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The Communi ty 's mission is t o create the 
condit ions necessary for the speedy estab
l ishment and g rowth of nuclear industries 
in the member States and thereby cont r ib 
ute to the raising of l iving standards and 
the development of exchanges w i t h o ther 
countr ies (Ar t ic le 1 of t heTrea ty inst i tut ing 
the European A tomic Energy Communi ty ) . 
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T h e dr ive to develop nuclear energy in the 

European C o m m u n i t y is vindicated by the 

favourable cost out look and by the desire to 

avoid undue dependence on i m p o r t e d energy 

supplies. N o w , however, vast resources of 

re lat ively cheap energy have been discovered 

on C o m m u n i t y t e r r i t o r y in the f o r m of 

natural-gas deposits in the Nether lands . 

Does this mean tha t the effort expended on 

the deve lopment of nuclear power reactors 

has been, if not ent i re ly pointless, a t least 

premature? 

T o accept such a conclusion one would have to 

ignore the rapid g rowth of energy consump

t ion as a result of the C o m m u n i t y ' s economic 

expansion and also to disregard cer ta in finer 

points In the interplay of compet i t i ve forces 

on the power m a r k e t . Obviously, if this mar 

ke t is v iewed as a whole a cer ta in r iva l ry can 

be seen to exist between nuclear energy and 

natura l gas, but they are not real ly running in 

the same race; for whereas nuclear energy is 

essentially a source of e lectr ic i ty , natural gas 

wi l l be used p r imar i l y as a source of heat in 

a w ide range of industr ial and household 

applications. 

T h e use of natural gas in e lectr ic i ty-generat

ing stations is by no means ruled out , but in 

view of its great versat i l i ty the tendency 

wi l l be to seek m o r e prof i table outlets for i t . 

T h e r e is consequently every reason to believe 

tha t natura l gas wil l play an i m p o r t a n t p a r t in 

the indispensable harnessing of the C o m m u n i 

ty's energy resources, side by side w i th nu

clear energy, whose progress towards com-

pet i t iv i ty has been faster than anyone had 

hoped and whose full technological potent ia l 

is still far f r o m being reached. 

__L :tt . ._ : . . 
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Since t ime immemorial the Netherlands has 
been a country of wind and water, and 
through the ages these two elements have 
made their mark on the development of 
this land, a large part of which lies below 
sea-level. 
The sixteenth century saw the beginning of 
a massive offensive against the sea, which at 
that t ime held vast areas of land in its grasp 
and constantly threatened to reach out for 
more. In previous times man had already 
expended considerable efforts to erect 
refuges, mounds, earthworks and dikes. 

The f irst form of energy 

This large-scale counter-attack against the 
sea called for large energy supplies. This, in 
the form of wind power, which had hi therto 
merely helped the sea in its conquests, was 
now used wi th the aid of windmil ls to re
pair the damage. In the seventeenth century 
and later, land was first reclaimed and then 
drained by wind-powered water-mil ls. But 
in other respects also the sea was conquered 
wi th the aid of the wind. Ships left Dutch 
ports to sail across the wor ld , returning 
laden wi th goods from the four corners of 
the earth. 
The situation did not change radically w i th 
the invention of the steam engine and later 
the diesel engine and electric motor in the 
nineteenth century. On land and sea the 
Dutch set about mastering the use of an 
ever-increasing amount of energy in new 
forms. 
The modest steam pump was superseded 
by the powerful electrically-operated pump. 
The small sailing ship gave way to steam-
and diesel-powered ships displacing thou
sands of tons. The shipyards grew in size 
and number and ship-building became one 
of the country's major industries. The fight 
against the sea has become second nature to 
the Dutch but the fickle ally, windpower, 
has given way to the SO-cycle pulsation of 
the power gr id. 
It is therefore not surprising that the most 
modern sources of energy, consisting in the 
fission of heavy atoms or the fusion of light 
nuclei, should have appealed to the ¡magi-
nation of the Dutch people. The interest 
displayed in nuclear energy in the Nether
lands is a vivid i l lustration of this, as is shown 
by the pure and applied scientific research 
carried out there, which has culminated in 
the development, ¡n collaboration w i th 

Euratom, of a land-based reactor of the 
homogeneous suspension type for produc
ing electric power (KSTR) and a marine 
pressurised-water reactor for ships (NERO). 
In addit ion, a 50 MWe boiling-water nuclear 
power plant of American/Dutch design is to 
be built w i th the participation of Euratom, 
w i th which i t is planned to carry out op t i 
misation experiments and at the same time 
gain experience in power generation. 
Pure research in the field of nuclear 
energy is the province of the FOM (Foun
dation for Fundamental Research on Matter), 
in whose laboratories research on plasma 
physics ¡s current ly being conducted in col
laboration w i th Euratom. These investi
gations may represent an init ial , important 
step on the road to control led nuclear 
fusion. 
Normally, as soon as an FOM investigation 
begins to pass from the stage of fundamental 
to that of applied scientific research it is 
dropped and, as in the case of nuclear 
research, then becomes the concern of the 
Netherlands Reactor Centre (RCN). Subse
quently, when the applied research is 
nearing completion, the RCN in tu rn makes 
the knowledge acquired available to indus
t ry . 

N a t u r a l gas 

The recent discovery of large deposits of 
natural gas in the north of the country, 
which wi l l constitute an almost inexhausti
ble supply of cheap power for several 
decades, have not undermined the Nether
lands' resolution to make a contr ibut ion to
wards the development of nuclear energy. 
On the contrary they have acutely perceived 
that energy requirements in the fu ture— 
after exhaustion of the natural-gas reserves 
—wi l l far exceed present-day consumption. 
By that t ime the steady progress of nuclear 
research wil l have made possible the eco
nomic exploitat ion of atomic energy, thus 
broadening the basis for the generation of 
electricity. It is expected that by about 1970 
the cost of nuclear electricity wi l l be 2 
Dutch cents per kWh, which is not much 
higher than the present cost of current 
generated at power stations running on 
fossil fuels. However, for the t ime being 
nuclear electricity is only likely to be 
competit ive in the case of large generating 
plants (500 MWe); since the Netherlands 
have no urgent need of these large plants 



at the moment, they wi l l have greater 
f reedom of choice later, when the t ime 
comes to decide on the type of reactor to 
be used. 
The Netherlands' coal consumpt ion—only 
part of which is met f rom indigenous 
product ion—wi l l decline as a result of the 
increased availability of natural gas. It is 
estimated that the excess of coal imports 
over coal exports w i l l consequently disap
pear and there wi l l even be a small expor t 
surplus. 

Nuc lear energy 

The Dutch are ful ly aware that the use of 
nuclear energy in all spheres is going t o 
increase rapidly in the near fu ture, though 
for the t ime being this may not apply t o 
the i r own country. Nowadays an industr ial
ised country cannot afford t o lag behind in 
the field of reactor technology, and it must, 
in order to keep up, maintain a research and 
development programme. 
The choices made in this connection were 

Alternating pinch device for obtaining a stable plasma 

a reactor for marine propulsion—an appli
cation for which natural gas does not offer 
an alternative—and a thermal breeder 
reactor for electr ic i ty generation. As a 
matter of policy, f irms work ing in the field 
of atomic engineering were brought into 
these development projects w i t h a view to 
encouraging Dutch industry t o manufacture 
components for nuclear plants and place 
them on the wor ld market at compet i t ive 
prices. 

Research p rogrammes and research 
facilities 

Before delving deeper into the projects 
aimed at the development of nuclear power, 
i t would be advisable to glance at the 
research w o r k in progress in the Nether
lands and at the facilities available for ¡t. 
The ent i re nuclear research effort in the 
Netherlands Is carried out in a spi r i t of 
col laboration between independent bodies 
engaged on pure o r applied scientific re
search, universities and energy producers, 
w i t hou t any co-ordinating organisation 
above them, as is the case in some countries. 
Nuclear research Is even to a greater or 
lesser extent interwoven w i th other de
velopment wo rk . The State, which provides 
most of the funds (the electr ic i ty producers 
and industrial companies make only a 
modest cont r ibut ion) , is advised by three 
councils, responsible respectively for scien
t i f ic, industrial and health affairs. The basic 
principles of the use of nuclear energy in the 
Netherlands and the provisions for govern
ment intervent ion are laid down in the 
Nuclear Energy Law, which was given its 
present form in February 1963 after lengthy 
deliberations. 
Supplementary regulations w i th regard to 
th i rd-par ty l iabil ity in the field of nuclear 
energy, based on the Treaties of Paris (1960) 
and Brussels (1963), have since come into 
force. 
Among the independent institutes mention 
must be made f irst and foremost of the 
Netherlands Reactor Centre (RCN), which 
was set up in 1955 jo int ly by the govern
ment, the FOM, the electr ic i ty undertakings 
and private industry. The task of the RCN 
is t o acquire scientific and technical know
ledge, together w i t h experience of nuclear 
reactors and the i r applications, and to make 
this knowledge and experience, as well as 
the facilities procured, available to all inter-
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ested parties and in particular to Nether-
lands institutes and Netherlands industry. 

The high-flux reactor in Petten 

An important part of the knowledge was 
gained during the construction of and initial 
experiments w i th the 20 MW high-flux 
reactor (HFR) at Petten, in North-Hol land. 
This reactor was presented to Euratom by 
the Netherlands Government in 1962 but 
Euratom has entrusted its operation to the 
RCN for a number of years. 
In this way the RCN is in a position t o carry 
out its own research work , consisting of a 
number of neutron physics and irradiation 
experiments, in addition to an extensive 
Euratom programme. Several of these ex
periments are being carried out in the HFR 
in collaboration w i th the Norwegian Atomic 
Energy Institute (IFA), under the terms of a 
joint agreement of long standing. 

Five of the ten horizontal neutron-beam 
channels in the HFR are now being used for 
neutron-physics experiments covering neu
t ron diffraction, inelastic scattering of neu
trons and research on the gamma-radiation 
which occurs when neutrons are captured 
by certain nuclei. This last series of investi
gations is not being carried out by the RCN 
but by teams from the universities of Leiden 
and Utrecht . 
In the majori ty of irradiation tests use Is 
made of instrumented capsules placed in or 
near the reactor core and containing sam
ples of the material to be irradiated. The 
other irradiation experiments are conduct
ed in special loops set up partly inside and 
partly outside the reactor. 
The irradiation experiments are largely used 
for testing on non-fissile materials, but some 
for research into reactor fuels. 
Moderator graphite is Irradiated for various 
organisations, for example. The irradiations 
for the OECD Dragon Project are carried out 

in a special capsule designed by the RCN 
in which the graphite samples are irradiated 
at temperatures of 600, 900 and 1200°C. 
A number of steels used In the construct ion 
of reactor vessels are being tested under 
jo in t RCNjIFA projects: at low temperatures 
in a capsule installed in a reflector-element 
position and at high temperatures in a loop 
cooled w i th an organic l iquid. Euratom i t 
self has embarked on the Irradiation of 
stainless steels. 
Other positions in the reactor are used for 
irradiations of a large variety of materials, 
including beryllium, beryllium oxide, Zircaloy, 
zirconium hydride and instruments such as 
thermocouples and strain gauges. 
The reactor is also f i t ted w i th equipment 
for the series production of radioisotopes for 
both commercial and research purposes. 
As part of a project devoted to the develop
ment and fabrication of reactor fuel elements, 
¡n collaboration w i th industrial concerns, 
t w o irradiat ion experiments are being 
carried out w i th uranium-oxide fuel, one at 
low pressure in a water-cooled loop in a 
reflector element position (RCNjIFA), the 
other w i th a loop in which prototype fuel 
elements are Irradiated under pressurised-
water reactor conditions. 
For the mechanical and metallurgical testing 
of the irradiated materials after the i rra
diation capsules concerned have been re
moved f rom the reactor and dismantled, 
the RCN at Petten has an extensive " h o t " 
laboratory. In addit ion, the cold laboratory 
is used for carrying out chemical and 
metallurgical tests on the corrosion and 
welding properties of materials used in 
reactor construction. 

Reactor physics 

A building in Petten named after the nuclear 
physicist Enrico Fermi houses a critical and 
sub-critical facility for research work on 
reactor physics; here neutron-f lux distr i 
bution and reactivity effects are measured 
on various critical fuel-element configu
rations for power reactors now being 
developed. 

Separat ion of uran ium isotopes 

In Amsterdam, the RCN has built a new 
laboratory where, in collaboration w i th 

Neutron physics experiments with the HFR 
in Petten 
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Tomato plants in the neutron irradiation 
chamber below the BARN reactor in Wage
ningen 

industrial companies, pioneering research 
conducted by the FOM on the separation of 
uranium isotopes by means of ultracen
trifuges is being cont inued w i t h a view to 
the development of a product ion process. 
As soon as this process can be used for the 
economic product ion of enriched uranium, 
the fabrication of reactor fuel elements in 
the Netherlands wi l l be less dependent on 
supplies f rom abroad. 

Reactor deve lopment 

The RCN's reactor development team Is 
established at the wel l -known coastal resort 
of Scheveningen. It is on the drawing-boards 
of this team that the major i ty of the 
Netherlands' exist ing and planned nuclear 
installations f irst saw the l ight of day. The 
team also acts in an advisory capacity to 
industries work ing on nuclear energy pro
jects in the Netherlands and abroad. 
One of the most successful creations of the 
RCN reactor development team is w i thou t 
doubt the 1 00 k W Netherlands Biological and 
Agricultural Reactor (BARN), which was 
designed for ITAL (Institute for Atomic 
Sciences in Agriculture) at Wageningen and 
bui l t by Dutch industry. 

