
Work on equation of state of nuclear materials has been continued : 

studies have been extended to the advanced fuels systems, starting on 

DC. The gas dynamics study of the evaporation jet have been extended 

to binary mixtures of monatomic and polyatomic gases. The various 

theoretical models for the prediction of critical point and thermo

dynamic data of nuclear fuels have been assessed.

The activity on the corrosion of stainless steel cladding of mixed 

oxides approaches its end. Besides laboratory investigations of 

detailed aspects of the proposed quantitative corrosion model and 

further development of a microcell for measuring oxygen potentials in 

irradiated fuels, work was concentrated on the design and the analysis of 

an in-pile test. The purpose of this experiment is to test the various 

predictions of the model developed at the JRC Establishment Karlsruhe.

Plutonium and aotinide_aspects_of nuclear fuel_c^c¿e_

Determination of the fission yield of selected actinide isotopes and 

work on the cumulative fission yield measurements have been carried out. 

The previously determined integral cross sections of some heavy 

elements have been validated. Moreover, isotope correlation techniques 

have been used to predict actinide build-up, and for neutron emission 

studies.

Activities related to aerosol research has been continued : various 

techniques of sampling and analysing aerosol were compared. Furthermore, 

a special aerosol laboratory is being established.

Finally, in the field of head- end processing of mixed carbide fuels, 

experimental and theoretical studies were oriented towards thermo

chemistry and phase relations, kinetics involved in dissolution processes 

and in oxidation reactions, and controlled oxidation of irradiated fuels.
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REVIEW OP PAST REACTOR ACTIVITIES AT OECD (NEA)

J .  ROYEN

Nuclear Development Division 

OECD Nuclear Energy Agency 

Paris , Prance

The Committee on the Safety of Nuclear Installations 
(CSNI) has recently increased its activity in LMFBR safety, under 
the guidance of its Group of Senior Experts on LMFBR Safety 
R & D. This Group, formed in 1978, consists of CSNI delegates 
(or alternates) from Member countries sponsoring major research 
in the field, and the Commission of the European Communities.

The Group now oversees the preparation of international 
status reports on relatively well-developed areas of LMFBR safety 
technology, and the convening of specialist meetings, expert 
groups and task forces to aid in investigating and resolving 
problems in less-evolved safety subjects.

Three status-of-technology reports are to be published 
during 1980, on:

(!) the role of fission gas release in the propagation 
of fuel failure;

(ii) increasing the reliability of fast reactor shutdown 
systems, and

(iii) reactivity monitoring in an LMFBR at shutdown.

Preparation will begin in late 1980 of reports on:

(iv) local cooling disturbances in sub-assemblies of. 
sodium-cooled reactors;

(v) interactions between sodium and concrete, including 
the effect of defective liners; and (possibly)

(vi) the consequences of local clad defects.

Expert meetings were convened in March 1980 on 
three subjects of current research interest:

(i) an ad hoc meeting discussed the relationship of fuel 
failure consequence modelling to the planning of 
confirmatory fuel experiments. The meeting recommended 
that an exchange of detailed information be conducted 
in 1980 on key accident phenomena, the computer codes 
used to model them, as well as uncertainties in 
related experimental data and work planned to reduce 
them.



(ii) the first meeting of an expert group on LMFBR
containment R & D decided to undertake two tasks.
First, the group will prepare in 1980 a report 
systematically outlining the modes of LMFBR contain
ment failure considered significant, and their 
origin. Incorporated will be several independently- 
produced fault tree descriptions of the failure 
modes. The group will review the descriptions to try 
and arrive at a consensus view, and to comment on 
how current and planned research bears on the 
predicted failure modes.

Second, the group intend to conduct in 1981 a series 
of benchmark problems for computer codes used to 
model structural and radiological consequences of 
primary system breaches. (This activity will be 
organised in close consultation with the CSNI Group 
of Experts on Nuclear Aerosols in Reactor Safety, 
who hâve already, studied certain of the phenomena 
involved).

(iii) an expert group met for the first time to consider
natural circulation cooling of LMFBRs under degraded 
core conditions. The group will produce in 1980 
a report summarizing current and planned research 
relevant to demonstrating cooling by natural 
circulation of an LMFBR core for various situations: 
natural circulation with all reactor cooling circuits 
and systems functioning, and when some reactor 
systems have been deliberately shut down; the 
influence of sodium boiling on flow and core damage; 
the influence of externally-induced damage to core 
or other reactor equipment; acceptability of 
natural circulation cooling for long periods; and 
the need and ability to restore normal, forced-flow 
cooling.

Other ongoing CSNI activities are also pertinent 
to the safety of fast reactors.

