strategic Plan is how the NEA could improve its
interface with industry. In addition to responding to the needs of Member country governments,
the NEA also recognises the important role of industry as a major stakeholder in nuclear energy
matters, and the need to benefit from industrial expertise and experience.Furthermore, exchanges
of technical contributions, excluding that of regulation, between key industry players and the NEA
can be mutually beneficial.

The NEA Strategic Plan is aimed at helping to meet the evolving needs of its Members.
Governments have traditionally played a major role with respect to research and development
in the energy sector in general and specifically in the nuclear field.Many nuclear issues, such as
safety, liability, waste and public information, have an international dimension. In addressing
these issues, governments can benefit greatly from authoritative international assessments, and
increased international co-operation to maintain nuclear expertise, and a sound scientific and
technical infrastructure.

* A free copy of The Strategic Plan of the Nuclear
Energy Agency is available from the Secretariat.

The NEA Strategic Plan



Nuclear power and
greenhouse gas emissions

At the end of 1998, there were
437 nuclear reactors being oper-
ated in 32 countries globally, with
a total capacity of 352 GWe
(Gigawatt-electrical), some 86%
of the world’s nuclear power
capacity is located in 16 countries
of the OECD. In 1998, nuclear
power plants generated 2 276 TWh
(Terawatt-hours), which accounted
for 17% of the electricity produced
world-wide and 24% in OECD
countries. The shares of nuclear
power in total electricity supply
exceeded 25% in 17 countries.

Nuclear power already contrib-
utes to lower the carbon intensity
in the energy sector. A compre-
hensive analysis of greenhouse gas
(GHG) emissions from different
electricity generation chains shows
nuclear power is among the least
carbon intensive generating tech-
nologies, emitting only about
25 g of carbon dioxide equivalent
per kWh (gCO2 equiv./kWh) as
compared with some 450 to
1 250 gCO2 equiv./kWh for fossil
fuel chains.1 Assuming that the
nuclear units in operation have
substituted for modern fossil-
fuelled power plants, the reduc-
tion of carbon dioxide emissions
from the electricity sector amounts
to about 17%.

A comparison of the CO2
intensity, based on emissions
from electricity and combined heat
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The circumstances
surrounding nuclear

power globally and the
potential impacts of

various issues affecting
its future suggest several
different paths to follow

over the next 50 years.
The NEA, as part of its

programme on long-term
prospects for nuclear

power and its
implications on climate
change, has conducted a

review of three potential
developments of nuclear

energy, identifying
leading conditions,

related challenges and
consequences.  
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E. Bertel ,  I . Vera*

Three alternative
nuclear paths to 2050

E
conomic deregulation,
lack of competitive-
ness in some countries,
public concerns about

issues such as waste management
and nuclear proliferation suggest
that nuclear power might decrease
progressively with a potential
phase-out of the technology in
the long term. Conversely, rapid
growth in electricity demand
world-wide and increasing con-
cern over environmental degrada-
tion coupled with timely solutions
to problems affecting nuclear tech-
nology today may allow a conti-
nuing penetration of nuclear
power into the electricity market.
A third alternative may be a pro-
gressive reduction in nuclear gene-
ration throughout a mid-term
followed by a dramatic revival
once nuclear advantages are
recognised.

It is important to note that these
nuclear paths illustrate possible
but not predictive futures, depend-
ing on specific conditions and fac-
tors affecting nuclear develop-
ment. The analysis of the
implications resulting from these
possible developments illustrates
the potential contribution of
nuclear power in alleviating the
risk of global climate change.

* Dr. Evelyne Bertel and Dr. Ivan Vera are
members of the NEA Nuclear Development
Division.



generated in 1995 in selected
countries, illustrates the nuclear
contribution. In countries with no
nuclear power, such as Australia
and Denmark, the CO2 emissions
per person are several times
greater in magnitude than the
corresponding CO2 emissions in
countries with large nuclear
shares, such as France, Sweden
and Belgium (Figure 1).

Other benefits with regard to
the environment are related to the
fact that the nuclear electricity gen-
eration chain does not release
gases or particles that cause acid
rain, urban smog or depletion of
the ozone layer.

Alternative nuclear power
developments

The three different potential
nuclear power developments which
have been considered by the NEA
are illustrated in the table below
and in Figure 2. They are not
intended to reflect the extremes of
all possibilities:

• Path I, “phase-out”, assumes
that nuclear power would be
phased out completely by 2045.

• Path II, “continued nuclear
growth”, assumes that nuclear
power capacity would grow
steadily, reaching 1 120 GWe
in 2050.

• Path III,“progressive reduction
followed by revival”, assumes
early retirements of nuclear
units in the short term (to 2015)
followed by a revival of the
nuclear option by 2020 leading
to the same nuclear capacity in
2050 as in Path II.

The global energy demand sce-
nario adopted as a basic context
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Fig. 1: CO2 emissions per capita from electricity, combined
heat, power generation and nuclear share in 1995

Australia

Denmark

Netherlands

Belgium

Sweden

France

Tonnes of CO2 /capita.

Nuclear share in electricity generation in %.

Nuclear Path 2000 2010 2020 2030 2040 2050

Three paths of world nuclear power capacity (GWe)
up to 2050

I. Phase-Out 360 354 257 54 2 0

II. Continued nuclear 367 453 569 720 905 1 120

III. Reduction followed
by revival 355 259 54 163 466 1 120 

for establishing the three nuclear
paths is Case C of the 1995 Inter-
national Institute for Applied Sys-
tems Analysis/World Energy Coun-
cil (IIASA/WEC) study “Global
Energy Perspectives to 2050 and
Beyond”.2 In this “ecologically dri-
ven” scenario world primary energy
demand would reach some
586 exajoule (EJ)  per year
(14 000 Megatonnes of oil equiva-
lent, Mtoe) in 2050, and electric-
ity consumption would reach
some 23 000 TWh.

Path I: Nuclear phase-out
This path assumes that no new

orders would be placed for
nuclear power plants. Only the
units already under construction
would be completed. All units
would be decommissioned after
40 years of operation (or less for
the units for which an earlier shut-
down has been announced
already). Under these assump-
tions, all nuclear units would be
retired by 2045. In Path I, nuclear

0        10       20      30      40       50      60       70       80

0.O    1.0     2.0     3.0     4.0     5.0     6.0     7.0     8.0



electricity generation in the
world would increase slightly
to 2 370 TWh in 2005, as plants
that are under construction are
completed, and decrease steadily
thereafter to zero in 2045. Path I is
not the lowest extreme of nuclear
power evolution that could have
been considered. For example,
existing nuclear units might be
retired earlier than assumed in this
path.

This represents the path that
some countries seem to be follow-
ing given the very high rate of
expected retirements and the
absence of plans for new orders
in the next 10 to 15 years. In fact,
in OECD countries only Japan and
Korea have firm plans for adding
new nuclear capacity through
2015, although Finland and Turkey
are also considering reactor orders.
Countries with important nuclear
programmes such as the United
States, the United Kingdom, and
Sweden are already planning for
many of their nuclear plants to
retire by 2015. The cumulative

number of nuclear plants retiring
by 2015 in OECD countries has
been reported as 102 out of
358 currently operating.3 Retiring
capacity is about 58 GW out of 301
(19%) (Figure 3).

Circumstances negatively affec-
ting the future of nuclear power
include: lack of economic com-
petitiveness in many countries,
and concerns about radioactive
waste, safety and nuclear prolif-
eration. If these circumstances per-
sist, the chances are high for a
continued progressive decline in
nuclear capacity toward a com-
plete phase out by 2050. Never-
theless, it is difficult to imagine a
complete phase out in several
countries (e.g. France, Japan)
which are highly dependent on
nuclear power and which lack
domestic fossil fuel and renew-
able energy resources.

Increasing the use of fossil fuels
for electricity generation will make
it more difficult to meet the Unit-
ed Nation Framework Convention
on Climate Change (UNFCCC)

objectives to reduce GHG emis-
sions. In Path I, the avoided GHG
emissions per year resulting from
nuclear electricity generation
would remain at around 1.8 Giga-
tonne per year (Gt/y) until 2010
and decrease to some 0.8 Gt/y in
2025 and to zero in 2045. The
trend toward reductions in GHG,
Nox and SOx emissions observed
in many countries with nuclear
programmes would most likely be
reversed. Consequently, higher
levels of emissions per person and
per MWh generated would be
expected, depending on the mix
of fossil-fuelled technologies used
to substitute for nuclear.

The consequences of a com-
plete phase-out nuclear path
would be increasingly translated
into difficulties in meeting policy
goals relating to supply security,
fuel diversity and environmental
protection.

Nuclear energy would have to
be replaced mainly by fossil fuels
since the contribution from renew-
ables would be limited, at least inN
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Fig. 2: World nuclear electricity generation
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the medium term. In the short
term, the most likely substitute fuel
for nuclear power would be nat-
ural gas. Countries with low
domestic fossil fuel resources
would be forced to import even
higher levels of fuel. Increasing
demand for fossil fuels would put
pressure on international markets.
Large increases in gas demand
would not only raise concerns
about gas price escalation but also
about security of energy supply
as gas reserves are not evenly dis-
tributed in the world. In fact, over
70% of the 1996 world natural gas
reserves are in countries of only
two regions – the Former Soviet
Union and the Middle East (15%
in Iran). Any signs of instability in
these regions could translate into
disruption of supplies. Already,
there are over 40 countries that are
net importers of natural gas; some
of them, including Japan, France,
Italy and Germany, depend on
imports for over 65% of their con-
sumption.

Renewable energy sources are
unlikely to contribute substantially
to the total electricity supply at
least out to 2025. The 1995 share

of renewable energy (excluding
hydroelectric power) in world-
wide electricity production was
only 0.4%.4 The International Ener-
gy Agency (IEA) is expecting this
share to increase only to about
0.9% by 2020. The OECD region
where most of the nuclear reac-
tors will be retired is already fair-
ly saturated with respect to hydro-
electric power. In fact, the share
of hydroelectric power with res-
pect to total electricity generation
in the world is expected to
decrease from 19% in 1995 to 15%
in 2020.

The conflicting trends of dimini-
shing emissions and phasing out
nuclear may imply that some
countries will have monofuel elec-
tricity sectors. If coal and oil con-
tinue following reducing trends,
many countries will have to
depend almost entirely on natural
gas. Nevertheless, in the long term
(after 2025), substitutes for nuclear
power could include, in addition
to gas-fired plants, coal-fired
power plants based on advanced
“clean coal” technologies and
economically competitive renew-
able energy sources.

■ Three alternative nuclear paths to 2050

Fig. 3: Cumulative nuclear capacity retirements
in OECD countries (as expected in 1997)
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* Not all OECD countries have reported their retiring capacity for the year 2015.

Retiring capacity (GW
e)

2000 2005 2010 2015*

Number of units
Capacity

Path II:  Continued
nuclear growth

The continued nuclear growth
path assumes that nuclear power
programmes would expand in
countries where nuclear units are
in operation already and would be
launched in countries (1 OECD
and 15 non-OECD) which curren-
tly are planning to construct
nuclear units by 2010-2015.
Nuclear units reaching retirement
would be replaced by new nuclear
units. As a result, nuclear power
capacity would grow steadily, but
not at a very high rate because
total energy and electricity
demand growth rates are moderate
within the energy demand sce-
nario adopted. Nuclear electricity
generation in the world would
reach 7 850 TWh in 2050 as com-
pared with 2 312 TWh in 1996.
In 2050, nuclear would supply
some 12% of total primary energy
demand and some 35% of total
electricity consumption, as compa-
red with some 7% and 17% world-
wide in 1996.

Circumstances affecting nuclear
power negatively would need to
be changed for this growth path
to continue into the future and the
changes would have to occur in
the near-term. The industries and
governments in countries with
nuclear programmes or with plans
to develop nuclear programmes
would be challenged to maintain,
or to create the conditions that
would permit the progressive
penetration of nuclear power in
their electricity markets. In parti-
cular, it would be necessary to
ensure that nuclear power impro-
ves its economic competitive posi-
tion relative to alternative energy
sources. In addition, issues related
to the safe operation of nuclear
reactors and the final disposition
of nuclear waste would have to be
addressed at a level that would
satisfy the public in general.

Rapid growth in electricity
demand world-wide coupled with
increased environmental concerns,



particularly with respect to climate
change, could enhance the chances
for nuclear growth. Recently, there
have been some signs of a renewed
recognition of the benefits that can
be derived from nuclear power in
the areas of environment and
security and diversity of supplies.
For example, the US Department
of Energy released in the spring
1998 a Comprehensive National
Energy Strategy that stresses the
importance of continued reliance
on nuclear power as the largest
source of emission-free electric-
ity.5 In the UK a 1998 report
released by a government com-
mittee on energy policy indicated
that nuclear energy should not be
ruled out in this country’s energy
future.6 There is interest in Finland
to build a fifth nuclear power unit
in order to secure economic
growth while complying with inter-
national agreements on cutting
greenhouse gas emissions. A gra-
dual change in Finnish public
opinion has accompanied the
ever-increasing electricity demand
and a growing awareness of the
environmental draw-backs of fos-
sil fuel. A decision is scheduled to
be reached sometimes in 1999.

The consequences with respect
to security and diversity of supply
are evident. Assuming a 35%
nuclear share in total electricity by
2050, many countries would enjoy
more diversified electricity sectors
with respect to supply, and less
dependency on fossil-fuels.

GHG emissions (expressed as
CO2 equivalent) avoided annually
as a result of Path II would reach
some 6.3 Gigatonnes (Gt) by 2050.
GHG emissions avoided cumu-
latively to 2050 would be near
200 Gt. The factor of four reduc-
tion in GHG emissions from Path II
(continued nuclear growth), rela-
tive to Path I (nuclear phase-out),
highlights the significant role that
an expanded use of nuclear energy
could play in helping to reduce CO2
emissions.

