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" Research News for Industry ", a new fea
ture which will henceforth appear regularly 
in euro-spectra, will report recent original 
processes or devices stemming from the Com
munity's research programmes. The idea is not 
to give a complete list but to draw attention 
to one or two inventions which look as if they 
would be particularly useful to industry. 

The inventors are in most cases scientists 
at the Joint Research Centre whose work, for 
the present at all events, is chiefly nuclear. But 
readers who are only remotely or not at all 
concerned with the nuclear sector would be 
mistaken in assuming that the new feature 
holds no interest for them, for a great many 
techniques devised originally to overcome 
nuclear problems have since found applications 
in the conventional sector. Thus certain inven
tions developed under the Euratom research 
programmes, to look no further for an example, 
have been or are about to be adopted in the 
chemical, pharmaceutical, electronic, metallur
gical, aeronautical and space industries. 

Since innovation is now regarded as an 
essential factor for economic growth, it is 
important not merely to do research but to 
ensure that its fruits reach those who can put 
them to good use. That is our reason for 
launching " Research News for Industry ". 



Concrete reactor 
pressure vessels 
- 1969 assessment 

On 18, 19 und 21) November 1969 the Commission of the European Commu
nities held a "Second information meeting on work relating to prestressed-
concrete pressure vessels and their thermal insulation". 
A f 1er the first meeting on this subject, which took place almost exactly two years 
previously, "Euratom Review" assessed the state of the art at that time (see 
"Euratom Review" Vol. VII (1968) No. I, pp. 18-23). The present article 
recapitulates the progress achieved since then and outlines the problems still to 
he solved. 

HARTWIG BENZLER and JAPIK TERPSTRA 

il ι lyn 1 
Figure 1 : Reactor vessel of the Saint-
Laurent-des-Eaux I nuclear power station. 

PRESTRESSED-CONCRETE pres
sure vessels were originally developed 
for gas/graphite natural-uranium reac
tors. Today they have not only been 
adopted for other gas-cooled reactor 
families, the AGR and the HTGR, but 
are also being considered for use in 
water-cooled reactors, whether the 
coolant be in the form of light or heavy 
water, boiling water or pressurised 
water. It goes without saying that the 
various gas-cooled fast reactor projects 
that have been studied all make use of 
a prestressed-concrcte pressure vessel. 

As far as the gas/graphite family is 
concerned, ten reactors having a pre-
stressed-concrete pressure vessel have 
been built, six of them in France, three 
in Britain and one in Spain. 

Most of these reactors are already 
in service and the others are in an 
advanced stage of construction. In Bri
tain four nuclear power plants, each 
equipped with twin AGR-\ypc reactors 
having prestressed-concrete pressure 
vessels, are at present under construc
tion. As regards the HTGR reactor 
family, this type of pressure vessel has 
now been used for the first time in 
the construction of the Fort-Saint-Vrain 
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reactor in the United States. In Europe 
a decision is impending on the construc
tion of two high-temperature gas reac
tors, each having a prestressed-concrete 
pressure vessel. 

What are, broadly speaking, the 
advantages of prestressed-concrete reac
tor vessels as compared with steel 
vessels ? 

First and foremost there is greater 
safety. Unlike steel pressure vessels, a 
prestressed-concrete vessel is not sub
ject to brittle or explosive fracture. 
Furthermore, the occurrence of any 
leaks would be preceded by warning 
signs. There is consequently no need 
for a containment, as in the case of 
steel pressure vessels, and this repre
sents a considerable saving. 

Then there are the advantages that 
result from on-site fabrication of the 
vessel : no transport problems and no 
limit as to size. Finally, it seems that 
the construction times, which are alrea
dy short in comparison with those of 
steel pressure vessels, could be further 
reduced by several months. 

Under Euratom's second five-year 
programme a number of research con
tracts were concluded with Community 
organisations and firms with the aim 
ot finding solutions to certain nagging 
problems that have arisen in this rela
tively new field. The Commission of 
the European Communities, anxious to 

ensure a wide dissemination of the 
results obtained, organised a first infor
mation meeting in November 1967. 

In response to the interest expressed 
by the experts, the Commission decided 
to hold a second meeting, which duly 
took place in November 1969. Unlike 
the first, however, which had been 
restricted to representatives from the 
six Member States, this second confe
rence was open to participants from 
other countries as well. 

