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The Community's mission is to create the 

conditions necessary for the speedy esta­

blishment and growth of nuclear industries 

in the member States and thereby contr i ­

bute to the raising of living standards and 

the development of exchanges w i th other 

countries (Art ic le 1 of the Treaty inst i tut ing 

the European Atomic Energy Community). 
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H U N T I N G FOR SCIENTIFIC INFORMA­

T I O N IS TRADITIONALLY ASSOCIATED 

WITH PATIENT SEARCHES I N LIBRARIES 

T H R O U G H V O L U M E AFTER V O L U M E 

A N D I N D E X AFTER INDEX. THIS PIC­

TURE IS C H A N G I N G SOMEWHAT TO­

DAY: THE BUSINESS OF SCIENTIFIC 

I N F O R M A T I O N RETRIEVAL IS GRADU­

ALLY SHAKING OFF ITS DUST A N D 

TRYING T O INTRUDE I N T O THE ASEP­

TIC ATMOSPHERE OF COMPUTER­

ROOMS. O N E OF THE MAIN REASONS 

FORTHISCHANGE ISTHEWELL­KNOWN 

PROLIFERATION OF SCIENTIFIC A N D 

TECHNICAL LITERATURE, W H I C H , TO 

USE MR. BREE'S TERMINOLOGY, IS 

MAKING THE SEARCH FOR INFORMA­

T I O N IN A SPECIFIC FIELD LOOK MORE 

A N D MORE LIKE THE SEARCH FOR A 

NEEDLE IN A HAYSTACK. THE TRADI­

T I O N A L " M A N U A L " METHODS ARE 

GRADUALLY LOSING THEIR ABILITY TO 

COPE ADEQUATELY WITH THIS TASK 

A N D HENCE THE DECISION TO USE 

MACHINES IS BEING FORCED U P O N US. 

THIS IS N O T T O SAY T H A T THE ADOP­

T I O N OF A U T O M A T I C I N F O R M A T I O N 

METHODS WILL BE A PAI NLESS PROCESS. 

O N THE CONTRARY IT BRISTLES WITH 

PROBLEMS A N D DEMANDS FROM 

THOSE W H O TACKLE T H E M A CERTAIN 

I M M U N I T Y T O DISAPPOINTMENT. A 

FEW ORGANIZATIONS, OF W H I C H 

EURATOM IS ONE, HAVE DECIDED TO 

TAKETHE PLUNGE. IN THE BELIEF T H A T 

THE EFFORTS INVOLVED WILL PAY 

OFF IN THE L O N G R U N . THEY LOOK 

FORWARD T O A TIME W H E N INFORMA­

T I O N RETRIEVAL WILL, IN SPITE OF THE 

TREMENDOUS UPSURGE OF PUBLISHED 

MATERIAL, BECOME A SERVICE COM­

BINING ACCURACY WITH SPEED, A N D 

THEY WILL BE WELL SATISFIED IF, 

T H R O U G H ITS EFFICIENCY, IT IS O N E 

DAY ALMOST TAKEN FOR GRANTED. 



The growing 

need for electricity... and the means 

Electricity consumption in the European Community from 
1950 to 1980 

1950 1955 1960 1965 1970 1975 I960 

The consumption of electricity w i th in the 
countries of the European Communi ty is 
steadily increasing; f rom 290,000 mil l ion 
kWh in 1961, it is expected to reach the 
figure of a mil l ion mil l ion kWh by 1980. This 
electricity is produced f rom a variety of 
sources, of which the main ones are water-
power, coal, brown coal, fuel o i l , blast­
furnace gas and natural gas. Nuclear energy, 
which accounted in 1962 for l i t t le more than 
0 . 1 % of the Community's total product ion, 
has hardly earned a right to figure on this 
list. However, the several large nuclear 
plants which wi l l be commissioned in the 
next few years should bring nuclear energy's 
share of production to about 3 % in 1967. 
It may well be asked what this percentage 
wi l l be in 1980; in actual fact we must ask 
ourselves this question, not in a spir i t of 
speculation, but w i th a view to taking now 
the decisions which wi l l govern the answer. 
These decisions wi l l depend on a number of 
factors, of which the ability of nuclear ener­
gy to compete, in the very near future, w i th 
conventional sources of energy is not the 
least. However, it is not a sufficiently domi­
nating factor to make it possible to envisage 
nuclear energy making a clean sweep of all 
its competi tors. The ult imate object is in­
deed to combine nuclear w i th conventional 
plants according to the pattern which gives 
the most economical overall results. This is 
one of the points which Dr. De Boer brings 
out in the fol lowing pages. Al though this 
point has all the appearances of a reser­
vation, it nevertheless emerges that nuclear 
energy ought to play a capital rôle in 1980 
and that no t ime should be lost in launching 
the industrial efforts necessary to its ful­
f i lment. 



of satisfying it 

1. Thermal power plant at Baudour (Belgium) 

2. Thermal power plant Springorum in Bochum 
(Germany) 

3. River power plant at RoRhauptenjLech 
(Germany) 

4. A barrage under construction at Rose/end 
(France 



Α. Α. DE BOER, Executive Assistant 

to European Commissioner 

E. M. J. A. Sassen, Euratom 

The network of power plants which 

supplies us, at this m o m e n t , w i th 

the electr icity we need is made up 

of an assortment of units, some 

of which are twenty years old or 

more . W e can in a sense be said to 

have " inher i ted" these units, 

seeing that the decision to build 

t h e m was not ours, but tha t of a 

previous generat ion. S imi lar ly the 

decisions we are taking now wi l l 

affect the structure of the electr ic i ty 

production ne twork for most of the 

remaining years of this century. 

The task of facing this responsi­

bi l i ty is not made easier by the 

advent of nuclear energy, but the 

author of this art ic le hints at some 

of the ways we can tackle it. 

Planning 

the rôle of nuclear energy in 

In Euratom Bulletin 1962, No. 4, Dr. H. 

Michaelis gave a survey of the anticipated 

t rend of nuclear energy costs, laying the 

accent on a cost comparison between 

conventional and nuclear power plants. 

This comparison is centred on power sta­

tions w i th high operating times, of the order 

of 6000 to 7000 hours per year (i.e. load 

factors of 70 to 80%) , which would normally 

be used to supply base loads, and shows that 

nuclear energy wi l l here be on an equal 

footing w i th conventional energy in the fore­

seeable future. It is even questionable 

whether conventional fuel costing in 1970 

more than the current price wi l l sti l l be in a 

position to withstand its nuclear compet i tor 

for the production of electr icity. 

Natural ly this is only one aspect of the prob­

lem of f i t t ing nuclear energy into the general 

picture of electr icity product ion. For in­

stance, the very fact that only power plants 

wi th operating times of more than 6000 

hours are covered by the above comparison 

stems f rom another aspect of the problem. 

As wi l l be seen later, if we want a nuclear 

power plant to pay its way, it is pointless, 

under present conditions, to f i t i t into a net­

work in such a way that it operates for less 

than 6000 hours. 

This is however only part of the answer t o 

the problem of f i t t ing a nuclear power plant 

into a given network. The question is com­

plicated by the fact that as soon as a new 

station is brought into operation, the 

economics of the existing stations are 

altered. We are therefore faced w i th the 

problem of not losing on the swings what 

we have gained on the roundabouts; in 

other words we have to keep our eye ón 

thef inal aim, which is to keep the total pro­

duction costs of the whole system to a 

minimum. As wi l l be seen later, it is theo­

retically possible to compute an opt imum 

distr ibut ion of capacity among nuclear and 

conventional plants if the cost factors are 

known w i th a sufficient degree of accuracy. 

It is as wel l , however, t o bear in mind that 

the structure of a given network is the 

result of decisions taken during the pre­

ceding twenty or th i r ty years. A power plant 

scheduled to be constructed in the imme­

diate future must stil l be able t o play its 

part in production in 1980 or 1990. This 

means that decisions taken now influence 

the structure of production for 1980 and 

subsequent years; we must accordingly ask 

ourselves not only what share in the total 

output we wish to assign to nuclear plants 

a few decades hence but also how we can set 

about achieving this opt imum distr ibut ion. 

It has been assumed up to this point that the 

development of nuclear energy is t o be 

stimulated only in so far as this is desirable 

in terms of costs. However there are some 

other considerations, not related directly 

to electricity production or cost factors, 

which also have an influence. 

Here then, we have the three main heads 

of this art ic le: the most economic method 

of integrating nuclear power plants into the 

g r i d ; the long­term planning required to 

approach the most desirable structure at a 

given future date; and the influence exerted 

by factors other than costs on the extent to 

which nuclear energy development must be 

stimulated. 

O p t i m u m combinat ion of nuclear and 

conventional plants 

Let us take an area's electricity supply as 

furnished by a group of interconnected 

conventional and nuclear power plants. The 

network wi l l haveacertain capacity, enabling 

it t o carry a certain maximum load. 

Of course, in view of fluctuations in demand, 

this capacity wi l l not be used to the ful l at 

all t imes; it is therefore usual to character­

ize the network in terms of the average 

t ime of operation at maximum power. If the 

latter is, for instance, 10,000 MW and total 

production in a year is 5^10
10

 kWh , the 

average operating t ime is 5000 hours. This 

energy is generated by a number of plants 

which do not, of course, need to have an 

average operating t ime of 5000 hours in 

each case. In other words, output per 

installed kW varies f rom plant to plant. 

If a new thermal plant of the conventional 

type is bui l t , i t has the advantage over the 

less modern units that it consumes less 

fuel per kWh . The interconnection of the 

various units allows the new plants to 

achieve a high operating t ime. Conversely, 

those units whose fuel costs are relatively 

high wi l l only be brought into operation in 

order to cope wi th peak periods. Thus new 

power plants produce for the most part base 

loads. 

In this context, it should be recalled that a 

nuclear power plant of the current gener­

at ion, although more expensive to build 

than the equivalent conventional plant, has 

markedly lower fuel costs. Therefore, when 



electricity production 

i t comes to integrating it into a network, it 

is natural to allocate i t to the base load. 

The choice of a high load factor for a nuclear 

plant of course means a lower load factor for 

the other plants and consequently a rela­

t ively high level for the product ion costs 

per unit. The choice of an operating t ime is 

thus dictated not only by an assessment of 

the operating t ime at which the nuclear 

plant can in fact compete w i th a convention­

al plant; it is also of importance to know 

what influence the addit ion of one or more 

nuclear units has on the operating t ime, and 

consequently on the costs, of the other 

generators. 

Electrical energy product ion in a particular 

area may be characterized by the load curve, 

of which a typical example is given in Fig. 1. 

This curve is obtained by plot t ing the out­

put of the area's network as a funct ion of 

t ime ; it thus shows quite clearly peak and 

off­peak periods. If we have at our disposal 

a load curve covering a whole calendar year, 

we can derive another f igure (Fig. 2), namely 

the load­time curve which shows how many 

hours (t) the network has functioned at not 

less than a given power level (c). This curve 

can be imagined as having been constructed 

f rom the load curve by dividing the latter 

into vertical strips and grading these strips 

according to decreasing power. 

Let us now divide the area under this curve 

into two parts at a specific value of (c) by a 

line parallel to the abscissa. The area below 

this line, which is shaded in Fig. 3, represents 

the production by a certain number of units 

w i th a capacity (c,) which supply the base 

load. The remaining area is assumed to 

represent the production of the other 

plants. The question is where the opt imum 

dividing line is to be found. 

It would take us too far out of our way if we 

were to go into the details of the mathe­

matical calculations underlying the answer 

to this question. Some calculations of this 

type have been published elsewhere.
 1

 The 

opt imum is not, however, such that the 

nuclear power plants' operating t ime is that 

at which costs are the same for convention­

al and nuclear plants. In that case, the total 

costs would be just as high, and no advantage 

would be taken of a possible oppor tun i ty to 

achieve a lower costs level. 

This is i l lustrated in Figure 4, which brings 

I. A. A. de Boer: Economische aspecten van de ont­
wikkeling der kernenergie 
Α. Α. de Boer: Die Gesamtplanung nuklearer und 
klassischer Kraftwerke in einem Versorgungsnetz 
(Atomwirtschaft VIII, Jan. I963) 

Fig. 1 

Typical load curve 
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Fig. 2 

Typical load­time curve. The curve shows how 

many hours (t) the network has functioned in 

one year (maximum: 8760 hours) at not less 

than given power levels (c). 