The CSNI Group of Experts on Nuclear Aerosols 
in Reactor Safety produced in 1979 the first in a new 
series of CSNI State-of-the-art reports on different 
safety-related topics. This report (which has the same title 
as the group) concentrates on:

(i) aerosol formation and characterization (source term);

(ii) aerosol processes inside containment; and

(iii) computer modelling of aerosol processes inside 
containment.

This report is available from OECD Sales Agents.

The Group has also organised a Specialist Meeting 
for 15th - 17th April 1980 on Nuclear Aerosols in Reactor 
Safety, to be hosted by the Oak Ridge National Laboratory 
in conjunction with the USNRC, in Gatlinburg, Tennessee, USA. 
Using the state-of-the-art report as a basis, the meeting will 
focus on new information, and is intended to identify any 
additional information useful for resolving remaining questions 
bearing on realistic radiological consequence assessment.

In 1979, the Group conducted a critical review of 
aerosol measurement techniques. It was concluded that most 
measurement difficulties arose from the fact that nearly 
all instruments have been designed for ambient, atmospheric 
applications and so cannot function at high temperatures, 
pressures and mass concentrations. As well, errors due to 
the sampling methods now used can be larger than instrument 
error. Because of these problems, the Group may arrange for 
collaborative efforts in 1981, involving experimental and 
analytical work, towards quantifying-the accuracy of aerosol 
measurement techniques.

CSNI has long been active in the field of (molten) 
fuel-coolant interaction (FCI) - whose destructive potential 
conceivably could significantly worsen a reactor accident. 
Following a recommendation of the fourth CSNI Specialist 
Meeting on FCI (held in Bournemouth,U.K. in April 1979), an 
interpretive exercise in 1980 will attempt to clear up 
theoretical uncertainties about the physical processes 
involved in FCIs. Researchers will try to explain in coherent 
fashion the results of two well-instrumentated experiments, 
based on their concepts of the micro-physical stages of an 
FCI. The CSNI Group of Experts on the Science of FCIs will 
also continue their discussions on the subject.

In the long term, when theoretical understanding of 
FCIs has been clarified, an expert group will be convened 
to evaluate the theoretical implications for safety 
arguments and reactor design. Further CSNI Specialist Meetings 
and Newsletters on FCI R & D are envisaged.

g a s =ç o o l e d _f a s t _r e a ç t o r s  

(Nuclear Development Division)

It is advisable to evaluate internationally the 
capacity of the GCFR to offer a valid option as a back-up 
solution to LMFBR development. Since 1971, the NEA 
Co-ordinating Group on Gas-Cooled Fast Reactor Development 
has endeavoured to establish a co-ordinated programme for



work to be undertaken on GCFR development, at their own 
expense, by national research centres and by industrial 
undertakings in the participating countries. At present, 
ten countries and two international bodies are represented 
in the Co-ordinating Group: Austria, Belgium, France, the 
Federal Republic of Germany, Japan, the Netherlands, Sweden, 
Switzerland, the United Kingdom, the United States, the 
Commission of the European Communities and the European 
Association for the Gas-Cooled Breeder Reactor (GBRÂ); the 
Italian Comitato Nazionale per l'Energia Nucleare intends 
to become associated with the Group.

During 1979 the Co-ordinating Group continued its 
programme on the consolidation of the reference design 
features of a gas-cooled fast reactor. The scope of the 
development work being carried out in  the national research 
centres covers:

- feasibility of the fuel element concept;
- materials and corrosion investigations;
- experimental studies on performance aspects;
- plant safety and design;
- component development.

Since the previous meeting of the IWGFR, the Co-ordinating 
Group sponsored one specialist meeting, on GCFR heat transfer 
(Wilrenlingen, Switzerland, May 1979).

During 1980, the work of the Group will continue 
along the same lines. Another specialist meeting on GCFR 
heat transfer will be held at the Berkeley Nuclear 
Laboratories, U.K. from 15th to 17th September 1980; it will 
be followed on the 18th and 19th by a GCFR benchmark calcu
lations meeting at Y/indscale.

It should be noted, however, that there is a trend 
in several countries of the Co-ordinating Group towards 
a cutting down of GCFR programme budgets (recently, the 
U.S. Department of Energy has even decided to eliminate 
GCFR programme funding in the next fiscal year).