Practical experience with existing 
reactor vessels 

Of particular interest among the 
reports on practical experience with 
existing reactor vessels was a compa
rison of the Vandellos plant in Spain 
and Saint - Laurent - des - Eaux I in 
France, which are to some extent 
parallel constructions though separated 
by an interval of three years. Both pres
sure vessels are designed for a maxi
mum pressure of 30 bars, have an 
inside diameter of 19 m and an inside 
height of about 36 m. Although the 
two vessels are largely identical in 
design it was possible in the case of 
the second plant (Vandellos) to incor
porate a number of novel solutions and 
detail improvements such as improved 
laying of the tendons and reduced cable 
friction in the cable ducts. 



The Saint  Laurent f plant was 

brought up to operating temperature 

and pressure for the first time in April 

1968. Thereafter, numerous planned 

shutdowns and restarts were carried 

out until March 1969, when the reac

tor was run up to full power for the 

first time. These tests showed that the 

structures behaved perfectly under the 

stresses due to pressure. 

Apart from France it is mainly in 

the United Kingdom that extensive 

experience with prestressedconcrete 

reactor vessels is available. The review 

of practical experience to date with 

prestressedconcrete vessels was round

ed off with a description of the prin

cipal construction problems in respect 

of the Wylfa power station, which is 

currently being commissioned by Bri

tish Nuclear Design and Construction, 

and with a survey of the Hartlepool 

power plant, which is being built by 

the same consortium. Whereas for 

Wylfa it was decided to erect an inter

nally spherical vessel with a diameter 

of 29.2 m, in the case of Hartlepool a 

cylindrical shape was chosen in which 

the steam generators are housed in 

separate recesses in the vessel wall 

(podboiler design). The great advan

tage of this latter concept is that the 

steam generators can be installed and 

removed as complete units. 

New pressurevessel concepts 

A special session of the information 

meeting was devoted to proposals for 

new pressurevessel concepts and to the 

problems of model testing. As had 

emerged from the first conference two 

years previously, the technique of pre

tressedconcrete pressure vessels is still 

developing vigorously and is far from 

becoming static. 

Particular interest was recently arou

sed by a pressurevessel concept in 

which the circumferential prestressing 

reinforcement is arranged on and not in 

the cylindrical shell. Various possible 

solutions were put forward. 

The firm of Ph. Holzmann of Frank

fur t /Main has developed a wound 

multilayer circumferential prestressing 

system with equidistant tendons and 

intermediate anchors in the form of 

clamps which draw all the tendons 

together at several points on the vessel's 

circumference in a subsequently form

ed forcelocked bond. 

Four tensioning wires are wound on 

simultaneously by a machine. Fig. 2 

shows a working model of this ten

sioning system for a pressure vessel of 

the type used in British gascooled 

reactors (AGR). 

The French Commissariat ¿ι l'Ener

gie Atomique (CEA)), in collaboration 

with Messrs. Coyne & Bellier of Paris, 

has worked out proposals for a tension

ing system in which the circumferential 

stresses are taken up by externally loca

ted hoops of highstrength steel strip. 

Each hoop consists of a band which is 

wound round the vessel several times. 

The prestress is generated by tensioning 

devices located between the concrete 

shell and the hoop. The efficacy of 

this system has been proved by tests 

(Fig. 3). 

Siemens AG of Erlangen have deve

loped a method of constructing pre

stressedconcrete reactor vessels which 

is based on a similar principle. In this 

case precast concrete segments are 

pressed outwards against closed steel 

tensioning hoops by means of radially 

acting hydraulic presses. The gaps left 

between the segments are subsequently 

filled with concrete, as a result of which 

the prestress is secured. 

With all prestressedconcrete pressu

re vessels, and especially those intended 

for watercooled reactors, it is essen

tial that the reactor core be readily 

accessible from the outside, mainly for 

the purpose of refuelling. 

There are three main ways of achie

ving this, namely by means of : 

— a vessel whose upper portion is in 

the form of a removable cover and 

whose interior is therefore fully 

accessible ; 

— a vessel which has at its top or its 

bottom a substantial number of 

access nozzles (i.e. the principle of 

the pressure vessels hitherto built 

for gascooled reactors) ; 

— a vessel having a fairly large central 

access opening that can be sealed 

by a suitable plug during operation 

of the reactor. 

Prestressedconcrete vessels have so 

far been built solely for gascooled and 

not yet for watercooled reactors, 

though numerous design studies for the 

latter have already been carried out in 

various countries. The main reason for 

this, apart from the difficulty of find

ing suitable means of heat insulation, 

is the problem involved in constructing 

an effective closure. 

The SOCIA company of Paris has 

proposed several solutions to this pro

blem, one of them being a prestressed

concrete vessel with a removable sphe

rical cap, likewise of prestressed concre

te, which is attached to the vessel's shell 

by means of' a steel hoop structure 

(Fig. 4). The hoop structure is built up 

of plates and crossties and contains 

large cutouts which enable the cap to 

be attached by means of removable 

bolts. 