A reduction should also be
expected in other types of emis-
sions such as SOx, NOx and parti-
culate in countries with increasing
nuclear shares, and, as a result,
less severe measures would be
needed in non-nuclear sectors in
order to achieve policy goals. The
situation would be similar to the
experiences of countries which
have developed large nuclear pro-
grammes in the last 20 years. For
example, in France, sulphur diox-
ide and particulate emissions from
the power sector were reduced by
factors of nine and ten, respec-
tively, between 1980 and the mid
1990s, while electricity generation
roughly doubled during the same
period.

The projected levels of nuclear
power development in Path II
imply high consumption of nuclear
fuel. At present, nuclear reactors
are fuelled mainly with uranium
and, in some cases, with recycled
plutonium. Through the medium
term, fuel from surplus defence
inventories will be able to comple-
ment existing sources of civil fis-
sile material. In the long term,
thorium could become an addi-
tional natural resource for fuelling
nuclear reactors, although thorium
burning reactors would have to
be developed and breeders could
make nuclear power an essentially
renewable energy source, through
the replacement of fissile material
consumed. In general, natural
resource levels, civil and surplus
defence inventories, technological
means and industrial capabilities
are expected to be adequate to
meet required resources arising
from this path up to 2050.

Natural uranium requirements
arising from Path II would depend
on the fuel cycle strategy adopted.
Assuming that reactors would be
operated on the once-through
cycle, and that enrichment plant
tails were to remain at present
levels, annual natural uranium
requirements would grow from

less than 60 000 tonnes of urani-
um per year (tU/y) around the
year 2000 to 175 000 tU/y in 2050.
Those requirements exceed both
the present level of production of
fresh uranium (around 36 000 tU/y
in 1996) and the production capa-
bility expected by 2010 (about
66 000 tU/y). However, demand
growth would likely stimulate an
expansion of production capacity,
as was the case in the late seven-
ties. Also, at present, uranium sup-
ply is met partly by drawing from
excess civil and surplus defence
inventories, and this is expected to
continue in the coming five to fif-
teen years. In particular, disman-
tling of nuclear weapons would
provide an additional supply of fis-
sile materials for power reactors.

Cumulative uranium require-
ments in Path II would reach
5.6 million tonnes of uranium in
2050 if all reactors were oper-
ated following current fuel cycle
strategies throughout the period.
With these requirements, pres-
ently known uranium resources
(4.5 million tonnes U) would
not be sufficient. However, the
cumulative uranium requirements
would be far below the current
estimation of total conventional
resources recoverable at less
than US$ 130/kgU (16.3 million
tonnes U)7 and it could be expected
that additional exploration effort
would considerably increase con-
ventional resources.

On the demand side, uranium
consumption per kWh can be
reduced by:8 increasing fuel burn-
up, lowering enrichment plant tails
assays and recycling plutonium
and uranium recovered from
reprocessed spent fuel. The com-
bined effect of lowering tails
assays and recycling could reduce
cumulative uranium requirements
by more than 30%.

If all reactors were oper-
ated on the once-through fuel
cycle, spent fuel arisings would
increase steadily reaching nearlyN
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19 500 tonnes of heavy metal per
year (tHM/year) by 2050, i.e. more
than twice the 1995 annual spent
fuel arisings (around 9 300 tHM).
Assuming, however, that all spent
fuel from light water reactors
(LWR) were reprocessed and recy-
cled in LWRs accepting up to 30%
mixed oxide fuel (MOX) in core,
annual non-reprocessed spent fuel
arisings in 2050 could be reduced
to around 5 000 tHM/y (Figure 4).
The introduction of fast reactors
could reduce even further the
accumulation of non-reprocessed
spent fuel and of plutonium in
excess of hold-up inventories at
reactors and fuel cycle facilities.

Possible constraints that may be
faced in Path II include: the rate
of construction of new nuclear
plants, the level of required invest-
ments and siting limitations.

In Path II, nuclear power capac-
ity would more than treble
between 1995 and 2050, reaching

1 120 GWe in 2050. Taking into
account the replacement of nuclear
power plants at the end of their
lifetime, the nuclear plant capacity
to be constructed yearly in this
Path would be up to 35 GWe in
the period 2010-2050. This rate of
construction would far exceed
that which has been experienced
recently. However, past expe-
rience has shown that this con-
struction rate is achievable. At the
country level, with 47 countries
assumed to have nuclear units
in operation by 2040-2050, the
global construction rate (35 GWe
per year) would correspond to less
than 1 000 MWe per year in each
country.

The investment requirements for
the construction of the expected
nuclear capacity and associated fuel
cycle facilities in this continued
nuclear growth path are consid-
erable. Potential constraints in
raising the required funds include
the perceived financial risks to

investors and the need for ade-
quate rates of return on energy
investments. In the case of devel-
oping countries, the imple-
mentation of the nuclear power
programmes would require
international co-operation. Such
co-operation agreements have
been successfully implemented
already in some countries, inclu-
ding China and Romania.

Siting of nuclear power plants
and fuel cycle facilities may be
a constraint since some coun-
tries might have difficulties in find-
ing adequate sites meeting the
seismicity characteristics and cool-
ing capacities required for nuclear
units. Nevertheless, most countries
that are operating or planning to
construct nuclear power plants
have enough sites, or capacity
on existing sites, to allow them
to increase significantly their
installed nuclear capacity. New
reactor designs, especially small
and medium-sized reactors with
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■ Three alternative nuclear paths to 2050  

Fig. 4: Non-reprocessed spent fuel arisings in path II
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passive safety features and very
low risk of off-site impact in case
of accident, would increase the
number of sites suitable for con-
structing and operating nuclear
units.

Path III: Progressive
reduction in nuclear
generation followed
by revival

In Path III it is implied that a
combination of energy price struc-
tures and a lack of public confi-
dence in nuclear energy would
render difficult the continuance of
commercial nuclear programmes.
Also, it is assumed that problems
affecting nuclear power today
would not disappear in the next
few years, forcing the early retire-
ment of a considerable part of the
world capacity and further delay-
ing orders for the construction of
new nuclear units. The increasing
demand expected for electricity

world-wide, in the absence of a
mature technology able to replace
the retiring nuclear capacity,
would eventually cause a return
to nuclear power characterised by
an accelerated deployment of new
nuclear reactors. In addition,
increasing concerns about the
environment and security and
diversity of supplies would con-
tribute to the rebirth of nuclear.

Specifically, Path III assumes
that no new nuclear power plants
would be ordered until 2015-2020
and that existing units would be
retired after 30 years of operation,
with no replacement due primar-
ily to waste and safety concerns,
along with a lack of economic
attractiveness and public accep-
tance. By 2020, nuclear electricity
generation would have decreased
to 360 TWh, i.e. less than 16% of
the level of nuclear generation in
1997. After 2025, nuclear electric-
ity generation would grow steadily

to reach the same level in 2050 as
in Path II (around 7 850 TWh)
and the same share of total energy
and electricity supply. The inter-
est of this Path is in providing a
framework for analysing poten-
tial stresses on the nuclear indus-
tries, and issues that might merit
attention by governments in the
context of a “progressive reduc-
tion followed by revival” scenario.

A revival of nuclear power by
2015 is assumed to be based upon
a satisfactory performance record
in nuclear power plant operation,
satisfactory implementation of
radioactive waste repositories,
recognition that nuclear energy
could alleviate a number of envi-
ronmental concerns and a restruc-
turing of energy costs through
the widespread internalisation
of externalities, together with
improved nuclear technologies
(reactor designs and fuel cycle
strategies).
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Fig. 5: Cumulated greenhouse gas (GHG) emissions avoided
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In Path III, the level of annual
GHG emissions avoided by 2050
would be the same as in Path II
(6.3 Gt), but the contribution of
nuclear power to GHG emission
reduction would be marginal in
the period 2015-2030. GHG emis-
sions avoided cumulatively to 2050
would correspond to about 100 Gt.
These avoided emissions represent
only about half of those avoided
in Path II (200 Gt), even though
both paths reach the same level of
nuclear electricity generation in
2050 (Figure 5).

A major concern related to this
path is whether the supporting
infrastructure would still exist by
the time the revival would start to
take place. Technical know how,
industrial capabilities, availability
of regulatory and legal frameworks
are all factors that would be nec-
essary to ensure a rapid deploy-
ment of nuclear reactors around
the world. 

The nuclear power plant con-
struction rate in the later part of
the period (2045-2050) would be
much higher in Path III (55 to
75 GWe per year) than in Path II
(25 to 35 GWe per year). The
nuclear industry would likely face
challenges to meet this rate, fol-
lowing a rather long period of low
activity. In particular, it might
be difficult to maintain adequate
research and development efforts
necessary inter alia to support ad-
vanced reactor designs in a sector
affected negatively during nearly
two decades. Furthermore, the
education and training of qualified
manpower for operating and, in
the revival phase, constructing
nuclear units could become a
serious constraint.

Conclusions
The future of nuclear power

will be driven by a series of fac-
tors and circumstances that
affect its development and by the
importance given to the debate
on climate change and sustainable
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development. Three possible
nuclear developments illustrate the
circumstances, implications and
issues that could characterise the
future of nuclear power. A com-
plete phase-out path may have a
significant negative impact on the
environment and on the ability of
many countries to provide secu-
rity and diversity of fuel supplies
for electricity. A sustained growth
in nuclear power towards a 35%
nuclear share in electricity by 2050
illustrates the dramatic contrib-
ution that nuclear power could
provide to alleviate the risk asso-
ciated with global climate change
and in reducing dependency on
fossil-fuel utilisation. A progres-
sive reduction in nuclear genera-
tion followed by a revival high-
lights the challenge of maintaining
the necessary infrastructure, achiev-
ing accelerated construction rates
and ensuring a minimum level of
R&D. In general, there are no
physical limitations that could pre-
clude nuclear power from follow-
ing any of the three paths oulined;
however, there are institutional
policy implications that would
need to be addressed in a timely
manner to ensure the proper imple-
mentation of future strategies to
satisfy world electricity demand.

Governments, industry, inter-
national organisations and policy
makers, in general, have important
roles to play in defining energy
technologies that should be con-
sidered to ensure the satisfaction
of future electricity demand given
the goals of sustainable develop-
ment. Nuclear power is one of the
proven technologies that could be
used to achieve this objective. ■
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Aerial view of the Mihama nuclear power plant, in Japan.
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C. Pescatore*

A
s a starting point,
it may be useful to
observe that although
the respect for our

neighbour is a basic tenet of all
major religions, it is understood
that these are referring to our
contemporaries, i.e., to gener-
ations of people with whom we
have direct contact. It is therefore
a new challenge in our history
to project ourselves far into
the future and ask ourselves
the question of our responsibility
vis-à-vis future generations. The
novelty and importance of this
challenge justify that not only
scientists provide their reflections,
but also theologians, sociologists
and other experts in human
sciences. The reflection is on-
going, and great humility is
needed when addressing this
topic.

General ethical principles
related to the protection
of the environment

At an international level, two
major documents address the
general questions of ethics and
the environment:

● The UNESCO Declaration on
the Responsibilities of the
Present Generations Towards
Future Generations. This

Declaration refers to human
rights and the need to protect
the human genome, and specif-
ically addresses bioethical
issues.

● The Declaration of the United
Nations Conference on Envi-
ronment and Development
(the so-called “Rio Declara-
tion”). This includes more
practical principles, notably
in the field of environmental
protection and the use of
natural resources with the aim
to achieve sustainable devel-
opment. This is a milestone
document which has inspired
a great deal of work. The
Rio Declaration recommends
the systematic use of environ-
mental impact studies for
projects whose impacts might
be significant; it recommends
that the public take part in the
decision-making process; it
introduces the polluter-pays
principle as well as the precau-
tionary principle. The latter is a
principle for action – and not
inaction – which may be
invoked in difficult situations.
Namely, it suggests that: “In
order to protect the envi-
ronment, the precautionary
approach shall be widely
applied by States according to
their capabilities. Where there
are threats of serious or irre-
versible damage, lack of full
scientific certainty shall not be
used as a reason for post-

Long-term management
of radioactive waste
Ethics and the environment

* Dr. Claudio Pescatore is a member of the
NEA Radiation Protection and Radioactive
Waste Management Division.

The protection of
the environment and

the ethical issues that
it raises are important

topics in the debate
on the long-term

management of
radioactive waste. This

article presents an
overview of the general

ethical principles
developed in the wider

context of the debate on
the environment, and

then addresses the
specific case of the

management of long-lived
radioactive waste.
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poning cost-effective measures
to prevent environmental
degradation.”

● The principles of the Rio
Declaration and the UNESCO
Declaration are the result
of diplomatic and political
co-operation among States.
The reflection on ethics and
care of future generations also
takes place at the national
level, as indicated earlier, and
a relevant and very interesting
document has been produced
recently by the American
National Academy of Public
Administration (NAPA). The
latter was requested by the
United States Government and,
in particular the Department
of Energy, to study how the
public administration could
take account of the rights
and interests of future genera-
tions when making decisions.
After working on the topic for
several years, the Academy
proposes an approach based

on four fundamental prin-
ciples. It is recognised that
each of these principles has its
limits and that what is help-
ful, for decision-making, is
achieving a balance between
the application of the four
principles.

The first, the Trustee Princi-
ple, says that “Every generation
has obligations as trustee to pro-
tect the interests of future gener-
ations”.

It refers essentially to the res-
ponsibility of politicians and
public administrators, who
should first select and then use
the best information possible, be
trustworthy, and involve at least
part of the public in the decision-
making process.