Fig. 3 

The same load­time curve as in fig. 2. The 

shaded area represents the production (in 

kWh) of the units supplying the base load. 
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together the results of the calculations in 

the form of a graph. On the abscissa is 

p lot ted the percentage of the total power 

(c) which is supplied by nuclear power 

stations, and on the ordinate the average 

costs (K) per kWh worked out for the whole 

network . Thus the curve shows the average 

cost of a kWh for every possible kind of 

ne twork , i.e. f rom a ne twork which is 

ent irely supplied by conventional stations 

(on the left) t o a network where nuclear 

power stations have ousted conventional 

plants completely (on the r ight) . 

There are four points of importance on this 

curve. The point P1 represents the average 

cost in the case where the ent i re ne twork 

is supplied by conventional plants, whi lst 

the point P2 represents the average cost in 

the case where all the electr ic i ty of the 

ne twork is of nuclear or ig in. 

A t the value on the abscissa corresponding 

to point P3, the load factor of the nuclear 

plants is such that the nuclear and conven­

tional plants' costs are the same. In these 

circumstances, the replacement of one type 

of plant by another has no influence on the 

average costs, which are thus at the same 

level as P,. But we see that between P, and 

P3 there is a min imum P4, which represents 

the op t imum division between nuclear and 

conventional plants. Here, average costs 

are the lowest possible. 

In this costs curve, the assumption is that 

nuclear energy would be more expensive 

for the gr id as a whole. The contrary, how­

ever, is also conceivable. Fig. 5 il lustrates 

this situation in which, for the gr id as a 

whole, nuclear energy would be cheaper 

than conventional energy. It is not a si tu­

ation which is l ikely t o arise in Europe in the 

immediate fu ture, except in certain areas 

where coal and fuel­oil are highly priced, 

but i t certainly already exists in some 

developing countries. In this case, also, 

i t can be seen that there is a possible 

op t imum, where conventional energy is not 

completely replaced by nuclear energy. From 

a costs standpoint, therefore, it may be 

w o r t h whi le t o have a grid not consisting 

ent irely of nuclear reactors, since, even 

where nuclear energy is more advantageous 

for the ne twork as a whole, it may be possi­

ble to achieve a saving by bringing conven­

t ional plants into operat ion to meet peak 

loads. 

2. M. Bruni and D. Verde: Atomwirtschaft IV, 368 
(Sept. 1959) 

T h e rôle of w a t e r ­ p o w e r 

This pattern must naturally be adapted 

when account has to be taken of water ­pow­

er. Indeed, as there are no fuel­bil ls to pay in 

the case of hydroelectr ic plants, the i r 

variable costs are even lower than those 

of nuclear stations. This inevitably marks 

them out for service as base load stations 

■— assuming, of course, that the water supply 

permits product ion the whole year round. 

W i t h i n the European Communi ty , it is only 

in France and Italy that water ­power plays 

an impor tant rôle. It may therefore seem 

strange at f i rst that i t should be precisely in 

France and Italy that the development of 

nuclear energy is being pursued so vigorous­

ly. On the o ther hand i t has to be borne 

in mind that the hydroelectr ic plants' de­

pendence on climatological condit ions for 

water supply entails variations in the 

power­level they are capable of maintaining. 

Hence, in a part icular area, only a certain 

percentage of the total hydroelectr ic capaci­

t y is available the whole year round, and it 

is therefore only this percentage that 

can be allocated to the bot tom of the net­

work 's load­time diagram, thus leaving 

space in the ne twork for other types of 

generator for base load duty. We are then 

faced again w i t h our original problem. 

Let us take Italy as an example. A t the pres­

ent t ime, this country derives 7 0 % of its 

tota l electrical energy f rom water ­power . 

Bruni and co ­worke rs
2
 have made an 

approximate assessment of Italy's fu ture 

energy product ion, separating the base 

load f rom the peak load. It emerges f rom 

this study that , after making due allowance 

for the cont r ibu t ion of water power, a 

substantial part of the base load requi re­

ment wi l l have to be satisfied by other uni ts. 

In view of the slightness of hydroelect r ic i ­

ty's expansion potential in Italy, it is as­

sumed that about 1970 or 1975 the annual 

product ion in this sector wi l l be stabil ized. 

In the meantime the base load requi rement 

w i l l increase and wi l l thus have to be met 

more and more by thermal power plants; 

in fact it is estimated that the share of 

hydroelectr ic energy wi l l decline f rom 7 0 % 

in 1960 to 4 0 % in 1975. 

Influence of t h e g r o w t h ra te 

The foregoing does not mean that it wi l l be 

a practical proposition t o have nuclear capa­
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ci ty in, say, 1975 corresponding to the 

theoret ical op t imum discussed above. The 

rate at which capacity is expanded wi l l also 

exer t an influence on the si tuat ion. 

Generally speaking, it may be said that 

electr ic i ty product ion is increasing by a 

more or less constant percentage each year. 

This increase finds expression in the con­

st ruct ion of new power plants, partly in 

replacement of obsolete units. It is this rate 

of g row th that determines what propor t ion 

of capacity consists of plants which have 

been added over, say, the last five or ten 

years. 

If product ion capacity averages an annual 

expansion of 6%, and 1.5% of the existing 

capacity is replaced, this means that, at any 

moment : 

­ove r 3 0 % has been added during the previ­

ous five years, 

­over 5 0 % has been added during the previ­

ous ten years. 

Fig. 4 

Average costs per kWh depending on the 

percentage of installed capacity which is 

nuclear. It is assumed in this graph that nuclear 

energy would be more expensive than con­

ventional energy for the grid as a whole. 

Fig. 5 

A similar curve to that shown in fig. 4, but 

drawn under the assumption that nuclear 

energy is cheaper thon convent/ono/ energy 

for the whole network. 

Fig. 6 

The trend of an area's total electricity produc­

tion costs over a number of years. K0K1 repre­

sents the trend in the case where planning of 

every individual step in the development 

process is made on a short­term basis. K0K2 

indicates the trend when early sacrifices are 

made in order to achieve an ¡deal structure in 

the future. (No quantitative interpretation is 

of course to be given to this graph.) 

K, 
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Al lowing a fu r ther period of five years for 
preparatory operations, this means that, as 
f rom the t ime at which it is decided that all 
new power plants are to be of the nuclear 
type, ten years wi l l elapse before a nuclear 
capacity representing 3 0 % of the total has 
been created. Should i t be decided to have 
5 0 % of the new plants in nuclear fo rm, the 
creation of such a capacity wi l l take more 
than fifteen years. 
We thus have t w o elements in electr ic i ty 
product ion planning: the g rowth rate and 
the desirable future s t ructure. 
If the development of electr ic i ty ou tpu t is 
only considered in the shor ter t e r m , i t may 
be said that every new power plant must 
play its part in ensuring that the necessary 
gr id expansion is carried out as cheaply as 
possible. However this is not necessarily the 
way to achieve the opt imum st ructure. 
When planning for the years ahead, one 
must always bear in mind the long-term 
si tuat ion, and this involves considering the 
s t ructure of the ne twork as a whole, such as 
i t is " i n h e r i t e d " at a particular t ime. 
When a gr id consists solely of conventional 
plants, this problem is easier to solve than 
when there is a choice between t w o ent i re­
ly different types of plant, one of w h i c h -
the nuclear type-presents a number of 
uncertainties, both technical and economic. 
Even, however, if these uncertainties were 
relatively small, i t would be diff icult t o 
decide what the rat io of nuclear t o con­
ventional plants is t o be in the expansion 
of the product ion ne twork . 
This may be i l lustrated in the fo l lowing way. 
Figure 6 shows how, over a given per iod, 
the total electr ic i ty product ion costs in 
a specific area develop. In the year t, pro­
duct ion costs w i l l amount t o K.,, which, 
to employ the same f igurative expression 
again, relates t o a s t ructure that has been 
" i n h e r i t e d " . 
It is, however, on the cards that in the year t 
there would be a more favourable si tuat ion, 
in which, for example, a number of large 
nuclear power plants provided the base-
load product ion. The costs corresponding to 
this ideal s t ruc ture could be represented by 
K2. The line K0K, represents the planning, 
such that every individual step in the devel­
opment process is the op t imum one. O n 
the o ther hand, if i t can be demonstrated 
that early construct ion of larger or perhaps 
nuclear power plants is necessary in order 
t o obtain a more favourable st ructure K2 in 
the year t, this w i l l involve sacrifices in the 

early stages. The costs t rend may then be 
more or less that i l lustrated by the dot ted 
line in Fig. 6. 
It is not our in tent ion to elaborate this 
subject fu r ther . We merely wish to em­
phasise that the construct ion of nuclear 
power plants needs to be started in good 
t ime if ful l benefit is to be derived f rom 
possible savings. It is, however, plain that 
in this field there are stil l a number of 
points to be studied. 
This situation is in some measure compara­
ble w i th that observed in several sectors of 
industry. It is not impossible that in a partic­
ular sector the most advantageous expan­
sion of the enterpr ise in the short t e rm may 
result in a long-term st ructure that is not 
the most favourable. One can, for instance, 
imagine a number of small f i rms having 
apprehensions about long-term compet i t ion 
f r o m ei ther foreign or up-to-date home 
enterprises able to produce more cheaply 
on account of the i r size. In such circumstan­
ces, it wi l l be necessary to carry out mer­
gers or to prepare to meet the fu ture by 
o ther methods involving certain sacrifices. 
Here too , therefore, the exist ing enter­
prises' product ion costs wi l l at f i rst fo l low 
a steeper t rend than the original curve and 
subsequently enable savings to be effected. 
The only difference between this and the 
electr ic i ty situation is that, in the f irst case, 
industries could be dr iven to such action 
because of the danger of compet i t ion , 
whi ls t , in the lat ter case, there is no compe­
t i t i on f rom other or foreign producers. 
Thus the efforts to achieve a more satis­
factory s t ructure fo r the fu ture are p romp­
ted by concern for the public interest, i.e. 
the product ion of cheap energy. 

O t h e r factors 

The t rend of the ideas which have just been 
presented is that it is in pr inciple possible 
to compute the extent t o which nuclear 
power plants should be constructed in the 
present launching per iod. There are, how­
ever, a number of uncertain factors which 
rule out a precise calculation. On the other 
hand, there are also a number of imponder­
ables which mi l i tate strongly in favour of a 
rapid development of nuclear energy. 
The building-up of a nuclear industry is of 
considerable importance to the economy. 
A st imulat ing influence is exerted by nuclear 
energy development on business in general, 
if only because a certain level of act ivi ty is 



Fig. 7 

Graphical representation of the rule of thumb 

according to which investment costs per kW 

decrease with increasing capacity by the 

0.4th power of the capacity. It will be noted 

that, as capacity increases, this has the effect 

of narrowing the gap between nuclear and 

conventional plants' investment costs. 

Fig. 8 

Influence of the decreasing gap between 

nuclear and conventional plants' investment 

costs, when variable costs are also taken 

into consideration. Nuclear energy costs per 

kWh are shown in red; conventional energy 

costs per kWh in blue. The dotted lines take 

account of investment costs only (ref. Fig. 7). 

The full lines represent total costs, including 

fuel charges. 

necessary in o rder t o be able t o set up a 

nuclear industry. If we look no fu r ther than 

the activity involved in the construct ion of 

nuclear power plants, we see that the high 

standards demanded in welding, for instance, 

call not only for new welding techniques 

but also for new measuring and testing 

methods. These improvements in t u rn have 

the i r influence onqual i ty standards th rough­

out industry. Failure to develop this fo rm of 

energy would therefore have adverse 

repercussions on a far w ider field than that 

of nuclear fission. 

Fur thermore, ¡t is possible, by taking an 

active part in the development of nuclear 

energy, t o establish an expor t posit ion on a 

wo r l d market which is sti l l expanding. 

It might be asked whether the expendi ture, 

especially that involved in development 

wo rk , is outweighed by the benefits to be 

expected. A l though nuclear energy costs 

w i l l very probably be higher in the short 

t e r m , which biases a costs comparison w i t h 

conventional sources of energy in favour of 

the latter, savings wi l l be possible in the 

fu ture . Hence, if only in the l ight of what 

we have said about long­term planning, it 

can be asserted that the expendi ture is 

warranted. On the other hand, account 

must also be taken of the fact that basic 

materials of mineral or igin are not inex­

haustible and that i t w i l l thus become in­

creasingly necessary t o switch over t o 

nuclear energy. This being so, there is even 

a case to be made out, on the basis of 

modern replacement value theory, for 

having the costs occasioned by the develop­
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ment of the new source of energy borne by 
the conventional materials now petering 
out . This is a factor which as a general rule 
has been accorded l i t t le or no consideration 
when appraising costs comparisons. 