A "GCFR Status Report" reviewing the work carried 
out by the organisations represented on the Co-ordinating 
Group in the design study, safety study, and research and 
development fields, was published in January 1980. The 
Report provides an up-to-date statement on gas-cooled fast 
reactors and examines the rationale and arguments for the 
development of GCFRs; a copy was sent to the Members of the 
IVÍGFR. A brief summary of the Status Report is attached as 
Annex 1,
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FAST REACTOR PHYSICS 

(Nuclear Science Division)

The 22nd meeting of the NEA Committee on Reactor 
Physics (NEACRP) was held in Paris in October 1979 and two 
IAEA technical observers from the USSR were present. 
Discussions of a technical nature took place on a variety 
of topics, including:

(1) Isotopic correlations for fuel exposure history 
determinations;

(2) Criticality problems in storage and transportation 
of 'out-of-pile' fuel;

(3) Neutron deep-penetration problems in the blankets of 
fast breeder reactors;

(4) Fuel cycle aspects of the optimisation of existing 
reactors and in the design of alternative reactor 
systems.

In September 1979, the NEACRP cosponsored with the 
IAEA, a symposium on Fast Reactor Physics at Aix-en-Provence 
(France). The whole field of reactor physics was covered but 
the major categories of contributions were the verification 
of design methods by critical experiments and by the use of 
operational experience, the study of large heterogeneous 
fast power reactors and alternative design concepts with 
particular reference to INFCE (International Nuclear Fuel 
Cycle Evaluation). Conclusions drawn from the symposium 
were that current calculational methods and nuclear data 
were largely sufficient for conventional cores under 
normal conditions, but that for accident configurations or 
for non-conventional designs more refined methods were 
necessary. Although these techniques have been developed 
and successfully verified they are not widely used and 
further work is needed to find simple but reliable appro
ximations to be used in routine design calculations. 
Measurements on heterogeneous cores, although not yet fully 
evaluated, exhibit no major discrepancies with the refined 
calculations, but no firm conclusion could be drawn on the 
overall advantage of these concepts, 'as intensive thermo- 
hydraulic, safety and cost-benefit analyses must also be ” 
included.

The collaborative programme on the application of 
sensitivity and uncertainty analysis in shielding calculations 
and the conduct of penetration benchmark- experiments was 
reviewed by the NEACRP with the conclusion that it was 
appropriate to hold a specialists' meeting on this topic.
This will take place on 27th to 29th October, 1980, at OECD, 
Paris.



From the several papers presented on in-reactor 
measurements, it was apparent that significant work was in 
progress in a number of Member countries. However, as this 
was still at an early stage, the specialists’ meeting on this 
topic was scheduled for the second half of 1981. Detailed 
arrangements will be made at the 1980 NEACRP meeting and the 
IAEA will be kept informed.

The draft proceedings of the NEACRP specialists' 
meeting on the LMFBR benchmark, held at Argonne National 
Laboratory, USA, in February 1978, is now available. 
Considerable interest has been shown in this exercise and work 
is continuing to clarify the discrepancies highlighted by 
the study.

In November 1979, a specialists' meeting was held on 
the Calculation of Three Dimensional Rating Distributions in 
Operating Reactors. This concerned new, fast, 'coarse-mesh' 
computing techniques and nuclear power utilities provided 
a substantial quantity of operating data to validate the 
accuracy of the methods for prediction of power peaking and 
fuel management.

The Committee discussed the forthcoming ANS/ENS/IAEA 
meeting on Advances in Mathematical Methods for Solution of 
Engineering Problems. Although the subject scope is very 
large, some aspects are of interest to the specific reactor 
physics problems studied in NEACRP and the Committee expressed 
the wish to have a member on the organising committee.

Preparations for the third Specialists' Meeting on 
Reactor Noise (SMORN III) have continued, with the planned 
venue in Tokyo in October 1981. An organising committee has 
been appointed by NEACRP including a representative from 
the NEA Committee on the Safety of Nuclear Installations 
(CSNI), to coordinate the session devoted to the reactor 
safety aspects. The emphasis of the meeting will be on the 
applications of reactor noise analysis and will include a 
benchmark comparison of analyses of a well-specified noise 
recording, in an attempt to achieve some standardisation of 
methods.

NUCLEAR-DATA FOR FAST REACTORS 

(Nuclear Science Division)

The NEA Nuclear Data Committee (NEANDC) cooperates 
with the NEACRP on topics of mutual interest. The high 
priority request list for nuclear data originated with the 
NEACRP but is now maintained by a sub-committee of NEANDC.
This file, much of which is related to fast reactors, has 
increased in size as more countries contributed their

requests, and a detailed review has recently been performed 
by the sub-committee. The list is also included within the 
somewhat wider compilation of the World Requests for 
Experimental Nuclear Data (WRENDA) which was published in 
a new edition by the IAEA in 1979. New and modified requests 
from NEA Member countries were coded at the NEA Data Bank.