A t o m i c sciences in agr icul ture 

ITAL was set up in 1957 as an advisory centre 
on experiments involving radioisotopes for 
the various laboratories and institutes in 
Holland engaged In agricultural and biologi
cal research. Moreover, by placing the 
available irradiat ion facilities at the disposal 
of these establishments It was possible t o 
achieve a central isation which ensures 
efficient use of the expensive equipment 
installed, including the BARN reactor. 
In a space underneath this swimming-pool 
reactor, f i t ted out as an air-condit ioned 
g rowth chamber, plants and seeds are 
irradiated w i t h a thermal -neut ron f lux 
averaging 5 χ 106 n/cm2. sec. at one metre 
above the f loor. O the r experiments can be 
carried out w i t h the aid of two neut ron-
beam channels and a " r a b b i t " (pneumatic 
conveyor tube) system. Further facilities 
such as caesium sources, an electron gener
ator and X-ray apparatus are used here for 
theoret ical and experimental studies in 
agriculture and biology. This w o r k aims at 
developing new varieties of cult ivated 
plants, e.g. improved vegetables, by causing 
permanent hereditary changes, or muta
t ions, by means of ionising radiations. 
Parallel studies are being conducted on 
means of increasing the keeping qualities of 
f ru i t , potatoes and fish by surface pasteuri
sation w i th ionising rays. 
Tracer techniques, whereby absorbed radio
isotopes and labelled compounds can be 
detected in biological material by the radi
ation they emi t , are also useful for improv
ing artificial ferti l isers and obtaining a 
bet ter knowledge of plant physiology. 
Agr icul tural applications of nuclear energy 
have proved of great value, especially in 
cases where they lead to increased produc
t i v i t y in agriculture, which is the mainstay 
of the wor ld economy. Euratom concluded 
a contract of association w i th ITAL as long 
ago as 1961 (see Euratom Bulletin Vo l . I l l , 
N o 3, p. 1-19). 

Separation of uranium isotopes by means of 
an ultracentrifuge 

Natural uranium is introduced in gaseous form 
(uranium hexafluoride—UFe) into a drum 
rotating at high speed. Owing to centrifugal 
force, the heavier uranium-238 isotope tends 
to be driven towards the walls and to come out 
at the bottom of the drum. 

Nuclear research at the universit ies 

As is the case in o ther countr ies, Dutch 
universities, in addit ion to t ra in ing students, 
also play a part—indeed a major one—in 
nuclear research. Under Euracom's research 
programme the Amsterdam Municipal Uni
versity is carrying out research on the use of 
mathematical logic for documentat ion pur
poses; Groningen State University is studying 
the detection of, and chemical protect ion 
against, rapid biological reactions induced 
by low-energy irradiat ions; Leiden State 

·+ Product 

235, 

238, 

MNNB-» Waste 
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Swimming-pool reactor of the Reactor Institute in Delft 

University is investigating the effects of 
radiation on macromolecules and biochemi
cal systems; the Eindhoven Technological 
University is using test loops for heat-trans-
ferand dynamics research in connection w i th 
boil ing- and pressurised-water reactors. 
Furthermore, the Utrecht State University 
and the Delft Technological University are 
also carrying out nuclear research either for 
their own account or on a national basis. 

Inter-university Reactor Inst i tute 

A str iking landmark in the Delft polder 
land is the g l i t ter ing aluminium dome of 
the nuclear reactor belonging to the inter-
university Reactor Institute. The activities 
of this establishment can be divided into two 
groups. Firstly, students f rom all universi
ties and technological institutes can receive 
training in reactor physics, neutron physics, 
solid-state physics, radiation chemistry, ra-
diochemistry and biology. Secondly, re
search in these same fields is conducted by 
the Institute staff as wel l as by students and 
visiting scientists. In addition t o the swim
ming-pool reactor, the output of which is to 
be increased in due course from 200 k W 
to about 2 MW, there are also water- and 
graphite-moderated sub-critical assemblies 
(which receive the required neutrons from 
the thermal column of the swimming-pool 
reactor), a neutron generator and a 1600-
curie cobalt source for research purposes. 

Interesting investigations were recently 
conducted here on a number of white-lead 
samples taken f rom pictures dating f rom 
1515 to the present t ime. 
Activat ion analysis of samples weighing one 
mill igram or less showed that the concen
trat ion of minor impurit ies—copper, silver, 
manganese, chromium, zinc and ant imony— 
in the whi te lead used was characteristic of 
particular periods. By the extension of 
research of this kind it is hoped eventually 
to obtain more data on the kinds of pigment 
used by certain painters in certain countries 
at certain times. 

Research by T N O 

Delft also houses the complex of labora
tories belonging to the TNO (Organisation 
for Applied Scientific Research). This organisa
t ion , which was set up by the Netherlands 
Government, carries out research in many 
fields of applied physics, chemistry and 
mechanics both for outside customers and 
for its own account. 
It is therefore not surprising that the TNO, 
wi th its excellent facilities, is awarded a 
wide variety of contracts for special de
velopment wo rk from nuclear research 
centres in the Netherlands and abroad. 
The TNO receives a government subsidy to 
finance, among other things, the research it 
conducts on its own behalf. The remainder 
of its income is derived from the com-

High pressure boiling-water experimental loop 
at the Eindhoven Technological University 
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missions executed fo r industrial concerns 

and for o ther scientific inst i tutes. 

In connection w i t h the testing of the various 

steels used in reactorvessel construct ion, 

ment ion should be made of the Euratom

financed development of a new method for 

determin ing the t ransi t ion tempera tu re— 

i.e. the temperature at which br i t t le frac

t u re occurs—In small testpieces. U l t ra 

rapid photographic techniques have shown 

that b r i t t l e fracture is propagated in a non

continuous manner and that a shockwave 

of about 15 kbar is emit ted at each inter

val. By measuring the absorbed energy of 

the shockwave in miniature samples It was 

possible t o determine the arrest tempera

tures. These were in close agreement w i t h 

the arrest temperatures which were ob

tained w i t h the same materials by the 

familiar Robertson test. 

Inst i tute for N u c l e a r Physics Research 

( ' K O ) 

A specialised form of nuclear research is 

carried out in Amsterdam, where the Insti

tute for Nuclear Physics Research (IKO) is 

engaged on reactor experiments w i t h the 

aid of a 26 MeV deuteron cyclotron and a 

6 metre long linear electron accelerator w i t h 

a nominal energy of 50 MeV. The IKO was 

Uranium oxidejthorium oxide fuel particles 

for the KSTR reactor (Arnhem) produced by 

the SolGel process (enlargement ■ 1200). 

1. Reactor vessel 

2. Hydrogen injection 

3. Gas separator 

4. Main heatexchanger 

5. Suspension pump 

6. Dump vessel 

7. Spray condenser 

8. Water jet pump 

9. Hydrogenjoxygen 

recombiner 

10. C02 blower 

11. Heatexchanger 

Simplified flowscheme of the KSTR (KEMA Suspension Test Reactor) 

The KSTR is a "homogeneous suspension" reactor, i.e. a reactor in which the fuel is in suspension 

in a liquid, in this particular case water. 

The suspension circulates continuously, but it is only in the reactor vessel (1) that sufficient fuel 

particles are brought together to reach critical conditions. The heat generated by fission is ex

tracted from the suspension as it passes through the heatexchanger (4). 

The reactor vessel is surrounded by blankets of beryllium oxide and graphite, the main purpose of 

which is to reflect neutrons back into the reactor. The reflector is cooled by carbon dioxide. 

Hydrogen is injected (2) into the system for a number of reasons, one of which is that it maíces 

it possible to remove gaseous neutron poisons such as xenon135 from the reactor circuit. 

©^© 

originally set up by representatives of the 

FOM, the Municipality of Amsterdam and 

Philips Gloei lampenfabrieken NV, who sup

plied the cyc lot ron. The research based on 

the cyclotron falls into three main cate

gor ies: 

 determinat ion of nuclear propert ies 

through the study of nuclear reactions 

and the immediately ensuing deexcitat ion 

processes; 

 nuclear spectroscopy of radionuclides for 

the purpose of collecting data on the energy 

levels excited dur ing alpha, beta o r gam

madecay processes; 

 radiochemistry, including the preparation 

and study of radionuclides, activation 

analysis by di rect deuteron i r rad iat ion, etc. 

Nether lands A t o m i c Forum 

The Netherlands Atomic Forum was set up 

in 1961 for the benefit of Dutch firms en

gaged in nuclear activities and also for 

research establishments, insurance compa

nies, etc. The purpose of this organisation, 

which is affiliated to the Forum Atomique 

Européen (FORATOM) and maintains close 

ties w i th atomic forums in o ther countr ies, 

Is t o promote the development and use of 

nuclear energy by widely publicising the 

activities of Dutch industrial concerns and 

establishments work ing in this field by 

means of l i terature, informat ion meetings 

and exhibi t ions. The Netherlands Reactor 

Centre supports these activities by pro

viding facilities in the field of public rela

t ions, fi lms, publications, technical advice 

and documentat ion. 

In ternat iona l relations 

In the nuclear sphere the Netherlands 

maintains various international contacts. 

The oldest and strongest ties are w i t h 

Norway, w i t h whom the Dutch have been 

work ing jo in t ly both at Petten and at 

Kjeller, near Oslo, since 1950. 

These ties were recently extended by the 
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'Brittle" crack propagating in a steel plate 
( T N O , Delft) 

direct participation of the RCN in the OECD 
Halden Project (research on a boiling-heavy-
water reactor plant); this follows several 
years of Dutch collaboration under Eura
tom auspices. The Netherlands is taking an 
active part in the wo rk of the International 
Atomic Energy Agency (IAEA) in Vienna, the 
ENEA in Paris, and Euratom, of which i t is 
one of the six Member-states. Finally, 
agreements for co-operation in the field of 
nuclear energy are in force w i th the United 
States, the Soviet Union and Great Britain. 

Development of power reactors 

Af ter this survey of the various aspects of 
applied research in the field of nuclear 
fission and the organisations which are 
playing a part in these developments, the 
t ime has come to cast a glance at the pro
jects aimed at the construction of power 
reactors for electr icity generation and for 
ship propulsion. 

The K E M A project 

The power-reactor project of KEMA (the 
research and materials-testing laboratories 
of the Netherlands electr ici ty-production 
undertakings) is based on the view that in 
the long term the development of breeder 
reactors is essential If economic use is to be 
made of the world's uranium and thor ium 
reserves. The homogeneous suspension 
reactor seems to offer possibilities as a 
thermal breeder reactor powered w i th 
cheap fuel in the form of spherical 
T h 0 2 - U 0 2 particles having a diameter of 
5 microns. These are present in the heavy 
water which serves both as the moderator 
and as the heat-transfer medium. 
A t Arnhem this type of reactor was de
veloped joint ly by KEMA, RCN and Euratom, 
and a sub-critical assembly which has since 
been constructed provides data on the fuel's 
kinetic, physical and chemical behaviour. 
The fuel particles are fabricated in a pi lot 
plant based on the Sol-Gel process. 
In view of the next essential step of testing 
the suspension under actual power-reactor 
condit ions, a prototype reactor is at present 
being buil t at Arnhem. This KEMA Suspen
sion Test Reactor (KSTR) of 100 kW wi l l not, 
however, use heavy water ; Instead, o rd i 
nary water at a temperature of 250°C wi l l 
serve as moderator and coolant. This ne
cessitates enrichment of the fuel, which wi l l 

consist of particles of 235(J02 (13%) and 
T h 0 2 (87%). The primary circui t comprises 
the reactor vessel, a heat-exchanger and a 
circulation pump, the whole being sur
rounded by a gas-tight containment shell. 

T h e Dodewaard power plant 

As early as 1956 SEP (Samenwerkende Elek
triciteitsproductiebedrijven, an association of 
Netherlands electr ic i ty undertakings) were 
planning to build a nuclear power stat ion. A 
comparative study, based on ten foreign 
quotations for the supply of 150 MWe 
nuclear generating plants equipped w i th 
water o r graphite reactors, revealed that 
in no case was economic operation possible 

Flow scheme of the SEP Nuclear Power Plant 
(single cycle natural circulation boiling-water 
reactor) 
1. Reactor vessel 
2. Turbo-alternator 
3. Condenser 
4. Déminéraliser 
5. Feed-water heaters 
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for the Netherlands. Awareness of the 
unprof i tabi l i ty of bui lding a nuclear power 
plant of any present-day proven type led to 
a search for a size at which the deficiency 
would be justif iably offset by the knowledge 
acquired on design, construct ion and oper
at ion. The choice fell on a single cycle 
50 MWe boi l ing-water reactor. 
In view of the experimental nature of this 
SEP plant, Euratom was wi l l ing t o contr ibute 
t o the project. 

T h e N E R O p r o g r a m m e 

Since 1958 the development of an advanced 
pressurised-water reactor suitable for ma
rine propulsion has loomed large in the 
RCN programme. A provisional design 
based on a prel iminary study was produced 
and in 1960 a development programme was 
drawn up. 
This NERO programme, In which Euratom 
has part icipated since mid-1961, aims at 
acquiring sufficient knowledge for the 
construct ion of a pro to type marine reactor. 
The principal characteristics of the reactor 
are as fo l lows: 

— burn-out prevention by internal re
cycling of the primary cooling water inside 
the reactor vessel; 
— a core life of four years, owing to the use 
of burnable poison in the UO2 fuel ; 
— a compact reactor uni t housed in a 
containment shell 9 metres in diameter; 
— minimum weight ; 
— use of moderately superheated steam. 
The development programme has since 
made such good progress that the results it 
has yielded have enabled the design of a 
pro to type t o reach an advanced stage. The 
thermal power envisaged is 67 MW, which 
should deliver 22,000 horse-power at the 
shaft. 

N u c l e a r fusion 

Besides development in the field of nuclear 
fission a great deal of a t tent ion is being 
given to pure scientific research on the 
generation of energy by nuclear fusion. 
The Foundation for Fundamental Research on 
Matter (FOM), in association w i t h Euratom, 
is investigating the propert ies of ionised 
gases and the problems of producing usable 

power f rom thermonuclear reactions. Also 
under development are a number of ex
perimental techniques of a dist inct ive na
ture which are Important for pure research 
in plasma physics. 
This research is being conducted by the 
theoretical and experimental sections of the 
FOM Institute for Plasma Physics, which was 
set up a few years ago on the "R i jnhu izen" 
estate in the municipal i ty of Jutphaas, near 
Utrecht . FOM teams are also taking part in 
the research being carried out in this sector 
at the FOM mass separation laboratory in 
Amsterdam, at the State University of 
Utrecht and at the KEMA laboratories in 
Arnhem. 

The Netherlands is one of the smaller 
Member-states of Euratom, and obviously 
if i t desired to carry ou t independent 
research and development w o r k in the 
field of nuclear energy i t could only do so 
on a modest scale. The enormous sums 
inevitably required for thorough investi
gations are one of the reasons for the 
Netherlands' ever-growing interest in 
scientific research carried out on a co-ordi
nated basis. 