Ant ic ipated t rend 

From the foregoing it may be concluded 
that, where the product ion s t ructure per­
mits, nuclear power plants, by v i r tue of 
the i r low variable costs, must be given 
pr io r consideration as regards the f i l l ing-in 
of the lower part of the area traced by the 
load-time curve in Fig. 2. The upper part of 
this area is accordingly represented by 
power plants of the conventional type. 
W i th in each of these groups, new plants w i l l 
be added, in every case start ing f rom the 
bot tom sect ion; this is a t rend that has 
already been witnessed among conventional 
plants, which are also being used more and 
more, as they become obsolescent, for 
dealing w i th peak loads. 
In addi t ion, the dividing line between the 
t w o areas wi l l gradually move upwards, as a 
consequence of the continually growing 
strength of nuclear energy's compet i t ive 
posit ion. This strength is being accentuated 
by the existing tendency towards the con­
st ruct ion of increasingly large product ion 
units. 
Qui te apart f rom the influence of nuclear 
energy, this tendency is not diff icult t o 
account for. Larger power plants produce 
more cheaply than smaller ones, notably 
because investment per installed k W 
decreases as the size of the product ion unit 
increases. It is therefore also advantageous 
f rom the point of view of conventional 
plants that per-unit capacity should be slow­
ly but surely expanding-to the extent, of 
course, that this is practicable, and due 
consideration being given to the measure 
in which transmission costs are adversely 
affected. 
We have already pointed out that the tend­
ency towards larger power plants is boost­
ing nuclear energy's compet i t ive posit ion. 
This can be fu r ther i l lustrated as fol lows. 
There is a rule of thumb which states that 
investment in an electric power plant in­
creases by the 0.6th power of the capacity. 
This means that investment per kW de­
creases w i th increasing capacity by the 0.4th 
power of the capacity. If we assume that the 
same rule applies t o nuclear power plants-
and there is evidence that i t does-, the 

difference in capital costs per k W between 
the t w o types of plant diminishes as the 
capacity expands (Fig. 7). 
Figure 8 illustrates the significance of this 
effect when total costs per kWh are con­
sidered, account thus being taken of nuclear 
energy's lower variable costs. It wi l l be seen, 
for instance, that, if nuclear and conven­
t ional energy costs are the same for a given 
capacity, the saving engendered by the 
stepping-up of capacity wi l l have the effect 
of making nuclear energy cheaper than 
conventional energy. 
We may therefore conclude that the tend­
ency towards larger power plants and a 
gradual strengthening of the compet i t ive 
position of nuclear energy are t w o effects 
which consolidate and complement each 
other . 

Another question which may be asked is 
what influence the development of new 
reactor types has on the picture out l ined in 
this art ic le. For instance, the development 
of fast reactors w i l l eventually enable 
nuclear materials t o be used w i th greater 
efficiency than at present. This improve­
ment resides in the i r abil i ty t o convert non-
fissile uranium atoms, which account for 
over 9 9 % of the uranium found in nature, 
into fissile p lutonium atoms. We shall not 
go into the technical aspects of this process 
here. W e shall confine ourselves to ment ion­
ing that it is assumed that the breeder 
reactor wi l l be operat ing on an industrial 
scale by 1975-1980. 
This does not fundamentally alter the pat­
te rn of nuclear development as described 
above. It might be imagined that the breeder 
reactor, whose variable costs wi l l in all 
probabi l i ty be st i l l considerably less than 
those of current reactor types, wi l l breed 
not only fuel but also compet i t ion among 
the various reactor types w i th in the lower 
section of the area under the load-time 
curve shown in Fig. 2. This, however, is not 
whol ly cor rec t ; st i l l less accurate is the idea 
that nuclear reactor contruct ion can be 
serenely suspended unt i l the breeder 
reactor has been ful ly developed. 
The fact is that the breeder reactor is t o 
some extent dependent on p lu ton ium-
producing reactors, such as those which 
are in use now, for its supplies of fissile 
material. From both a supply and a cost 
standpoint, therefore, efficient use of 
fissile material calls for programming of 
nuclear energy product ion, w i t h existing 

reactors of the cur rent type providing 
p lutonium for the f irst breeder reactors. 
This leads to the conclusion that the breeder 
reactor wi l l very gradually assume a g row­
ing share in energy product ion, side by side 
w i t h current- type reactors. The latter, 
which are geared t o the use of natural and 
slightly enriched uranium, w i l l thus fo r 
many decades to come, f i rst of all on the i r 
own, and later alongside breeder reactors, 
play an extremely impor tant part in the 
development of energy supplies. 
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To-day 
Heot exchangers of the G 2 and 

G 3 gas­cooled reactors in Marcou­

le (France), which are producing 

electricity for the grid. 
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Model of the boiling water reactor plant to 

be erected in Gundremmingen (Germany). 

Estimated date of commissioning: 1965. 

Later 

Model of the Rapsodie experimental fast 

breeder reactor under construction in 

Cadarache (France). 



CLAUDE CHASSIGNET / Directorate-General for Research and Training, Euratom 

T h e n a m e " E S S O R " is a contrac­

t ion of the French words "ESSais" 

(tests) and " O R g e l " (organic-cooled 

and heavy -wate r -modera ted reac­

t o r ) . 

T o the linguist i t wi l l be clear t h a t 

the name is also a symbol of the 

hopes which have been pinned on 

this test - reactor , since t h e w o r d 

"essor", in French, conjures up t h e 

p ic ture of a bird soaring into t h e 

sky. 

On 10 October 1962 the Commission of the 
European Atomic Energy Communi ty deci­
ded to go ahead w i th the construct ion of 
the ESSOR reactor, at the Ispra Joint 
Research Centre. 
The elaborate piece of equipment which, 
in a few years' t ime wi l l thus be put at the 
disposal of the engineers and research scien­
tists at the Centre w i l l enable them to push 
ahead w i t h the task of developing and per­
fecting reactor types using cold heavy 
water as moderator. 
The symbolic name ESSOR is a contract ion 
of the words ESSais and ORgel. The reactor 
is in fact intended pr imari ly to facil itate 
the fu r ther development of the ORGEL 
st r ing, that is t o say reactors which, besides 
being moderated by heavy water, are cooled 
by an organic l iqu id. Its design, however, 
is such that i t can be used for exper i ­
ments w i t h different types of coolant. This 
reactor falls in to the present class of 
reactors which are constructed for the 
specific purpose of designing and develop­
ing "sub-assemblies." These sub-assemblies, 
which wi l l subsequently be used in a 
part icular type of power reactor, wi l l have 
to be perfected w i t h great care since they 
const i tute the very heart, i.e., the core, of 
the reactor. 
Experimental reactors as a class are derived 
f rom mult i -purpose reactors which, as i t 
were, represent a sort of general-purpose 
test bench; nevertheless, they differ con­

siderably f rom these, being more readily 
comparable t o those special installations 
designed for testing a specific category of 
material. 
Among others of this family, ment ion may 
be made of the EOCR, HWCTR and 
PEGASE reactors. Of the f irst t w o , both of 
which were bui l t in the Uni ted States \ 
EOCR (Experimental Organic Cooled Reac­
to r ) , belongs t o the str ing of reactors which 
are moderated and cooled by an organic 
l iquid, whereas HWCTR (Heavy Water 
Components Test Reactor) forms part of 
the reactor str ing in which heavy water is 
used as the moderator and coolant. Finally, 
the PEGASE reactor (Pile d'Essai Gaz) 2 is 
intended pr imari ly for the development of 
graphite- or heavy-water-moderated carbon 
dioxide-cooled reactors. 
Apar t f rom differences in design, the basic 
idea behind each of these reactors is to 
create around one or more sub-assemblies-
which might, for example, be called core 
components- the ambient condit ions that 
would prevail in a power reactor, and then 
to study the behaviour of the sub-assembly 
w i th a view to fu r ther development. 
By sub-assembly is meant the basic uni t 
which, when reproduced in a sufficient 

I HWCTR reached criticality in March I962 at the 
Savannah River Centre; EOCR is at present nearing 
completion at the Nuclear Reactor Testing Station 
in Idaho. 
2. The PEGASE reactor went critical this year at the 
Cadarache Centre in France. 
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number, wi l l make up the power reactor; 
in the case of heterogeneous reactors it 
consists of a fuel element and its immediate 
environment, which, of course, wi l l depend 
on the type of reactor concerned. 
In a power reactor this sub-assembly is 
subjected to certain operating conditions 
depending on the other sub-assemblies 
which surround it and in conjunction w i th 
which it constitutes the nuclear reactor. 
It is this environment which determines 
the neutron f lux, the temperature effects 
arising f rom the cooling and moderating 
media, and all the interactions of neutronic, 
mechanical or thermal or ig in, etc. 
Indeed, the solut ion that suggests itself at 
f irst sight is to reproduce these environ­
mental conditions by building a prototype 
reactor, that is t o say a power reactor of 
minimum size; however, this is only possible 
in certain fields in which the ground has 
been largely cleared and the sub-assembly is 
already developed to a sufficiently advanced 
degree to enable its manufacture in large 
numbers t o be undertaken w i th confidence. 
But in most cases, where various possibili­
ties sti l l remain t o be put t o the test before 
the safest and most economical solution can 
be worked out , i t is useful t o have a device 
available whereby the operating conditions 
can be reproduced w i thou t at the same t ime 
unduly enlarging the test reactor, which has 
to be of small dimensions. 
It is for this reason that in the ESSOR reac­
t o r the neutron f lux is set up in a zone in 
which the fuel consists of highly enriched 
uranium. This part of the reactor, appro­
priately termed the "feeding zone", conse­
quently feeds the experimental positions 
used to accommodate sub-assemblies the 
behaviour of which is to be studied (see 
Fig. 1). 

The basic unit of the core in a reactor 
moderated by cold heavy water is the chan­
nel. In order to retain the advantages con­
ferred by a low pressure in the pressure 
vessel containing the moderator, it is 
necessary to keep the latter at a low tem­
perature (40-60°C) and therefore t o insulate 
it mechanically and thermal ly f rom the 
cooling l iquid, for which, on the other hand, 
high temperatures (400°C and over) are 
aimed at. It is consequently necessary to 
insert the fuel element in a tube in which 
the cooling l iquid w i l l circulate and to 
provide this tube w i th a double jacket which 
wi l l act as thermal insulation. If i t is borne 
in mind that all these structures are in t ro-

Figure 1. Diagram of the ESSOR reactor (vertical and horizontal sections) 
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F/gure 2. Vertical section of an ESSOR experi­
ment channel 
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duced into the reactor core, where they 
absorb neutrons, it wi l l be realized that in 
order to obtain a favourable neutron bal-
ance-which is part icularly impor tant when, 
fo r instance, the use of natural uranium is 
envisaged-it is imperative that great care be 
devoted to the i r design and construct ion. 
The complete channel (see Fig. 2) w i l l 
thus be composed of the fuel element and 
its suppor t , the various tubes o r tubular 
members and the devices connecting them 
w i t h the pressure vessel containing the 
moderator. The lat ter devices, which ensure 
mechanical and thermal insulation between 
the t w o liquids, allow the coolant to circu­
late round the fuel element so as t o evacuate 
the heat generated in i t ; they must also be 
provided w i th leak-t ight connections for 
each of the liquids t o the pressure vessel or 
t o the piping, whi lst at the same t ime al low­
ing sufficient play for the expansion differ­
entials due to temperature surges. 
In the ESSOR reactor, 12 of these channels 
can be installed in the central experimental 
zone (see Fig. 1) or arranged w i t h i n the 
lattice pitch (approx. 25 cm square); they 
const i tute a small section of the core. The 
feeding zone forms around the central zone 
a c rown of 16 elements using fuel which is 
highly enriched w i th fissile uranium (U235). 
The second c rown, surrounding the feeding 
zone, is composed of absorbing rods which 
ensure the regulat ion, cont ro l and safety of 
the reactor. 
This ent i re s t ructure is immersed in the 
heavy water, which is itself contained in a 
stainless-steel vessel about 2.5 m in diam­
eter. 

Design of the reactor 

The overall reactor design is based on the 
fundamental principles summarized above 
and in each of the sections that we shall now 
briefly consider we shall f ind that the recur­
rent concern is to produce a piece of equip­
ment which is in every respect suitable 
f r om the standpoint of the tests scheduled. 
The main part of the reactor is the core, 
that is t o say the fuel, the moderator , the 
coolant and the st ructura l materials which 
confine each of these components t o its 
al lot ted space. The te rm " reac to r b lock" is 
used to designate this assembly together 
w i th its various thermal or biological shield­
ing barriers and its radiation-shielded ap­
proaches such as upper and lower chambers 
and access corr idors. 