The NEANDC held its 21st meeting at Geel, Belgium, 
in September 1979. Both the technical discussions and the 
Specialists' Meetings sponsored by the Committee reflect 
the long-term commitment to the fulfilment of the data needs 
of the reactor programmes. The agenda of the meeting 
included a review of isotopic separation programmes, new 
measurement facilities, data for. the heavier plutonium and 
americium isotopes, and the data needs of fusion reactor 
systems and the alternative fission reactor fuel cycles.

A joint NEANDC/IAEA meeting on Transactinide Nuclear 
Data was held in Cadarache, France, in May 1979 when the emphasis 
was placed on decay information and on the intercomparison of 
evaluated data. A further meeting in.December 1979 in 
Bologna brought together specialists on Neutron Cross Sections 
of Fission Product Nuclei, a field in which there is consi
derable activity. Future meetings will be supported on Fast 
Capture Cross Sections of Fissile and Fertile Isotopes 
(Argonne National Laboratory, early 1981), Scattering Cross- 
Sections (France, 1981) and Uranium and Plutonium Resonance 
Parameters (Vienna, 1981), the latter in co-sponsorship with 
the IAEA. The NEANDC also intends to participate in the major 
European conference on Nuclear Data for Technology, planned 
to take place in Geel, Belgium, in 1981.

The NEANDC continues its involvement in standards.
The meeting discussed the program for the coordination of 
neutron flux intercomparisons and fission foil reference 
standards. In cooperation with INDC (International Nuclear 
Data Committee), â file is maintained on current standards 
and discrepancies in neutron data and from 17th to 21st 
March, 1980, a joint NEANDC/ISO (International Standardization 
Organization) Working Group on Terminology in Fission and 
Fusion will meet in Paris.

An intercomparison of nuclear model computer codes 
for calculation of fast neutron cross sections, similar to 
that carried out by the Cross Section Evaluating Working 
Group (CSEWG) in the USA, was supported by the Committee. 
This intercomparison will be coordinated in Europe and Japan 
by the NEA Data Бапк with the help of a technical expert 
appointed by the Committee, and in close collaboration with 
the continuing CSEWG work.



The NEANDC has expressed concern about restrictions 
on the release of the new evaluated nuclear data file, 
ENDF/B-V, outside the USA and Canada. Only some parts of this 
file have been distributed although the previous version 
ENDF/B-IV is now fully available as a reference file. The 
Committee is generally concerned that the present multilateral 
exchange of evaluated data may be replaced by a few bilateral 
agreements to the detriment of open verification of evaluated 
data.

The first of the NEANDC monographs entitled Neutron 
Fission will be published in 1980 and the volumes on Neutron 
Sources and on Neutron Capture should appear soon afterwards.

OTHER ACTIVITIES OF INTEREST TO IWGFR

(i) NEA DATA BANK:

The NEA Data Bank has completed its second year of 
operation as a combined data centre. Compilation of experimental 
neutron data, maintenance of the СINDA bibliography and the 
testing of computer programs of interest to the nuclear 
community have continued. Requests for information from OECD 
Member countries in Western Europe and Japan are now fulfilled 
from the integrated data base or from the standard files 
containing the many evaluated and specialised data sets. The 
computer program library continues to increase in size and 
encompass new categories of topical interest. A service to 
IAEA countries not Members of OECD, is provided through an 
IAEA liaison officer on long-term secondment to the Data Bank.

The Data Bank, in collaboration with the NEACRP and 
NEANDC, is involved in the chain of measurement, processing 
and end use of nuclear data in reactor physics and so parti
cipates in the continuing feedback processes necessary for 
the gradual refinement of the information. The SECU activity 
(Service on Experience in Code Utilisation) collates the ex
perience of users of programs and a recent publication in this 
series contains studies on shielding and cross section cal
culation programs. In December 1978, a seminar was held on 
the water reactor accident analysis program RELAP and further 
such meetings are planned for the future.

The Management Committee of the Data Bank has noted 
a small but growing trend to replace free multilateral 
exchange of computer programs through the Data Bank by 
individual barter arrangements, and is taking steps to 
discourage such activity. There is an imbalance between 
the U.S. and Europe in the exchange of programs and, in 
order to publicise to the U.S. user community major programs 
of European and Japanese origin, a seminar will be held in 
Argonne National Laboratory in May 1980.
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(ii) FUEL CYCLE REQUIREMENTS AND SUPPLY (Nuclear Development 
Division!?

A new edition of the NEA/IAEA report on "Uranium 
Resources, Production and Demand" was published in December 
1979. The report, which was prepared within the framework 
of the NEA/IÂEA Working Party on Uranium Resources, contains 
information on uranium resources for 35 countries representing 
most of the world's uranium deposits outside the USSR,
Eastern Europe and China. Forecast maximum attainable 
production capabilities are also reported and an estimate, 
given to the year 2025, of production capability from known 
resources. The new publication also includes some exploration 
expenditures and expanded analyses on availability of 
uranium in the coming decades.