Flow-scheme of the NERO ship propulsion pressurised-water reactor. The primary (pressurised circuit is shown in blue, the secondary circuit 
feeding the turbine in black. 
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The impact of natural gas 
c ^ L ^ ê lì 

on Europe's energy economy 
JEAN LECLERCQ and MICHEL V A N MEERBEECK, Directorate-General for Industry and Economy, Euratom 

During the past few years, natural gas has 
acquired a place in the European Commu
nity's energy economy. Whereas in 1950 
its share in the member countries' overall 
energy production amounted to no more 
than 0.4%, i t had risen by 1963 to 3.3%. So 
far, however, this increase has been due 
solely t o the exploitat ion of relatively mod
est resources in West Germany, France and 
Italy; the tremendous potential opened up 
by the recent discovery of deposits in the 
Sahara and the Netherlands was still playing 
no part in 1963. 

The trend which has thus developed raises 
certain questions. For example, to what 
extent can natural gas provide a solution to 
the problem posed by the inadequacy of the 
Community 's indigenous primary energy 
resources In the face of a steady rise in 
consumpt ion! What repercussions wi l l i t 
have on the development of nuclear energy, 
regarded as the key to the future? 

N a t u r a l gas and its outlets 

Natural gas consists chiefly of methane and 
its calorific value usually ranges from 8,000 
to 10,000 kilocalories per cubic metre 
(kcal/m3). that is t o say twice as much as that 
of town gas (4,250 kcal/m3). 
What are its possible uses ? 
Fuel and raw material alike, natural gas has 
vast outlets. 
As a raw material, i t provides the basic 
products for chemical syntheses (acetylene, 
chlorinated derivatives, ammonia), carbon-
black for the rubber industry, etc. It can 
also be used as a reducing agent in blast
furnaces. 

In the energy field, It constitutes a clean, 
rich fuel, extremely versatile and eminently 
suitable for use in automatic control and 
precise regulation of temperatures. A wide 
range of applications is consequently open 
to it—space-heating and other domestic 
uses, as wel l as in Industry, especially for 
steam-generation and furnace-heating. 
Electricity generating stations, too , may 
show interest in a fuel which offers, among 
other assets, that of requir ing neither 
storage nor preliminary handling. 

N a t u r a l gas t ransport 

While the explorat ion and product ion 
methods are largely the same for natural 
gas as for petroleum, this does not hold 
good for transport and d is t r ibut ion, in 
which respect natural gas is less adaptable 
than oil and its liquid derivatives. N o t w i t h 
standing what is said fur ther on about 
methane-tankers, natural gas Is whol ly de
pendent on pipelines for delivery to the 
consumer, and this form of t ransport , 
although offering unquestionable cost ad
vantages, is attended w i th various draw
backs which militate against operating 
f lexibi l i ty. 
The route and diameter of a gas pipeline 
must be carefully determined after a study 
of the market and in accordance w i th the 
possible throughputs; once it has been laid 
it cannot be altered, no matter how the 
market changes. If the size of the pipeline 
has been calculated too generously, its 
prof i tabi l i ty wi l l become questionable, since 
amortisations wi l l burden selling prices 

unduly, while the uti l isation factor can 
scarcely be stepped up w i thou t adversely 
affecting these prices. If, on the other hand, 
the pipeline has been under-sized, the 
result, by reason of the difference be
tween the maximum possible throughput 
and the saleable quantit ies, wi l l be a lack of 
earning power which can only be remedied 
by sinking fur ther investments (in part icu
lar, boosting of pumping stations). 
A new technique has recently provided an 
alternative solution to piping, h i ther to the 
only method of t ransport ing natural gas. 
The gas Is now liquefied at very low temper
ature and carried in l iquid form aboard 
ships specially equipped for this purpose. 
Consequently, this method enables natural 
gas to be transported on ocean routes 
where the construct ion of a pipeline would 
be difficult or impossible; nevertheless, 
pipelines remain indispensable for convey
ing the gas f rom the gas-field to the lique
faction plant and for distr ibut ing i t after 
ocean transport . 

N a t u r a l gas in the C o m m u n i t y 

The production of natural gas in the Euro
pean Communi ty increased from 1.1 mil l ion 
tons coal equivalent (t .ce.) in 1950 to 
18.3 mil l ion in 1963. 
This production is consumed predominantly 
in the countries concerned and the relative 
magnitude of the consumption is therefore 
proport ional to the output of each country. 
In 1963, Italy, h i therto the biggest producer 
of natural gas in the Communi ty , consumed 
9.5 mil l ion t.c.e., representing approxi-
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mately 1 1 % of its tota l consumption. France 
was next w i t h 6.6 mi l l ion t.c.e., represent
ing 4 .5% of the total consumed. Then came 
Western Germany and the Netherlands 
w i t h 1.5 and 0.7 mil l ion t.c.e. respectively, 
or 1.2 and 1.9% of the i r total consumpt ion. 
In Belgium, only very small quantit ies of 
methane were consumed, whi le the Grand 
Duchy of Luxembourg neither produces nor 
consumes any natural gas. 

T h e new finds 

So far, therefore, the quantit ies of natural 
gas produced In the Communi ty countries 
have been too small t o disturb the energy 
markets. They have been more in the 
nature of supplementary supply which has 
easily been absorbed in to the energy 
economies of the producing countr ies. 
This pat tern , however, has now been 
completely disrupted by the discovery of 
the vast natural-gas occurrences in N o r t h 
Afr ica and the Netherlands. 

T h e Saharan gas-fields 

Gas reserves amount ing to 1,100,000 mil l ion 
cubic metres, of which 800,000 mi l l ion cubic 
metres are commercial ly exploi table, were 
discovered at Hassi R'Mel. O ther occur
rences, located near the Libyan f ront ie r , are 
reported to contain at least 600,000 mil l ion 
cubic metres. 
Only the Hassi R'Mel gas-field is at present 
being explo i ted, the gas being piped to the 
Mediterranean coast. Since the output 
greatly exceeds the local demand, it is neces
sary t o expor t the enormous surplus 
available. 
Nevertheless, the prospects for disposal in 
Europe are hampered by serious technical 
problems, notably as regards t ransport . In 
this respect the ul t imate choice wi l l lie be
tween methane tankers and an under-sea 
pipeline. 

T h e Groningen gas-fields 

The f irst commercial ly exploi ted oil occur
rences in the Netherlands were discovered 
in 1943 as a result of systematic explorat ion 
which had been in progress since 1923. 
Further dr i l l ing led in 1948 to the discovery 
of dry-gas fields, and in 1959 the presence of 
the Slochteren f ie ld, near Groningen, was 
revealed. Estimates of the content increased 
w i t h subsequent surveys of the field: 

60,000 mil l ion cubic metres in 1960, 
150,000 mi l l ion in 1961, then 450,000 mi l l ion 
and, later, 1,100,000 mil l ion in 1962 and 
finally 1.600,000 mi l l ion at the beginning of 
1965. It is even possible that this gas-field 
may contain considerably larger quantit ies 
s t i l l ; figures of 4,000,000 mil l ion and even 
6,000,000 mil l ion cubic metres have been 
mentioned in the Press, though these should 
be treated w i t h reserve. 
However that may be, the d is t r ibut ion 
area for Dutch natural gas cannot be l imi ted 
to the home market ; the available quantit ies 
are so great that an out le t must be found 
outside the Netherlands. 
The problem is therefore twofo ld : it is nec
essary, on the one hand, t o organise the 
domestic energy market so as to encourage 
the maximum use of natural gas—if possible 
w i thou t seriously affecting the other ener
gy-sources—and on the other hand, t o 
build up sales in foreign markets where 
natural gas wi l l have to compete w i t h 
alternative forms of energy which may be 
protected by taxes or subsidies. 

Nether lands sales policy on natural gas 

Various proposals have been put forward by 
the interested parties w i th regard to the 
policy that should govern the d is t r ibut ion 
of methane. 

— The oil companies and the Netherlands 
State Coll ieries, who hold the exploi tat ion 
rights, as well as the state-owned gas-
supply undertaking, recommended a system 
of sales based on str ict ly commercial cr i ter ia, 
w i th a view to obtaining the highest possible 
income. 
— Certain municipalit ies in the nor th of 
the country advocated a system of p r io r i t y 
allocation which would favour local indus
tr ia l isat ion. Prices would be fixed f rom case 
to case according to the prof i tabi l i ty of the 
industrial projects, w i thou t reference to 
the competing fuels, so as to ensure com
pet i t ive prices for the products. 
— A th i rd proposal was that the natural 
gas should be devoted largely to electr ic i ty 
product ion for generation of the base load. 
The price would be kept in line w i t h that of 
other fuels, according to the calorific value. 
The t ransport networks would be bui l t and 
managed by the electr ic i ty undertakings. 
The Dutch authorit ies decided on a sales 
policy based on the application of purely 
commercial cr i ter ia guaranteeing the maxi
mum revenue, i.e. : 
— The public supply system wi l l be con
verted ent i re ly to natural gas; in this sector 
natural gas wi l l completely replace other 
gaseous fuels. The ne twork wi l l be pro
gressively extended in order t o serve an 
increasing number of consumers. It is ex-

Natural gas in Western Europe. Principal gas-fields and pipeline networks 

gas-fields 

existing pipelines 

pipelines under 
construction 

pipelines planned 

(N.B. As regards 
the link between 
North-Africa and 
Europe a choice 
wiil be made be
tween the routes 
indicated.} 
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pected that the price of the gas wi l l be 

sufficiently attractive to enable it to be used 

for spaceheating, thus permit t ing a con

siderable expansion in household con

sumption. 

— In industry, preference wi l l be given 

wherever possible to natural gas for specific 

applications. 

— As regards thermal power stations, these 

could serve as an emergency out let for the 

disposal of temporary or seasonal surpluses. 

Indeed, rather than feed the gas perma

nently to numerous power stations, it 

Breakdown of net electricity production by 

energy source for the period 19601980 
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seems preferable in principle to export it 
to countries which wi l l put it to more 
specific uses and can therefore pay a higher 
price. Electricity producers can in fact 
easily import their fuels—coal and petro
leum products—at low cost. 
In other words, natural gas is a noble energy 
source which, both from the technical and 
from the economic viewpoint, can lay claim 
to more appropriate—and consequently 
more profitable—applications than mere 
combustion in the furnaces of electric 
power plants. 
— Finally, there are two considerations 
which restr ict the prospects of the Gro
ningen methane as a raw material for the 
chemical industry: firstly, the competit ion 
from coke-oven gas and refinery gas, which 
are better suited by reason of their chemi
cal composition and wil l become more plen
t i ful as natural gas supersedes them toan in
creasing extent in other sectors; secondly, 
the fact that the suppliers have no reason 
to lower their prices in order to make 
natural gas attractive to the chemical indus
try as long as they can sell i t profitably 
elsewhere. 
— Wi th regard to local industrial develop
ment the Dutch authorit ies have rejected 
the principle of preferential rates, which 
amounted to operating price discrimination 
against other forms of energy or to making 
other sectors throughout the country as a 
whole pay for the subsidies granted to cer
tain new activities. On the other hand, they 
have undertaken to set aside 25,000 mil l ion 
cubic metres of gas for industrial develop
ment in the north of the Netherlands and to 
grant special rates to all enterprises set up 
in that region. This policy has already 
aroused the interest of groups both in 
Holland and abroad who propose to build 

factories near the gas-fields for the pro
duction of aluminium, carbon black, ammo
nia, acetylene, ferti l isers, etc. 

Integrat ion of natural gas into the 
Community 's energy economy 

The discovery on Community te r r i to ry of 
an important and commercially exploitable 
source of energy wi l l have a beneficial 
effect on the Community's energy econo
my, which on the whole is marked by a 
shortage of indigenous resources. 
The Community's annual availability of 
natural gas, according to present estimates, 
is given in Table I. 
It is current ly estimated that the annual 
production from the Groningen gas-field wi l l 
reach a maximum of 35 mil l ion metric tons 
coal equivalent, half of which would be 
exported. 
In the Netherlands, the impact of methane on 
the energy marketwi l l be greater than in the 
other Community countries. In fact, the 
17 mil l ion or so metric t.c.e. of natural gas 
to be integrated into the Dutch energy 
economy in 1975 represents 30% of the 
total primary energy consumption. 
Natural gas wi l l rapidly supersede all the 
gases now distr ibuted through the public 
supply system, and its advent wi l l mark the 
end of gas-works and the feeding of coke-
oven gas, refinery gas, blast-furnace gas and 
chemical by-product gases into the gr id . 
These sectors wi l l thus be faced w i th the 
supplanting wi th in a very short t ime of a 
large part of their gas production. 
The loss of coal offtake can be made good 
either by cutt ing imports and boosting ex
ports or by consuming more Dutch coal in 
the electricity generating stations. 
In the other countries, except for the adjacent 

Table I: Estimate of the Community's availability of natural gas in 1970, 1975 and 1980 
(in mill ion metric tons coal equivalent) 

France 
West Germany 
Netherlands 
Italy 

Production 
Imports from Sahara 

1970 
7 

4 to 6 
10 to 15 

7 

28 to 35 
— 

28 to 35 

1975 
8 

10 to 12 
25 to 30 

7 

50 to 57 
10 to 15 

60 to 72 

1980 
8 

13 to 15 
32 to 35 

7 

60 to 65 
18 to 25 

78 to 90 
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A natural-gas pipeline under construction in the Netherlands 

areas of nor thern Germany, it wi l l be 1975 
before the normal th roughput of Groningen 
gas is attained, since the pipeline traces are 
as yet by no means defini te and the laying 
of the lines could take several years. The 
same problems result ing f rom the subst i tu
t ion of natural gas for t radi t ional fuels w i l l 
arise, but they wi l l no doubt be less acute. 
The natural gas wi l l be st i l l more in the 
nature of a complementary supply and the 
principal offtakes wi l l be in regions where 
energy is expensive or scarce. Some of the 
gas wi l l also be unloaded on new markets, 
where i t w i l l be put to specific uses which 
do not necessarily involve compet i t ion 
w i t h o ther fuels. 
In view of the foregoing, and when account 
is taken of the widening gap between the 
consumption and product ion of energy, it 
can be seen that the 15 to 20 mil l ion 
metr ic t.c.e. of natural gas which the Neth
erlands plans to expor t annually by about 
1975 must be capable of being integrated 
in to the energy economies of the o ther 
countr ies w i t hou t causing any d isrupt ion. 
A f te r deduct ion of the quantit ies to be 
expor ted to non-Communi ty countries 
(Br i ta in, Switzerland, Austr ia, etc.), the 
E.E.C, countries o ther than the Nether
lands w i l l share between 10 and 15 mil l ion 
metr ic t.c.e. of Groningen natural gas, 
representing less than 6 % of the overall 
consumption increase in these countries 
dur ing the period 1963-1975. 
As regards the Hassi R'Mel gas, this is f i rst 
t ransported to the coast, 800 km away, 
through a pipeline which has branches 
ending at Oran and Algiers and also serves 
the liquefaction plant at Arzew. 