The second, the Sustainability
Principle, states that “No gener-
ation should deprive future
generations of the opportunity
for a quality of life comparable
to its own” and is couched in
slightly different terms from that

of Rio. The new aspect of this
principle is the reference to the
quality of life. Rio was more
concerned with the exhaustion
of natural resources; here, it is
considered that if our generation
uses resources which could also
be useful to future generations,
efforts must be made to com-
pensate them by undertaking,
for example, to develop new
technologies. It is noted that
resources providing for a better
quality of life can also be cre-
ated, for example, by establishing
an education system which will
provide future generations with
the intellectual resources needed
for their development.

The third principle, the Chain
of Obligation Principle, refers to
our daily experience: “Each
generation’s primary obligation
is to provide for the needs of the
living and succeeding gener-
ations”. Emphasis is placed on
the living generations with whom
we are in contact. Namely: “Near-

Ten top risks perceived by French people
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term concrete hazards have
priority over long-term hypo-
thetical hazards”. This principle
recognises that the existence of
future generations is dependent
upon the existence of the current
one and that the present gener-
ation has the highest degree of
responsibility towards itself and
those which follow immediately.
It is a principle which can be
assimilated to the chain of par-
ental obligations that exist within
families. This principle can give
rise to problems of conscience
which are delicate and which
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The nuclear industry has, over the years, demonstrated
a major concern for environmental safety.

KASAM, the Swedish advisory
body to the Ministry of the
Environment that follows pro-
gress in the field of radioactive
waste and deals also with ethical
issues, summarises as follows:
“We cannot assume full respon-
sibility for a future which is
beyond our imagination, know-
ledge and technical capacities.
This dilutes the responsibility
which we can assume in time.
The full consequence of this
remains still to be developed”.
On the one hand, there is a
positive, even optimistic, aspect
in this principle which proposes
a vision of the future as a “rolling
present”, according to which the
present generation provides the

tends to ignore “time bombs”, i.e.
hazards which are more
dangerous to later generations
than to the present.

The Precautionary Principle
was formulated by NAPA as a
protection against “time bombs”.
Namely: “Actions that pose a real-
istic threat of irreversible harm or
catastrophic consequences should
not be pursued unless there is
some countervailing need to
benefit either current or future
generations”. The Rio Conference
version of the precautionary prin-
ciple is somewhat stronger than
NAPA’s because it is more active.
No definition is given in either
versions of “threat of irreversible
harm”. 

following one with the capacity
to succeed, and the resources
and opportunities to deal with
whatever problems may be
bequeathed by the present
generation. It also means that
decisions can be taken in
incremental stages, thus allowing
future generations to re-evaluate
and change part of previous
decisions. On the other hand,
NAPA cautions that we must not
limit ourselves to following only
one of the four principles.
For instance, if taken in isolation,
the “rolling present” approach

These different principles
are based on background
considerations, and even ethical
choices, that may go unnoticed
and which merit being men-
tioned. In the first place, it is
accepted that one cannot use the
method of discounting, as it is
done in economics, to assess
future harm. In the second place,
although emphasis is placed on
“generations”, “individuals” are
also concerned and there is no
enquiry as to whether the
progress that benefits “gener-
ations” may be obtained at the

cost of specific individuals.
Lastly, there is a certain optimism
in the relevant documents as to
the behaviour of future societies: 

● they will appreciate the flexi-
bility of the options we leave
for them;

● they will make the best pos-
sible use of these options;

● they will continue as demo-
cratic societies and hope-
fully will be more, or equally,
responsible as our own
generation.

As it will be seen, a more cau-
tious approach is taken within the
waste management community.

Regarding the first point, it
should be noted that, in the long
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term, flexibility may turn out to
become a burden if it requires
continuous updating of the tech-
nical expertise to allow for spe-
cific interventions. For example,
Italy has a very much reduced
nuclear programmetoday; power
plants remain to be dismantled,
and the issue exists on how to
maintain the technical compe-
tencies necessary for that task.
As for the other two points
which envisage the best possi-
ble use of options, it may be
worthwhile to remember that
during the war in Chechnya a
Russian extremist threatened to
disperse radioactive waste over
the rebel state. Can we exclude
that, in Paris, one day, somebody
may not try to explode toxic
wastes – chemical or radioactive –
on top of the Eiffel tower? Hasn’t
there been already an attempt
to use poison gas in the Tokyo
metro?

Ethical principles
formulated in the context of
the long-term management
of radioactive waste

Ethical issues in connection
with the management of radio-
active waste in the long-term were
evoked even before the industrial
development of nuclear energy.
Two recent publications deal with
these principles: the Safety Fun-
damentals – the Principles of
Radioactive Waste Management
published by the International
Atomic Energy Agency (IAEA,
1995), and the Collective Expert
Opinion of the Nuclear Energy
Agency (NEA) on the Environ-
mental and Ethical Basis of Geo-
logical Disposal of Radioactive
Waste (1995).

Waste disposal strategies in the
nuclear field can be divided into
two groups which may be sum-
marised as “dilute and disperse”,
and “concentrate and contain”.
Both strategies are being used
today. “Concentrate and contain”

is the preferred strategy but it is
only feasible in cases in which the
volume of waste is limited and is
produced in centralised conditions
or in controlled circumstances,
which enables the waste to be col-
lected and inventoried. This
applies to long-lived radioactive
waste, especially high-level waste.

Geological disposal is the
technical solution that is most
widely advocated. It takes into
account the ethical principles
already mentioned, and even
goes further in certain cases. The
relevant principles can be sum-
marised as follows:

● The generation producing the
waste is responsible for its
safe management and the
associated costs.

● There is an obligation to pro-
tect individuals and the envi-
ronment both now and in the
future. 

● No moral basis exists for
dicounting future health
and risks of environmental
damage.

● In particular, our descendants
should not knowingly be
exposed to risks which we
would not accept today. Indi-
viduals should be protected at
least as well as they are today.

● The safety and security of
repositories should not be
based on the presumption of
a stable social structure for the
indefinite future or on a pre-
sumption of technological
progress.

● Waste should be processed in
such a way as not to be a bur-
den for future generations.
However, we should not un-
necessarily limit the capacity
of future generations to take
over management control,
including the ability to recover
the waste.

● We are responsible for pass-
ing on to future generations
our knowledge concerning

the risks related to waste.

● There should be enough
flexibility in the disposal
procedure to allow alternative
choices. In particular, infor-
mation should be given to the
public to enable it to take part
in the decision-making process
which, in this case, will pro-
ceed in stages.

Geological disposal is consid-
ered as the final stage in waste
management, ensuring security
and safety in such a way as not
to require surveillance, mainte-
nance or institutional control.
Although such measures are not
necessary to ensure safety and
security, they are not, however,
excluded. Society will still be
able to choose to use them as
management tools.

Conclusion
Three points are worth

remembering:

● Ethical principles concerning
equity between generations
have been formulated at inter-
national level. Discussion
is continuing at the national
level.

● The geological disposal of
long-lived radioactive waste is
being developed. The latter
satisfies the ethical imperatives
of today’s society.

● Consensus exists among
experts that geological disposal
of long-lived radioactive waste
is a solution which, once
implemented, is intrinsically
passive and safe both in the
short- and long-term. ■

Note

This article is based upon a presen-
tat ion given at  the  co l loquium
“Nucléair e  e t  Santé”  he ld at  the
Palais  des  Congrès  in Paris ,
29 January 1999.  This  ar t ic le  i s
a translation of the original French
version.

■ Long-term management of radioactive waste: ethics and the environment
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Russian Minatom
nuclear safety research
strategic plan
An international review

A
n NEA study on safety
research needs of
R u s s i a n - d e s i g n e d
reactors, carried out in

1996, strongly recommended that
a strategic plan for safety research
be developed with respect to
Russian nuclear power plants.
Such a plan was developed at
the Russian International Nuclear
Safety Centre (RINSC) of the
Russian Ministry of Atomic Energy
(Minatom), by a working group of
fifteen senior Russian experts
representing twelve Russian orga-
nisations. These experts were
assisted by a Project Team of other
technical experts from key organi-
sations throughout the Russian
Federation, and by the US Inter-
national Nuclear Safety Centre
(USINSC) in Moscow, whose role
was principally that of facilitator
and reviewer. The Russian Minister
of Atomic Energy was strongly
supportive of this work.

The NEA was asked by the
Director of RINSC and the Director
of USINSC to organise an inter-
national review of the draft, in part
because of its initial study that had
recommended such a Plan. In
response to the request, the NEA
set up an international review
group composed of senior experts
from Canada, Finland, France,
Germany, Italy, Japan and the

United States, as well as from the
RINSC and the USINSC. The report
of the NEA international review
group was officially transmitted to
Minatom at the end of February
1999.*

The objective and
contents of the Plan

The Strategic Plan is designed
to address high-priority safety-
research needs, through a combi-
nation of domestic research, the
application of appropriate foreign
knowledge, and collaboration. It
represents major progress toward
developing a comprehensive and
coherent safety-research pro-
gramme for Russian nuclear power
plants (NPPs).

The Plan consists of 12 chapters,
each addressing a specific technical
area and containing a number of
proposed research programmes
and projects to advance the state-
of-knowledge in that area. Some
175 specific research programmes
are identified in the Strategic Plan,
83 of which deserve some degree
of higher priority. The areas of
research covered by the Plan are
the following: integrity of piping
and equipment; integrity of build-
ing structures; reactor dynamics
and safety; severe accident and
mitigation; radiation thermal
mechanics of core components;
simulators, operator training and
support systems; operational safety

and human factors; electrical
equipment; fire safety; severe
accident management; probabi-
listic safety analysis; improvement
of the concept of safety assurance
of nuclear power plants; and the
development of the system of
safety regulations and standards.

The NEA review of
the Russian Minatom Plan

The NEA undertook its review
of the Strategic Plan with the
objective of providing indepen-
dent verification on the scope, pri-
ority, and content of the research
described in the Plan based upon
the experience of the international
group of experts. Another objec-
tive was to identify areas where
similar work is being done in other
countries, possibly forming the
basis for co-operative research and
beneficial exchanges of informa-
tion, and specifically to identify
possible NEA activities from which
Russia could benefit.

The NEA review group recog-
nised the large amount of effort
that had gone into this Plan. It also
believed that various elements of
this Plan, when completed in light
of the international review and fur-
ther consideration by the Russian
experts, would clearly reflect an
improvement in understanding of
safety, which would, in turn, lead
to an improvement in the safety
levels of the reactors themselves.

J. Royen*

* Dr. Jacques Royen is the Deputy Head of
the NEA Nuclear Safety Division.
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However, both the review
group and the Russian experts
themselves recognised that the
draft Plan is only a first step
toward the development of an
overall up-to-date Russian pro-
gramme for NPP safety research.
It will need to be improved in
order that it can optimise the use
of available resources, address all
of the principal safety issues in a
balanced way, and thereby im-
prove NPP safety most effectively.
The goal of the NEA review was
to provide input to the Russian
experts as they undertook the
needed revisions to the first draft
of the Plan.

■ Russian Minatom nuclear safety research strategic plan: an international review

View of the Balakovo nuclear power station in Russia,
equipped with VVER reactors.
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Requirements for a safety-
research strategic plan

A strategic plan for reactor
safety research should identify the
safety-research needs, provide
a strategic approach for setting
priorities for research, and define
a programme that addresses the
research needs and is consistent
with that strategy. The safety-
research needs arise from consid-
eration of safety issues for
operating plants and potential
improvements for future plants.
The strategy must  balance the

A well-rounded safety research
programme needs to address the
following elements: database and
data gathering activities to ensure
that plant and material property
information is available to support
analyses; computer program devel-
opment and validation to provide
qualified tools to analyse plant
performance; improved surveil-
lance methodology; improvements
to plant operation through oper-
ator training and support, and
accident management procedures;
improved components that can be
retrofitted to existing plants and

is reflected in the following set of
ten principal conclusions of the
NEA review group, which sum-
marise the group’s general com-
ments, particularly concerning the
Plan’s shortcomings:

● The Plan is not yet strategic: it
needs an explicit overall stra-
tegy identifying objectives and
priorities to which the indivi-
dual research elements are tied.

● The Plan’s scope should be
expanded to include some
important NPP safety research
areas that are omitted or are
given only minor weight.

available resources with the re-
quirements of the groups that will
act on the R&D results – regulatory
authorities, design organisations
for upgrades and for new plants,
and utilities that operate the
existing plants. The resulting pro-
gramme should be well-rounded,
while focused on providing the
information required by the groups
that will act on the R&D results. For
example, a utility may require
information for specifying a piece
of hardware, whereas a regulatory
authority may need informa-
tion and analysis tools to develop
a regulation or an inspection
procedure.

designs; and experiments to sup-
port computer program develop-
ment and validation.

Review details of the
Russian Minatom Plan

The Russian Strategic Plan, as
reviewed, provides for a pro-
gramme containing most of the
necessary elements, but does not
appear to include a clear strategy
for setting overall direction and pri-
orities, nor does it show how the
proposed R&D would be imple-
mented to meet specific safety-
research needs. This lack of clear
strategy and implementation details



● The Plan contains priority
assignments (higher vs. lower
priority) within each research
area, but in general the method
used is not clear and the prior-
ities that are assigned do not
provide enough discrimination.
Also, the overall priorities that
are assigned across the entire
Plan, based on the proposed
manpower numbers, seem to
the NEA review group not to
reflect a comprehensive strategy
for improving NPP safety. In
many technical areas these
priorities do not provide enough
detail to guide the appropriate
allocation of actual resources,
or to support effective planning
and implementation.

● The Plan does not explicitly
deal with how it will be exe-
cuted, in terms of management
strategies, funding principles,
identification of institutional
users, collaborations between
lead Russian organisations and
other supporting organisa-
tions, and manpower/time
scale aspects.