After passing through the reactor core, the 
cooling and moderating liquids evacuate the 
heat generated into heat-exchangers via 
pr imary circuits. By v i r tue of the fact that 
only these circuits are exposed to contami­
nation, they are located w i th the reactor 
block inside a containment shell. The sec­
ondary circuits, on the other hand, never 
carry irradiated fluid and may accordingly 
be located on the outside. 
Another important operational section is 
made up of the loading and discharging 
system, which, since it is used for extract ing 
fuel, o r an ent i re channel, f rom the reactor 
block, must permi t a detailed examination 
of these components and facilitate a com­
plete analysis of the results of the exper i ­
ment. From this point of view, the reactor 
no longer consists solely of a core and its 
heat transfer circuits, but becomes in fact a 
complex flanked by " h o t " workshops for 
the examination of the irradiated material 
extracted f rom the core and " c o l d " wo rk ­
shops for the preparation of the new mate­
rial fo r insert ion. 
Finally, in order to meet the wide range of 
requirements stemming f rom the variety of 
experiments carried out , this complex must 
have a "nervous system" which itself can be 
readily adapted to the purposes of the vari­
ous tests. The regulation and contro l device 
employed, after pooling all informat ion, 
then processes it and works out the nec­
essary adjustments in a digital computer 
serving as the " b r a i n " . Besides permi t t ing 
rapid action to be taken appropriate to the 
needs of each particular si tuat ion, this 
makes it possible t o adapt the operating 
procedure to the features of the individual 
exper iment. 

Descript ion of the reactor 

Fig. 3 gives an idea of the outside appearance 
of the ESSOR reactor . 
The most impor tant structure is the cyl in­
drical containment shell surmounted by the 
dome which has become a distinctive feature 
of many nuclear installations. This shell, 
which is 45 m in diameter and rises t o a 
height of 33 m above ground level, contains 
the reactor block, the cooling circuits and 
the handling gear. 
The casks for the handling of radioactive 
materials travel across the operations f loor 
on a track bui l t along one of its diameters. 
Beneath this f loor the reactor and the pr i ­

mary circuits are arranged in a systematic 
manner in shielded rooms. The reactor 
itself, located at the centre, occupies a 
cylindrical space of only about 3 m in 
diameter, of which only the out l ine and the 
heads of the plugs corresponding to the 
various reactor channels project into the 
operations f loor. I t is through these aper­
tures that the radioactive materials are 
passed from the reactor into the handling 
casks, which, together w i th the i r contents, 
can be moved along the track t o a number of 
special points located between the rails. 
The irradiated material can be examined at 
these points and subjected to various oper­
ations: washing, reshuffling, temporary 
storage and packing in containers. Removal 
f rom the containment shell takes place at 
both ends of the track. By means of a hy­
draulic lock the fuel elements can be de­
posited in the "coo l ing " pond ; another lock 
enables the channels or components other 
than the fuel to be transported to a suitable 
workshop after removal f rom the reactor. 
Inside the containment shell, therefore, the 
handling equipment occupies a parallel-
epipedal space some 6 m wide and 43 m 
long beneath the operations f loor. The 
cooling circuits wi l l consequently be arran­
ged on both sides of this space; on one side 
there wi l l be the heavy-water circuit and its 
auxiliaries, and on the other casemates con­
taining the cooling circuits for the experi­
mental zone. There may be up to five of 
these lat ter circuits (four, feeding one 
channel each, for isolated experiments and 
the f i f th feeding the other eight channels 
for general experiments). 
The outside buildings form a kind of horse­
shoe around the containment shell, w i t h 
which they communicate via the t w o above-
mentioned extract ion locks. In one arm of 
the horseshoe is a chain of " h o t " cells for 
the examination and dismantling of the fuel 
element after its removal f rom the deacti­
vation pool, as wel l as a " c o l d " workshop 
in which the new elements are prepared 
and condit ioned before insertion in the 
reactor. The other side of the horseshoe 
houses the workshop for the irradiated 
pressure tubes and all the rooms for the 
regulation and control of the reactor. 
Finally, part of the main building contains a 
number of workshops, stores and ancillary 
rooms the purpose of which is to render the 
ESSOR complex capable of meeting the 
specific requirements of the ORGEL str ing. 
The entire design of the ESSOR reactor, as 

briefly described in the foregoing, testifies 
t o the efforts which have been made to 
create a practical device which is adapted 
to the problems to which solutions have to 
be found. 
Since the project was launched, Euratom has 
called upon industries th roughout the 
Communi ty for the i r co-operat ion, thus 
giving rise to far-reaching compet i t ion in a 
wide variety of fields. This policy, although 
to some extent acting as a brake on the pro­
cedures necessary for the implementat ion 
of the project, is now reaping its reward, as 
exemplif ied by the fact that several com­
panies in different countries have decided to 
pool their recources and work as a team-a 
wor th -wh i le development in the context 
of the new Europe. 
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Of needles and haystacks 

RUDOLF BREE Director of the Centre for Information and Documentation, Euratom 

A few decades ago it was very rare to speak 
of scientific or technical information as a 
problem. Its rate of g rowth was managea­
ble, and the processing methods involved 
were no different f rom those employed in 
any other field of learning, including the 
arts. Since then this situation has undergone 
a radical change. How to master the mount­
ing flood of technical-scientific information 
has become a problem in itself and, finally, 
even a technical branch in its own r ight. 
The outstanding feature of the present situ­
ation is that new knowledge is acquired 
much more rapidly than it can be assimi­
lated. In medicine and biology, for example, 
the rate of g rowth is in each case about 
400,000 articles or reports per year, whi le 
around 30,000 new reports concerned w i th 
research into space travel are expected in 
the course of 1963. Other disciplines, 
like physics, chemistry, aviation and nuclear 
technology are progressing ever more ra­
pidly, not only in the countries which were 
the tradit ional centres of natural science 
and technology, but also in Russia, the Far 
East, Latin America, Australia, New Zea­
land and India. For a graphic i l lustrat ion of 
the present situation i t suffices t o point 
out that more than 90% of all the scientists 
on record since the beginning of t ime are 
living and work ing among us to-day. The 
first fruits of their activities are memoran­
da, reports, articles; in other words, scien­
tif ic information. 
The fact that all these scientific activities 
are going on at the same t ime automatical­
ly underscores the need for rapid informa­
t ion , which enables the research worker , 
on the one hand, to avoid unnecessary 
effort and concentrate on new develop­

ments and, on the other, t o take advantage 
for the purposes of his own studies of all 
the available discoveries which are of direct 
concern to h im. 
Progress to-day is not so much a matter of 
making great leaps forward in the solving 
of central 'problems, as of devising im­
proved combinations of innumerable indi­
vidual facts and of st imulating development 
by bringing together the findings of disci­
plines and techniques which are not str ict­
ly speaking very closely allied. 
It is increasingly rare to meet the great 
scientific innovator, exemplified in Newton , 
Planck and other eminent f igures; it is the 
scientific " w o r k e r " in his whi te overall , 
investigating, in ever greater detail and un­
der specific condit ions, the behaviour and 
propert ies of the various forms of matter, 
for example, who is more and more the 
rule to-day. 
In order to gain a more thorough insight 
into the subjects studied, more and more 
scientists must be employed; they, in the i r 
t u r n , require more complicated and costly 
apparatus. As a result, the init iat ive in 
promot ing, planning and financing certain 
main fields of technical and scientific re­
search has progressively shifted f rom the 
sphere of what may stil l be considered in­
dividual and private institutes or industries 
to State author i t ies: the expenditures and 
the risks involved in such fields are usually 
far beyond the means of private individuals 
or concerns. 
A l l this must be kept in mind if we wish to 
grasp the importance of technical-scienti­
fic information, which constitutes the clear­
ing-house for this constant influx of know-
ledge-of both the positive and negative 

results of these really gigantic efforts. It 
thus represents the f irst possibility which 
we have of judging the re turn on expen­
d i ture which, year in year out , can only be 
expressed in bill ions. It thus adds up to 
quite invaluable treasures, which are, more­
over, kept lying in the open market-place, 
available to each and everyman. True, in­
format ion of considerable general impor­
tance is mixed pell-mell w i th a great deal of 
dross. The systematic collection and c r i t i ­
cal processing of these treasures is, how­
ever, extremely diff icult, not only because 
of their volume, but also because of the va­
rieties of language and divergences of ter­
minology. But the greatest drawback is the 
d isproport ion between the mass of infor­
mation and the individual's capacity to make 
use of i t , whi le the exploitat ion of this 
store-house of information is even fur ther 
complicated by the rules of political l ife, 
and of the economic activities so closely 
l inked w i th it. 
W i t h so much purposeful technical-scien­
tif ic activity going on simultaneously i t is, 
of course, highly probable that the solut ion 
sought for a problem has already been if 
not ful ly at least partially worked out , or 
that, on closer view, another more promis­
ing answer can be substituted for the one 
supposed to exist or sought in a given d i ­
rect ion. But where is it? Faced w i th this 
enormous mass of individual items of in­
format ion, we recall to mind the famous 
simile of the needle in the haystack-but 
the part icularly galling th ing is that the 
needle must not only be found, it must be 
found quickly. 
For if a bibliographical or information study 
lasts five years, or perhaps only five months-
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or even as l i t t le as five weeks-this may 
suffice t o discourage any at tempt t o use in ­
format ion which in fact exists but is inac­
cessible. People ei ther cannot o r w i l l not 
be kept wait ing so long. In great jo in t 
achievements of a technical nature one 
th ing is geared t o another and delay in one 
place can seriously hold up all o ther w o r k . 
The outcome of such a state of affairs may 
easily be that all a t tempt to find the needle 
is given up when there is no certainty of 
f inding i t soon. 

The above argument has been greatly s im­
plified in order to convey a rough idea of 
the problems and orders of magnitude in ­
volved. But despite all the aids which make 
i t possible to narrow down the search, 
very serious problems arise when i t is a 
question of t racking down informat ion 
necessary for projects calling for knowledge 
f rom several branches of science. Nuclear 
techniques and the i r applications involve a 
part icularly wide range of problems of this 
k ind. 

Types of i n fo rmat ion 

Information becomes available in certain 
forms, most of which are derived f rom old 
t radi t ions, often no longer suited to pre­
sent needs. 
First there is that age-old, hallowed sym­
bol of assembled knowledge, the book. A 
hundred years ago it was most probably 
the most impor tant medium of informa­
t i o n . To-day statistics have shown that , 
according to subject, it is three to ten years 
behind the latest state of knowledge, fo r 
long periods of crit ical w o r k are necessary 
before i t can be put together. 
Then there is the periodical, which also has 
an already long t rad i t ion behind i t . A l though 
naturally much more up to date, its repor t ­
ing often lags t w o to four years behind the 
events or discoveries described. 
The individual report is usually less out of 
date. Its " l i t e r a r y " pretensions are more 
modest and it is a record of results which 
concentrates on the facts. This vehicle of 
in format ion has expanded rapidly since the 
twent ies owing to the more generous ap­
propr iat ions of public funds for research 
and development purposes. Public money 
is usually granted only if the knowledge it 
helps to produce is made available ei ther 
t o a restr icted circle or t o the public at 

large. On the average, the findings repor t ­
ed by this fo rm of technical in format ion, 
which is especially vital in nucleonics, ae nor 
more than one or t w o years o ld. 
It is at scientific conferences that the re­
sults repor ted are the most up to date. The 
material presented is often available in the 
form of "conference papers" or " p r e p r i n t s " . 

W h a t normal ly happens to this ma­
ter ia l? 

Obviously it is collected in l ibraries, where 
in earl ier t imes it was t radi t ional ly the 
book which played the leading role. Stil l 
to-day libraries are the depositories and 
guardians par excellence of all pr inted mat­
ter , and the scientific and technically mind­
ed countries vie w i t h each other in the 
size and completeness of the i r collections. 
But the larger and more comprehensive 
these become, the more diff icult i t is to 
prevent them f rom turn ing into first-class 
"family mausoleums" of in format ion. 
The crit ical study of a book is a long busi­
ness; even to digest a scientific repor t takes 
t ime. But in practically every instance it 
is not one but many reports that have to be 
examined in o rder t o obtain the desired 
knowledge and insight, and they are sought 
out by reading the signals which indicate 
the i r contents. These are the tradi t ional 
bibliographical data: author, t i t l e (very 
often unreliable and misleading), year and 
place of publ icat ion, publisher. A l l this, 
however, is not sufficient to give a research 
wo rke r who is not completely at home in a 
special field an adequate idea of what the 
wo rk may be expected to contain. 
To help out , summaries, reviews and ex­
tracts are resorted t o - t h e so-called "ab­
stracts" of 100 to 200 words, condensed 
versions which are designed to help the 
investigator feel his way more rapidly t o 
the informat ion sought. 