A l though the t ransport cost of liquefied 
gas per calorie is sti l l substantially higher 
than that of crude o i l , the possibility of 
using large-capacity methane tankers is 
being examined w i t h growing interest. This 
tendency is fur ther st imulated by the 
reduct ion in the installation costs fo r the 
liquefaction units. 
Also under consideration is a plan for the 
piping of Saharan natural gas across the 
Mediterranean, since the potential markets 
lie in central and southern Europe (France, 
southern Italy, Spain, and probably Aust r ia 
and Switzerland). 

T h e impact of natura l gas on o ther 
forms of energy 

Whereas in 1963 the Communi ty possessed 
only 18 mil l ion t.c.e. of natural gas, by 1975 
i t w i l l have addit ional resources tota l l ing 
some 50 mi l l ion t.c.e. What impact w i l l this 
have on o ther sources of energy ? 
As regards public supply—which is to be 
very largely converted to methane—and 
industry, i t is estimated that natural gas 
consumption in 1975 wi l l be about 20 mi l l ion 
t.c.e. up on 1963. 
The electricity generating plants have h i ther to 
used relatively l i t t le natural gas. In 1963, 
the 3 mi l l ion t.c.e. of methane consumed 
accounted for only 2.5% of the Communi ty 's 
tota l electr ic i ty product ion. In view of the 
addit ional availability of fuels replaced by 
natural gas in other sectors, i t is l ikely that 
in 1975 the thermal generating stations wi l l 
absorb slightly more than double the i r 
present consumpt ion, i.e. a fu r ther 3 mi l l ion 
t.c.e. 

This leaves some 20-30 mi l l ion t.c.e. t o be 
integrated into the Communi ty 's energy 
economy: this quanti ty wi l l supplant coal 
and fuel-oi l . 
The collieries, already hard pressed by 
compet i t ion f rom fuel oi l and impor ted coal, 
may wel l be subjected to increased pressure 
in the methane-using regions. W i t h prices 
constantly r ising, sales of Communi ty -pro
duced coal w i l l therefore continue to 
dwindle and even protect ive measures could 
not prevent penetrat ion of the markets by 
natural gas. 
Finally, fuel oi l is bound to be affected in 
certain of its out lets. The Communi ty 's i ron 
and steel industry, for example, constitutes 
a market for more than 3.5 mil l ion tons, 
two- th i rds of which is consumed In oi l -
f i red open-hearth furnaces, and here too 
natural gas wi l l gain ground. 
However, the oil companies—which, both 
in the Netherlands and in the Sahara, 
cont ro l in varying degrees the natural-gas 
product ion and sales organisations—will 
endeavour to safeguard the i r interests by 
maintaining the market equi l ibr ium. 

Possible repercussions on nuclear 
energy deve lopment 

As regards nuclear energy, we shall confine 
ourselves to assessing the repercussions of 
natural gas on electr ic i ty product ion. 
A study on the long-term energy prospects 
In the European Communi ty (published in 
1962) contained an appraisal of the electr ic i
ty requirements up to 1975; i t also at
tempted to estimate the proport ions which 
wi l l be accounted for by the various cate
gories of pr imary energy in meeting these 
requirements. The trends out l ined in this 
study were extrapolated to 1980. 
According to this study, the pattern of 
electr ic i ty product ion is l ikely t o be as 
fo l lows: 
"privileged" production (i.e. hydroelectr ic 
power and thermal generating plants using 
low-cost fuels) : 
— gradually declining g rowth rate of hydro

electric power ; 
— relatively moderate increase in l ignite-

based produc t ion ; 
— stabilisation of the product ion f rom 

generating stations attached to smelting 
plants and operat ing on blast-furnace 
gas; 

"competit ive" production: 
— increase in the share of coal, fuel o i l , 
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natural gas and nuclear energy in elec
t r ic i ty product ion from 4 7 % in 1960 to 
75% in 1980. 

The problem therefore boils down to ascer
taining the share of natural gas in the 
competi t ive thermal production of elec
t r ic i ty . Being, as we have seen, a rare fuel 
which is very attractive for other uses, 
natural gas does not in the present circum
stances seem destined to play an important 
direct part in electricity generation. 
Some generating stations erected near the 
gas-fields w i l l undoubtedly run entirely on 
methane, but these wi l l be few in number. 
Furthermore, given certain conditions, 
multi-fuel power plants wi l l absorb seasonal 
surpluses of natural gas, as well as temporary 
surpluses occurring mainly during the 

another Communi ty country. The conse
quences of such discoveries would differ 
somewhat, according t o the countries in 
which they were made; in the market for 
the fuels used in thermal generating stations, 
their exploitat ion could give rise t o a degree 
of d islocation proport ional to the size of the 
new productions. 
In the Netherlands, where—at least for the 
foreseeable future—the energy marke tw i l l 
be v i r tual ly incapable of absorbing any more 
gas than the quantit ies now envisaged, any 
appreciable increase in availability as a 
result of new discoveries or a revised esti
mate of the Groningen reserves would be 
used largely for the electr ic i ty generating 
stat ions—hitherto excluded for reasons of 
cost—and for expor t . 

and a reliance on imports that is gradually 
assuming disquieting proport ions. 
The quantit ies of natural gas placed on the 
market as f rom 1975/1980 wi l l in fact 
represent only a small part of the total 
energy consumption at that t ime. Further
more, a deduction must be made for the 
quantit ies used as raw material. 
A fur ther necessity Is to locate and gradually 
explo i t new gas-fields, in order to replenish 
the reserves as and when they become ex
hausted. 
Consequently, the known gas occurrences 
and any fur ther discoveries resulting f rom 
current explorat ion w o r k cannot affect the 
urgent necessity of resorting to nuclear 
energy in order to meet the increasing 
power requirements. 

One solution to the problem of transporting 
natural gas: the methane tanker 

Off-shore drilling platform 

initial operating phases of the pipeline net
works, in order to ensure an adequate 
util isation factor for the latter. Conse
quently, the great majori ty of the competi
t ive-production thermal generating sta
tions which wil l be buil t in order t o meet 
the growing demand for electricity wi l l 
continue to burn mainly solid and liquid 
fuels, competi t ion between which wi l l be 
intensified, notably as a result of the dis
placement of substantial quantities of these 
fuels owing to the advent of natural gas. 
It is possible that very important new dis
coveries of natural gas may be made in the 
Netherlands, under the N o r t h Sea or in 

In the other Western European countr ies, 
on the other hand, there are st i l l extensive 
markets open to natural gas. Consequently, 
any substantial additional availability would 
be reflected in an expansion of the d is t r i 
bution networks t o serve new areas of 
consumption rather than in a systematic 
large-scale supply t o the thermal generating 
stations at low prices. 

Conc lus ions 

Natural gas can therefore play a useful part 
in the Community 's energy economy, which 
is marked by a growing structural deficit 

Moreover, the methane placed on the 
market wi l l wherever possible be set aside 
for specific applications in which i t is of 
special value, rather than consumed on a 
large scale in generating stat ions; to some 
extent, therefore, i t wi l l preserve its char
acter of rar i ty . 
Thus, since there is no change as regards 
the essential aims in the generation of 
electr ic i ty to satisfy the future demand, the 
use of nuclear energy in electr ic i ty pro
duction remains indispensable for solving 
the problems associated w i t h the cost of 
electric power and the Community 's de
pendence on imported fuels. 
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Uranium prospecting - An introduction 
FERNAND SPAAK, Director-General of the Supply Agency of the European Atomic Energy Community 

Early in 1963, a repor t was published by the Supply Agency's Consultative Commit tee on uranium 
reserves and the Communi ty 's long te rm supply problem. A t that t ime, the contracts governing 
the supply of uranium for the defence needs of the Uni ted States and the Uni ted Kingdom were 
about t o expi re, and "atoms for peace" st i l l appeared to be far f rom compet i t ive w i t h energy 
obtained f rom conventional sources. Under the circumstances, it would seem that uranium 
reserves exceeded the foreseeable demand and that the out look fo r the uranium industry was 
neither settled nor br i l l iant . 
Yet the Consultat ive Commit tee 's repor t stated that, if no new large-scale uranium deposits 
were discovered in the near fu ture, the supply of uranium would between 1970 and 1980 be beset 
by diff iculties which would inevitably be reflected in an inordinate rise in price. 
The Consultat ive Commi t tee therefore recommended that, in order to assure the Communi ty of 
an equitable and regular supply of fissile materials, the fo l lowing measures should be taken: 
- vigorous resumption of prospecting w i th a view to discovering new uranium deposits in and 
outside the Commun i t y ; 
- acquisit ion of interests In the existing uranium-mining industry, and/or conclusion of long-term 
supply contracts, possibly in conjunction w i th a uranium-stockpi l ing programme. 
The Euratom Commission duly adopted these findings, especially in view of the fact that , apart 
f rom France, which since 1946 had continuously pursued a very active policy w i t h regard t o supply 
and, in particular, prospecting, the efforts of the Communi ty countries in the field of prospecting 
had been extremely modest. 
Thenceforward, the Supply Agency and its Consultative Commit tee embarked upon a series of 
investigations aimed at determining the uranium potential of such member and non-member 
countr ies as might develop into suppliers of that material. Its findings have conf irmed that there 
Is enough uranium in the wor ld t o rule out any risk of shortage in the next few decades. On the 
o ther hand they also show that if uranium is to be obtained at satisfactory prices f rom 1975-80 
onwards, intensive prospecting programmes have to be launched w i thou t delay. 
Today, nuclear energy is already acknowledged t o be capable of competing w i th fossil-fuel energy 
and preoccupations w i t h the long te rm supply problem are becoming widespread. That these 
preoccupations are well- founded was borne out at the Th i rd Conference on the Peaceful Uses of 
A tomic Energy, held at Geneva In December 1964. In consequence, both the governmental author i 
ties of the producing countr ies and the uranium industry itself are awakening t o the new and 
encouraging prospects. In Canada as wel l as in the Uni ted States, private companies are displaying 
rekindled interest in uranium prospecting. Fur thermore, the Canadian Government has recently 
announced the in t roduct ion of a stockpi l ing policy and also init ial measures for restr ict ing the 
sale and expor tat ion of uranium. These restr ict ions are dictated by economic considerations bearing 
upon the problem of dependabil i ty of supply for Canadian users themselves. 
O t h e r countries w i t h a uranium potential have already taken, or signified the i r intent ion of taking, 
legislative and administrat ive measures to curb exports of uranium concentrate so that the i r 
own resources can be used t o cover requirements stemming f rom their programmes in the field 
o f nuclear energy product ion. 
This t rend highlights the advantage and the urgency of adopting a common supply policy for 
the European Communi ty , as there is every reason to assume that the latter, despite its fair ly 
l imi ted uranium reserves (about 30,000 tons of proven reserves, as against estimated needs up 
t o 1980 of 60,000 tons), w i l l become one of the wor ld 's leading uranium users. This being so, the 
development of prospecting programmes by European enterprises, in both Communi ty and 
non-Communi ty countr ies, appears t o be of capital importance. In the l ight of all these factors, 
Mr . Van Wambeke's art icle provides valuable and t imely informat ion on the subject. 

Detailed radiometrical prospecting in the Val 
Rendena(CNEN, Italy) 
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Prospecting for uranium 

LEOPOLD V A N WAMBEKE, Ispra Establishment of Euratom's Joint Research Centre 

History of uran ium prospecting 

Before the last war, uranium ore was mined, 

in a small number of mines, not in order to 

extract the uranium f rom i t , but in order to 

produce radium, or , alternatively, i t was 

a byproduct of the production of silver, 

gold and, more rarely, plat inum. 

Knowledge of uranium geology at that t ime 

was l imi ted and it seemed, on the basis of 

the data acquired, that the pitchblende 

veins constituted the main type of uranium 

deposit. 

The advent of the atomic age and the abso

lute necessity of finding uranium ore, for 

uses which were at first mainly mi l i tary, 

gave a major boost t o uranium product ion, 

such as at Shinkolobwe in the Congo, and 

led to the reopening of the closed mines in 

Colorado and Canada. It was at this t ime, 

also, that wo rk was commenced, notably 

in the United States and Canada, on pros

pecting for uranium w i t h the aid of the 

first Geiger counters on the basis of the 

sti l l very scanty knowledge of uranium 

geology then available. 

Immediately after the war, uranium became 

of greater interest as a future source of 

energy and prospecting for this metal began 

to be stepped up. In Europe, France was the 

first country to undertake actively pros

pecting for uranium, through the Commis

sariat å l'Energie Atomique, in order to 

ensure a supply of nuclear source materials. 

This prospecting work , which was carried 

out w i th modest funds and, ini t ial ly, on the 

basis of a l imited amount of mineralogicai 

data, was rewarded in 1948 w i th the dis

covery of a workable vein of pitchblende at 

La Crouzi l le in the Limousin area. 

In the United States and Canada, uranium 

prospecting, which was at f i rst assumed by 

government departments, was soon handed 

over to private industry. Up to 1950 pros

pecting was mainly confined to the Colorado 

plateau area in the Uni ted States and to 

those areas on the edge of the Canadian 

shield which seemed most promising. In 

South Afr ica, the radioactivity of conglom

erates was rediscovered. 