● The Plan is not explicit in
identifying which activities are
mainly directed toward improv-
ing the safety of the existing
NPPs, and which are primarily
motivated by developing new
designs and evaluating their
safety. 

● The Plan contains many impor-
tant methodology-development
activities to provide tools for
understanding and improving
NPP safety, but in many cases
these development activities are
not well linked to actual appli-
cations that will directly improve
NPP safety.

● The Plan is not well balanced
between analysis and exper-
iments: the current emphasis
should be either clearly linked to
strategic objectives or modified.

● The Plan does not give as much
emphasis to RBMK safety issues
compared to issues affecting
VVER-type reactors.

● The Plan does not identify
adequately the large number
of opportunities to advance its
aims by applying or adapting
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knowledge and tools already
available in other countries.
It also only identifies a few of
the large number of potential
opportunities for international
collaborations in NPP safety
research.

● As to particular priorities, the
NEA review group believes that
the most important objective of
this Plan ought to be to achieve
as many short-term improve-
ments in the safety of the oper-
ating power reactors as feasi-
ble. For many of these areas,
the issue is not simply doing the
needed research, but effective
and rapid implementation of the
new knowledge at the operat-
ing plants. Specific areas where
the NEA review group recom-
mends greater emphasis are
discussed in the report.

More detail to support the
review group’s conclusions on
each of these ten major resolutions
is given in the report, published
recently by the NEA.

In spite of the Strategic Plan’s
shortcomings, the NEA review
group emphasises that it is an
excellent starting point which can,
with the needed enhancements,
provide what Russian NPP safety
truly requires: a comprehensive,
strategic, effective safety research
plan that can take full advantage
of the strong and broad technical
capabilities available in Russia.
This review could increase the
international support for and fur-
ther the awareness of nuclear
safety research in Russia, on both
political and technical levels. ■

Note

* Russian Minatom Nuclear Safety
Research Strategic Plan: An Inter-
national Review, available free on
r eques t  f r om the  OECD Nuclear
Energy Agency.



N
E

A
u

p
d

a
te

19

N
EA

 N
ew

sletter, N
o.

1 – 1999
T. Lazo*

Strategies for emergency
monitoring and key data
management

S
ince the accidents at Three
Mile Island in 1979, and
more specifically Chernobyl
in 1986, many countries

have intensified their efforts in
nuclear accident emergency plan-
ning, preparedness and manage-
ment. As a result of this interest
from its Member countries, the
Nuclear Energy Agency (NEA) has
been actively involved in this area.
Experience from the NEA’s pro-
gramme in the area of nuclear
emergency management, notably
that from the two sets of Inter-
national Nuclear Emergency Exer-
cises (INEX 1 and INEX 2) and their
related workshops, has shown that
there is a need to further improve
the international system of nuclear
emergency data communication
and management.

The NEA has been developing
a strategy for the general manage-
ment of nuclear emergency com-
munications and data from the
viewpoint of the decision maker’s
evolving information needs over
the course of an accident situation.
This strategy allows for the identi-
fication of important, or key data,
at any particular moment during an
accident. This includes how envi-
ronmental monitoring can support
the decision-making process. Also
addressed is the best technical
means of exchanging these key
data to maximise the efficiency of
their transfer and handling.

A report which is expected to
be issued by the NEA before the
end of 1999 will be the culmina-
tion of many years of experience
in the area of emergency matters,
and the result of a year and a half
of effort by the Expert Group on
Nuclear Emergency Matters, and
three of its working groups: the
Working Group on Emergency
Communication and Information
Exchange, the Working Group on
Key Emergency Data, and the
Working Group on Emergency
Monitoring Strategy.

The detailed objective of the
strategy proposed in this report is
to facilitate the decision-making
process by delivering the infor-
mation, in the most appropriate
format and when necessary, to
decision makers, while at the same
time minimising the resources
required to send, receive and ana-
lyse data. In addition, such a strat-
egy should allow the fulfilment of
all existing international and multi-
lateral conventions and agreements
in a much more useful and efficient
manner, and facilitate upgrading
such conventions and agreements
to better serve the needs of deci-
sion on makers.

While this work focuses on the
application of a coherent strategy
for the international aspects of data
identification, communication and
management, many of the ideas
expressed in the report would be
equally applicable at the national
level. The focus thus far has been

on nuclear power plants; however,
this strategy is seen as also appli-
cable to transportation accidents
and to satellite re-entry incidents.
Areas specifically not addressed
by this report are emergency
response and communications from
the accident site owner or operator,
and accidents involving nuclear
devices, or terrorist incidents.

This strategy is based on a coher-
ent subdivision of the accident into
temporal and geographic phases,
an understanding of the nature of
the information sender and receiver,
and of the data being transmitted.
These subdivisions are categorised
below.

Division of an accident situation
into various decision-making time
phases and geographic zones which
are affected by the accident:

● Temporal time phases: notifica-
tion; pre-release; immediate post
release; intermediate; recovery.

● Geographic zones: urgent pro-
tective action planning zone;
food and agricultural restriction
area; area farther from the
release site.

Identification of senders and
receivers:

● Bilateral local exchanges.
● Government to government

exchanges.
● Government to international

organisation exchanges.

* Dr. Ted Lazo is Deputy Head of the NEA
Radiat ion Pr otec t ion and Radioact ive
Waste Management Division.



Identification of the nature of
data exchanged:

● Notification data.
● Dynamic, accident-related data.
● Static, background data.
● Public and media instructions

and information.

Based on these characterisations,
a strategy for better addressing the
decision maker’s needs can be
defined:

Improving the selection
of the data which is being
transmitted

This will improve the data’s
usefulness, and will help to opti-
mise the resources necessary to
collect, receive and analyse them.
These data can be referred to as
key. 

The existing Convention Infor-
mation System (CIS), to facilitate
the multilingual transmission of
standardised accident description
information as defined by the IAEA
and the EC, provides a very exten-
sive, numerically keyed listing of
important emergency data, but pro-
vides no guidance as to which of
these data are the most important
at any given time during an acci-
dent. Using the CIS as a basis, data
which is key during the previous-
ly defined accident time phases

can be identified as a function of
the above-defined sender and
receiver classifications. A simple
matrix has been developed to
identify those data which are key
for each matrix point.

Increasing the transmission
reception of data and
information using modern
communication methods

The use of world-wide-web
technology to develop a dedi-
cated, secure network among
nuclear  response organisations
will help to optimise the volume
of data which is transmitted, as
well as the data’s quality. 

By actively “pushing” notification
and important dynamic accident-
related information, and by mak-
ing other dynamic, accident-related
information and static background
information available for “pulling,
“consulting”, or “downloading”, na-
tional emergency response orga-
nisations will have the needed
information available, and will be
able to avoid the time-consuming
and resource intensive automatic
receiving of data and information
which they do not need for their
decision-making purposes. Such an
electronic system will also greatly
improve the quality of graphical
transmissions (and retransmissions)

and will help to minimise the vol-
ume of redundant messages which
circulate, as well as the resources
necessary to interpret them.

Refining the definition
of emergency monitoring
needs to assist decision
making

The use of resources can be
optimised by focusing on why
emergency monitoring is perfor-
med (i.e. to address which needs),
and in this context identifying
what measurements are made (i.e.
physical quantities), when measu-
rements are made (i.e. with re-
spect to the previously-defined
accident time phases), and where
measurements are made (i.e. with
respect to the previously-defined
geographic zones).

Such a system, using flexible,
commonly-used and independently
updated software, must be
developed and tested based on
international consensus. It is plan-
ned that the implementation details
and procedures necessary for such
an approach will be developed,
and that an international emer-
gency exercise, INEX 2000, will be
carried out during the last half of
2000, to test the various aspects of
this strategic approach. ■
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Environmental radiation
monitor at the Kori
nuclear power plant site,
Korea.KE
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Nuclear law in Central
and Eastern Europe

A
ctivities of the Nuclear
Energy Agency invol-
ving non-member coun-
tries, like those of the

OECD, expanded considerably in
the early 1990s with the major
changes in Eastern Europe and
finally the break-up of the former
Soviet union. Nuclear law has
been one of the areas of major
co-operation with non-member
countries during the ensuing
period.

Since the inception of the NEA,
the Member countries have en-
trusted the Agency with the task
of promoting the development and
harmonisation of national legis-
lation governing the use of nuclear
energy, in particular in the field of
nuclear third party liability and
compensation. The Agency is also
actively involved in managing doc-
umentary resources on nuclear
law, and disseminates information
to both Member and non-member
countries alike, in particular through
the distribution of its Nuclear Law
Bulletin, published bi-annually,
and its Analytical Study on the
Regulatory and Institutional
Framework for Nuclear Activities
in OECD countries, revised annu-
ally. An overview of nuclear legis-
lation in Central and Eastern Europe
(CEEC) and the New Independent
States (NIS) was also published by
the NEA in 1997, providing an
analysis of the institutional and
legal frameworks which have been
established in those countries.

A co-operation and assistance
programme with the CEEC and
NIS aims1 at improving nuclear leg-
islation in these countries and at
promoting their accession to inter-
national conventions in this field.
In sum, this programme which has
been described in a previous arti-
cle in the NEA Newsletter,2 com-
bines three complementary forms
of activities: 

● The provision of information
on, and training in, national and
international nuclear law.

● The provision of legal opinions
and assistance on the prepa-
ration of draft nuclear legisla-
tion and regulations.

● The resolution of third party lia-
bility issues involved in nuclear
safety assistance programmes.

Before referring to the changes
which have come about in the
CEEC and NIS and which may to a
certain extent have been catalysed
by the work of the NEA in this
field, a brief indication of the
forms which these activities have
taken over recent years provides
a useful insight into the content of
this programme.

Information and training
From 1992 to 1998 the NEA

organised advanced training semi-
nars on nuclear law in the CEEC
and NIS on an annual basis, cov-
ering various aspects of nuclear
law including third party liability,
nuclear safety, radioactive waste

and spent fuel management, the
decommissioning of power plants,
the convergence of national legis-
lation with that of the European
Union and international law, and
exchanges of nuclear materials,
equipment and technology, in-
cluding issues of non-proliferation
and transport. These seminars,
organised by the NEA and co-
sponsored by the International
Atomic Energy Agency (IAEA) and
the European Commission (EC),
provided a forum for discussion
between specialists from CEEC
and NIS and their counterparts in
Western countries and interna-
tional organisations, creating a dia-
logue which proved particularly
fruitful over the years.

One of the most notable fea-
tures of these seminars over the
years was the increased interaction
between the experts present: the
nature changed quite distinctly
from one of assistance in the early
years to one of co-operation later
during the programme. Although
this particular cycle of seminars
has now drawn to a close, the NEA
will continue to pursue actively
training activities with the CEEC
and NIS, organising events on a
regional and more specialised
basis, along the lines of the re-
gional seminars which were held
in Kazakhstan and Latvia in 1997
and in Lithuania in 1998. Such

*  Ms. Fiona Wagstaf f  is  a member of the
NEA Legal Affairs Section.
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smaller-scale events allow the par-
ticipants to focus on specific issues
which are of direct interest to the
countries concerned.

In 1999 the approach has some-
what changed, in that participants
from CEEC and NIS have been
offered assistance from the NEA
and the European Commission to
enable them to attend an Interna-
tional Symposium on the Reform
of Civil Nuclear Liability. This
event, organised by the NEA in co-
operation with the IAEA and the
European Commission, took place
in Budapest, Hungary from 31 May
to 3 June 1999.3 The programme
of this Symposium had been estab-
lished, taking into account the spe-
cific interests of the CEEC and NIS,
in order to use this event as a
forum to examine the particular
difficulties faced by these coun-
tries in joining an international sys-
tem which both establishes liability
for nuclear damage and provides
for its compensation.

The importance of the contin-
ued participation of observers from
CEEC and NIS in working meetings
of the NEA, in particular the Group
of Governmental Experts on Nu-
clear Third Party Liability, merits
emphasis. The benefits of such
participation are twofold: the
observers from CEEC and NIS
remain informed about recent
developments in the nuclear field
at an international level and the
Member countries of the NEA ben-
efit from the presence of high-
level experts from these countries
who are in a position to provide
information on the latest devel-
opments in respect of their nuclear
legislation, which for many CEEC
and NIS, has been in a state of flux
since transition. By way of illus-
tration, the observers from four
non-member countries (CEECs and
NIS) who attended the last meet-
ing of the Group of Governmental
Experts in October 1998, parti-
cipated in discussions on recent
developments in the adoption and

amendment of nuclear liability
legislation.

Legal opinions and advice
The advice and assistance on

drafting of national legislation in
the nuclear field is based on two
essential principles. First, advice
is only provided upon the express
request of the country in question,
and second, the goal is a tailor-
made solution which is best suited
to the situation in a particular
country, rather than reliance on
predefined models which may not
meet its specific needs. Assistance
has been provided to several CEEC
and NIS, either on their draft
framework legislation or on their
draft laws regulating specific areas,
such as radioactive waste manage-
ment, radiation protection or third
party liability and insurance.

One of the most recent exam-
ples of such legal advice took
place within the framework of the
NEA Joint Task Force on Nuclear
Legislation in Ukraine. Represen-
tatives from several Western coun-
tries, the NEA, the European Com-
mission (EC), the International
Atomic Energy Agency (IAEA) and
the European Bank for Recon-
struction and Development (EBRD),
examined together with their
Ukrainian counterparts the Ukrai-
nian draft Law on Civil Liability for
Nuclear Damage and its Financial
Security. The experts present pro-
vided an exhaustive analysis of the
provisions of this instrument,
offering numerous suggestions for
restructuring and improving the
text. Many of these suggestions
have since been incorporated into
the text, and appear in the recently
revised draft.