Information on uranium demand has been revised in 
the light of more recent forecasts of the growth of nuclear 
power, particularly the forecasts produced by the International 
Nuclear Fuel Cycle Evaluation (INFCE). The Working Party 
developed this revision in the closest co-operation with the 
INFCE Working Group on Fuel and Heavy Water Availability.

The report focuses attention on the practical 
availability of uranium as well as on global supply and 
demand. It shows that, on a global basis, there is enough 
known uranium to support the nuclear industry over the next 
15 to 20 years and that there are grounds for confidence that 
substantial additional resources (which must at present be 
regarded as speculative) exist and can be found. Practical 
availability is, however, much less certain: physical 
accessibility and environmental or other political cons
traints are limiting factors; and there must be real concern 
whether development of new reserves and production capacity 
can be achieved on the required time-scale. The lead time 
from exploration to production of uranium is typically some 
15 years, \^hich means that, by the 1990s, there will be a 
growing dependence on sources not now being exploited or which 
are currently only in the speculative category. Recent trends 
in exploration and discovery have been healthy but this 
momentum will be maintained only if the mining industry 
is provided with a sufficient basis for confidence by the 
development of nuclear programmes.

For the longer term, the report explores the uranium 
demand implications of several reactor strategies. If new 
construction continues to be dominated by water reactors 
beyond the turn of the century, currently known resources will 
be rapidly depleted. Strategies with heavy reliance on breeder 
reactors would place far less demand on resources which are 
currently only speculative.



The main findings and conclusions of the Report, 
which is available from OECD Sales Agents and the IAEA, are 
summarised in the attached Annex 2.

Otherwise, progress has been made in the preparation 
of the next report on "Nuclear Fuel Cycle Requirements and 
Supply Considerations Through the Long-Term" ("Yellow Book"). 
The target date for publication planned by the V/orking Party 
on Nuclear Fuel Cycle Requirements is June 1981,

Annex 1: INTERNATIONAL COLLABORATION ON GAS-COOLED
FAST REACTORS*

The Nuclear Energy Agency of OECD has for over ten 
years been sponsor for a coordinating arrangement for studies 
of gas-cooled fast reactors (GCFRs). Countries who we re 
actively working on GCFRs agreed to pool their ideas and 
results, and this has brought together national organisations, 
and industrial and utility interests from Europe, Japan and 
the USA. The Coordinating Group in which these exchanges take 
place has recently decided the time had come for the preparation 
of a status report, and this presentation is made by one of the 
editors of that report on behalf of the Group.

The type of GCFR considered is the steam-generating 
version based on helium as primary coolant, and on the use 
of a prestressed concrete pressure vessel. The fuel assembly 
is of the pin type with stainless steel clad and mixed-oxide 
fuel, and operates on the "balanced pressure" principle, a 
feature which enables its operating conditions to be kept very 
close to those for an LMFBR. Specimen in-reactor tests of the 
principle both in the USA and in Europe have been very encou
raging.

The Status Report, in summarising the results of the 
, investigations carried out so far, points out the gains accruing 
from the use of a neutron transparent single phase coolant such 
as helium in the fields of nuclear performance, safety and 
maintenance, and draws attention to the materials advantages 
helium confers because of its inert nature. Coolant compositions 
can be selected which minimise general corrosion, and attack 
on fuel in the event of a clad failure.

It is noted however that while the prestressed concrete 
pressure vessel with its inherent redundancy in construction 
reduces major depressurisation accidents to extremely low

* Summary of the "GCFR Status Report" prepared by Mr. J. Smith, 
AEE Winfrith, for the 1980 Annual Meeting of the American 
Nuclear Society.
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levels of probability, engineered safeguards of a highly reliable 
nature must be provided to meet cooling requirements for 
depressurised conditions and schemes have been devised which 
appear to meet the requirement. This provision, while also 
useful under pressurised conditions, is not essential as 
natural convection is then able to remove the residual heat.

The breeding ratio of a GCFR is high at 1.4 even 
without calling on advanced fuels or heterogeneous cores, but 
current studies tend to optimise designs at higher inventories 
then LMFBRs, though the values could be reduced if there were the 
incentive. The system doubling time is attractive at 12 years 
(17 years linear) and puts the reactor in the "advanced." fuel 
cycle performance category. As a device for influencing economy 
in the consumption of uranium, it is therefore an important 
option to be retained.