Between 1950 and 1956, there was a marked 

increase in the prospecting for uranium in 

the free wo r l d , helped to a large extent by 

the development of new equipment, notably 

more sensitive Geiger counters and the 

f i rst scinti l lat ion counters. A veritable 

uranium boom took place. Aerial and 

carborne prospecting were used for the 

prel iminary surveying of vast areas. A t the 

same t ime, geochemical prospecting was 

born, but prospecting on foot , w i t h the aid 

of counters, stil l remained one of the best 

ways of carrying out systematic studies of 

Fig. 1: Uraniferous deposits in connection with 

granite 

1. Radioactivity (c.p.s.); 2. Soil; 3. Schist; 

4. Limestone; 5. Sandstone; 6. Uraniferous 

pegmatites; 7. Uraniferous veins; 8. Granite. 
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an area which was felt t o be promising. 
Techniques involving soi l -resist iv i ty meas
urements were widely used in detailed 
studies of radiometr ic anomalies. 
This per iod was marked by the major 
discoveries (Blind River, Canada; Ambrosia 
Lake, Uni ted States; etc.)and by appreciable 
advances in prospecting and explorat ion 
methods. It revealed the importance of 
sedimentary deposits as the main source of 
uranium. Dur ing this per iod, the f i rst 
prospecting operations were organised in 
Italy and then in Germany, where several 
indications were known to exist, wh i le In 
France major deposits were discovered in 
the Massif Central (Forez, Limousin) and in 
the Vendée and in the Vosges mountains 
(St. Hippolyte) . 
The period after 1956 was marked, partic
ularly in the Un i ted States and Canada, 
by a general drop in prospecting w o r k , due 
mainly to the fact that the volume of re
serves discovered was already considerable 
and also owing to the t rans i t ion f rom the 
ore-prospecting stage to that of product ion. 
A f te r 1959, a year in which the free wor ld 's 
uranium output reached a record figure of 
about 33,000 tons, a newfal l ing-off occurred, 
this t ime due to the dispari ty between 
supply and demand, the lat ter being st i l l 
principally cont ingent on mi l i tary require
ments. 
Af ter 1960 the reserves of uranium which 
were exploi table at a price not in excess of 

$ 8 a pound of U 3 0 8 were re-estimated in 
numerous countr ies and it was found that 
in the major i ty of cases they had been set 
t oo high. Al though in the Commun i t y 
prospecting activit ies have continued mere
ly at a moderate rate, especially since 1960, 
they have nevertheless demonstrated the 
existence of uranium sedimentary type 
deposits, especially in France, (Massif 
Centra l , Héraul t ) , whi le o ther deposits 
have been discovered in Germany (Ell-
wei ler , Menzenschwand) and Italy (No-
vazza). 
It is certain that this period of recession in 
uranium mining cannot be of anything but 
a temporary nature, for nuclear energy is 
now reaching the point where i t is compet i 
t ive w i t h o ther forms of power, so that 
power reactors w i l l become more and more 
numerous. Thus, in o rder to meet the 
uranium requirements of the period 1975-
80, i t w i l l be essential to launch a major 
prospecting action before 1970. 

W h e r e is u ran ium t o be found? 

It is now known that the uranium contained 
in the earth's crust totals barely four grams 
per tonneand that Its concentrat ion is mark
edly lower than that of o ther common 
metals. It happens, however, that i t tends 
to concentrate considerably, thus causing 
deposits which can be grouped under t w o 

main classes: deposits related to granite 
and o ther igneous rocks, and sedimentary 
type deposits (see Figs. 1 and 2). 
The uranium-bearing formations of the 
f i rs t category are generally located, if not 
in the granite itself, then at least in its 
immediate v ic in i ty . In order to discover 
its or ig ins, we have t o go back to the 
granit isat ion cycles of the earth's crust 
which accompanied the format ion of the 
large mountain ranges. 

In Europe, for instance, almost all these 
deposits, consisting mainly of veins of 
pi tchblende, were formed about 280 mi l l ion 
years ago at the end of the great th rus t 
which created the Hercynian mountains. 
They are mainly located in the axial area of 
the Hercynian range, which extends f rom 
Cornwal l t o the Erzgebirge in Saxony, 
passing through Br i t tany, the Massif Cen
t ra l , the Vosges, the Black Forest and the 
Fichtelgebirge. These fair ly extensive gran-
itised regions form an uranium metallogenetic 
province where the l ikel ihood of finding 
workable deposits is relatively good. 
O ther areas of grani t isat ion o r areas 
characterised by a volcanic act iv i ty of 
Hercynian age are known in Portugal, 
Spain, Italy, the East European countr ies, 
Central Asia and China and are also accom
panied by uraniferous deposits. 
Sedimentary deposits, which consist in par
t icular in sandstone format ions and con-

Radioactivity (c.p.s.) 

Fig. 2: Sedimentary uraniferous deposits 
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glomerates, make up more than 90% of the 

free world 's workable uranium reserves. 

The conglomerates, which themselves con

tain 63% of the free world's reserves, are 

located mainly in the old shields o fp re 

Cambrian age (3,000 to 510 mi l l ion years), 

which constitute the f irst continents. The 

best examples of these conglomerates are 

found in Canada (Elliot Lake Basin) and 

South Africa (goldbearing basin of the 

Witwatersrand). 

The deposits located in uraniferous sand

stone are mainly found in the midWest of 

the United States, in Argent ina and in the 

Soviet Turkestan. 

This brief description of the location of the 

main types of uraniferous deposits shows 

that the uranium concentration in the 

earth's crust did not occur accidentally 

but that there are uraniferous "provinces" 

(see Fig. 3). The search of such favourable 

provinces constitutes the f irst step, or 

prel iminary stage of prospecting. 

The first p rob lem—where to start? 

The basic problem of all prospecting w o r k 

lies in the selection of the areas where 

there may be a reasonable chance of success. 

Qui te apart f rom economic, legal and, 

sometimes, political factors which have to 

be allowed for , this choice is based not only 

on a good knowledge of the geology of the 

metal in question and of the data already 

available, but also on a pr io r study of the 

geological and tectonic evolutions and of 

the mineralisation cycles. 

In 1945 geological data on uranium were 

stil l relatively sparse and in the Communi ty 

countr ies, for instance, nothing was known 

of any deposits apart f rom a few rare 

mineralogical indications. The granit ic mas

sifs and then the volcanic manifestations of 

the Hercynian Age were selected as the 

regions to be surveyed, and the first 

discoveries of deposits confirmed the 

interest of these wellmapped geological 

units for uraniumprospecting. As veins of 

pitchblende and uraniumbearing sediment

ary deposits are frequently found together, 

prospecting was performed after 1955, w i t h 

success, In the continental sedimentary 

basins situated mainly w i th in and on the 

edge of the Hercynian granit ic areas. 

However, the problem of the choice of the 

best areas for uraniumprospecting becomes 

much more complex if there are no radio

active indications or geological data, as i t 

is the case for vast regions of Afr ica, South 

America and Asia. For the prel iminary 

surveying of such regions, use is often made 

of photogeological techniques, by which 

Figure 3: Main types of uranium deposits 
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Fig. 4: From regional to systematic prospecting. 

During the regional prospecting (by aeroplane 

in this instance), the slightest anomaly is 

picked up by the radioactivitydetection device. 

The next stage is more detailed prospecting, 

e.g. survey on foot, by which means the 

existence of the anomaly can be verified. By 

gradual tightening of the mesh, the site of the 

anomaly can then be pinpointed. 

fair ly accurate geological maps are drawn 

up w i t h the aid of aerial photographs. 

Photogeology is used in conjunct ion w i t h 

aeroradiometr ic measurements. 

A l though the geological data about uranium 

have increased considerably, especially 

dur ing the last ten years, there are st i l l 

a large number of basic problems to be 

solved before a be t te r choice of the most 

promis ing regions or zones t o be pro

spected can be made. Let us quote an 

example. 

O u r knowledge of the geochemistry of 

grani te, which is a common rock of many 

Hercynian massifs in the Commun i ty , is 

spectlng of o ther metals such as t i n , ant i 

mony, zinc, lead, bar ium, etc. ; 

— i t could make a direct con t r ibu t ion to 

the development of the mining industry in 

certain poorer regions of the Hercynian 

massifs in the Communi ty . 

T h e selection of prospecting methods 

The choice of the method or methods to be 

used consti tutes the second problem in 

prospecting. Efficiency, speed and low cost 

are the basic c r i te r ia adopted here, but 

o ther considerations also play a part, such 

as the nature and morphology of the 

Fig. 5: The methods employed in the various stages of prospecting for uranium 
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sti l l inadequate to enable a clear d ist inct ion 

to be drawn between those which are l ikely 

t o contai n uranium deposits and those which 

are not. A basic study of this problem would 

be of great interest t o the Commun i ty and 

could provide a complete picture of the 

geochemistry of granites after computer 

processing of the results. It offers a th ree

fold advantage: 

— i t would br ing about a marked reduct ion 

in the cost of uraniumprospect ing by 

del imi t ing the prospecting zones more 

eff ic ient ly; 

— on the basis of the results obtained, i t 

would be possible to delineate areas which 

seem liable to be of interest for the pro

te r ra in , the type of deposit sought, the 

personnel and equipment available. 

The major i ty of uraniumprospecting meth

ods used are based on the radioactive 

propert ies of this metal. Depending on 

circumstances and according to the stage 

reached in the survey, one or o ther of 

these methods are used, or even several 

together. Fig. 4 i l lustrates the pr inciple by 

which the t rans i t ion f rom one prospecting 

stage to the other is effected, wh i le Fig. 5 

gives a survey of the various methods used 

in the successive stages of prospecting, f rom 

the first phase, i.e. pre l iminary explorat ion, 

up to the final stage, involving location of 

the mineralisation and dr i l l ing . 
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Detection equipment used for aerial pros
pecting, consisting of a scintillation-counter 
and measuring and recording equipment 
(German Federal Ministry for Scientific Re
search). 

Aeroradiometr ic surveys 

Aerial surveys are usually carried out w i th 
light aircraft f i t ted w i th very sensitive 
scinti l lation-counters and a camera to fa
cil i tate detection of the radioactive anom
alies observed and possibly the plot t ing of 
geological maps. 
The aircraft flies at low altitudes (200-500ft) 
along straight lines spaced an equal distance 
apart and preferably in a direct ion at r ight 

angles to the main tectonic structures. 
This method is used for the prel iminary or 
regional surveying of vast areas and has 
yielded particularly encouraging results in 
the detection of radioactive anomalies in 
the case of uraniferous deposits in sand
stone (United States, Argentina). The use of 
a gamma-spectrometer, t o discriminate 
between radioactivity due to uranium, 
thor ium and potassium, is advisable when 
prospecting is done in old shields. 

Geochemical prospecting by means of 
water and alluvial deposits 

As a result of the erosion of uraniferous 
formations and the i r washing by f lowing and 
ground water, the uranium content of 
water and alluvial deposits in the corre
sponding hydrographie basin is abnormally 
high. Detection of these geochemical 

anomalies forms the basis of geochemical 
prospecting by means of water and alluvia. 
By taking successive samples in an upstream 
direct ion, it is generally possible, after 
adequate interpretat ion of the analytical 
results, to locate the uraniferous deposit 
which is responsible for i t . 
The uranium contents to be measured are 
extremely low (only a few parts per 1000 
mil l ion in the case of water). The method 
most commonly used to determine them is 
f luor imetry , based on the ultra-violet 
fluorescence of certain uranium compounds. 
Geochemical prospecting by means of 
water and alluvia is a favoured method not 
only because of its speed but also by dint of 
its relatively low cost. In particular, pros
pecting is possible overa fairly large surface, 
which may sometimes be somewhat in
accessible by other methods. 

Mobile geochemical prospecting laboratory 
(German Federal Ministry for Scientific 
Research) 

Moreover, since uranium is frequently found 
together w i th other metals in some 
uraniferous "provinces" (e.g. vanadium and 
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Car -borne surveys 

In addit ion to airplanes, moto r vehicles are 
also used for surveying purposes. The 
detect ion equipment employed is similar, 
but the vehicles can be f i t ted w i t h an audible 
signal for picking up radioactive anomalies. 
The cruising speed cannot exceed 12-15 
m.p.h. 
This method has been used w i t h considera
ble success in regions where there is a good 

Type of scintillation-counter used for pro
specting on foot (Brunhilde Company, Germany) 

Plotting of a radioactivity map for systematic 
prospecting (CEA, France) 
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network of roads or in relatively flat 
countr ies w i t h l i t t l e vegetat ion, such as 
certain semidesert zones. 

Prospecting on foot 

Prospecting on foot , which is done w i t h the 
aid of l ight-weight detect ion apparatus such 
as Geiger and scint i l lat ion counters, is the 
method most commonly used, especially for 
detailed and systematic operat ions. It has 
been organised on a large scale in France 
and has led to the discovery of the deposits 
now known. It has also been employed in 
Germany and Italy. 
When an anomaly is detected, the survey is 
carried out on a smaller g r id scale and all 
the measurements are repor ted on a 
radioact ivi ty map which w i l l give a fair ly 
accurate picture of the surface radioact ivi ty 
d is t r ibu t ion . 

Prospecting on foot is part icularly advisable 
for surveying for uranium-bearing veins, 
which are not usually very th ick (10-15 cm), 
and for the detailed examination of certain 
geological formations which are known to be 
promising. 

copper), it is sometimes a help t o use these 
metals as guides in the prospecting of 
radioactive deposits (indirect geochemical 
prospecting of uranium). 

Geochemical prospecting by means 
of the soil 

As a result of the weather ing of the urani
ferous format ions by atmospheric agents, a 

certain diffusion of uranium occurs in the 
soils in the v ic in i ty of deposits. The de
tect ion of this diffused uranium forms the 
basis of geochemical prospecting by means 
of the soil . A fair ly expensive method, i t is 
used part icularly in regions where soil cover 
makes i t impossible to acquire reliable 
radiometr ic indications. 

Prospecting by means of plants 

There are t w o methods of prospecting 
based on the use of plants. The first is 
"b iochemical " prospecting, i l lustrated in 
the f igure, which involves detecting ab
normal uranium contents in plants, and the 
second "geobotanica!" prospecting, which 
uses certain guide plants which indicate 
direct ly or indirect ly the presence of 
abnormal quantit ies of uranium or asso
ciated elements, such as selenium. 
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Emanometry is certainly a 
method destined for w ider use. 

Electrical resistivity 

Emanomet ry 

This method, which is fair ly recent, is based 
on the detection of radon in the soi l . 
Uranium ores give off through desintegra
t ion a certain quanti ty of radon, a radio
active gas, which tends to accumulate In the 
mineralised structures. Its presence can be 
detected by pumping it in to an ionisation 
chamber and measuring its alpha-radio
activi ty. 
This method is particularly useful in regions 
where the direct radioactivity of the 
uranium is prevented f rom rising to the 
surface by the soil cover. 