Third party liability issues
The issue of nuclear third party

liability is extremely important and
has been part of the core of the
work of NEA Legal Affairs since
the Agency was established. In

order to explain the approach
taken by the NEA with respect to
the resolution of third party liability
issues involved in nuclear safety
assistance programmes, it is nec-
essary to examine briefly the
notion of third party liability itself.

The Chernobyl accident in 1986
highlighted the inadequacies of
the international nuclear liability
regime, the most notable problem
being the limited geographical
application of the Vienna and Paris
Conventions which govern third
party liability for nuclear damage.4

In the case of the Vienna Conven-
tion, this limited geographical
scope is not due to the nature of
the convention itself, which is
potentially global in character, but
rather is caused by the reluctance
of states to sign and eventually rat-
ify such an instrument. In the case
of Chernobyl, the USSR was not
Party to any international third
party liability instrument and did
not have specific domestic legis-
lation governing civil liability for
nuclear damage. Through the NEA
co-operation and assistance pro-
gramme, wider accession to the
relevant international conventions
in the nuclear liability field has
been promoted and achieved, and
preparation of suitable domestic
legislation on this subject has been
stimulated. The progress made
concerning accession to the rele-
vant international legal instruments
is examined below.

With the increase of co-operation
and assistance projects organised
by Western countries and inter-
national organisations to improve
the safety of nuclear power plants
in these countries, there was a
concomitant increase in the risk
of claims against these suppliers
or financial backers in the event
of nuclear damage. The precarious
position in which these contractors
found themselves was due to the
fact that they were carrying out
very important safety assistance
work in countries where the
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View of the Kozloduy nuclear power plant in Bulgaria.
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nuclear liability regime did not
provide for the strict and limited
liability of the operator of a
nuclear installation. Furthermore,
these regimes did not ensure the
channelling of all such liability
exclusively to the operator. This
created the risk of claims for com-
pensation being brought against a
contractor who intervened in any
capacity whatsoever in the oper-
ation of a nuclear installation. The
ideal way to resolve this problem,
logically, is to ensure that the
country in question adheres to the
international instruments of the
nuclear liability regime5, and
incorporates these principles into
its domestic implementing legis-
lation. In certain cases, however,
and in particular in the NIS, coun-
tries have not been in a position
to accede to the Vienna Conven-
tion and the Joint Protocol6 within
a short time-frame. Hence solu-
tions have been identified in order

to allow nuclear safety assistance
projects to continue without the
existence of an unacceptable lia-
bility risk for the contractor
involved.

A conference organised by the
NEA in July 1994 to address these
issues resulted in the setting up of
a contact group on liability ques-
tions raised by nuclear safety assis-
tance programmes for Eastern
Europe. This group, consisting of
specialists from western countries,
acts as a forum for exchange of
information and informal consul-
tations between NEA Member
countries, international organisa-
tions, and western nuclear indus-
try, providing legal assistance on a
case by case basis to certain CEEC
and NIS, in particular, the Russian
Federation and the Ukraine on
liability issues.

In this context, an international
seminar on nuclear liability and

insurance issues was held in
Moscow in April 1997 in order to
assess the potential benefits that
the Russian Federation would
derive by joining the system of
international nuclear liability con-
ventions, adapting its relevant
legislation, and setting up appro-
priate nuclear insurance structures.
Organised under the joint spon-
sorship of the NEA and the
Gosatomnadzor (the Russian
nuclear regulatory agency), the
seminar focused on the inter-
national principles of nuclear
liability law and their incorpo-
ration into Russian legislation, the
systems and methods by which
Russian insurance companies
may provide coverage against the
risk of damage arising from a
nuclear incident, and the financial
aspects of assessing nuclear risk
and providing such insurance
coverage.
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Progress made by the CEEC
and NIS

Legislation

The CEEC and the NIS have
been faced, over the last decade,
with a large number of challenges
in their transition to democracy,
new legal systems and a market
economy. The nuclear energy sec-
tor has certainly not been an excep-
tion, and nuclear law in particular
has been the object of a radical
overhaul in order to bring national
legislation in this field into accor-
dance with international standards.
Before the transition, most of the
CEEC and NIS were not endowed
with framework legislation estab-
lishing the basic principles and
institutional framework for the safe
conduct of nuclear activities.
Moreover, transparency in national
nuclear policy was not prevalent
and the public in each country
was ill-informed about nuclear
activities taking place.

The main objectives behind the
adoption of national framework
legislation governing nuclear
activities are to set forth in one
instrument the basic rights and
obligations of competent govern-
ment authorities, legal entities and
private individuals with respect to
the use of nuclear power, and
establish the consequences of
failing to comply with legislative
requirements. In the particular
case of CEEC and NIS, it was
necessary to take into account the
changes in the political and
economic environment, and to
acknowledge new legal devel-
opments in the nuclear field, both
national and international. The
latter development encompassed
the implementation of international
recommendations and principles
pertaining to the use of nuclear
energy and international agree-
ments regulating the relationship
between States in the nuclear field.
In the case of those CEEC and NIS
with nuclear power programmes,

it was desirable to establish com-
petent rule-making and decision-
making bodies within the execu-
tive authority in order to ensure
that the criteria for carrying out
nuclear programmes were in place
and that proper safety rules and
standards were adopted.

Institutional structure

In a number of CEEC and NIS,
the 1990’s have witnessed wide-
spread reorganisation of political
and institutional structures. The
vast majority of these countries
have established an independent
nuclear regulatory body, respon-
sible for all nuclear activities. It
was necessary to equip such bodies
with the necessary technical and
financial means, and the indepen-
dence essential for the efficient
exercise of their functions. The
responsibilities of such bodies are
extensive, and vary from country
to country, but can be summarised
as follows:

● Carrying out research.

● Regulating nuclear safety and
radiation protection.

● Licensing of the production,
treatment, storage, transport,
use and trade of nuclear mate-
rials, radioactive sources and
waste.

● Licensing of siting, construction,
commissioning, operation and
decommissioning of nuclear
installations, and licensing of
radioactive waste repositories.

● Supervising the management of
radioactive waste (sometimes
entrusted to a separate body).

● Accounting, control and physical
protection of nuclear materals.

● Disseminating information to
the public on nuclear activities.

● Co-operating with other coun-
tries in this area.

It is also noteworthy that Croatia,
the Czech Republic, Hungary,
Romania, Russia, Slovakia, Slovnia
and Ukraine have established
nuclear insurance pools in order

to facilitate the provision of finan-
cial security for nuclear activities.
These pools essentially consist of
a mechanism whereby a number
of insurers agree to merge their
operations for a particular risk or
class of business, in this case, the
nuclear industry. This mechanism
is commonly employed where the
risks in question are few in num-
ber or require a capacity which is
clearly beyond the individual means
of the members themselves. Thus,
the insurers can respond to the
increasing demand for cover for the
emerging nuclear industry without
calling into question the very sol-
vency of the insurance market.

Participation
in international
conventions

The progress which has come
about over the past decade related
to the participation of CEEC and
NIS in international conventions in
the nuclear field is noteworthy. In
fact, the CEEC and NIS have been
considerably more willing to sign
and ratify the Joint Protocol rela-
ting to the application of the
Vienna Convention and Paris
Convention than their Paris Con-
vention counterparts. Details on
signatures and ratifications of, and
accessions to, the major inter-
national conventions in the field
of nuclear law are illustrated in the
table on page 25.

Conclusions
There have been remarkable

developments in the legal frame-
works governing nuclear activities
in the CEEC and NIS over the past
decade. When one considers that
legislation tends to evolve slowly
in most countries, the progress
which has already been made is
remarkable. Although certain
aspects of each nuclear legislative
framework require fine-tuning, and
some liability issues remain to be
solved, the NEA co-operation and
assistance programme in the field

24
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of nuclear law, coupled with the
efforts made by the CEEC and NIS
themselves to enact new nuclear
legislation or to modernise their
existing legislation, has already
been fruitful. ■

Notes
1. The recipient countries are: Armenia,

Belarus, Bulgaria, Croatia, Estonia,
Kazakhstan, Latvia, Lithuania,
Poland, Romania, Russian Federation,
Slovenia, Slovakia and Ukraine.

2. See in particular, Nuclear Law in
Central and Eastern Europe, by

A. de Kageneck, NEA Newsletter Fall
1996 – Volume 14, no. 2.

3. See also the News Briefs in this issue
of the NEA Newsletter, p. 32.

4. The Paris Convention on Third Party
Liability in the field of Nuclear
Energy was adopted on 29 July 1960
under the auspices of the OECD. It
has been amended twice, in 1964
and 1982, and has been comple-
mented by the Brussels Convention
Supplementary to the Paris Conven-
tion, adopted on 31 January 1963
and also amended in 1964 and 1982.
The Vienna Convention on Civil
Liability for Nuclear Damage was
adopted on 21 May 1963, under the
auspices of the IAEA. A Protocol to

Amend the Vienna Convention was
adopted in September 1997; however
this instrument has not yet entered
into force.

5. These principles include the exclusive
and strict liability of the operator,
limitation of liability in time and
amount, and compulsory financial
security to cover this liability.

6. There exists a Joint Protocol relating
to the Application of the Vienna
Convention and the Paris Conven-
tion, which provides for reciprocal
benefits for Parties to either of these
instruments, i.e. victims in a country
which is party to either convention
are entitled to benefit from the
provisions of the other convention.

Signature and ratification of the major international conventions by the CEEC/NIS*

* “Yes” indicates that the country in question has either ratified, acceded to or succeeded to the
instrument listed in the top column.
“Signed” indicates that the country has signed the instrument but has not yet ratified it, and
therefore the instrument is not legally binding on that state.

Convention on Convention
Vienna Joint Vienna Supplementary Nuclear safety on Radwaste 

Country Convention Protocol Protocol Compensation Convention & Spent Fuel
Management

1963 1998 1997 1997 1994 1997

Armenia Yes Signed No No Yes No

Belarus Yes No Signed No Yes No

Bulgaria Yes Yes No No Yes Signed

Czech. Rep. Yes Yes Signed Signed Yes Signed

Croatia Yes Yes No No Yes Signed

Estonia Yes Yes No No No No

Hungary Yes Yes Signed No Yes Yes

Kazakstan No No No No Signed Signed

Latvia Yes Yes No No Yes No

Lithuania Yes Yes Signed Signed Yes Signed

Poland Yes Yes Signed No Yes Signed

Romania Yes Yes Yes Yes Yes Signed

Russian Fed. Signed No No No Yes Signed

Slovakia Yes Yes No No Yes Yes

Slovenia Yes Yes No No Yes Yes

Ukraine Yes No Signed Signed No Signed
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NEA activities
on partitioning and
transmutation

T
he disposal of long-lived
radioactive waste resul-
ting from the operation of
nuclear power reactors

has been a sensitive issue for de-
cades. Several proposals have been
suggested: geological disposal in
deep layers of the earth’s crust,
launching waste into outer space,
or burning it in dedicated nuclear
facilities.

There is a general consensus
within the OECD Member coun-
tries that geological disposal, in
one or another form, is a practical
solution to protect humans and
their environment for the foresee-
able future. However, difficulties
encountered in siting, constructing
and licensing of repositories, not
to mention public opposition to
nuclear waste and its disposal,
have caused extensive delays in
the development of these facilities.

Nevertheless, nuclear power
now meets 17% of the world’s elec-
tricity demand and the issue of
dealing with long-lived nuclear
waste cannot be avoided.

The generation of spent fuel
and highly active waste material
amounts to quantities which are far
in excess of the capabilities of any
outer space disposal programme.
In addition, such a practice would
create contamination risks for the
atmosphere and biosphere, because
the possibility of an accident would
always exist.

Partitioning and transmuta-
tion of radioactive and long-lived

components from the highly
radioactive waste streams is a
complementary approach which
could mitigate but not eliminate
the disposal problem. Due to the
Japanese government “Options
Making Extra Gains from Actinides”
Programme (OMEGA), an initiative
taken in 1988, the Partitioning
and Transmutation (P&T) option
received an impetus which led to
the creation of an international
incentive for co-operation among
OECD Member countries. The
objective of the NEA Information
Exchange Programme on Actinide
and Fission Product Partitioning
and Transmutation, established in
1989, is to enhance the value of
basic research in P&T by facili-
tating the exchange of information
and promoting discussions on pro-
grammes, experimental proce-
dures and results. This Programme
is conducted under the auspices
of the NEA Committee for
Technical and Economic Studies
on Nuclear Energy Development
and the Fuel Cycle. Complemen-
tary activities related to nuclear
data, benchmark exercises and
more basic science studies in
relation to this Programme are
conducted by the NEA Nuclear
Science Committee and Data Bank.

Status and assessment
report

Nuclear power plants produce
spent fuel which contains, apart
from short-lived fission products,
actinides and fission products with

high toxicity and very long half-
lives. These nuclides constitute the
long-term radiotoxic waste which
remains hazardous for thousands
of years.

When spent fuel is , most of the
major actinides (reprocessed ura-
nium and plutonium) are recycled
and the minor actinides – mainly
neptunium (Np), americium (Am),
and curium (Cm) – remain with
the fission products which are vit-
rified before being buried in deep
repositories. Partitioning or sepa-
ration of the minor actinides and
some selected fission products
could reduce the long-term radio-
toxicity of the vitrified waste for
disposal. The recovered minor
actinide nuclides would be recy-
cled into reactors where they
would be transmuted to short-lived
nuclides. P&T is, in principle, capa-
ble of reducing the radiotoxicity
period, although a number of prac-
tical difficulties still exist.