The regular col lection of such abstracts or 
reviews in special periodicals provides an 
essential too l for mastering technical-scien­
t i f ic in format ion. Important examples are: 
"Chemisches Zen t ra lb la t t " , "Chemical Ab ­
stracts", "Biological Abst racts" , "Excerpta 
Medica" and others in the same l ine. Un­
fortunately, many of them are now f inding 
it hard to keep pace w i t h the f lood of new 
informat ion and are already trai l ing one 
or t w o years behind the publication of the 

more complicated and costly appa-

articles or reports they summarize. They 
have thus lost half the i r original raison 
d'être. Nevertheless they are stil l valuable, 
since, thanks to the i r condensed f o rm , they 
can render essential and lasting help in the 
quest for in format ion. 
Thei r original purpose is now ful f i l led by 
periodicals which are nothing more than 
well-chosen collections of t i t les, such as 
"Chemical T i t les" , "Biological T i t les" , " I n ­
dex Medicus", etc. But even these can h r rd -
ly keep abreast of the mass of new publica­
t ions. 
As the old l ibrary methods became too 
ponderous, new techniques had to be devel­
oped. Librarians specialized in particular 
fields to help users find " t h e i r " l i terature 
quickly. They reflected on how they could 
do the i r w o r k more expedit iously and ef­
fectively by constant improvement in the 
use of classification media and codifying 
systems. Independently of the l ibraries, the 
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Ispra computer centre: Operation at the control 
pannel. In the background: removing a magnetic 
tape. 

users of the information themselves tackled 
this problem, and in the modern wor ld of 
division of labour a new kind of animal de­
veloped whose business was "documenta­
t i o n " . He called himself a "documental ist" 
or " informat ion officer" and, in his tu rn , 
systematically set about designing fairly 
elaborate tools to serve his purposes. In 
doing so he became increasingly familiar 
w i th the problems and pitfalls of his calling, 
and gradually a whole group of specialists 
was built up w i th an ever clearer awareness 
of the economic and scientific importance 
of the proper uses of information. 
Just as the lover's overr iding concern is 
wi th the object of his affections, while he 
never vouchsafes a thought to mother- in-
law, registry office, chi ldren, or material 
considerations, so the information officer, 
in blissful ignorance, too, of all the legal 
and economic impedimenta which are the 
cement of our modern society, in the first 
flush of his idealism naturally thought only 
of the information to be conveyed to the 
client and did his job w i thout thinking of the 
wider implications. And, of course, it was no 
t ime at all before the whole t r ibe were 
about his ears: copyright, editors, embar­
goes on information, patent law, official 
secrets acts, trade secrets, etc. He saw him­

self hemmed in by all these, and there was 
nothing for it but to arrive at a modus viven­
di w i th them if he was to have any chance 
of pursuing what he felt to be his vocation. 

From the cost angle he had reason in any 
case to be continually concerned for his 
position. 
The problem which is everywhere so vital 
met him at every step: to be of use informa­
t ion had to be pertinent and available as ra-
p'dly and in the fullest form possible. To 
find pertinent information clear-sighted pre­
paration was required. This called for t ime 
and experience, both of which cost money. 
If the information officer wished to give a 
comprehensive answer, the material on the 
basis of which he worked had to be comDre-
hensive, i.e. quite full and constantly sup­
plemented and processed. This again takes 
t ime and costs still more money. If he want­
ed to be quick, he needed either unlimited 
personnel-a numerically strong team-or 
suitable mechanical or other aids, which 
could perhaps help, assuming they existed 
at all. Thus the money question yet again 
raised its ugly head in more acute fo rm. 
Only when a perfect system was brought 
into being for the collection and keeping 
up to date of the costly material was i t 

20 



Information storage 
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possible t o pay at tent ion to the very expen­

sive and t ime­consuming processing opera­

t ions, the forming of a team capable of 

work ing together intel l igent ly and the pro­

curement of suitable aids. 

Unless all these requisites were fulf i l led 

there was no hope of being able to per form 

services of real value to the clients. 

The fu r ther point must be made that we live 

in a wor ld which uses economic compet i t ion 

as one of its regulators. This, too , makes for 

difficulties in implement ing the well­meaning 

intentions of the dispenser of technical­

scientific in format ion. According to the 

rules of the game, processed, i.e. explo i ­

table, informat ion counts as an asset t o 

the individual, the enterpr ise, or even the 

whole national economy. As a lead in in­

format ion is an advantage only if the informa­

t ion is wi thheld f rom compet i tors, docu­

mentat ion was developed, part icularly in 

the economic f ield, asa means of fu r ther ing 

individual interests. 

Any major changes in this si tuat ion could 

only be brought about when it was realized 

that individual interests were bet ter served 

if they were subordinated to the common 

good in o rder t o achieve an all round im­

provement in performance. This meant that 

those responsible for public affairs encour­

aged private enterpr ise t o obey this pr inc i ­

ple. Now they could support establishments 

t o explo i t the precious knowledge which, 

although everywhere accessible, had been 

so long ignored. 

Special features of technical and scien­

tific in fo rmat ion in the field of nuclear 

energy 

Nucleonics, even in its widest sense, is a re­

latively recent field of scientific act iv i ty. In 

fact i t has only really existed as an indepen­

dent field w i th extensive publishing acti­

vities since the Uni ted States A tomic Ener­

gy Act made i t incumbent on the Adminis­

A card is punched for each keyword. Thus each 

card contains the information that a certain 

keyword appears on the analysis­sheet of a 

certain document. 

Storage by transfer of the information con­

tained in the punched cards to the magnetic 

tape. 
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t rat ion to make public all knowledge of 
this branch of technology which could 
serve peaceful ends. This happened barely 
fifteen years ago, a very brief span compar­
ed wi th the age of such venerable scien­
ces as physics and chemistry. In other words, 
all activity in nuclear science is young and 
has not yet set in a rigid mould. This is also 
t rue of the organizations providing infor­
mation; they are still relatively adaptable. 
A second important point here is that w i th ­
in the Western wor ld the United States 
Atomic Energy Commission (USAEC) was 
init ially so predominant in knowledge, re­
sources and organization that the other 
authorities in the West engaged on the 
same activities modelled themselves on it 
more or less automatically. 

A th i rd noteworthy fact is that the possibi­
lities afforded by the less peaceful applica­
t ion of atomic processes led all States to 
exercise control over all scientific activity 
in this field, which means that the allocation 
of work and thefol low-up of results are much 
more strict ly centralized than in most other 
fields of scientific and technical activity, 
except space travel and defence. 

The USAEC also created a reference organ 
of its own, "Nuclear Science Abstracts" 
for the indexing of technical and scientific 
l i terature in this field. It developed this to 
such a high level and reliability that, apart 
f rom a similar but much more guarded 
Soviet publication, absolutely nothing com­
parable has emerged. 

One lastfeature of exceptional importance is 
that, as a result of the historical develop­
ment of this relatively callow branch of 
science, the English language by far predo­
minates. This simplifies things fundamentally 
compared w i th many other fields of know­
ledge. 

Al l the special characteristics listed here 
make it easier to deal w i th information 
relating to modern technology. We have 
been spared the usual dispersion over an 
enormous range of competing publications, 
while, w i th the proport ion of public in­
vestments so high, there is a strong empha­
sis on the publication of development and 
research results in series of reports. More 
than two-thirds of the available information 
in the atomic field is contained in series of 
this kind. 

Technical and scientific informat ion in 
Euratom 

Euratom originated at a time when the 
struggles for the recognition of the value of 
information described at the beginning of 
this article were already a thing of the past 
and when, not least because of the USAEC's 
example, its importance had long been ac­
knowledged. This had a felicitous influence 
on the tex t of the Euratom Treaty, which 
lays down a series of rules dealing explicitly 
w i th the Commission's duty to disseminate 
information. 
The major advantage of this state of affairs 
is that information and documentation 
became legitimate branches of activity 
which could be provided for efficiently by 
appropriations under the Euratom budget. 
This is still far f rom being the case to-day 
w i th many other institutions, where infor­
mation must take refuge in the budgets of 
libraries or other departments and often 
lives a completely wall-f lower existence. 
This, as it were, privileged position natural­
ly imposes weighty obligations upon those 
who are to use the information on behalf 
of the European Atomic Energy Community. 
Euratom attempts to take account of this 
obligation in its "Dissemination of Infor­
mat ion" directorate, which co-ordinates all 
efforts in the information field, irrespective 
of whether it is a question of disseminating 
knowledge gained as a result of work car­
ried out in Euratom's own research esta­
blishments or under contract by research 
institutes and industrial enterprises, or else 
stemming from Euratom participation in 
contracts of association. 
Of course, the knowledge which is already 
available must also be disseminated, that 
knowledge which provides a better and 
f i rmer foothold for every step in the pro­
gress of research workers who would other­
wise have to start f rom scratch. As has al­
ready been pointed out, this existing know­
ledge conceals treasures wor th billions. It 
is estimated that, at the present t ime, half 
a mill ion individual items of important 
nuclear information exist and that the 
number is swelling by between forty and 
fifty thousand annually. 
The knowledge gained by work in the 
Euratom research establishments or under 
research agreements is made public in scien­
tific reports and reviews which come out 
at regular intervals. 
There is nothing extraordinary about this, . . . as the old l ibrary methods became too 

ponderous . . . 
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the need to f ind quite specific stalks 

out what is being done to explo i t the great 
volume of informat ion already available on 
nuclear technology ? 
A t the beginning of its activities the Eura­
t o m Commission set up a research group 
on machine or automatic documentat ion. 
This was the CETIS Group ( "Cent re euro­
péen de t ra i tement de l ' in format ion scien­
t i f ique) which works in Ispra. Among o ther 
things it is t o study in a systematic fashion 
the possibilities which electronic compu­
ters afford for the handling of non-numer i ­
cal problems, including those bound up 
w i t h automatic t ranslat ion. It is clear that 
all the activities of the Euratom Commission 
are fu r ther complicated by language pro­
blems and that there is much t o be gained 
by f inding out whether t ime-consuming 
human translat ion cannot one day be-i f not 
replaced-at least speeded up by means of 
fair ly accurate rough drafts. 
The decision to set up this research group 
is clear evidence that the Euratom Com­
mission was alive t o the importance of the 
informat ion prob lem, and therefore felt 
itself responsible for providing facilities 
designed to meet the informat ion needs 
of the research centres and nuclear indus­
tr ies t o be bui l t up in the Communi ty coun­
tr ies. 
It is now possible, as has already been made 
clear, t o construe documentat ion as the 

blanket concept for the col lect ion, sifting 
and examination of available informat ion 
and for the t racking down of answers t o 
specific questions. 
O n this point of tracing in format ion, let us 
rever t to the haystack methaphor. First of 
all the haystack must be bui l t . 
A l l items of informat ion are in fact just hay 
unt i l they are specifically needed. It is the 
need to find qui te specific stalks of hay 
which causes all the diff icult ies. They are 
naturally wel l hidden and diff icult to isolate. 
We must therefore endeavour t o devise 
a suitable process so that , when a part icu­
lar question is put, the stalks in question 
stand out quite automatically f rom the other 
stalks in the haystack, let us say that they 
l ight up when the question is u t tered. It 
then perhaps ceases to be so diff icult to 
distinguish the f i f ty or so l i t t le stalks sought 
f rom the 500 000 which we don ' t happen to 
require at the t ime. This is precisely the 
job of the Euratom Documentat ion Centre. 
Such a centre had indeed to be established 
to serve both the requirements of the 
Euratom research centre itself and those of 
all o ther interested parties in the member 
countr ies. 

From what has already been said it should 
be clear that this cannot be brought about 
overn igh t : this centre is therefore st i l l in 
the process of being bui l t up and, in this 

respect, its situation is no different f rom 
that of a nuclear power plant under con­
s t ruc t ion . To begin w i t h i t consumes a great 
deal of money and a long t ime must elapse 
before it goes " c r i t i ca l " and reaches the pro­
duct ion stage, an exact parallel of the power 
plant. 
In col laborat ion w i t h the CETIS research 
group, the documentat ion centre has wor­
ked out a plan enabling it t o perform the 
precise operat ion that we at tempted to 
i l lustrate w i t h the haystack metaphor. 
Fortunately, o ther organizations had al­
ready bui l t the haystack, for instance, the 
USAEC, whose "Nuc lear Science Abstracts" 
contains the lion's share of the informat ion 
dealing w i t h atomic processes of concern 
to Euratom. 