The relative simplicity of the concept, in which 
the primary coolant delivers heat directly to the steam 
generators and the circuit is wholly contained within the 
PCRV apart from small auxiliary systems, leads to estimated 
capital costs based on a comparison with gas-cooled thermal 
reactor information which are some 20>á greater than for LWRs.
A simplified analysis indicates that for equal generating costs, 
the allowable cost per unit of throughput in the fuel cycle 
can even at U,Og prices of $45/lb. be several times that of a 
LV/R recycle. Tnis margin increases substantially as uranium 
prices rise. There appear to be good grounds for belief that 
though the fuel assembly is more complex than that for a LWR, 
the estimated margins for breakeven should be more than 
sufficient.

Industry has a wide experience with gases over a range 
of temperature and pressure conditions, and it is this tech
nological base coupled with the accumulating experience from 
the 10,000 MW of gas-cooled thermal reactors, which the GCFR 
can exploit. This "feel" for gas technology can be expected 
to aid considerably both in minimising the amount of engineering 
development required, and in ensuring that timescales and costs 
for development are as realistic as can be.

This argument can be extended to help in assessing 
the timescale and method of introducing GCFRs. A number of 
studies have demonstrated, even on the much reduced installation 
trends currently in vogue, the importance of having fast 
reactors available not later than 2010 if uranium needs are 
to be kept to reasonable levels. If a commercial version is 
to be available by then, the GCFR must have gone through a 
demonstration stage significantly earlier. The general 
technological experience with gas supports the view that a 
demonstration unit of several hundred MWe - that is one using 
engineering components and layouts comparable with those for 
a commercial-size olant - could be nlanned in sufficient time.



The determining feature would then be whether the balanced 
pressure fuel concept could be' adequately demonstrated in time. 
The Coordinating Group view is that a suitable programme of 
inpile tests of pins and small assemblies, coupled with use of 
general fast reactor information being accumulated, could 
generate sufficient confidence in the fuel assembly performance 
to proceed to that scale of demonstration plant.

Clearly an engineering development programme is 
needed coupled with an R&D programme if this plan is to be 
successful. Commercialisation programme studies have been 
made both in Europe and in the USA and have concluded that 
some $450 - 550 million would be needed to cover the R&D and 
development costs. The Group considers that, in addition to 
the engineering proving, the principal areas needing further 
attention are (i) more intensive study of flow and temperature 
conditions in the fuel assembly to allow better design 
analysis of differential void swelling and corrosion effects, 
with possible fretting effects also needing study, (ii) pin. 
and cluster tests to establish the balanced pressure scheme, in 
particular whether blockage of gas passages in the fuel 
assembly can occur, (iii) continuing study of fuel failure 
mechanisms, and of subassembly accidents and their possible 
propagation, (iv) further study of residual heat removal 
under the full range of accident cases and examination of 
"core catcher" concepts in case they prove to be needed.

Annex 2: NEA/IAEA REPORT ON URANIUM RESOURCES,
PRODUCTIOH AND DEMAND 
( December 19791

Uranium Demand (Excluding that of the USSR, Eastern Europe 
and China)

Uranium requirements in 1980 are expected to be 
in the range 28,000 tonnes to 32,000 tonnes, well below the 
maximum attainable production capability of nearly 50,000 
tonnes U.

Uranium requirements to 1990 can be reasonably 
determined by the reactors in operation and under construction, 
particularly since it is generally accepted that by 1990 
recycle of uranium and plutonium will not make a substantial 
contribution and fast breeder reactors will not yet have been 
introduced in significant numbers. These factors indicate 
that annual uranium demand will increase over the decade 
1980 to I99O to about 60,000 tonnes U for the low INFCE 
nuclear power growth forecast (374,000 Mí/е in 1990), to about
88,000 tonnes U for the high INFCE nuclear power growth 
forecast (460,000 Ше in 1990).
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Beyond 1990 the projections of uranium demand vary 
over an increasingly wider range, as uncertainty about choice 
of reactor types and rates of nuclear power growth increases. 
Annual requirements in the year 2000 would reach 200,000 tonnes 
U under the conditions of high nuclear power growth examined 
by INFCE (1,207,000 MV/e) and use of light water reactors 
without any improvement in efficiency nor any recycle of used 
fuel. Conversely, under INFCE assumptions of low nuclear power 
growth (834,000 Ше), recycle of uranium and plutonium and 
their use in fast breeder reactors, the uranium requirements 
would be about 100,000 tonnes U. After the year 2000 the 
projections diverge even more as uranium requirements for 
programmes using only light water reactors continue to increase 
rapidly - even with substantially improved LWRs - while 
projected annual requirements level off in the case of full 
utilisation of fast breeder reactors (they even decrease, 
before 2 0 2 5 ,  in the case of low nuclear power growth examined 
by INFCE).