A systems analysis working
group, representing twelve coun-
tries and two international orga-
nisations, was established in 1996.
It was commissioned to prepare a
comprehensive P&T systems analy-
sis report with the aim of provi-
ding decision makers with an
authoritative and transparent docu-
ment describing the potential
impact of P&T on fuel cycle and
waste management policies.

* Messrs. Luc Van Den Durpel, Satoshi Sakurai
and Masafumi Domae are members of the
NEA Nuclear Development Division.

L. Van Den Durpel ,  S . Sakurai ,  M. Domae*
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The recently published NEA
report, Actinide and Fission Prod-
uct Partitioning and Transmu-
tation – Status and Assessment
Report*, is a standard reference on
the subject. It addresses the op-
tions available to decrease the final
radiotoxicity of wastes for disposal
and provides a limited systems
analysis of the main options in
order to clarify them. The systems
analysis starts from the present
technical state-of-the-art in the fuel
cycle and considers some possi-
ble developments in P&T technol-
ogies which would result in an ad-
vanced fuel cycle with an overall
reduction of the radiotoxic inven-
tory of wastes.

The main general conclusions
of this report are as follows:

• Implementation of P&T requires
long lead-times and large invest-
ments in dedicated fast neutron
spectrum devices, extension of
reprocessing plants, and con-
struction of remotely manipu-
lated fuel and target fabrication
plants.

• P&T will not replace the need
for appropriate geological dis-
posal of high level waste.

• Partitioning methods for long-
lived radiotoxic elements have
been successfully developed on
a laboratory scale.

• Multiple recycling of plutonium
and minor actinides is a long-
term venture which may take
decades to reach equilibrium of
inventories, but recycling could
stabilise the inventory of these
nuclides in a nuclear power
park.

• A possible option, either for
geological disposal or for future
transmutation, is the conditio-
ning of separated long-lived
nuclides in appropriate matri-
ces being less soluble than glass
in geological media.

Fifth information exchange
meeting

“Information Exchange Meetings”
form an integral part of the pro-
gramme, providing a bi-annual
review of the state-of-the-art of P&T.
They have been co-organised by
the NEA Nuclear Development
Committee and major laboratories
in Member countries.

The fifth information ex-
change meeting, hosted by the
Belgian Nuclear Research Centre
(SCK•CEN) and co-organised by
the European Commission, was
held on 25-27 November 1998 at
Mol in Belgium with more than
130 participants from 15 countries
and 3 international organisations.
The proceedings are now available.

■ NEA activities on partitioning and transmutation

New fuel loading to LWR. After irradiation, the minor actinide and
fission product in fuel will be a source of radiotoxic inventory.
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This meeting was characterised
by two main developments: first, a
more integrated view of P&T was
taken in which a consensus on the
possible ways to conduct P&T was
achieved, subject to establishing its
added-value in the nuclear fuel
cycle. Second, the partitioning of
minor actinides on a laboratory
scale at pre-set performances was
reported, representing a major
achievement.

The need for a comparative
assessment of the relative merits
of transmutation in fast reactors
and accelerator-driven systems,
addressing the impact on the
reprocessing needed, was inden-
tified. The assessment of the
requirements, feasibility and reli-
ability of these accelerator-driven
systems are also included. The
NEA is conducting a new study to
address these questions. The new
project, “Comparative Study of
Accelerator-Driven Systems (ADS)
and Fast-Reactors (FR) in Advanced
Nuclear Fuel Cycles”, started in
May 1999 and is planned to take
two years.

Conclusion
Since its inception, the infor-

mation exchange programme has
striven to establish a pro-active
approach to P&T issues by conduct-
ing systems studies and supporting
the information exchange among
the various participants in this
domain. By publishing a new
Expert Group report and embark-
ing on a second, the NEA is cur-
rently strengthening its activities
in this field to establish an even
more constructive approach for
the future. ■

Note

* An overview of  act iv i t ies  on part i -
t ioning and transmutation and r ele-
vant  publ icat ions  ar e  avai lable  on
http://www.nea.fr/html/pt.
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ngineered disposal sys-
tems are necessary to
isolate radioactive waste
from humans and the

environment. Such systems have
generally been constructed at or
near the surface for wastes with
low-level radioactivity and wastes
with short-lived radioactivity. They
are being built or are planned to
be built deep underground in

geological formations for high-level
and long-lived wastes. A schematic
picture of such a repository is
shown above below. The photo on
page 30 shows a section of a tunnel
of the type envisaged for
connecting the underground
repository with the surface. These
repositories are designed with the
goal of ensuring that the risks of
harmful release of waste to the

E. Osthols*

* Mr. Eric Östhols is a member of the NEA
Data Bank.Sw
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Confidence building
in safety assessment
The role of the NEA TDB project

Schematic picture of a design for an underground
repository of spent nuclear fuel, with detail showing

canister enclosing fuel elements

environment are so low that they
are acceptable to the regulatory
authorities and the public. Several
different barriers for keeping the
waste from migrating into the
surrounding ground water are
usually planned, such as vitrifying
of the waste, enclosing it in canis-
ters and surrounding it by e. g. clay
material or cement. If, for some
reason, radioactive material finds
its way through the primary bar-
riers, and enters the surrounding
geological formations, it will mi-
grate through the surrounding
ground-water and rock or clay
minerals. A safety assessment of
this type of nuclear waste reposi-
tory requires the ability to build
credible models for radionuclide
migration. In order to build such
models, it is essential to have
access to basic thermochemical
data relevant to varying geological
environments for the radioactive
elements involved. 

These data are essential to permit
predictive modelling. The data is
very important, given the very long
time scales necessary for storage of
nuclear waste. The OECD/NEA
Thermochemical Data Base project
(TDB) aims to make widely avail-
able basic thermochemical data of
the type needed for safety assess-
ment of nuclear storage facilities.
Special care is taken to make sure
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that the data made available by the
TDB project are internally consis-
tent and have been evaluated in a
transparent way.

The origins of the
OECD/NEA TDB Project

The first phase (Phase I) of the
TDB project was initiated in 1984.
At the time, it was clear that,
although a number of thermo-
dynamic data compilations and
reviews had already been pub-
lished, none of them could be
used reliably as a complete source
data table to study the behaviour
of radioelements in the environ-
ment. Some of the compilations
do not give a comprehensive
review of many elements of inter-
est in the nuclear field and do not
present the sources of data, or the
rationale behind the selections.
Some have been intended for a
limited and different application,
such as certain compilations which
present data of interest primarily
in geology. Still others deal only
with non aqueous environments,
or with a limited number of com-
pounds and species. None of these
publications adequately treats all
the solid phases and aqueous
species of an element of special
interest to those studying the be-
haviour of radioactive elements in
the environment. Consequently,
most modelling groups support-
ing the performance assessment
of radioactive waste disposal have
developed their own data bases
from the scientific literature. How-
ever, the geochemical modellers
in different countries usually do
not have the time and manpower
required to thoroughly review the
different experimental data sources
appearing in the literature  and to
properly evaluate data. For this rea-
son, these national data bases may
lack consistency, and they some-
times differ considerably from
each other. These data differences
have important consequences for

the safety assessment calculations,
since it can lead to, and has led
to, calculation results for similar
conditions which differ by several
orders of magnitude when calcu-
lated by different groups. It has
been recognised that these dis-
crepancies are due to short-
comings in different data bases,
rather than in the computer codes
used.

The NEA TDB project was start-
ed in response to the recognition
among the member countries of
the NEA of these shortcomings in
existing, national data bases. In
this first phase, a comprehensive,
internally consistent and interna-
tionally recognised thermody-
namic database has been devel-
oped for the inorganic chemistry
of five elements: uranium, ameri-
cium, technetium, neptunium and
plutonium. Recommended data for

uranium and americium have been
published and similar publications
for technetium, neptunium and
plutonium are being finalised and
will be sent to print in 1999. The
data are also available on-line for
access from the NEA Member
countries. 

Phase II of the TDB project
As the five initial reviews of the

TDB Projects concluded, negotia-
tions on an independently funded
continuation of the TDB project
were completed in late 1997. 

This project is referred to as the
TDB phase II project, or simply
TDB II. The following new re-
views will be performed within this
project:

• An update of the existing
U/Am/Tc/Np/Pu reviews (one
review team for all elements).

• The inorganic chemistry of
nickel (Ni).

• The inorganic chemistry of
selenium (Se). 

• The complexation of selected
simple organic ligands (ISA,
EDTA, citrate and oxalate) with
uranium (U), americium (Am),
technetium (Tc), neptunium
(Np), plutonium (Pu), Ni,
Se, zirconium (Zr) and some
selected competing cations.

• The inorganic chemistry of
zirconium (Zr). 

These review areas have been
decided on in consultation with
representatives of the member
countries, taking into account the
toxicity, mobility, radioactivity and
half-lives of the commonly occur-
ring nuclides in radioactive waste.

Organisation of the TDB II
project

The second phase of the TDB
Project is organised as a semi-
autonomous project under the
guidance of a management board,
representing the participating orga-
nisations or countries. The NEA

■ Confidence building in safety assessment 

ANSTO Australia

NIRAS/ONDRAF Belgium

RAWRA Czech Republic

POSIVA Finland

ANDRA France

PSN France

FZK Germany

JNC/PNC Japan

ENRESA Spain

SKB Sweden

SKI Sweden

HSK Switzerland

NAGRA Switzerland

PSI Switzerland

BNFL United Kingdom

NIREX United Kingdom

DOE USA

Member country organisations
participating in the TDB Project



N
EA

 N
ew

sl
et

te
r,

 N
o.

1 
– 

19
99

N
E

A
 u

p
d

a
te

30

Confidence building in safety assessment ■

acts as the project co-ordinator,
and gets assistance and advice in
technical matters from an execu-
tive group within the management
board. As in Phase I, review teams
evaluate existing data and prepare
interim and final reports. The
management board is ultimately
responsible for the project and
defines and approves the annual
programme of work and budget
of the TDB Project. The executive
group, which consists of four
persons with strong technical back-
grounds, acts as a technical adviser
to the management board. It also
gives advice and assists the project
co-ordinator. The main part of
this work is performed by the
NEA Data Bank and covers the co-
ordinating of the review teams,
editing of review report manu-
scripts, and the updating and
maintaining of the TDB database.
The review teams normally consist
of three to five experts. Team

experts must be highly qualified
in the scientific area covered by
the review, and have a wide range
of direct experimental experience.
This experience is crucial for the
experts to be able to judge the
quality and completeness of the
scientific publications under review.
The reviewers critically evaluate
the chemical thermodynamic data
available for the element or ligand
in question. The review is carried
out according to specified proce-
dures, to ensure consistency and
quality control. Based on this
review, they recommend a set of
data, and present these data along
with their associated uncertainties.
They also provide a detailed justi-
fication for the selection, including
references to the primary data
sources, in the resulting report.

As in TDB Phase I, the reports
are then reviewed by an inde-
pendent set of experts before final
publication. The purpose of this

additional “peer review” is to

obtain an independent view of the

judgements and assessments made

by the primary reviewers, to verify

assumptions, results and conclu-

sions, and to check whether the

relevant literature has been exhaus-

tively considered. This is a very

important part of the quality assur-

ance for the published reviews.

The published TDB Project reviews

have earned widespread recogni-

tion due to their high quality, and

have also found many users in the

general research community, in

addition to the intended audience

of specialists in safety assessment

studies. As the project now enters

a new phase, it will aim to continue

producing high-quality, relevant

review reports useful to scientists

and safety assessment modellers

alike. ■

Section of a tunnel in Sweden which is the type envisaged
for transport into a spent nuclear fuel repository.
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Connected to the grid Under construction Firmly committed Planned

NEA Country Units Net GWe Units Net GWe Units Net GWe Units Net GWe

Belgium 7 5.7 0 0.0 0 0.0 0 0.0
Canada 14 10.3 0 0.0 0 0.0 0 0.0
Czech Republic 4 1.6 2 1.8 0 0.0 0 0.0
Finland 4 2.6 0 0.0 0 0.0 0 0.0
France 58 61.7 1 1.4 0 0.0 0 0.0
Germany 19 21.1 0 0.0 0 0.0 0 0.0
Hungary 4 1.7 0 0.0 0 0.0 1 0.6
Japan*** 53 43.5 2 1.9 3 3.5 14 15.4
Korea 14 12.0 6 5.7 0 0.0 10 11.2
Mexico 2 1.3 0 0.0 0 0.0 0 0.0
Netherlands 1 0.5 0 0.0 0 0.0 0 0.0
Poland 0 0.0 0 0.0 0 0.0 2 2.0
Spain 9 7.3 0 0.0 0 0.0 0 0.0
Sweden 12 10.1 0 0.0 0 0.0 0 0.0
Switzerland 5 3.1 0 0.0 0 0.0 0 0.0
Turkey 0 0.0 0 0.0 0 0.0 4 2.6
United Kingdom 35 12.9 0 0.0 0 0.0 0 0.0
United States 104 97.0 0 0.0 0 0.0 0 0.0

NEA Total 345 292.4 11 10.9 3 3.5 31 31.8

1998 (Actual) 2000 2005 2010

NEA Country Net GWe % Net GWe % Net GWe % Net GWe %

Belgium 5.7* 36.5 5.7 35.8 5.7 34.1 5.7 32.0
Canada 10.3 9.4 10.3 9.6 13.1 11.8 14.7 12.9
Czech Republic 1.6 10.4 2.5 16.4 3.4 19.9 3.4 19.7
Finland 2.6 16.5 2.7 16.2 2.7 15.5 2.6 15.1
France 61.7* 57.4 63.1 57.6 62.9 56.6 62.9 55.8
Germany 21.1* 20.5 21.1 20.5 21.0 20.0 21.0** 19.8
Hungary 1.7 23.4 1.7 21.6 1.7 20.3 2.5 27.0
Japan*** 43.5 20.3 43.5 19.8 45.4** 19.3 62.9 55.8
Korea 12.0 27.6 13.7 27.5 17.7 28.1 23.4 31.4
Mexico 1.3 3.7 1.4 3.6 1.4 2.8 1.4 1.8
Netherlands 0.5 2.3 0.5 2.4 0.0 0.0 0.0 0.0
Poland 0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.7
Spain 7.3* 14.8 7.3 14.7 7.3 14.2 7.2 13.6
Sweden 10.1 32.3 9.5 28.6 8.9 26.6 8.9 25.9
Switzerland 3.1 19.8 3.3 19.1 3.3 18.3 3.3 17.8
Turkey 0.0 0.0 0.0 0.0 1.3 3.1 2.6 4.3
United Kingdom 12.9* 18.1 12.1** 14.9 9.3** 10.9 7.0** 8.2
United States 97.0* 12.0 96.0 11.6 87.0 9.8 80.0 8.7

NEA Total 292.4 15.3 294.3 14.8 292.1 13.7 311.6 13.8
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Situation as of 31 December 1998

Nuclear power in NEA countries
A t the end of 1998, the total capacity provided by the 345 reactors now installed was 292.4 gigawatts (GWe).