A system had f irst t o be devised by which 
the stalks could be so prepared as to l ight 
up when given questions were put. 
Fur thermore, a process was developed by 
which the glowing hay stalk could be rapid­
ly picked out of the heap and subjected to 
close scrut iny. The whole adds up to , if not 
the biggest, at least one of the biggest 
European projects for electronic informa­
t ion storage w i th fast automatic selection. 
In more technical terms this means the 
ut i l izat ion of an IBM 1401 magnetic tape sto­
rage unit of the kind common in electronic 
computers. It is adapted in a specific way 
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Information retrieval 
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t o store up hundreds of thousands of items 
of informat ion and, when particular ques­
tions are put, t o single out and to disgorge 
those items bearing on the quest ion. 
The subterfuge which makes this possible 
is no stage conjurer's feat: the essential 
points in each individual uni t of informat ion 
are inscribed in a suitable code on the re­
cording tape and w i th it the unit 's "house 
number" , which is no more than a serial 
number. 
It is obvious that the encoding is a very 
responsible task, for only if the content of 
the informat ion is correct ly encoded can 
the information be ret r ieved. The w o r k 
must therefore be done by specialists-che­
mists, physicists, engineers, biologists-ex­
pert in the field covered by the informat ion. 
But in o rder t o encode an i tem of informa­
t ion you must f i rst have a code containing 
all the necessary concepts. It would be out­
side the scope of this article to describe the 
genesis of such a code, which has already 
been tentat ively out l ined in Euratom Bul­
letin No. 3/1962. 
It is sufficient t o note that such a code has 
already been created for Euratom's nuclear 
informat ion and that w o r k is now going 
on t o encode the new material coming in 
and to reduce the considerable backlog. 
It emerges f rom the statistical experience 
acquired to date that an average of about 

eight or nine key-words are al lot ted to each 
research repor t . These words represent 
the content of the informat ion w i th suffi­
cient accuracy. 
W e therefore w r i t e down the serial num­
ber, the author and all key-words, i.e. our 
code, and then a few other points. These 
are inscribed on punched cards and f rom 
them transferred automatically t o the mag­
netic tape. 

H o w do w e re t r ieve the in fo rmat ion 
f r o m the tape? 

Thus, by means of the programming opera­
t i on , the small stalks-f iguratively speaking-
are so prepared as to become recogni­
zable when the proper question is put. To 
revert t o our metaphor, they l ight up. 
When we have a question, we wr i t e this, too , 
on the recording tape in the terms of our 
code and feed i t in to the machine, where 
all the tapes w i th the stored informat ion 
are then compared w i th i t at great speed. 
Each t ime the relevant combination of 
key-words is met on the swift ly unwinding 
tape, the machine notes the serial number 
of the item in question. The complete bibl io­
graphical data belonging to each item of 
informat ion are registered on another re­
cording tape, and given the corresponding 

The request is analyzed and expressed in the 
form of keywords. 
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serial numbers. The numbers selected are 
now in the i r tu rn put back into the machine, 
which can then automatically pr in t all re­
levant bibliographical data one after another 
on a fast tabulator. 
This combinat ion is the answer to the ques­
t ion put. W i t h i t the questioner can now 
obtain all the available in format ion. 
Since the electronic machines w o r k very 
rapidly and have a high storage capacity, 
i.e. since they can, so to speak, digest very 
large stacks of hay very rapidly, we hope 
that they wi l l make i t so easy for us t o 
find in format ion that i t wi l l be possible t o 
provide the answers to the questions put 
in days instead of weeks. 
In this whole process nothing is demanded 
of the machine which it cannot w i t h certain­
ty per form. First, i t speeds up the search. 
To look up a register in card index fo rm 
w i th 500.000 units of informat ion would 
take t ime. And a card index w i t h eight o r 
nine entries for every i tem of in format ion 
would need about 4.5 mi l l ion cards; manu­
al search would be practically out of the 
quest ion. 
But the machine has one fu r ther paramount 
advantage: in posing the question i t is 
possible t o fo rm any positive and negative 
logical sums desired, for instance, to ask 
for all informat ion about welding, steel and 
pressure vessels, but, for example, exclu­
sively those dealing w i th acetylene gas 
welding and then only informat ion of more 
recent vintage than 1960. By hand this 
could be done only by extremely laborious 
and lengthy search, comparison and dis­
carding, whi le the machine is in a posit ion 
t o master it all in one run . 
In addi t ion, the machine can copy down the 
data required w i th ext raord inary speed and 
completely automatical ly. This alone would 
require an enormous staff if done by hand 
and wou ld take an ext remely long t ime. 
N o comparable informat ion storage uni t 
is being prepared at the present t ime in 
ei ther the Uni ted States or the Uni ted 
K ingdom. It requires a considerable invest­
ment and a great deal of bra inwork for 
codifying the material . Machine operat ing 
costs are also high and a team of specialists 
must be constantly in attendance to ana­
lyze the questions put, prepare them for 
storage, make a cri t ical assessment of the 
answers obtained, and be able generally 
t o extract op t imum informat ion f rom the 
magnetic memory. 
Euratom is in a posit ion t o undertake such 

a task because the expendi ture is shared 
by six countries and the advantages can 
also direct ly benefit the many persons in­
terested in those countr ies. The results 
are inf ini tely more favourable than could 
be obtained by establishing such a system 
in a single country. 
The extensive encoding w o r k required 
takes years and the memory cannot be 
used to ful l capacity before i t is completed. 
Meanwhile, we must live on credi t . Here 
the comparison used above w i t h the bui l ­
ding of a nuclear power plant is thoroughly 
apt. I t is common knowledge that invest­
ment credits are needed for the power 
plant, but i t is unexpected to learn that the 
same problem arises in bui lding an infor­
mation storage system. 
The parallel lies not only in the period of 
t ime for which credits must be requested, 
but in the equivalent uncertainty as t o 
whether the performance hoped for wi l l 
in fact be achieved. Half a mi l l ion indiv idu­
al items of informat ion have to be encoded; 
it goes w i thou t saying that this raises a 
mul t i tude of problems. 
As to the dimensions of the storage units 
which wi l l be needed for the next ten 
years, i t wi l l probably be possible to make 
do w i t h the present system, which offers the 
advantage that it asks no more f rom the 
machine than it can perform w i thou t con­
siderable ext ra preparatory wo rk . For all 
the steps requir ing associational abil i ty and 
decisions on combinations, the help of the 
human brain, which is super ior in this res­
pect, w i l l continue to be requi red, whi le 
the machine's incomparable memory and 
its unsurpassed abil i ty t o make comparisons 
at speed wi l l be explo i ted, as wel l as its 
capability of copying w i t h scarcely credible 
rapidi ty the informat ion sought. 
Unt i l such t ime as the memory can be put 
into operat ion, w o r k must be carried out 
manually. A t present this means that a 
small group of informat ion officers must 
wade through registers and card indexes 
to answer the questions asked. Ou tpu t is, 
however, so small that for the t ime being 
this w o r k can only be done for the staff of 
the A tomic Energy Commun i ty and not for 
interested circles in the Six. And everyone 
is wai t ing, ful l of impatience and anxiety, 
for the t ime when the electronic memory 
w i l l make it possible t o provide this service 
more rapidly, in an improved fo rm and for 
the benefit of the Communi ty as a whole . 
We quite realize that what we are doing is 

not very spectacular. We are conscious of 
per forming an auxil iary service whose im­
portance has not yet become perfectly clear 
even to all potential beneficiaries. 
This service must naturally be provided w i t h ­
in the f ramework del imited by the Euratom 
Treaty. This, however, is a legal construc­
t ion which is only at the outset of its testing 
t ime. 
Thus we have to f ind, as we go along, con­
st ruct ive compromise solutions and answers 
enabling the knowledge acquired or t o be 
disseminated to be exploi ted as a whole , 
s t r ik ing a reasonable balance between 
private and State interests and the claims 
of the Communi ty . 
The task is a fascinating, if an elaborately 
complicated one, and we are aware that 
the privi leged position in which we have 
been placed by circumstances represents 
first and foremost a du ty - the duty to derive 
the utmost advantage f rom i t . 
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Although the phenomenon involved in the 
product ion of nuclear energy, the spl i t t ing 
of the atom, is of a physical nature, as are 
the laws which govern it and permit i t t o 
be put to practical use, i t is chemistry 
and chemical engineering which played the 
major part in the early development of 
nuclear energy r ight f rom the outset at 
the t ime of the Manhattan Project, when 
one of the fundamental problems was 
concerned w i th enriching uranium in the 
isotope 235 and separating the p lutonium 
produced in the Hanford reactors. We 
have come a long way, since those early 
days, and to-day it can be said that the 
abil i ty of nuclear power to compete w i th 
energy obtained f rom conventional sources 
is largely dependent on the cont r ibut ion 
made by chemistry and chemical engineer­
ing. 
In order t o appreciate this i t is sufficient t o 
look at the nuclear fuel cycle and the 
considerable savings which can be effected 
by improvements in the fissile material 
product ion processes, in fuel fabrication 
methods as wel l as in post- irradiation 
processing techniques and the t reatment 
and disposal of waste. In the case of special 
materials such as those used as fuel cladding, 
moderators and coolants, substantial savings 
may be brought about by attempts t o 
devise cheaper product ion methods or by 
the use of new materials possessing better 
characteristics. 

These dist inct ly technological tasks are 
accompanied by large-scale projects con­
nected w i th pure and applied chemical 
research, which are the inevitable con­
comitants of any new technical advance. 
For the chemist, this involves studies on 
the propert ies of a large number of l i t t le-
known or even completely unknown 
elements, the development of appropriate 
methods of analysis, the mapping-out of 
vast new fields of research such as radio-
chemistry, the study of radiation effects, 
high-temperature chemistry, the chemistry 
of melted salts and, finally, the elaboration 
of newtechniques such as activation analysis, 
the use of isotopes as tracers and the 
extract ion of metallic ions in organic 
solvents. 

Very few elements escape the at tent ion of 
the chemist engaged on nuclear research, 
f rom the l ight elements (H, Be, B, C, F 
and Al) , some of which are of paramount 
importance for the moderation and contro l 
of chain reactions, to the elements in the 
centre of the periodic system, all of which 
are represented among the fission products, 
and the heavy elements, or actinides, 
whose peculiar properties have paved the 
way for this new form of energy. 
The fact that so much interest, f rom such 
novel standpoints, is focussed on elements 
which as l i t t le as twenty years ago made up 
l i t t le more than just a small section of the 

periodic system, has imparted a t remendous 
impetus to inorganic chemistry-a discipline 
which, after an access of feverish act ivi ty 
in the second half of the last century, fel l 
into a decline at the beginning of the 
twent ie th century due partly t o the rapid 
pace of developments in physical and 
organic chemistry. This development emer­
ges clearly if we glance at Chemical Ab­
stracts, which reviews specialized chemical 
publications f rom all over the wo r l d , and 
if we observe the way in which journals 
devoted to research on inorganic chemistry 
have sprung up or been revived at various 
t imes. 

Starting Materials 

From the mining of the uranium-bearing 
ore r ight up t o the nuclear-pure uranium 
metal ingot or the uranium hexafluoride 
sent for isotope enrichment in diffusion 
plants, the chemist and chemical engineer 
play the i r part in the nuclear energy 
process. The Western wor ld 's annual out­
put of U30B is around 30,000 tons, but the 
fact that the ore does not on the average 
contain more than 1 % of U308 means that 
about three mil l ion tons of ore are proces­
sed annually. In the US alone 9,000 people 
are employed in this, the f irst stage in the 
product ion of nuclear fuel. Taken as a 
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water 

whole, therefore, the industry engaged 

on the extract ion and ref inement of ura­

nium ison roughly the same scale as some 

of the major chemical industries, which 

is not surpris ing when i t is realized 

that the finished product has to be of a 

very high grade of pur i ty , comparable at 

least t o that of pharmaceutical products. 

The product ion of U
2 3 5

 by the enr ichment 

process involving the gaseous diffusion of 

natural uranium hexafluoride can also be 

regarded as part of the source material 

product ion process. The development of 

these techniques has necessitated intensive 

research activities into the propert ies of 

f luor inated compounds and f luorine­resist­

ant materials. This has led to new, un­

expected applications, such as, fo r instance, 

polytetraf luoroethylene and polyf luoro­

t r ich loroethy lene, which the plastics in­

dustry has by now placed in the fore f ront 

of materials resistant t o chemical attack. 