Projections of annual uranium requirements to 2025 
are shown in Figures 1 and 2. While the levels of demand to 
the year 2000 are less than those forecast in the previous 
edition of this report, the estimates continue to indicate 
rapid growth from the present level.

Uranium Resources (Excluding those of the USSR, Eastern 
Europe and China)

(a) Reserves

Uranium Jleserves (see Table 1), defined as Reasonably 
Assured Resources exploitable at a cost below $80/kg U, total 
1.85 million tonnes. This is higher by 200,000 tonnes than the 
figure in the 1977 edition of the "Red Book". The increase is 
chiefly due to discoveries in Brazil and Canada, and improved 
knowledge about deposits in Central African Republic, Namibia, 
South Africa, Spain and the United States of America.

(b) Resources

Resources in the Reasonably Assured category, 
exploitable at costs between $80 and $130/kg U, amount to an 
additional 0.74 million tonnes uranium, and Estimated Additional 
Resources in the low and high cost categories together amount 
to 2.45 million tonnes uranium (see Table 2). There were 
sizeable increases in the figures reported for these categories 
since the previous edition of this report. The main additions 
resulted from discoveries in Brazil, Canada, Greenland, South 
Africa and the United States of America. Even though some of 
the additions to Reasonably Assured Resources came from the



Estimated Additional Resources reported in the last "Red Book" 
as a result of exploration of previously identified deposits, 
the net "known" resources increased by 750,000 tonnes U.

(c ) SgeculativeJResources

It has been recognised that resources, as yet 
undiscovered, are likely to exist in addition to those iden
tified in Estimated Additional Resources. The NEA and IAEA 
have commenced an evaluation,. "The International Uranium 
Resources Evaluation Project" (IUREP), to assess the potential 
of these resources on a world-wide basis о The first phase of 
this project resulted in the publication in December 1978 of 
"World Uranium Potential : An International Evaluation". In 
that OECD/IAEA publication, a judgement was made on the amount 
of resources that may exist in addition to Estimated Additional 
Resources, which may be discoverable by present techniques.
The term Speculative Resources was introduced to describe this 
new category. The report also indicates areas with potential 
for additional uranium resources» Following publication of 
"World Uranium Potential", an Orientation Phase was initiated.
In this phase, geologists are sent to selected countries 
identified as having a potential for the discovery of uranium. 
This is intended to provide a more accurate estimate of 
Speculative Resources, indicate more precisely areas of 
favourability, and make recommendations concerning exploration 
methods which could be used for the discovery of the resources. 
Figures on Speculative Resources have been included in Uranium 
Resources, Production and Demand, for the first time.

(d) Uranium_Ex2loration

Exploration programmes have been reported in 
40 countries, and several government sponsored reconnaissance 
programmes have been initiated. Exploration expenditures have 
increased by $230 million to $570 million since the previous 
edition of this report, although part of the increase represents 
cost inflation. The Working Party on Uranium Resources believes 
that there are many areas of the world, geologically favourable 
for the occurrence of uranium, that have to date received 
relatively little attention. There may however be logistical, 
political or financial constraints to be overcome in many of 
these places.

Uranium Production

Several new uranium mines are scheduled to start 
production in the 1980s. This new production, plus projected 
expansions by current producers in Canada and the United States, 
will mean that any increase in uranium demand in the 1980s 
should be readily met. Based on current projections, the 
overall supply situation could be expected to be less favourable 
and could even reverse during the 1990s.
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While production amounted to about 38,000 tonnes 
uranium in 1979, the maximum attainable capability was about
44,000 tonnes/year. Provided that there is sufficient economic 
incentive and stability to support an orderly growth, this 
maximum capacity could increase to 119,000 tonnes/year by 1990 
based on estimated uranium resources. During the 1990s, 
increasing reliance on production in countries which have not 
previously provided substantial supplies of uranium may be 
necessary.

After the year 2000, uranium production from currently 
known resources will decrease and uranium supply will come to 
depend more and more on resources which still await exploration, 
discovery and development of production capability.

Considering the uncertain nature of the results of 
exploration and the long lead times from discovery to production, 
increasing levels of uranium exploration and development will be 
necessary during the next two decades to ensure adequate levels 
of production. The industry must not only provide sufficient 
additions to Reserves to sustain required rates, but must do so 
in a manner which is consistent \^ith environmental, political 
and economic constraints which tend to restrict the accessi
bility of certain uranium bearing areas and the capability to 
develop, produce, and export from identified deposits.