Electric resistivity is a method for deter
mining the location and extent of the 
mineralised structures which have abnor
mal resistivity values vis-à-vis the sur
rounding rocks. This is an indirect method 
si nee i t does not identify uranium specifically. 
It is commonly used in France for more 
accurate determinat ion of the surface and 
depth characteristics of a known uraniferous 
format ion. 
In the United States this method is used 
ei ther for detecting favourable sedimentary 
structures o r for studying the lateral 
extent of mineralised zones. 

Seismic surveying 

Seismic methods are indi rect in the same 
way as the electrical resist ivi ty technique. 
The reflection and refraction of waves 
provide indications as t o the location of 
various structures likely t o contain uranium 
ore. 

promising Explorat ion and dri l l ing 

Exploration and dr i l l ing consti tute the 
final stage of prospecting, the i r main 
purpose being to determine whether a 
deposit can be worked or not. They yield 
data on the w id th and the depth of the 
deposit, Its quanti ty, Its average uranium 
content and the physico-chemical charac
terist ics of the ore. The information is 
obtained by trenches and in particular by 
dri l l ings combined w i th gamma-logs. 

Conclusions 

The European Communi ty is marked out 
to be one of the world 's largest, if not the 
largest consumer of uranium. It wou Id there
fore be improvident were it not to con
cern itself w i t h the matter of prospecting. 
It is not a question of the Communi ty 's 
having to contend w i th a possible shortage 
of uranium; even if there are assumed t o 
be no more than four grammes per ton In 
the earth's crust, this gives v i r tual ly un
l imited quantities - and does not include 
the uranium recoverable from sea-water. 
Rather is i t a question of ensuring supplies 
at the optimum price, which amounts t o 
searching for the most economically 
workable deposits. 

As t ime goes on and the number of nuclear 
power plants increases, the need to ensure 
these supplies is being felt more urgently. 
It follows that the Communi ty countries 
w i l l short ly have to take action, making 
sure that the technical resources they 
employ are used efficiently and constantly 
refurbished. W i t h so much at stake, there 
is a clear call for a combined-operations 
policy on the part of the six countries 
concerned. 

Radio-core-sampling by means of a Geiger-
Müller counter (CEA, France) 



T h e radioact ive effluents produced by 
nuclear energy 

Nuclear energy has made such strides in 
the last few years that i t is impossible t o 
imagine our economy w i t h o u t i t . The fission 
of atomic nuclei, however, as wel l as 
generating the enormous energies which 
We obtain f rom nuclear reactors, also gives 
rise to radioactive fission products. For this 
reason one of the problems which must be 
tackled r ight at the outset is the way in 
which radioactive effluents can be t reated 
and stored so that they do not const i tute 
a hazard to human beings. A t the same t ime 
the cost involved must not be so high as t o 
jeopardise the economic product ion of 
nuclear energy. 
Radioactive waste processing techniques are 
sufficiently wel l advanced fo r the activi t ies 
obtained f rom the air , water , equipment, 
etc., to be reduced to levels low enough to 
permi t t he i r discharge to the env i ronment 
w i t h o u t any hazard. 
The radioactive residue is then concentrated 
and stored on the si te. This lat ter practice is, 
however, only feasible in the case of small 
quant i t ies. A nuclear energy ou tpu t of 
10,000 MWe is accompanied by about 100 m3 

of high-activi ty l iquids a year, w i t h a total 
act iv i ty of some 300 mi l l ion curies. Even 
after concentrat ion by reprocessing, the 
volume of the low-act iv i ty effluents oc
cur r ing at the same t ime is l ikely t o total 
about 50-100,000 m3. Such quanti t ies cannot, 
of course, be stored on s i te, and i t is qui te a 
problem to store these effluents in the 
env i ronment in such a way that they 
cannot possibly enter the biocycle unt i l 
the i r act iv i ty has dropped to a negligible 
amount. 

Possible methods for the final storage 
of radioact ive waste 

Basically, there is a whole range of possi
bi l i t ies for the final disposal of radioactive 
waste. One of these is burial in the ground. 
Al though practised in the Uni ted States 
under propi t ious geographical, geological 
and climatic condit ions, this method can 
only be used to a very l imi ted extent in 
densely populated Central Europe, w i t h its 
high rainfall, and therefore w i l l certainly 
not make a decisive cont r ibu t ion to the 
solut ion of our prob lem. 
Dumping in the sea has, i t is t r ue , been 

The storage of 
radioactive 
effluents in salt formations 
DR. H. KRAUSE, Karlsruhe Nuclear Research Centre 

vehemently cr i t ic ised in the past, but it is 
a fact that by this process the large quant i 
ties of weak radioactive waste could be 
disposed of w i t hou t creating serious 
hazards to the sea or its fauna. The main 
pre-requisites for this are that the dumping 
points must be carefully selected and must 
be at least 2,000 m deep. In add i t ion , the 
radioactive waste must be enclosed in 
concrete blocks o r o ther containers solid 
enough to withstand the prevail ing pressure 
at these points and prevent act iv i ty f rom 
escaping over a fair ly protracted per iod. 
These requirements, however, make dum
ping at sea so costly that the method so far 
has not really succeeded in gaining accept
ance. 
There remains, then, the t h i r d possibil i ty, 
namely that of storage in deep-lying geo
logical formations. As contact of radioactive 
substances w i t h water, which forms part of 
the biological cycle, must def ini tely be 
ruled out , the choice of storage places is 
not easy. Even formations such as granite, 
which to the layman appear to be thoroughly 
solid and water t igh t , are invariably ful l of 
crevices and fissures th rough which water 
can seep. Clayey formations are certainly to 
all intents and purposes impervious, but 
they entail the danger that cavities may be 
breached and thus l ink up w i t h water
bearing layers in the surrounding format ion. 

Thus there can be no storage over long 
periods of t ime. 

Rock salt as a storage m e d i u m 

Salt format ions, on the other hand, are 
ideally suitable for radioactive waste 
storage. Where there is sufficient rock 
pressure, salt becomes plastic, as a conse
quence of which any fissures which may 
occur close up again. The salt is therefore 
completely gas-tight and impermeable to 
water . A fu r ther asset is that large cavities 
can be made in salt at a relatively low cost. 
Where appropr iately formed, these are so 
stable that they can be left w i thou t buttres
sing for a very long t ime. 
In the storage of high-activity waste, care 
must be taken to ensure that the heat 
generated by radioactive decay can be 
adequately evacuated, as otherwise tem
peratures may rise high enough for the 
storage containers t o be destroyed. The 
conduct iv i ty of rock salt is appreciably 
higher than that of o ther formations and is 
sufficient to conduct off the decay heat. 
Finally, i t should be pointed out that a salt 
deposit , even if i t should become flooded 
w i t h water, does not let any act iv i ty escape 
t o the envi ronment . Admi t ted ly the water 
dissolves a certain quant i ty of salt, but this 
process ceases as soon as a saturated 

R7 



solution is obtained. S i nee t he sal t format ion, 

as already said, is impervious to liquids and 

gases, no brine release is possible. The 

cavity must, however, be made so far inside 

the salt massif that, even in the event of 

partial dissolution fol lowing water ingress, 

salt pillars of sufficient strength remain 

erect. This requirement is easy to fulfil on 

account of the considerable thickness of 

most salt deposits. 

The bulk of Western Europe's salt deposits 

are in the Federal Republic of Germany. As 

Fig. 1 shows, there are in both nor thern 

and southern Germany numerous flat 

horizontal deposits w i th thicknesses ranging 

from several tens t o several hundreds of 

metres and areas extending over many 

square ki lometres. In nor thern Germany, 

there are also some 200 salt plugs, also 

called diapirs. These are salt masses which 

have mushroomed out of deeplying salt 

layers. The salt plugs may be a few ki lo

metres in diameter and wel l over 1,000 m 

deep. Many of them, too, take the form of 

ridges and may be as much as several 

hundred ki lometres long. Both types of 

deposit, namely horizontal salt formations 

and salt plugs, are shown schematically in 

figures 2 and 3. O ther countries besides 

Germany in the European Communi ty 

which possess fairly substantial salt deposits 

are the Netherlands, France and Italy. 

On the basis of the foregoing considerations, 

storage in salt formations has become the 

main plank in the German programme for 

the final storage of radioactive waste. In 

Fig. 1 : Salt deposits in the Federal Republic of Germany 

(according to records of the Federal Institute for Soil Research) 

,~~) Γ Κ Saltplug zone 

urn 
: Stratifi ed salt zone 

Saltplug zone 

Southern boundary 
of rock salt in 
Permian limestone 

Rock salt in 
Permian limestone 

Rock salt in 
shelllime 

Rock salt in 
the tert iary 

keeping w i t h its special s i tuat ion, the 

Federal Republic has assumed responsibi l i ty 

for saltstorage w i th in the Communi ty as 

its part in a wastedisposal coordinat ion 

programme. 

T h e storage of radioactive waste in 

a salt mine 

There are t w o dist inct possibilities as 

regards the storage of radioactive waste in 

salt, namely in mine openings o r in caverns. 

Mine openings suggest in the f i rst place 

derel ict workings that could st i l l be used 

in this way. It would also, however, be 

possible t o construct a new mine specially 

designed to meet wastestorage require

ments. The advantage of a mine lies in the 

fact that the waste can be stored in a fixed 

location. This is part icularly impor tant 

where highactivity waste or spent nuclear 

fuels must be disposed of, as both generate 

heat. Fur thermore, materials can be re

covered f rom the mine at any t ime for 

reuse. Yet anotheradvantage of significance 

offered by the mine is that i t affords the 

oppor tun i ty of carrying out tests on the 

behaviour of salt in radioactivewaste 

storage condit ions. Its main disadvantage is 

that the waste has to be loaded and unload

ed and possibly also handled several t imes, 

at the place of storage. This involves 

considerable expense for manpower and 

antiradiation devices. 

Qui te apart f rom all considerations regard

ing the advantages and drawbacks of a mine, 

there is the question of the practicabil i ty of 

such a project. The construct ion of a new 

mine is a very costly business. Salt mines 

abandoned for some t ime are usually in a 

condit ion which makes it diff icult to reopen 

them. Thus the only type which can be 

considered is a mine which has just been 

closed down, always provided i t is suitable 

for the storage of radioactive waste. The 

Gesellschaft für Strahlenforschung engaged in 

negotiations on behalf of the Federal 

Ministry for Scientific Research for the 

acquisition of an abandoned salt mine and 

reached an agreement w i t h the owner in 

March 1965. The necessary conversions to 

the pi t are at the moment being carried out 

t o f i t i t for its future duties. 

T h e salt d o m e as the final storage site 

for radioactive waste 

It Is by no means an easy matter t o find, 

when required, an abandoned salt mine that 
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is suitable fo r radioactive-waste storage. On 
the o ther hand, there are any number of 
salt plugs in no r the rn Germany which can 
be used for the construct ion of a dome. In 
order t o lose no t ime in opening up 
possibilities for the final storage of radio
active waste and acquir ing experience in 
this field, it was decided a year ago t o start 
at once on the construct ion of a proto type 
dome. 
For some years it has been a practice t o 
store l iquids or gases in salt domes; mil l ions 
of cubic metres of coke-oven gas, natural 
gas and suchlike have been stored in this 
way. In the construct ion of such an art i f ic ial 
cavern, which can have a capacity of several 
hundred thousand cubic metres, a borehole 
is first dr i l led th rough the cap rock down 
in to the salt format ion and then cased. Fresh 

v ic in i ty of the coast, the br ine can simply be 
discharged into the sea. If the br ine has to be 
pumped into a r iver , the lat ter must have 
a considerable f low of water i f its salt 
content is to be kept t o an admissible level 
o r the leaching process Is not to be greatly 
slowed down. It is also possible, however, 
to force the br ine in to deep-lying porous 
formations by means of special d r i l l i ng 
techniques. This procedure has already been 
adopted w i t h success on numerous occasions 
where geological condit ions were suitable, 
though i t entails addit ional costs. Con
siderations of disposal greatly restr ic t the 
choice of a si te. 
The radioactive waste is introduced in to 
the cavern via the borehole. W i t h large-
diameter boreholes this presents no major 
di f f icul ty.The installation costs do, however, 

lowered t o the bot tom of the borehole 
(Fig. 5). There the f loor of the capsule is 
opened, the waste falls out and the capsule 
can be hauled up and reloaded. W i t h this 
procedure the nature of the waste does not 
mat ter and there is consequently no need 
for a special waste-processing plant. 
The advantage of the salt dome is that the 
waste need only be handled dur ing the 
loading of the capsule. The radiation danger 
to the workers is correspondingly sl ight, so 
that expensive radiation safeguards are 
unnecessary. Owing to the simpl ic i ty of the 
ent i re installation the opeiat ing costs are 
l ikely t o be very low. When a cavern is fu l l , 
others can be constructed in the immediate 
v ic in i ty . As a disadvantage of salt domes 
must be counted the fact that there is a 
l im i t t o the i r sui tabi l i ty for the storage of 

a 100-1000 m 
b 1000-3000 m 
c 500-10,000 m 

Cap rock 

Sandstone, 
imescone, clays, 

schists 

Fig. 2: Stratified salt formations 

Salt plug containing rock salt and to some 
extent potassium salts 

Fig. 3: Salt plugs 

water is pumped in t o dissolve salt, which 
then flows off as br ine (Fig. 4). The techni
cian is able to give the cavern the shape 
desired, which may, fo r example, be 
spherical, pear-shaped or cyl indr ical . In 
o rder t o prevent the water f rom eating its 
way upwards in to the salt, the lat ter is 
protected w i t h a layer of gasoline, l ight o i l 
o r the l ike. On complet ion of the leaching 
operat ion, all the water is pumped out of 
the cavern. 
To dissolve the salt, large quantit ies of 
water are requi red. Unless the result ing 
br ine can be sold for salt p roduct ion, a 
method of disposing of i t must be devised. 
Should the cavern lie in the immediate 

rise very sharply as the diameter increases. 
Na r rower boreholes render the int roduc
t ion of the waste more diff icult and necessi
tate higher technical expendi ture. The 
radioactive mater ia l , which ranges f rom 
metals, plastics, paper and chemical slurries 
to animal corpses, wou ld have to be reduced 
to a powdery or lumpy mass or to a pulp 
which can be shifted by pump. Nevertheless, 
it seems doubtful whether such products 
could be injected year after year, w i thou t 
any operational breakdowns, through a 
narrow tube in to a cavern which may lie 
1000 metres below the surface. The German 
concept is therefore based on the use of 
a t ranspor t capsule in which the waste is 

highly radioactive waste and that once 
inside them, the waste cannot be recovered. 
Since, however, most of the radioactive 
waste is nei ther highly active nor ever 
required for salvage, these objections do 
not weigh very heavily. Undoubtedly, 
therefore, salt domes offer a promising 
solut ion for the final storage of radioactive 
waste. 
The German project for the construct ion 
of an experimental storage cavern has 
aroused the interest of the Euratom 
Commission, which has approved the 
conclusion of a research contract. The w o r k 
is to be carried out by the Gesellschaft für 
Strahlenforschung mbH, Munich, in colla-

89 



Fresh water 

Hydrocarbons 

Salt plug 

Fig. 4: Leaching-out of a cavern 

boration wi th the Gesellschaft für Kern
forschung mbH, Karlsruhe, and in particular 
w i th the Study Group on Underground 
Storage of Radioactive Waste which has 
been set up at the Karlsruhe Nuclear 
Research Centre. 