Another 11 reactors totalling 10.09 GWe were under construction and three reactors totalling 3.5 GWe were
firmly committed. The total capacity of nuclear power plants in NEA countries in the year 2000 and 2010 is pro-
jected to be about 294.3  and  311.6  GWe, respectively. The 7.4 GWe of capacity that is expected to be retired by the
year 2000 is already deducted from these projections.

Nuclear electricity capacity in NEA countries

Status of nuclear power plants

* Provisional data. ***  Gross capacity data converted to net by the NEA Secretariat.
** Estimate established by the NEA Secretariat.



L ong-term safety of deep geologic repositories is
of paramount importance in radioactive waste

management. Methodologies for conducting safety
assessments include at a very basic level the identi-
fication of features, events, and processes (FEPs)
relevant to the system at hand, their convolution in
scenarios for analysis, and the formulation of concep-
tual models to be further evaluated through numerical
methods. These methodologies constituted the main
subject of an international peer review conducted by
the OECD Nuclear Energy Agency (NEA) on behalf of
Nirex. Nirex is a British company which has national
responsibilities for radioactive waste management.
Nirex’s objectives are to maintain technical credibility
on deep disposal, to gain public acceptance for a deep
geologic repository, and to provide relevant advice to
customers on the safety implications of their waste
packaging proposals.

In September 1998 the UK Department of Trade
and Industry requested the NEA to undertake and
manage an international peer review, on behalf of
Nirex. The review primary objective was to judge
whether the Nirex methodology provides an adequate
framework to support the building of a future
licensing safety case. Another aim was to judge
whether the methodology could help establish a
better understanding and, ideally, help to enhance
acceptance of a repository among stakeholders: the
scientific community, the community of public and
industrial policy makers, and the public.

The main conclusion of the International Review
Team (IRT) was that Nirex has developed a potentially
sound methodology.  Better documentation is needed,
however, to allow the future reader, or reviewer of the
methodology, or potential user or stakeholder, to
judge the technical relevance of the methodology
and to identify where, in the overall decision process,
the reader may be expected to be consulted or may
expect to obtain specific information. A challenge to
Nirex will be to describe in easier-to-understand terms
some of the more technical concepts. To aid inter-
actions with its stakeholders, the IRT recommends
that Nirex more comprehensively and transparently
document their methodology.

The IRT also recommended that Nirex make
available some of its computerised databases to
stakeholders and other interested parties. If properly
managed, e.g., through a “user group”, a review of
these tools by external users to Nirex could lead to
important insights and improvements. Ultimately, the
broader familiarity with these tools could favour the
acceptance of the Nirex methodology by the larger
community of radioactive waste management organi-
sations and stakeholders. ■

News briefs
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International
peer review of
UK Nirex safety
assessment
methodologies

The area of investigation characterising
a proposed radioactive disposal site:
Longland Farm (Sellafield), United
Kingdom.
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radioactive components. The opening of the WIPP
paves the way for future repositories for waste contai-
ning higher concentrations of long-lived radioactivity,
such as high-level waste and spent fuel. The opera-
tions of such repositories can go a long way toward
convincing the public that nuclear waste can be dealt
with safely and effectively. 

The NEA and other international organisations play
an important role, through the provision of peer
reviews. Through the peer review process, it is possi-
ble to benefit from experience of the world’s leading
experts in nuclear waste disposal and radiological
safety assessments and to take into account the
approaches followed by other advanced countries
towards the safe disposal of long-lived radioactive
waste.

In 1996, the NEA organised jointly with the IAEA
a peer review to examine whether the post-closure
assessment in the Compliance Certification Appli-
cation of the WIPP was appropriate, technically sound
and in conformity with international standards and
practices. The expert group carrying out the review
included representatives from nuclear regulatory
bodies, radioactive waste management agencies,
universities and research institutions. A report con-
taining the international expert group’s findings was
transmitted to DOE. The NEA has organised a number
of similar peer reviews in other Member countries at
their request. ■

I n March 1999, the Waste Isolation Pilot Plant
(WIPP), in south-eastern New Mexico, became the

first operational deep geologic repository in the world
for long-lived waste. The waste to be disposed of at
the WIPP comes from the United States defence pro-
grammes as a by-product of nuclear weapons produc-
tion and dismantling. It is commonly referred to as
transuranic waste and consists of clothes, rags, tools,
debris, residues and other non-liquid disposable items
contaminated with trace amounts of radioactive nucli-
des, mainly plutonium.

The waste is being placed in caverns excavated at
a depth of 650 meters below ground in a bedded salt
formation. This formation was chosen primarily for its
geological stability and for the lack of significant
sources of potable water in the area affected by the
repository. In particular, the WIPP site was selected
and constructed to meet the safety criteria established
by the responsible US regulatory authority, the Envi-
ronmental Protection Agency (EPA). The regulatory
approval process included public hearings and an
assessment of the long-term safety of the repository
after its closure, as documented in the Compliance
Certification Application and was submitted from the
U.S. Department of Energy (DOE) to the EPA. Legal
actions were taken by some groups opposed to the
WIPP project, but were dismissed in court.

The underground repository will comprise 55 storage
chambers with a capacity to store 6 million cubic feet
(180 000 cubic meters) of waste. This
capacity is expected to meet half of the US
military’s projected contaminated waste
needs over the next 35 years. It will
require thousands of waste shipments
from several locations in the US.  The iden-
tification of  routes required extensive con-
sultation with affected transit States and
Indian Tribes. In April 1999, shipments
have already been received from waste
producers in New Mexico and Idaho.

World-wide radioactive waste exists
now and will continue to be produced.
The waste comes mainly from the civil
nuclear power, but also from medical and
research uses of radioactivity and, in
some countries, from military nuclear
programmes. Experience with geologic
disposal of waste comes from under-
ground research laboratories and, in
several countries, underground facilities
for disposal of radioactive waste, includ-
ing waste containing longer-lived

The WIPP: a world premiere
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A tractor-trailer, called a TRUPACT-II
transportation system, travels to the WIPP.



O n 24 March 1999 an important report has been
released in the United Kingdom regarding waste

management policy. Prepared by a subcommittee
of the house of Lords Science and Technology
Committee, the report states that geological disposal
is presently the most suitable solution for indefinite
disposal of long-lived radioactive waste. Phased
disposal, including a long period of monitored,
retrievable storage – at depth – should be considered
before closing the repository.

Parliament should examine periodically the repos-
itory development process, and it has been indicated

that phased disposal will allow decisions to be taken
in a considered way.

The report includes recommendations to set up a
new Nuclear Waste Management Commission which
would seek to develop a broad national consensus
on choice between options for waste management
in the United Kingdom and, later, a Waste Manage-
ment Company to deal with detailed investigation
and implementation of technical solutions. The report
can be consulted, and ordered via the internet at
htpp://www.parliament.uk. ■N
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Combined waste repository and storage
facility starts operation in Norway

I n Norway the Himdalen repository for low and
intermediate level waste has started operation in

March 1999 after a period of operational testing and
quality insurance. The first shipments are of waste
containers (mainly drums) presently stored at the
Norwegian Institute for Energy Technology (IFE).

The Himdalen facility consists of four waste caverns
under a 50 m cover in a hard rock formation. The
entrance is from the hillside through a tunnel that
declines slightly towards the entrance. With a total
capacity of 10 000 drums, the facility is planned to
receive all low and intermediate level waste generated
in Norway until year 2030. This quantity includes
decommissioning waste, 45 containers of radioactive
materials (NORM waste) from petroleum extraction,
and about 10 000 drums which in 1970 were buried
in a shallow ground repository at the IFE’s premises
in Kjeller.

It was decided by the Parliament, for public accep-
tance reasons, that some plutonium containing waste
(200-300 drums, about 35 g of Pu) should be stored
in the facility in a retrievable way. This will give the
next generation the option of choosing another solution
for this waste before closure of the facility. Therefore

one of the four caverns has been defined as storage
area, while the drums emplaced in the other three
caverns, the repository area, will be irretrievably sur-
rounded by concrete. The waste is emplaced in con-
crete structures with waterproof cover, and a self-
drainage system has been constructed in order to
keep the waste and the caverns in a dry state (i.e., not
immersed in water).

The Himdalen facility is located about 40 km east
of Oslo. The Institute for Energy Technology (IFE) is
the facility operator. The licence was granted by the
Government in April 1998.

Formal operation and maintenance agreements
have been concluded between the Ministry of Trade
and Industry and IFE about financing, and between
Statsbygg (the governmental Directorate of Public
Construction and Property) and IFE about mainte-
nance responsibility. ■

Note

For more infor mation on NORM waste,  see Dealing with
natural ly occurr ing radioact ive mater ia ls ,  in  the  NEA
Newsletter, Vol. 16, No.2, 1998, pp. 18-22.

House of Lords report on the
management of radioactive waste



regime for dealing with liability and compensation
for nuclear damage. Subsequently, the Contracting
Parties to the Paris Convention began negotiations
to revise their own Convention, and it is likely that
any resulting amendment of that Convention will
necessitate a corresponding revision of the Brussels
Supplementary Convention. 

In the context of this recent and ongoing reform,
the NEA organised an International Symposium on
the Reform of Civil Nuclear Liability in Budapest,
Hungary from 31 May – 3 June 1999. The symposium
benefited from the co-operation of both the IAEA and
the European Commission and was hosted by the
Hungarian Atomic Energy Authority and the Institute
for Legal Studies of the Hungarian Academy of
Sciences. This Symposium provided an opportunity
for government experts, representatives from the
nuclear industry and from nuclear risk insurers,
academics and international organisations to focus
on topical issues arising from the practical implemen-
tation of these new reforms and the many challenges
that lie ahead.

Speakers were invited from a wide variety of
countries and sectors, whether or not they use nuclear
power, and practically every discipline interested in
the peaceful utilisation of nuclear energy was
represented. Approximately 225 participants from all
over the world attended the Symposium. The NEA
will publish the proceedings of the Symposium later
this year. ■

P ublic concern over the risks arising from the pro-
duction and utilisation of nuclear energy is an

obstacle to the future development of nuclear power
as a safe and reliable energy source. This concern
normally focuses upon safety issues associated with
the operation of nuclear installations, the shipment of
nuclear materials and the management of radioactive
waste and spent nuclear fuel. However, much impor-
tance has also been placed upon the need to ensure
the equitable compensation to victims in the event
that a nuclear accident actually does occur.

One means of satisfying this need is the estab-
lishment, on both national and international levels, of
legal regimes which guarantee the payment of such
compensation to all nuclear accident victims. Such
regimes have the effect of alleviating public appre-
hension while at the same time reflecting the funda-
mental duty of states to protect their citizens from
hazards arising from potentially dangerous activities
or the use of potentially dangerous substances. 

While national regimes may vary considerably from
state to state, historically there have been only two
international regimes in place covering liability and
compensation for nuclear damage suffered by third
parties. The first regime was established by the Con-
vention on Third Party Liability in the Field of Nuclear
Energy of 29 July 1960 (the “Paris Convention”). This
Convention was adopted under the auspices of the
NEA and covers most Western European countries.
The Paris Convention is complemented by the Sup-
plementary Convention on Third Party Liability in
the Field of Nuclear Energy of 31 January 1963 (the
“Brussels Supplementary Convention”). The second
regime was established by the 1963 Vienna Con-
vention on Civil Liability for Nuclear Damage (the
“Vienna Convention”) which was adopted under the
auspices of the International Atomic Energy Agency
and is world-wide in character. The two Conventions
are linked by a Joint Protocol which came into force
in 1992.

In recent years, major efforts have been undertaken
by the international community to improve these
two regimes, and in September 1997, such efforts
culminated in the adoption of two new instruments:
first, the Protocol to Amend the Vienna Convention
on Civil Liability for Nuclear Damage; and secondly,
the new Convention on Supplementary Compensa-
tion for Nuclear Damage which establishes a global
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International symposium
on the reform of civil nuclear liability

Inaugural session of the
Budapest International

Symposium on the Reform of
Civil Nuclear Liability.
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New 
publications

NEA Annual Report
1998

Free on request.

Also available on Internet:
http://www.nea.fr

The Strategic Plan
of the Nuclear Energy Agency

To assist its Member countries in maintaining and further
developing, through international co-operation, the

scientific, technological and legal bases required for a safe,
environmentally friendly and economical use of nuclear energy
for peaceful purposes, as well as to provide authoritative
assessments and to forge common understandings on key
issues, as input to government
decisions on nuclear energy
policy and to broader OECD
policy analyses in areas such
as energy and sustainable
development.