Isotope separation, or the concentrat ion 

of isotopes which are present only in 

small proport ions in the natural element, is 

a process required in many fields of nuclear 

technology, f rom the product ion of fissile 

materials t o the manufacture of neutron 

moderators, shielding and neutron ab­

sorbers. 

A good example of the impor tant part 

played by the chemist in solving the pro­

blems bound up w i th isotope separation 

A water 

enriched 

in D 2 0 

depleted water 4 

is provided by heavy water product ion. 

It is common knowledge that deuter ium 

oxide, more generally known as heavy 

water, possesses exceptional propert ies 

as a neutron moderator . The separation 

process is a somewhat laborious one, as it 

is present in ord inary water only in the 

p ropor t ion of 150 ppm. 

The methods original ly used for heavy 

water product ion consisted in progressive 

enr ichment by dist i l lat ion w i t h a separa­

t ion factor of 1.05
1
 and enr ichment by 

electrolysis w i th a separation factor of 7. 

The energy consumption gives rise in both 

cases to high product ion costs. 

The method most widely used at the pre­

sent moment is that based on isotopie 

exchange at t w o dif ferent tempera tures­

a method, therefore, which is basically 

chemical. 

The reaction 

Η,Ο + HDS H D O + H,S 

Fig. 1 

Heavy water production by means of H2S­

H20 isotope exchange­α typical flow diagram. 

In the top columns water is enriched in 

deuterium by stripping hydrogen sulphide 

(H2S) ; in the bottom columns the reverse 

phenomenon occurs, enabling the hydrogen 

sulphide to be regenerated. Since the isotope 

exchange process differs with varying tem­

perature, the flow can be so arranged as to 

produce an excess of enriched water, e.g. the 

top columns can operate as cold columns and 

the bottom ones as hot columns. The deuterium 

content of the water can be progressively 

stepped up by connecting several columns 

in series. 

I The separation factor ex ° f
 a n

 isotope enrichment 
process is expressed by the relation 

_ / ( ! ­ > ■ ) 

α
 x ( l ­ x ) 

where y is the atomic fracción of the light isocope in 

the depleted effluent, and 
χ is the atomic fraction of the light isotope ¡n the 
enriched effluent. 
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Fig. 2: Fuel cycle in a research reactor 

1. Nuclear reactor 

2. Cooling pond 

3. Reprocessing plant 

4. Uranium billet 

5. Fuel manufacturing plant 

6. Fuel element 

7. Recycle 

8. Waste storage 

9. U235 moke up 

bilities by yielding improved materials for 

the control of chain reactions and the 

construct ion of neutron­count ing devices. 

® An immediate effect would consist in the 

reduct ion in the size of neutron shielding. 

Numerous methods of separation are now 

being examined, one of the most promising 

being the dist i l lat ion of the complex 

dimethyl ether borot r i f luor ide. 

In addit ion t o the problems bound up w i th 

isotope separation, o ther difficulties con­

nected w i th the separation of start ing 

materials have engaged the at tent ion of 

chemists; for example, the obstacles en­

countered in hafnium­zirconium separa­

t ion and in the separation and product ion 

of rare earths have sparked off a whole 

series of studies into these elements, 

about which vir tual ly nothing was known 

pr io r t o 1945. 

Fuel and Reactor Technology 

has an equi l ibr ium constant of 1.92 at 

1 0 0 C and 2.35 at 25 C. It is thus possible 

t o obtain enrichment w i th a theoret ical 

factor of 1.22. When hydrogen sulphide is 

bubbled through water at 25°C, some of 

the deuter ium passes f rom the hydrogen 

sulphide into the water. Part of the water 

thus enriched, e.g. 20%, is set aside, whi le 

the H2S, depleted in deuter ium, is bubbled 

through the remainder at 100° C, the water 

yielding up some of its deuter ium to the 

H2S. Due to the increased temperature, 

the hydrogen sulphide regains its init ial 

deuter ium content whi le the water, the 

deuter ium content of which has been 

depleted, is discarded. 

The enriched part of the water is now re­

cycled in exactly the same way, at a low 

temperature at first, t o enrich it in deu­

te r ium, and then at a high temperature, 

to permi t the hydrogen sulphide to regain 

its original deuter ium content f rom the 

water enriched in the preceding colder 

stage (see Fig. 1). 

A process of this type, repeated for a very 

large number of stages, enables us to ob­

ta in, in a comparatively simple and econo­

mical way, a deuter ium enrichment of the 

order of several per cent. Subsequent 

enrichment up to 99.6­99.8% is arr ived at 

by means of dist i l lat ion or electrolysis. 

This method, originally evolved in Great 

Bri tain, is now widely used in the US and 

France. 

O ther isotopes are of particular importance 

in connection w i th reactor technology and 

it is on these that chemists and engineers 

engaged on research into economical means 

of product ion are focussing the i r a t tent ion. 

Natural l i th ium, for instance, is a mix ture 

of Li
6
 (7%) and Li

7
 (93%). The first isotope 

has a neutron capture cross­section of 

930 barn
2
, whi le that of the latter is only 

0.033 barn. The capture cross­section of 

sodium is 0.50 barn. If L i ' could be isolated 

cheaply, i t would consti tute an excellent 

reactor coolant. Such a process would 

likewise afford the advantage of making 

available material enriched in Li
r
', which is 

uti l ized in the product ion of t r i t i u m , for 

example. 

The separation of B
l u

 (capture cross­sec­

t ion = 3990 barn), which is present in 

natural boron in the propor t ion of 18.8%, 

would likewise open up interesting possi­

2 Unit expressing the probability of a particular 
nuclear process, in this case the probability of neutron 
capture. 

The nuclear fuel cycle is an inexhaustible 

source of problems for the chemist (see 

Fig. 2). The difficulties connected w i th the 

recovery of unused fìssile material or 

material produced by breeding reactions 

vary considerably depending on the fuel 

and reactor type involved. 

Techniques for the recovery of uranium, 

p lutonium and tho r ium and the el imination 

of fission products consti tute one aspect 

of nuclear technology which comes under 

the heading of " recovery processing" or 

"reprocessing." In this f ield, which belongs 

essentially to chemistry, numerous proces­

ses have been developed based on extrac­

t ion techniques involving the use of organic 

solvents, and major product ion plants have 

been set up in all the countries in which 

nuclear technology has reached an advanced 

stage. 

Plutonium is produced by all reactors run­

ning on natural or slightly enriched ura­

nium (i.e., reactors used for the product ion 

of energy). On average the burn­up of one 

ki logram of uranium­235 indirect ly pro­

duces 500 grams of p lutonium. One mega­

watt­year corresponds roughly to the 

fission of one ki logram of uranium­235. On 

the basis of these figures and assuming an 

expansion in nuclear energy product ion, 

i t is not hard to see that huge amounts of 

p lutonium wi l l be available in the not­so­

distant fu ture . 
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A t the moment, the main use to which 
p lutonium is put is the product ion of 
nuclear weapons. It is safe to predict, 
however, that , as the number of reactors 
in countr ies which have no mi l i tary pro­
grammes increases, a use wi l l have to be 
found for the growing quantit ies of plu­
ton ium on hand. The most obvious way 
of absorbing these expanding supplies of 
p lu ton ium is t o re-use i t as fuel in reactors. 
A vast programme w i th this aim in view 
has been launched by Euratom and is to be 
carried through in the course of its second 
five-year programme. The part played by 
the chemist in this f ie ld, too , is a vital one, 
for p lutonium is an extremely tox ic mate­
rial and exceptional precautions must be 
taken in the handling and conversion of this 
element, its compounds and materials in 
which i t is present. 

The fuel cycle based on the conversion of 
t ho r ium into uranium-233, which is a 
fissile element, l ikewise offers excellent 
possibilities, but this is another instance 
in which the chemical problems of separa­
t i on , in this case the separation of uranium 
f rom tho r i um and f rom the fission products, 
can have a considerable effect on the ap­
parently self-evident economic advantages 
afforded by reactors which convert non-
fissile into fissile material. 
The US and Italy, t w o countr ies in which the 
Th-U cycle is being put t o practical use, 
have realized the need to give p r io r i t y 
t o the construct ion of special chemical 
processing plants for these extremely 
problematic fuels. 

In addit ion t o fuel cycling, o ther major 
problems w i t h i n the ambit of chemistry 
and chemical engineering have yet t o be 
solved in the field of reactor technology. 
Nuclear power reactors must operate at 
the maximum possible temperatures if 
they are to reach an adequate standard of 
thermodynamic efficiency; this means that 
the materials used in the construct ion of 
the reactor are called upon to withstand 
considerable stresses and may be subjected 
to chemical reactions which would not take 
place at lower temperatures. 
Dozens of laboratories and hundreds of 
technicians are now engaged on a vast 
research programme in the field of chem­
istry and high-temperature chemical 
technology (above 500 C). Whi le small 
areas of this field of investigation have 

already been explored as a result of the 
development of the internal combust ion 
engine and then the jet engine, the stimulus 
which the expansion of nuclear technology 
has given to h igh-temperature chemistry is 
w i t hou t precedent. 
So l i t t le w o r k has been carried out on the 
behaviour of salts and molten metals and 
the i r mutual solubi l i ty, the solubi l i ty of 
gases in metals and salts, the kinetics of 
h igh-temperature reactions, lattice struc­
tu re and relative densities, vapour pressure, 
the thermodynamic values and the actual 
formulae of the various compounds, that 
chemists and metallurgists are now begin­
ning to investigate them fo r purposes of 
nuclear technology. 

The need for operat ing power reactors at 
high temperatures raises new chemical 
problems relating to the fuel cycle. On the 
one hand, i t is the task of metal lurgy to 
produce fuel elements which do not corrode 
at high temperatures, whi le on the o t h e r t h e 
chemist has to dissolve these non-corroding 
elements after i r radiat ion in o rder t o re­
cover the fissile material by the simplest 
and most economical means possible. 
From these contradictory requirements 
emerges the need to make an ent i re ly 
new departure in processing techniques, 
e.g., h igh-temperature reprocessing by 
pyrometal lurgical methods or the use 
of f luor ine and its derivatives to convert all 
the fuel into f luorides, f rom which the 
fissile elements can then be isolated by 
means of dist i l lat ion. 

In order t o el iminate as soon as possible 
the conflict which exists between these 
requirements, it is essential, in addit ion 
t o the necessary chemical and metallurgical 
research, that chemists, metal lurgists, 
engineers and physicists w o r k together 
r ight f rom the start on the designing of 
new types of fuel elements in which greater 
at tent ion is paid t o fabrication and re­
processing costs. 

Radiat ion and Radioisotope C h e m i s t r y 

The interactions which occur between ra­
diations and matter have been a subject 
of research for the chemist since the t u rn 
of the century, when the f i rst studies were 
made into the radiolysis of water induced 
by x-rays, but it is only due to the rapid 
emergence of nuclear energy that these 
studies, which started out as simple scien­

t i f ic curiosities cult ivated in one or t w o 
specialized laboratories, now fo rm part of 
the activities of all research centres and, 
suitably organized, have paved the way for 
new industrial applications and uses. 
The effects which radiations have on matter 
are numerous, depending in the first 
place on the type and energy of the radia­
t ion involved and in the second place on 
the physical state and composit ion of the 
substance irradiated. Since, depending on 
these factors, the effects can be extremely 
dissimilar ( f rom polymerizat ion to frag­
mentat ion of molecules, f rom reduction 
to oxidat ion), i t is obvious that , if used 
correct ly , the radiations lend themselves 
to practical uses which could, in the not-
too-distant fu ture , supersede present pro­
duct ion methods. As an instance of this 
we can point t o the use already being made 
of radiations on a commercial scale t o 
steri l ize the nylon thread used for surgical 
sutures; the Brit ish Navy is exper iment ing 
w i t h foodstuffs conserved by i rradiat ion 
t rea tment ; the impregnation of wood w i th 
monomers fol lowed by radiation-induced 
polymerizat ion is being studied in the 
USSR w i t h an eye to possible industrial 
applications. 

The interact ion of radiations and matter 
give rise t o a wide range of chemical pro­
blems to which satisfactory solutions have 
yet t o be devised, w i th regard to the 
nuclear fuel cycle. Due to the intense ra­
diation field set up inside a reactor, all the 
materials used in its construct ion undergo 
processes of modif icat ion to varying ex­
tents. Graphi te, for instance, which is ex­
posed to neutron bombardment, accumu­
lates substantial quantit ies of energy in the 
course of t ime, and certain rout ine opera­
tions must be carried out (the so-called 
Wigner energy release), if serious mishaps, 
such as the one which occurred recently 
in Br i ta in, are to be avoided. 
In the radiolysis of water, which is used as 
a moderator and coolant in a large number 
of reactors, the water is spl i t up into 
hydrogen and oxygen, which, in view of the 
explosion hazard, are separated or recom-
bined by means of suitable catalysts. This 
phenomenon is of special significance in the 
case of homogeneous reactors, whi le i t is 
part icularly vital in reactors using heavy 
water in view of the high cost of the 
material. 