Comparison of Uranium Availability and Requirements

In the long-term, if nuclear power is to be a major 
source of energy, large increases in exploration efforts and 
new production capability will be required before the end of 
this century. Additions to production will need to be based 
largely on sources other than low-cost known conventional 
resources. By the year 2025, cumulative lifetime requirements 
could range from 4 million tonnes uranium to 20 million tonnes 
uranium (on the basis of the INFCE projections), depending on 
the reactor mixes actually in use. If new construction continues 
to be dominated by water reactors, the rate of demand will 
rapidly deplete currently known resources.

These demand characteristics illustrate clearly the 
role for improved converter reactors and still more of breeder 
reactors in conserving uranium. As uranium resources are 
unevenly distributed, this role may be of vital concern to 
some countries well before the end of this century.

Considering the long lead times involved in fast 
breeder development and large-scale introduction, whatever 
the future mix of reactors may be, substantial quantities of 
new uranium resources must be identified and made available to 
sustain the expected growth of nuclear power.
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Table 1. REASONABLY ASSURED RESOURCES 

(1,000 tonnes U)

Data available 1st January, 1979

COST RANGE
<$80/kg U 

RESERVES
$80-130/kg U

TOTAL 

AT < Í130/kg U

28 0 28

Argentina ................................. 23 5.1 28. 1

290 9 299

Austria2 .................................. 1. 8 0 1.8

Bolivia .................................... - 0 0

0 0.4 0.4

Brazil ...................................... 74.2 0 74.2

Canada1 .................................... 215 20 235

Central African Republic........ 18 0 18

Chile ........................................ 0 0 0

Denm ark.................................. 0 27 27

Egypt........................................ 0 0 0

Finland .................................... 0 2. 7 2. 7

France .................................... 39.6 15.7 55. 3

Gabon2 .................................... 37 0 37

Germany, Federal Republic of . 4 0.5 4. 5

India.......................................... 29. 8 0 29.8

Italy.......................................... 0 1. 2 1. 2

Japan ........................................ 7.7 0 7.7

Korea, Republic of4 ............... 0 4 .4 4.4

Madagascar2 ........................... 0 0 0

Mexico3 .................................. 6 0 6

Namibia .................................. 117 16 133

Niger2 ...................................... 160 0 160

Philippines2 ........................... 0 .3 0 0.3

Portugal .................................. 6.7 1.5 8. 2

Somalia3 .................................. 0 6.6 6.6

South Africa............................. 247 144 391

Spain ........................................ 9 .8 0 9. 8

Sweden 5 .................................. 0 301 301

Turkey .................................... 2 .4 1.5 3.9

United Kingdom....................... 0 0 0

United States of America........ 531 177 708

Yugoslavia ............................... 4 .5 2 6.5

Zaïre2 .................................... 1.8 0 1.8

Total (rounded)......................... 1,850 740 2,590

- Less than 100 tonnes U.

1. The material reported as reserves Is mineable at prices up to $ CAN 125/kg U and othex Reasonable Assured Resources are 

'mineable at prices between $ CAN 125 and $ CAN 175/kg U.

2. Source of data: Uranium Resources, Production and Demand, Paris, 1977.

3. Data refer to resources "ln-sltu", rather than recoverable.

4. Reported as 13, 000, 000 tonnes of ore with an average grade of 0.04* U30 8.

8. No uranium production allowed ta a deposit of 300, 000 tonnes U due to a veto by the local authorities for environmental reasons.

Table 2. ESTIM ATED ADDITIONAL RESOURCES 

(1,000 tonnes U)

Data available 1st January, 1979
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COST RANGE < $ 80/kg U $80-130/kg U
TOTAL 

AT < $130/kg U

0 5.5 5.5

3.8 5. 3 9. 1

47 6 53

0 0 0

0 0.5 0.5

0 0 0

90. 1 0 90. 1

370 358 728

Central African Republic ........ 0 0 0

Chile .......................................... 5. 1 0 5. 1

0 16 16

Egypt.......................................... 0 5 5

0 0.5 0.5

26.2 20 46. 2

0 0 0

Germany, Federal

Republic of ........................... 7 0.5 7. 5

0.9 22. 8 23.7

0 2 2

0 0 0

Korea, Republic o f ................... 0 0 0

Madagascar2 ............................. 0 2 2

2.4 0 2.4

30 23 53

53 0 53

Philippines2 ............................. 0 0 0

2.5 0 2.5

0 3.4 3.4

South Africa............................... 54 85 139

8.5 0 8.5

0 3 3

0 0 0

United Kingdom......................... 0 7.4 7.4

United States of America ........ 773 385 1,158

5 15. 5 20.5

Zarre2 ...................................... 1. 7 0 1.7

Total (rounded) ......................... 1,480 970 2,450

1), 2), 3) - As In footnotes to Table 1.

NB: A number of occurrences of uranium are not well enough defined to be included in Tables 1 and 2 but are described in Part lit, 

the'country reports.