Free on request.

Also available on Internet:
http://www.nea.fr

Nuclear Energy Data – 1999
Bilingual.

ISBN 92-64-05856-7

Price: FF 120 US$ 21 DM 36
£ 13  ¥ 2 400

Nuclear Energy Data is
the OECD Nuclear Energy

Agency’s annual compilation of
basic statistics on electricity
generation and nuclear power
in OECD countries. The reader
will have quick and easy refer-
ence to the status of and projected trends in total electricity
generating capacity, nuclear generating capacity, and actual
electricity production, as well as to supply and demand for
nuclear fuel cycles services.

The Role of the Nuclear
Regulator in Promoting and
Evaluating Safety Culture

Bilingual.
Free on

request.
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Low-Level Radioactive
Waste Repositories:
An Analysis of Costs

ISBN 92-64-16154-6
Price: FF 300 US$ 50 DM 89  £ 31  ¥ 7 000

L ow-level radioactive waste (LLW) arises in the normal
operation of nuclear power plants and fuel cycle facilities,

as well as from the use of radioactive isotopes in medicine,
industry and agriculture. This report sets out the costs of
operating disposal sites for LLW in OECD countries, as well
as the factors that may affect the costs of sites being
developed. This publication will be of special interest to
experts in the field of radioactive waste management and
economics of the nuclear fuel cycle.

Proceedings of the Fifth
International
Information Exchange
Meeting, Mol, Belgium,
25-27 November 1998

Free on request.

Status and
Assessment Report

Bilingual.

Free on request.

Glossary of Nuclear Power
Plant Ageing
In English, French, German, Spanish and Russian

ISBN 92-64-05842-7

Price: FF 300 US$ 52 DM 89  £ 32  ¥ 6 050

P lant life management is
becoming an increasingly

important topic both in
nuclear power plant operations
and in international discus-
sions on the role of nuclear
energy. As in many other
aspects of nuclear power plant
operations, there is much to
be learned by international
comparisons of pratices. This
five-language glossary of

terminology is intended to assist utility operators and
regulators in OECD countries, and more generally to help
readers benefit as much as possible from international
experience.

Russian Minatom Nuclear
Safety Research Strategic Plan

An International Review

Free on request.

Actinide and Fission Product
Partitioning and
Transmutation
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Positron
Beam Utilisation

Workshop Proceedings
Costa da Caparica, Portugal
15-17 September 1998

ISBN 92-64-17025-1

Price: FF 400 US$ 72 DM 119  £ 43  ¥ 8 500

Shielding Aspects of
Accelerators, Targets and

Irradiation Facilities – SATIF 4
Workshop Proceedings

Knoxville, Tennessee, USA,
17-18 September 1998

ISBN 92-64-17044-8

Price: FF 500 US$ 88 DM 149  £ 53 ¥ 10 300

O ver the last 50 years particle accelerators have evolved
from simple devices to powerful machines, and will

continue to have an important impact on research, technology
and lifestyle. Today, they cover a wide range of applications,
from television and computer displays in households to
investigating the origin and structure of matter. It has become
common practice to use particle accelerators for material
science and medical applications. In recent years, requirements
from new technological and research applications have
emerged, giving rise to new radiation shielding aspects and
problems. These workshop proceedings review recent progress
in radiation shielding of accelerator facilities, evaluating
advancements and discussing further developments needed
with respect to international co-operation in this field.

Use of Hydrogeochemical
Information in Testing

Groundwater Flow Models
Workshop Proceedings,
Borgholm, Sweden,
1-3 September 1997

ISBN 92-64-16153-8

Price: FF 550 US$ 91
DM 164  £ 56  ¥ 12 500

S ite characterisation and evaluation are important elements
for determining the site suitability and long-term safety

of a geological repository for high-level and/or long-lived
radioactive waste disposal. In that respect, matching the
results of the various geoscientific methods used in site
characterisation is important for building confidence in the
data, concepts and models used for describing and
understanding geological barriers of deep repository systems
and assessing their performances. As groundwater chemistry
may provide a method to test site-specific, time-dependent
groundwater flow models, a workshop on the “Use of
Hydrogeochemical Information in Testing Groundwater Flow
Models” was hosted by the Swedish Nuclear Fuel and Waste
Management Company (SKB) in Borgholm, Sweden, on
1-3 September 1997, to assess the progress to date in this
multidisciplinary aspect of site characterisation and
evaluation. These proceedings include the papers presented
at the workshop, as well as a technical summary of the topics
addressed and the conclusions reached.

The use of ion beams in nuclear research is well
established, with many facilities and networks of

experts active in the field. Applications for ion beams are
expanding, in particular in the development of new
materials, biotechnology and the creation of new isotopes.
Positron beams are likewise a very powerful tool for
observing and influencing microscopic material structures,
as well as for medical diagnosis. The combined utilisation
of ion and positron beams is expected to open up new
horizons in the areas of material science and biotech-
nology. These proceedings provide an overview of the
latest developments in this field, and highlight areas for
future international co-operation.
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Physics and Fuel Performance
of Reactor-Based Plutonium
Disposition
Workshop Proceedings
Paris, France,
28-30 September 1998

ISBN 92-64-17050-2

Price: FF 400 US$ 70 DM 119  £ 43  ¥ 8 200

Following recent disarmament agreements, the Russian
Federation and the USA have declared part of their

stockpiles of weapons-grade plutonium as a surplus to their
national defence needs. This material needs to be disposed of,
and one of the suggested means of doing so is burning it in
existing reactors and transforming the material into spent
fuel. The experience in these two countries with mixed oxide
fuel (MOX) is either dated or scarce. Several European countries
and Japan, however, have acquired much experience in using
MOX fuel in reactors which
was shared at this important
workshop. This publication
presents the workshop results
which reviewed existing tech-
nical information from the
civil nuclear power programmes
that are beneficial to weapons-
grade plutonium disposition.
It also proposes concrete
actions that could help
expedite this process in the
near future.

Pressurised
Water Reactor

Main Steam
Line Break

(MSLB)
Benchmark

Volume I: Final Specifications

Free on request.

NIREX Methodology for
Scenario and Conceptual Model

Development
An International Peer Review

ISBN 92-64-17084-7 – Free on request.

Occupational Exposures
at Nuclear Power Plants

Seventh Annual Report
of

the ISOE Programme
1997

Free on request.

Nuclear Waste Bulletin
Update on Waste

Management Policies
and Programmes

No. 13, 1998

Free on request.

Also available on Internet:
http://www.nea.fr
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Nuclear Legislation –
Analytical Study
Regulatory and Institutional Framework
for Nuclear Activities – 1998 Update

ISBN 92-64-17024-3

Price: FF 150 US$ 27 DM 45
£ 16  ¥ 3 200

Nuclear Law Bulletin
No. 63 + Supplement (June 1999)

ISSN 0304-341X

1999 Annual subscription: FF 350 US$ 64 DM 115
£ 38 ¥ 8 000

Single issues on sale on request.

C onsidered to be the standard reference work for both
professionals and academics in the field of nuclear law, the

Nuclear Law Bulletin is a unique international publication
providing its subscribers with up-to-date information on all
major developments falling within the domain of nuclear law.
Published twice a year in both English and French, it covers
legislative developments in almost 60 countries around the
world as well as reporting on relevant jurisprudence and
administrative decisions, bilateral and international
agreements and regulatory activities of international
organisations.

World Map and Tables
of Ratifications of Nuclear

Third Party Liability
Conventions

April 1999

Free on request.

Utilisation and Reliability
of High Power Proton

Accelerators
Workshop Proceedings,

Mito, Japan, 13-15 October 1998

ISBN 92-64-17068-5

Price: FF 650 US$ 113 DM 194  £ 69  ¥ 13 100

The use of high power particle accelerators in various areas
of applied nuclear science is presented with special

emphasis on accelerator driven reactor systems (ADS) for
transmutation of nuclear waste. National programmes for the
development of spallation neutron sources are presented and
the performance and reliability of existing or planned
accelerators for use in ADS are discussed. Effects, such as
thermal shocks and material resistance on the reactor part
of an ADS from loss of accelerator beam, are discussed more
in greater detail.
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OECD Bonn Centre
August-Bebel-Allee 6 – D-53175 Bonn

Tel.: (49-228) 959 1215 – Fax: (49-228) 959 1218
E-mail: bonn.contact@oecd.org – Internet: www.oecd.org/bonn

Where to buy NEA publications?

Where to order NEA free publications?

For customers in Austria, Germany and Switzerland

OECD Washington Center
2001 L Street NW Suite 650 – Washington DC 20036-4922

Tel.: (202) 785-6323 – Fax: (202) 785-0350
Toll-Free Number for Orders: (800) 456-6323

E-mail: washington.contact@oecd.org – Internet: www.oecdwash.org

For customers in the United States

OECD Tokyo Centre
Landic Akasaka Bldg, 2-3-4 Akasaka, Minato-ku, Tokyo 107-0052

Tel.: (81-3) 3586 2016 – Fax: (81-3) 3584 7929
E-mail: center@oecdtokyo.org – Internet: www.oecdtokyo.org

For customers in Asia

OECD Paris Centre
2, rue André-Pascal – F-75775 Paris Cedex 16, France

Tel.: +33 (0)1 45 24 81 67 – Fax: +33 (0)1 49 10 42 76
E-mail: sales@oecd.org – Internet: www.oecd.org

NEA Publications
12, boulevard des Îles – F-92130 Issy-les-Moulineaux, France

Tel.: +33 (0)1 45 24 10 15 – Fax: +33 (0)1 45 24 11 10
E-mail: neapub@nea.fr – Internet: www.nea.fr

Online Ordering:  www.oecd.org/publications
Secure payment with credit card.

Online Ordering:  www.nea.fr

For customers in the rest of the world

OECD Mexico Centre
Edificio INFOTEC, Av. San Fernando No. 37, Col. Toriello Guerra

Tlalpan C.P. 14050, Mexico D.F.
Tel.: (525) 528 10 38 – Fax: (525) 606 13 07

E-mail: mexico.contact@oecd.org – Internet: rtn.net.mx/ocde/

For customers in Latin America



Vacancies occur in the OECD Nuclear
Energy Agency Secretariat in the
following areas:

Energy Economics

Nuclear Safety

Radioactive Waste Management

Radiation Protection

Nuclear Energy Economics

Nuclear Science

Nuclear Law

Nuclear Engineering

Computing

Qualifications:

Relevant university degree; at least two or three years’ professional experience; very
good knowledge of one of the two official languages of the Organisation (English or
French) and ability to draft well in that language; good knowledge of the other.

Vacancies are open to candidates from OECD Member countries. OECD is an equal
opportunity employer.

Initial appointment:

Two or three years.

Basic annual salary:

From FF 318 000 (Administrator) and from FF 456 000 (Principal Administrator),
supplemented by allowances depending on residence and family situation. 

Applications, in English or French (specifying area of specialisation
and enclosing detailed curriculum vitae) should be marked “NEA/NL” and sent to:

Human Resources Management 
OECD

2, rue André-Pascal
F-75775 Paris Cedex 16, France

Employment Opportunities

OECD Nuclear Energy Agency
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Issue after issue, Radwaste Magazine delivers!  With each issue, readers receive practical and topical
articles on radioactive waste and environmental management. That’s why you need your own
subscription to Radwaste Magazine, a bimonthly publication that covers the most dynamic segment
of the nuclear industry.

And if you need more reasons, here are two: (1) We have reduced the price! If you are a member of
the American Nuclear Society, you pay just $35 (instead of the former $60) for a one-year subscription.
Or, you may prefer to have your library subscribe at $355 per year. (2) The magazine has a new Editor
who has already brought some bright, new ideas to the publication.

Look at some of the articles that the magazine’s recent issues have presented to our readers:

■ A Cold War legacy:The current status and
challenges of radioactive waste management
in the Russian Navy;

■ WIPP-WIPP-hoo-ray! World’s first TRU
disposal facility begins operations, receives
first wastes;

■ Uranium mine cleanup in Australia;

■ WRAPping it up at Hanford – how robotic
systems are helping workers at the Hanford
Site;

■ Nuclear waste management in Sweden;

■ Less means less: Duke Power’s liquid
radwaste solution.

On top of great content and a new low price, we make it easy to subscribe. Take your choice: Give
us a phone call (708/579-8208); send us a fax (708/579-8314);or zip us an e-mail (accounting@ans.org).
We’ll get the process moving so that you start receiving your own copy of Radwaste Magazine.

From the American Nuclear Society (ANS)

Check one:
❍❍ Yes!  I want to subscribe to

Radwaste Magazine at
$35.00 per year. (I am a
member of the American
Nuclear Society.)  ANS
Membership ID
no.__________________

❍❍ Enter my library
subscription at $355.

Please enter a 2000 subscription to Radwaste Magazine for:

Name __________________________________________________

Company ______________________________________________

Street Address __________________________________________

City_______________________    State/Province ______________

Postal Code____________    Country ________________________

Tel.____________   Fax____________  E-mail ________________
Send to:

Radwaste Magazine
American Nuclear Society
P.O. Box 97781
Chicago, IL 60678-7781 
USA
(Make check payable to 
American Nuclear Society)

Credit card orders:
Facsimile 708/579-8314
ANS members call 708/579-8266
Nonmembers call 708/579-8208

– See What You’ve
Been Missing!

Add $25 for each overseas subscription
Add $30 for funds drawn on non-U.S. banks

(All orders must be prepaid in U.S. dollars.)

Payment method:

❍❍ Check (payable to ANS) ❍❍ Money order ❍❍ MasterCard

❍❍ Visa ❍❍ AMEX ❍❍ Diners Club

Acct. no.______________________________   Exp. date ____________________________

Signature____________________________________________________________________
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