The German effort under the Eura tom 
research p rogramme 

The research and development programme 
covered by the contract w i t h Euratom 
provides specifically for init ial studies 
concerning the choice of a site for the 
cavern. The questions to be examined in 

this connection include the suitabi l i ty of the 
salt deposits, the geological conditions and 
the possibilities of br ine disposal, in 
addit ion to topographical factors and the 
installation and transport costs as de
termined by the location. On the basis of 
these investigations i t wi l l then be possible 
to select the most favourable site. The 
next step wi l l be the detailed technical 
planning of the ent i re project, in the course 
of which the size and shape of the cavern, 
the diameter of the borehole, the type of 
loading system employed and many o ther 
points w i l l be decided. This phase of the 
work w i l l also cover safety considerations. 
As soon as test borings have confirmed the 

suitabi l i ty of the site, tenders w i l l be invited 
and the leaching of the cavern can then 
begin. The last stage w i l l be the manufacture 
of the insert ion equipment. 
On completion of these activit ies and after 
a fair ly long t r i a l , i t w i l l be possible t o state 
whether salt domes are suitable for the 
final storage of radioactive waste and to 
answer questions as t o the op t imum size of 
the cavern, the form taken by the technical 
instal lation, operating costs and safety 
aspects. Most of the results obtained, 
including methods of ini t ial explorat ion, 
w i l l also be applicable elsewhere. For th is 
reason the construct ion of an experimental 
cavern is of great interest to all the Com
muni ty countries w i t h respect t o the 
ul t imate storage of radioactive waste. 

Fig. 5: Glance at the future - Introduction of 
radioactive waste in a salt cavern 
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Euratom's 
Τ=ΤΓ=!Γ^ 

Γ-Η1 

DR. HANS MICHAELIS, Director of Economy, Euratom 

Ar t i c le 40 of the Euratom Treaty requires 
the Euratom Commission t o publish regular 
target programmes sett ing out nuclear 
energy product ion aims and giving details 
of the investments necessary for t he i r 
at tainment. The f i rst such programme 
drawn up by the Commission has now been 
submit ted to the Economic and Social 
Commit tee under the procedure laid down 
in the Treaty. 
In relation t o the data published in the last 
issue of the Bullet in (vol. IV, No . 2, p. 61), 
this programme incorporates certain im
provements which underscore the impor
tant part t o be played by nuclear energy in 
the course of the years ahead. In part icular, 
the present programme embodies the 
results of the talks held in Venice in A p r i l 
1965 and in Stresa In May 1965 w i t h repre
sentatives of the governments of the six 
countr ies, as wel l as e lectr ic i ty producers, 
industry and t rade unions. 
The programme solely covers the use of 
nuclear energy for the generation of elec
t r i c i t y in large land-based power plants. 
The prospects fo r the development of this 
field of technology are governed by t w o 
c r i te r ia—the type and extent of energy 
demand and the s t ruc ture of the energy 
supply available to meet i t , especially the 
supplies of compet ing energy sources. The 
memorandum on energy policy submit ted 
by the three European executives in June 
1962 and in the protocol on energy problems 
passed by the Counci l of Ministers of the 
Communit ies on 21 A p r i l 1964 largely 
concurred in the i r adopt ion of these 
cr i te r ia . 
The fo l lowing factors governing selection 
are impor tan t : 

— energy supplies must be as cheap as 
possible; 
—-energy supplies must be as reliable as 
possible; 
— phasing-out in the energy field must be 
gradual; 
— economic and social stresses must be 
avoided ; 
— the nuclear energy policy must not be at 
variance w i t h the general economic pol icy; 
— the supplies of economically exploitable 
fossil fuels, which are available only in 
l imi ted quant i ty , must be made to last as 

long as possible so that fu ture generations 
can also benefit f rom them. 
On the basis of t hese cr i ter ia the programme 
has tackled the question as t o the place to 
be occupied by nuclear power in the con
tex t of the overall energy supply. In o rder 
to do th is , in format ion had to be obtained 
on the factors determin ing economic de
velopment. The fo l lowing annual rates of 
g row th are l ikely dur ing the present 
decade: 

— gross national product 4 . 7 % ; 
— industr ial ou tpu t 6 . 1 % ; 
— number of persons in employment 0 . 6%. 

This gives an annual increase in pr imary 
energy consumption of 4 .3%. In 1964 the 
six Communi ty countries consumed pr ima
ry energy to the tune of 580 mi l l ion tons 
of coal equivalent. This figure is expected t o 
rise t o 750 mi l l ion in 1970 and 910 mi l l ion in 
1975. 
Electr ici ty consumpt ion, wh ich , not i n 
cluding the energy used by power plants, 
amounted t o 365,000 mi l l ion k W h last 
year, w i l l cl imb even more rapidly. It is 
reckoned that th is figure w i l l in the fu ture 
cont inue to double at least every ten years. 
Since 1950 the average yearly increase has 
been as high as 8.5%, corresponding to a 
doubl ing of consumption every 8'/2 years. 
About two- th i rds of this rise can be put 
down to industr ial expansion, the o ther 
t h i rd being the result of the continuous 
changeover f rom other forms of energy t o 
electr ic i ty, which has the tw in v i r tues of 
versat i l i ty and s impl ic i ty. 
According to the programme, the e lect r ic i 
ty comsumption g r o w t h rate is expected to 
drop f rom 7.5% between 1965 and 1970 to 
6 % after 1980. By 1970 electr ic i ty consump
t i o n , not including the captive consumption 
of power plants, w i l l run to 575,000 mi l l ion 
k W h , reaching, 1,080,000 mi l l ion by 1980 
and 3,450,000 mi l l ion by the end of the 
century. 
The programme shows that the 1980 target 
of a nuclear con t r ibu t ion of 40,000 MWe, 
fixed by the Euratom Commission back in 
1960, can be reached', and the various 

I. At the end of last year there were thermal power 
plants and hydroelectric stations wi th net maximum 
electric capacities of about 62,000 and 30,000 MWe 
respectively in the Community. 

national estimates even exceed a total of 
60,000 MWe. In concurrence w i t h the 
forecasts made at the last Geneva Confer
ence we are reckoning w i t h a nuclear 
con t r ibu t ion by the t u rn of the century of 
at least half the tota l installed power at the 
t ime . According to our figures th is means a 
min imum nuclear capacity of 370,000 MWe. 
By that t ime at least two- th i rds of the tota l 
cur rent generated w i l l be of nuclear or ig in , 
for the nuclear plants w i l l be operat ing at 
greater capacity than the conventional ones. 
The experts consulted expressed the unani
mous op in ion, moreover, that our sights 
were set too low rather than too high. 
A calculation based on an economic op t i 
misation also gives a higher f igure for 
nuclear ou tpu t . 
The target programme also had to provide 
the answer to a second fundamental prob
lem, namely the choice to be made among 
the various available reactor techniques for 
the generation of nuclear energy. Calcu
lations were in fact carried out for four 
al ternative patterns of development. Whi le 
the simplif ied patterns selected do not 
completely al low fo r the wide range of 
possibil it ies involved, they nonetheless give 
useful Indications: they show the way in 
which certain typical developments are 
l ikely t o affect costs and supplies. Thus a 
decision can be arr ived at concerning the 
course to pursue and the successive techni
cal solutions for which the established 
c r i te r ia dictate a preference. 
The fo l lowing four development patterns 
were considered: 

— developments w i l l be l imi ted to proven-
type reactors, half of them graphite-gas and 
half l ight-water reactors; 
— advanced converters, in this case pre
dominant ly heavy-water-moderated and 
high-temperature reactors, gradually re
place proven-type reactors; 
— breeder reactors go into service im
mediately after the proven-type phase, 
bypassing the advanced conver ter ; 
— proven-type reactors w i l l first be backed 
up by advanced converters and then by 
breeders. 
Alongside these, t w o other interest ing 
variants were examined f rom the specific 
standpoint of reducing the fuel demand, 
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namely, the use of tho r ium and plutonium 
recycling in thermal reactors before the 
breeder phase. 
On the basis of the cr i te r ia listed above, 
especially the need to obtain the cheapest 
and most reliable energy supply possible, 
the last of the above-mentioned four 
patterns came out ahead. The programme 
thus advocates the development of nuclear 
energy along these lines, the proven-type 
reactors being first backed up by advanced 
converters and finally by fast reactors. 
At the same t ime an effort should be made 
to develop the tho r ium cycle and thermal 
recycling. Among the advanced converters, 
p r io r i t y has been given to the heavy-water-
moderated and high-temperature reactors 
because i t is to these t w o types that 
Communi ty industry is particularly heavily 
commit ted, which means that there is every 
l ikel ihood of these developments reaching 
the stage of industrial matur i ty w i t h the 
minimum delay. 

The t rend in nuclear energy as envisaged 
by the programme can be seen in greater 
detail f rom the graphs. The actual target 
programme does not go beyond 1980. 
The reason why the long-term pattern of 
nuclear energy, up to the tu rn of the centu
ry, was likewise examined and determined 
was that the l ifetime of the investments 
which have to be decided on now wi l l extend 
to the end of this period and a major cr i te
r ion in t he ir select ion, namely developments 
w i th regard to the fuel supply s i tuat ion, 
particularly p lutonium, w i l l not assume 
crit ical importance unt i l after 1980. 
The target programme also contains some 
details of the economic advantages of de
veloping nuclear energy. In estimating the 

cost savings in comparison w i th a similar 
power programme based solely on the use 
of non-nuclear energy, certain assumptions 
had t o be adopted concerning the price 
trends of alternative fossil fuels. The point 
t o be borne in mind here was that the 
supply gap left by failure t o resort t o 
nuclear sources can be bridged only by the 
generation of electr ic i ty f rom coal—mainly 
imported—and o i l . 
The fo l lowing particulars can be given con
cerning the present prices of the fossil 
fuels used in thermal plants: 
The list prices, less tax, of boi ler coal 
produced in the Communi ty , which are 
published in accordance w i t h the ECSC 
Treaty, are between 14.59 and 18.42 EMA 
u.a.2 per t on , the Ruhr price being 16.68 
EMA u.a. per ton . 
Over the long term these prices w i l l tend 
to rise rather than fal l . 
The boi ler coal imported f rom the United 
States now costs 13-14 EMA u.a. per ton of 
coal equivalent c.i.f. European ports. The 
cost of heavy heating oil including tax and 
charges is 16-20 EMA u.a. per t on , corre
sponding t o 12-14 EMA u.a. per ton of coal 
equivalent. The price of impor ted fuels 
might fall, but the general level is hardly 
l ikely to drop below 10 EMA u.a. per ton 
of coal equivalent. 
Table I shows the savings effected as against 
a programme in which nuclear energy is 
dispensed w i t h . 
Assuming the most adverse development 
of nuclear energy, namely a reference price 
of only 10 EMA u.a. per ton of coal equiva-

2. I EMA u.a. US dollar. 

Table I 
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blase furnace gas lignite 
and natural gas 

Electricity ouput in the Community in 1964, broken 
down according to energy sources used (as a per
centage) 

Savings effected by a nuclear energy programme compared with a non-nuclear programme. 
The calculation is based on the current generated by all nuclear power plants commissioned 

by the end of this century (in 1,000 mil l ion EMA u.a.) 

Reference prices of fossil fuels 
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Nuclear programme l imited 
to proven-type reactors 61.4 
Target programme 101.8 
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Trend of nuclear power to be installed in the Community in accordance 
with the Euratom target programme plus the long-term prospects, 
broken down into reactor types. 

In 1000 million EMA u.a.: 
Cent re : expenditure on the production of electric energy in the 
nuclear power plants to be installed in the Community up to the end 
of the century, on the basis of the Euratom target programme; 
Left: expenditure involved in similar, exclusively conventional pro
duction, using fossil fuel at 12 EMA u.a. per ton of coal equivalent 
delivered to the plant; 
The white rectangle on the r ight shows the savings possible with the 
target programme. 

lent, a nuclear energy programme confined 
to the use of proven-type reactors would 
effect a saving of about 60,000 mi l l ion EMA 
u.a., whi le the addit ional economies to be 
made by the gradual in t roduct ion of ad
vanced converters and breeder reactors 
run to about 40,000 mi l l ion EMA u.a. This 
completely justifies the comparatively mod
est outlay necessary for the development of 
the new techniques. In comparison w i t h the 
al ternat ive, namely the use of domestic 
coal for electr ic i ty generat ion, the target 
programme even leads to a saving of about 
200,000 mi l l ion EMA u.a., the reference 
price of 15 EMA u.a. per ton being ext reme
ly low. 