The development of reactors which use 
new varieties of coolants or moderators, 
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e.g., organic substances of the polyphenyl 
type (see Fig. 3), necessitates exhaustive 
experiments to determine the irradiat ion 
resistance of the molecules of these ma­
terials and the effects which they are liable 
to sustain under i r radiat ion. These effects 
can, in fact, bring about the deter iorat ion or 
polymerization of the material, changing its 
viscosity and boiling point and thus causing 
pressure and pressure drop fluctuations as 
well as variations in the heat transfer 
coefficients in reactor circuits. 
The effect of radiations on solutions is 
especially important w i th regard to the 
methods normally used for the processing 
of irradiated fuels. On coming into contact 
w i th the high activities of fission products, 
the organic solvents used for l iquid-l iquid 
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Fig. 3 The terphenyls 
The molecule consists of three benzene rings. 
When the position of the outer rings is changed 
with respect to the central ring, isomers 
(ortho-, meta and para-terphenyls) are ob­
tained. This is the mixture chiefly used as 
moderator or coolant in certain types of 
reactor (e.g. OMR, ORGEL) 

extract ion undergo a series of deter iorat ion 
processes causing serious prejudice in the 
long te rm to the efficiency of the process 
and the various separations, so that serious 
attempts must be made to devise systems 
w i t h better irradiation-resistance proper­
ties and to find means of restoring the qua­
l i ty of the damaged solvent. A l l these 
problems, again, wi l l have to be solved by 
the chemist. 
The irradiated fuel reprocessing techni­
ques themselves result in the product ion of 
vast quantit ies of fission products, of the 
order of hundreds of millions of curies per 
year. These highly radioactive waste pro­
ducts consti tute at the moment one of the 
most pressing problems yet to be overcome 

in the field ot nuclear energy. These ext re­
mely dangerous substances have to be kept 
under str ict control to prevent them f rom 
becoming dispersed in any way and en­
ter ing living organisms via the atmosphere 
or the food chain. The method used today 
consists in stor ing these wastes in suitable 
containers in which they can safely be 
kept for a period of not less than ten years. 
This is only a temporary solut ion, of course, 
since the potential hazard of these wastes 
remains vir tual ly unchanged for many 
decades and in some cases for several 
centuries. 
A wide variety of proposals have been 
advanced concerning the final sett lement of 
the waste problem, the major i ty being 
based on the conversion of the solutions 
into insoluble or diff icult ly soluble solids 
in which the fission products could be 
retained for a very long t ime and would thus 
not present any appreciable contamination 
hazard to the environment. O ther sugges­
tions entail the separation f rom the radio­
active wastes of those components which 
might const i tute major biological hazards, 
in order to reduce in bulk the substances 
to be processed and to enable the greater 
part of the solut ion thus purif ied to be 
released under cont ro l . For these problems, 
too, a comprehensive and painstaking 
programme of chemical research is neces­
sary. But whatever the difficulties, i t is 
absolutely vital that they be overcome. 
Finally, the preparation and use of radio­
isotopes make up a vast field of interest to 
the chemist. The uses to which radioiso­
topes can be put t o help solve problems 
relating to chemical, physical and biological 
research are countless and const i tute now 
what is one of the most thoroughly explored 
fields of science. A t this juncture, i t is 
possibly advisable to stress the growing 
importance of the use of radioactive tracers 
in industry. In the US, the annual savings 
due to the use of radioisotope techniques 
for moni tor ing and regulation purposes in 
industrial processes are estimated roughly 
at around 200 mil l ion dollars. It is impera­
t ive that these methods f ind the i r way to 
Europe, too , for in addit ion t o the sub­
stantial savings and industrial rationaliza­
t ion which would result, they would also 
give rise to greater confidence in the by­
products of nuclear energy, a force which 
manifested itself t o man for the f i rst t ime 
in 1945 in so dreadful and unforgettable a 
f o rm . 
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EURATOM NEWS 

Euratom Participation 

in SEP Reactor Project Study Bears out Advantage of ORGEL 

The Euratom Commission is to cont r ibute 
up to $ 5 mil l ion t o the construct ion and 
operation costs of the 50 MWe Boil ing 
Water reactor t o be buil t by the N.V. 
Samenwerkende Electriciteits Produkt ie-
bedrijven (SEP) of Arnhem, Holland. The 
tota l cost of the plant is put at some $ 25 
mi l l ion. In re turn for this aid, SEP wi l l make 
available to Euratom information and ex­
perience obtained during the preparatory 
work , construction and operat ion of the 
plant and Euratom may second its own 
engineers or personnel f rom Communi ty 
enterprises to the project. 
This co-operation between Euratom and 
SEP is based on the belief that nuclear energy 
wi l l play an increasingly impor tant rôle in 
the Communi ty (and thus in the Nether­
lands), if only because it is developing into 
a source of low-cost power and helping to 
ensure regular supply of energy. It is there­
fore necessary that industry, i.e. both 
Communi ty construct ion and electr ic i ty 
enterprises, should acquire immediate 
experience in the design, construct ion and 
operation of nuclear power plants. 

The plant envisaged by SEP—although 
uneconomic on account of its relatively low 
power-—offers the twofo ld advantage that 
it wi l l be constructed ent i re ly by Communi ­
ty industries and that i t offers the oppor­
tun i ty for gaining experience in electr ic i ty 
product ion. In its construct ion, the benefit 
wi l l be available of US know-how. 

The reactor wi l l in addit ion be equipped 
w i th extensive in-core instrumentat ion, the 
aim being to obtain more detailed infor­
mation on the fission process in a power 
reactor. 
The contract between Euratom and SEP, 
which has been given the go-ahead by the 
various Dutch electr ic i ty enterprises in­
volved, is l ikely t o be signed in the near 
fu ture. 

In January 1962, the Euratom Commission 

entered into a contract w i t h the Belgo-
Nucléaire-lndatom-Siemens industrial de­
sign group for the drawing up of a reference 
design for a 250 MWe power plant of the 
ORGEL (natural-uranium-fuelled, heavy-
water-moderated, organic-cooled) type. 

The aim of this project was not only to 
highlight the technical problems involved 
in the construct ion of an ORGEL reactor, 
but also to provide a detailed estimate of 
its cost. The fo l lowing overall design was 
selected by the study directors, who con­
sider i t as "def in i te ly feasible": 

Nuclear Par t 
A prestressed concrete shell houses the 
reactor block, which has a vertical axis and 
consists of a stainless steel cylindrical vessel 
6 metres in diameter penetrated by about 
400 channels. The funct ion of the vessel is 
to contain the heavy water ; that of each of 
the various channels is to fo rm both a 
mechanical and a thermal barr ier between 
the hot organic l iquid, which is pressur­
ized, and the cold heavy water, which is at 
atmospheric pressure. From the outside 
to the inside, the channels consist of a 
zirconium tube, a layer of gas, which acts 

SoS DjO (Moderator) 

-.-.-_- Organic liquid (Coolant) 

Fuel Elements 

Circulating Pump 
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as an insulator, and a sintered aluminium 
powder (SAP) tube. 
The fuel element, which is immersed in the 
organic l iqu id , is made up of a cluster of 7 
rodlets, 25 mm in diameter, in SAP-clad 
natural uranium carbide. 
The organic- l iquid cooling c i rcui t is com­
posed of 6 separate carbon-steel loops, each 
of which comprises a 1200 HP pump and a 
heat-exchanger. 
A 40 M W cooling c i rcui t serves to evacuate 
in to the r iver the heat t ransmit ted to the 
moderator . 
Among the impor tan t auxiliaries are the 
c i rcu i t fo r pur i fy ing the organic l iquid and 
the loading/unloading machine, which is 
designed to handle the fuel elements whi le 
the reactor is in operat ion. 

Convent ional Par t 

An outbu i ld ing contains the conventional 
part of the plant, which takes the form of a 
single 250 MWe turbo-a l ternator . Dur ing 
expansion, the steam is returned into the 
main exchangers, where it is re-super­
heated. 
The plant's principal characteristics are: 
Thermal power 759 M W ( t h ) 
Ne t electric power 235 MWe 
Net efficiency 0.32 
Organic l iquid inlet temper­
ature 250° C 
Organic l iquid out le t temper­
ature 400° C 
Organic l iquid pressure 15 atm. 
Moderator temperature 70° C 
Steam inlet temperature 385° C 
Steam pressure 55 atm. 
Expected burn-up 8,000 MWd/ t 
Heavy water 200 tons 
UC 70 tons 

The direct investments (including con­
tingencies and heavy water) have been 
calculated by the study directors for this 
version alone on the basis of the prices 
rul ing in 1962. From the results obtained, it 
is possible to set the net kWe price fo r an 
opt imized power plant in the region of 
S 170. It may therefore be concluded that 
the good prospects of the heavy-water/ 
organic str ing, which have already been 
indicated by various studies now in progress 
in the Un i ted States and Canada, are now 
conf i rmed. 

Euratom/ Karlsruhe Association Contract for Fast Breeder 
Reactor Research signed 
The Kernreaktor Bau- und Betriebsgesell-
schaft mbH (KBB), Karlsruhe and Euratom 
have signed a five-year association contract 
for jo in t research on fast breeder reactors. 
The contract covers an expendi ture of 
$ 46 mi l l ion, 4 0 % of which is to be cont r ib­
uted by Euratom, who wi l l also contr ibute 
scientists and technicians to the project. 
The direct ion of the research wi l l be the 
responsibil i ty of a steering commit tee, t o 
which each of the contract ing parties w i l l 
appoint four members. 
A t Karlsruhe, p lutonium reactors w i th 
three different cooling systems (hel ium, 
dry steam and sodium) wi l l be tested, the 
aim being to prepare a thoroughly devel­
oped and tested power reactor pro to type 
plan. 

The fo l lowing construct ion projects w i l l 
be carried out at Karlsruhe under the 
contract : 
1) the Karlsruhe fast zero-power plant 

(SNEAK)—a plutonium fuelled cr i t ical 
assembly, 
2) a fast/ thermal Argonaut reactor (STARK), 
to be buil t by convert ing the existing Karls­
ruhe Argonaut reactor, 
3) the Karlsruhe fast sub-crit ical assembly 
(SUAK). 
In July 1962, a si m ilar associât ion contract for 
the development of fast breeder reactors 
at the Cadarache centre was concluded 
w i th the French A tomic Energy Commission 
(CEA). A large part of the p lu ton ium 
required for the Cadarache and Karlsruhe 
projects is being made available t o Euratom 
by the Uni ted States. Négociations fo r the 
supply of this material are now under way 
between the US and Euratom. 
A fu r ther fast-breeder association contract 
is t o be concluded w i t h the Italian Nuclear 
Energy Commission (CNEN) . Thus Eura­
tom is part icipating in all fast reactor 
projects in the Communi ty . 

' 'Euratom Information" 

The f irst issue of Euratom Information 
came out on 8 May 1963. This bi­
monthly publ icat ion, which wi l l cer­
tainly be welcomed by all those who are 
concerned w i th nuclear power and who 
wish to benefit f rom the results ob­
tained by Euratom in the carrying out of 
its various programmes, w i l l hold up a 
m i r ro r to Euratom's scientific and tech­
nical activities by providing the reader 
w i th precise data on the fo l lowing 
subjects: 
— the research contracts concluded by 

Euratom (indicating the names of the 
contract-holders and containing a 
brief account of the purpose of the 
contracts); 

- scientific and technical publications 
stemming both f rom research car­
ried out by Euratom in Joint Research 
Centre establishments and f rom w o r k 

A new publ icat ion of the European 

A t o m i c Energy C o m m u n i t y . 

performed under contract ; 
- the main features of the patents safe­

guarding the results gained under 
the Euratom research programme; 

- the research activities projected by 
Euratom in conjunct ion w i th persons 
and enterprises in the Communi ty . 

Thus Euratom Information wi l l not only 
const i tute a useful too l for those engag­
ed on activities in the nuclear energy 
f ie ld ; as the publication wi l l describe 
in detail the projects envisaged by Eu­
ratom, i t w i l l provide all those interest­
ed w i t h a clear idea of the oppor tun i t ies 
afforded for taking part in them. 
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