As far as supplies are concerned, the target 
programme represents a considerable im
provement on a programme restr icted to 
the use of proven-type reactors. The esti
mated total of 330,000 tons of uranium 
metal required under the target programme 
up t i l l the t u rn of the century is less than 
half the amount which would be needed 
under a programme confined to proven-
type reactors ; fu r thermore , this calculation 
leaves thermal recycling of p lu ton ium and 
the use of t h o r i u m out of account. 
If the target programme is t o be implement
ed, considerable industr ial effort is neces
sary,coupled w i th maximum rational isat ion, 
especially w i t h regard to specialisation and 

the division of labour, in order to keep pace 
w i t h technical advance and to ensure that 
no ground is lost in e i ther domestic or 
foreign markets. 
Research and industrial development wo rk 
in the field of advanced converters and 
breeder reactors must be pursued w i t h 
v igour. A proper ly dovetailed research 
and development programme, coordinat ion 
of effort and a systematic division of labour 
are necessary, as wel l as consultations at the 
earliest possible stage w i t h the electr ic i ty 
author i t ies and nuclear industry con
cerning the construct ion of prototypes, 
otherwise there is a great danger that Eu
rope wi l l fall behind in the nuclear field. 
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Can you use a t r ia l analysis by activation? 

Activation analysis consists in irradiating 
the specimen to be analysed and then, by 
counting the radioactivity thus induced, 
obtaining an exact measurement of certain 
component elements. The particular asset 
of this method lies in its high sensitivity. 
To quote an example from criminology, 
w i th no more than a single hair this process 
wil l reveal the distr ibut ion (typical for 
each individual person) of t he trace elements 
it contains. 
To those who are interested in obtaining 
first-hand experience of activation analysis, 
the Bureau Eurisotop offers the opportuni ty 
of sending a specimen, which wil l be anal
ysed free of charge by fast neutron activation. 
Further information on the subject may 

be obtained by wr i t ing t o Bureau Eurisotop, 
51 rue Belliard, Brussels 4, Belgium. The 
analyses wi l l be performed by the Soc/été 
Anonyme de Machines Electrostatiques (SA
MES), Paris, who have been engaged by the 
Bureau Eurisotop to make a thorough survey 
of the technological aspects of activation 
analysis. 

In another context, under a contract w i th 
the University of Ghent, a compact, auto
matic instrument for activation analysis has 
been developed and is now to be tested in 
a plant. Another contract, w i th the ARBED 
f i rm in Luxembourg, covers a world-scale 
Investigation of the economic uses of acti
vation analysis in the iron and steel industry. 

Nuclear energy aid to coal industry? 

Coal mines would be well on the way to 
rationalisation if they had cutting machines 

capable of adjusting automatically to the 
irregularities encountered in coal seams. 

A method depending on atomic radiation 
offers some promise of this. It is based on 
the fact that when radiations penetrate mat
te r certain of them are reflected, and the 
reflection differs according to whether the 
matter is coal or merely the neighbouring 
layers of rock. 
The firm ¡nteratom, of Bensberg, Germany, 
has been asked by the Bureau Eurisotop to 
ascertain the most effective method of 
applying this technique and then to develop 
the requisite equipment. 

World's first thickness gauge 
for sheet glass 

Under a research contract w i th Euratom, 
the firm of Frieseke & Hoepfner GmbH, 
Erlangen (Germany), has developed a device 
which uses radiations to gauge the thickness 
of sheet glass on its emergence from the 
glass-melting furnace. The general practice 
h i ther to, of random sample gauging wi th 
mechanical instruments, can now be super
seded by no-contact continuous measuring 
w i th the aid of radioisotopes. Cont inu
ous gauging means that the drawing speed 
of the glass can be control led to give a 
uniform thickness. 
A feature of this measuring device is that 
it can operate at temperatures up to 600°C; 
this makes it the first of its kind in the wor ld . 
A unit is at present on tr ial at Tafelglas AG, 
of Weiden/Oberpfalz. 

Diagram of the type of device with which 
automatic coal-cutting machines are to be 
fitted (left, radioactive source; r ight, detector 
for reflected radiations) 
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A Community programme for radioisotopes in the 

textile industry 

Over 300 Communi ty text i le firms and 

40 isotope and radiation experts are taking 

part in the text i les action programme 

launched by the Bureau Eurisotop (see 

Euratom Bulletin vo l . IV, no. 1, p. 24). Under 

th is scheme, the nuclear experts pay a 

certain number of visits t o tex t i le firms, 

according to a prearranged plan. So far 

they have completed about 500 visits. 

The action programme, due to wind up 

short ly , Included the drawing up of study 

reports. Thus i t wi l l soon be possible t o 

move in to the next stage where, on the 

basis of these reports, potential immediate 

uses of isotopes and radiations wi l l be list

ed and a Communi ty development pro

gramme mapped out . 

Harmless tracers: the "activable" tracers 

Radioactive tracers can be useful In a num

ber of f ields—for instance in medicine, for 

diagnosing diseases, or for examining in

dustrial manufacturing processes. Their 

use is somewhat rest r ic ted, however, by 

the inseparable risk of radiocontaminat ion. 

Because of this the Bureau Eurisotop has 

asked the firm of L'atome industriel in Paris 

t o investigate a method which may retain 

most of the advantages of radioactive 

tracers w i thou t their drawbacks. 

The method in question consists in using 

inactive tracer substances which are revealed 

by activation after complet ion of the exper i 

ment or operat ion in which they are em

ployed. 

Symposium on fuel cycles of high temperature gas-cooled 

reactors 

On 10 and 11 June 1965 Euratom organised 

a symposium on " fuel cycles of hightem

perature gascooled reactors". The part i 

cipants, who numbered about 250, repre

sented various public and private organi

sations f rom the European Communi ty , 

Austr ia, Canada, Sweden, Switzerland, the 

United Kingdom and the United States; 

the European Nuclear Energy Agency, the 

Dragon Project, Eurochemic and the Inter

national Atomic Energy Agency were also 

represented. 

Progress made on the Dragon Project in 

Win f r i t h (U.K.) , on the THTR Project in 

Jülich (Germany) and on the American 

high temperature gas reactor programme 

suggests that the t ime is fast approaching 

when the industrial possibilities of this type 

of converter reactor can be assessed. As 

technological considerations affecting capi

tal costs had already been discussed recent

ly at o ther meetings, the purpose of this 

symposium was to provide opportuni t ies 

for exchanges of ideas on fuel technology 

and fuel costs. 

The first session of the symposium was de

voted to fabrication methods and fuel ele

ment costs and the second to reprocessing 

and refabrication. 

There fol lowed a session on the various 

fuel cycles which can be envisaged for high 

temperature gascooled reactors, f rom the 

oncethrough system, in which spent fuel 

is simply discarded, to the breeding cycle, 

where the spent fuel is not only reproces

sed and recycled, but an actual gain in the 

fissile material balance is obtained. Esti

mated fuel costs were given as 1.21.4 

mi l is/kWh for a oncethrough system and 

0.9 mi l is/kWh for recycled fuel, and calcu

lations showed that an increase in price of 

uranium and tho r ium ores would have a 

substantially smaller effect on the fuel costs 

of these reactors than on those of l ight 

water and heavy water reactors. 

The final session was focussed on the possi

bi l i ty of using plutonium for the init ial 

fuel charge or as makeup fuel. This inter

est in the use of p lutonium stems f rom the 

recognit ion that it is being produced in 

increasing quantit ies because of the expan

sion of civilian reactor programmes. The 

figures quoted at the symposium showed 

that high temperature gascooled reactors, 

because of the efficiency of the fuel cycles 

they could achieve using p lutonium, could 

wel l become the best bidders for the stocks 

of this material which are being produced. 

They could in fact afford to pay for pluto

nium up to as much as the price of fully 

enriched uranium. 

The conclusion to be drawn f rom these 

discussions is that the fuel costs of high 

temperature gascooled reactors are pro

mising enough to justify fur ther develop

ment towards industrial applications. The 

possibility of using p lutonium economically 

was stressed part icularly as an appealing 

feature of this reactor concept. 

Gas turbines for high-
temperature reactors? 

The prospects opened up by the use of 
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gas turbines to tap off the power from 
high-tempe-ature gas-cooled reactors were 
the subject of a colloquium held at the 
end of May in Paris under the sponsorship 
of the Dragon Project. 
Figure 1 gives an idea of the basic cycle 
involved. Two shafts would be necessary, 
one for the high-speed compressor uni t 
(about 6,000 r.p.m.), driven by its own tur 
bine, and one for the turbo-alternator 
unit, whose speed is fixed at 3,000 r.p.m. in 
order to generate at a frequency of SO 
cycles per second. 
Can such a system compete w i th a heat-
exchanger/steam turbine system? Judg
ing by the information available today, 
it seems that the answer is yes. 
The efficiencies which can be attained are 
of the order of 42 or 43%, in other words 
they are as good as those of an economic 
steam cycle. This being given, the decisive 
factor is the capital cost of the equipment 
required in each case. Cost evaluation studies 
still have to be made, but there are pointers 
which indicate that the cost of a gas turbine 
system could be lower. For instance, for a 
given power output , a gas turbine would 
be several times lighter than a steam tur 
bine. Moreover, the aero-engine industry 
foresees no major difficulties in adapting 
existing turbo-machinery for aircraft to 
nuclear gas turbine requirements. If any
th ing, the new specifications are less str in
gent, seeing that temperatures need not be 
higher than about 850°C and that the work
ing fluid is helium, which does not present 
corrosion problems. 
As can be seen from figure 2, the design 
for a 250 MWe plant is remarkably compact. 
Practically all components, w i th the excep
tion of the alternator, could be integrated 
wi th in the reactor pressure vessel. 
Since the adoption of a gas turbine cycle 
instead of a steam cycle would hardly make 
any difference to the nuclear part of the 
plant, the fuel costs wil l be essentially the 
same in both cases. Any capital cost saving 
yielded by the adoption of gas turbines 
would therefore have the result of ex tend ing 
competitiveness of the high temperature 
gas concept to small size power stations, for 
which there is a large market in Europe. 

A few BACK N U M B E R S of Euratom Bulletin are still available. 
Orders should be sent to : 

A.M.P. 
34, rue du Marais 
Brussels 1 
Belgium. 

Figure 1: A typical gas turbine cycle for a 
high-temperature gas-cooled reactor. 
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Ή Figure 2: Schematic arrangement of a high-
temperature gas-cooled reactor with a gas 
turbine power plant of 250 MWe output. 

1. Core 2. High-pressure turbine (driving compressors) 3. Low-pressure power turbine 
4. Recuperator 5. Precooler 6. Low-pressure compressor 7. Intercooler 8. High-pressure com
pressor 9. 250 MWe alternator 
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8th Euratom General Report 

In June, the Commission forwarded to the 
European Parliament the 8th general report 
on Euratom's activit ies. The nuclear indus
t r y is now wel l and t ru ly launched in the 
Communi ty . In 1964 the operation of four 
power plants continued and work began 
on building or designing other units. Al l 
equipment for the power plants now under 
construct ion is being supplied by Commu
nity industries. 
To meet the requirements of this expansion, 
the nuclear construct ion industries need to 
be f i rmly based and to have a go-ahead 
out look. Certain sectors must be consoli
dated, whi le at the same t ime an effort 
must be made to check tendencies towards 
dispersal and water- t ightcompartmentat ion. 
This holds equally for proven-type reactors 
and for reactors of the second (ORGEL and 
advanced gas reactors) and th i rd (fast reac
tor ) generations. In this connection i t is 
w o r t h noting the interest aroused in the 
United States by the ORGEL s t r ing. 
These are the considerations governing 
the Commission's insistence that common 
policies be laid down w i th regard t o : 
—the selection of industrial targets (the 
Commission is drawing up a target pro
gramme for this purpose, together w i th a 
paper on industrial pol icy); 
—supplies (based on non-discrimination 
and easing of the rules governing the con
cluding of contracts); 
—the aligning of programmes. 
The remoulding of Euratom's second five-
year research programme in May brought 
an increase of 5,500,000 EMA u.a. to the 
overal lappropriat ionand released 34,000,000 
EMA u.a. for top-pr io r i ty projects. 
This decision expresses the policy adopted 
by the Member States, namely to tackle 
nuclear development on a Communi ty-
wide basis by means of Communi ty proce
dure. The Commission is thus in a better 
position to carry out the spade-work for 
fu ture activit ies. 
W i t h these prospects in view, the Commis
sion has declared its convict ion that the 
Communi ty policy wi l l be strengthened 
by the merger of the Executives. The 

experience i t has acquired in scientific 
and industrial matters wi l l be carried fur
ther by the special departments which 
have been set up in all fields covered by 
the Treaty. 

The Commission Intends to devote the 
last months of 1965 to drawing up a single 
Community- level action programme which 
wi l l point the way ahead for the entire 
complex of nuclear energy developments. 

Progress made with the Euratom power-reactor 
participation programme 

Two hundred and seventy-five delegates, 
representing 135 Communi ty firms and 
organisations, were present on 31 May and 
1 June 1965 at the Fifth Information Meeting 
to hear progress reports on Euratom's 
power-reactor part icipation programme. 
During its f irst five-year plan Euratom sign
ed participation contracts to the tune of 
32 mil l ion EMA u.a. w i th t w o Italian (SENN 
and SIMEA), one Franco-Belgian (SENA), one 
German (KRB) and one Dutch f i rm (SEP),with 
the object of promot ing industrial-scale 
construction of proven-type nuclear power 
plants in the Communi ty and pooling the 
experience acquired in the course of design
ing, building and operating these plants. 
The information meetings are one means 
of pooling such knowledge. The f i f th meet
ing marked a new departure in that speakers 
managed to suppress the i r natural desire to 
make great play of the i r successes and in
stead reported fully and frankly on the 
difficulties they had encountered, thus giv
ing other participants the benefit of a 
most important aspect of their experience. 
The status of work at the five power plants 
can be summarised as fo l lows: 
Garigliano Plant (SENN): The plant, which 
has been running at full power since the 
end of May 1964, had supplied 1,400 mi l 
l ion kWh by 31 July 1965. Its t rue power 
was found to be 5% to 10% higher than 
the rated power, while the thermal effi
ciency reached 3 1 % instead of the 29% 
originally estimated. 
Latina Plant (SIMEA): The plant has been 
generating electr ici ty since May 1963, 
and by 31 July 1965 had supplied 2,500 mi l 
l ion kWh . 

Chooz Plant (SENA): Excavation w o r k for 
this underground plant was finished by the 
middle of 1964. The assembly w o r k is so 
far advanced that trials can begin in a few 
weeks' t ime. 
Gundremmingen Plant (KRB): This plant has 
reached roughly the same stage as Chooz. 
Tests wi l l begin short ly. 
Dodewaard Plant (SEP): The detailed design-
study for this plant was completed in 1964 
and on-site work began in October 1964. 

SENA nuclear power plant at Chooz—reactor 
cavern 
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