A project for a prestressedconcrete 

pressure vessel for a 600 MWc boiling

water reactor was put forward by 

Société d'Etudes et d'Equipements 

d'Entreprise (SEEE) of Paris and Allge

meine Elektricitätsgesellschafi (AEG) 

of Frankfur t /Main. This vessel consists 

of a cylinder with an inside diameter 

Figure 2 : Working model for wound cir
cumferential prestressing reinforcement, as 
proposed by Messrs. Ph. Holzmann. Frank
furt/Main. 



Figlile 3 : Principle of the circumferential 
pressing system with wound steel strip 
according to CEA-Coyne & Bellier. 
I) concrete shell; 2) tensioning devices; 
J i steel strip hoops. 

of 7.1 m and an inside height of 20 m, 
with flat closures at both ends. A pene
tration for the handling of fuel ele
ments is provided in the centre of the 
upper closure, the remaining penetra
tions being grouped together in the bot
tom head (Fig. 5). The principal advan
tages of this solution as compared with 
a steel pressure vessel are : a reduction 
of about seven months in the construc
tion time, increased safety and easier 
manufacture. It is also conceivable that 
further development work might lead 
to a system whereby quasi-continuous 
loading during reactor operation would 
be possible. 

Model tests 

Before embarking on the construc
tion of any reactor vessel in prestress-
cd concrete, and especially where new 
concepts are involved, it is still neces
sary to check the design, calculations 
and safety by carrying out model tests. 
Tried. Krupp Universalbau, Essen, re
ported on some interesting test results 
obtained with a 1 : 5 model of a multi
layer vessel (see Euratom Review Vol. 
VI1 (1968) No. I pp. 18-23). while 
Gulf General Atomic of San Diego 
communicated the results of model tests 
for the first prestressed-concrete pres
sure vessel ever built in the United Sta
tes (for the I'ort-Saint-Vrciin high-tem
perature reactor). Particularly note
worthy here is a pneumatic overpres
sure lest which for safety reasons has 
hitherto usually been replaced by a 
hvdraulic test. 

Fig. 6 illustrates the crack behaviour 
of the multilayer model. 

Calculation methods 

The calculation of prestressed-con
crete pressure vessels is today probably 
the most difficult task in the theory of 
constructional engineering. Only ten 
years ago it was still necessary to use 
a number of fairly rough idealisations 
in order to render these structures 
susceptible of calculation. Now, thanks 
to the availability of digital computers, 
the mathematical possibilities, both for 
the determination of material properties 
and as regards complex geometrical 
forms, are constantly being increased. 

Five of the papers presented at the 
conference outlined the present state of 
development of the various numerical 
calculation methods, all of which can 
be reduced to only two basic mathema
tical formulations : the mechanical 
situation is stated in the form of diffe
rential equations or as a variation pro
blem. By means of "finitisation", that 
is to say the fine geometrical subdivi
sion of the structure as a whole, the 
separate treatment of large zones — 
which was the normal practice in clas
sical mechanics — is replaced by a 
description of space elements of simple 
configuration. Fig. 7 gives an idea of 
this fine subdivision. 

The main accent is on the develop
ment of automatic calculation programs 
characterised by maximum versatility 
and flexibility, which must operate 
economically. The principal require
ment here is a thoroughly simple means 
of feeding in the boundary conditions 
and material laws. Thus the real pro
blem consists in the development of 
methods which are entirely suited to 
the special characteristics of large com
puters (in particular their ability to 
perform organisational tasks and to 
carry out a multitude of similar opera
tions in a very short time). The deve
lopment to date indicates that in the 
future, in the investigation of complex 
structures, only the actual behaviour of 
the material and possibly some indivi
dual basic components will need to be 
studied experimentally, whereas the 
integral determination of the behaviour 

of the structure as a whole will be done 
by digital computers. Whole-model 
tests, which at present are still custo
mary, will thus become more and more 
rare. 

Material properties 

In contrast to the methods for calcu
lating prestressed-concrete pressure ves
sels — which methods will in future 
meet all accuracy requirements and are 
already enabling accuracies of within 
about ± 5 % to be attained — a 
far less satisfactory situation prevails 
as regards knowledge of the necessary 
material parameters, i.e. chiefly the 
dependence of' the concrete strength 
and other properties on the stresses and 
temperatures that occur, on the mois
ture content in the material, on any 
irradiation it may have undergone and 
on its stress history. Where materials 
are concerned, therefore, a particularly 
wide-ranging fundamental research 
effort is still required. 

Figure 4 : Prestressed-concrete pressure 
vessel with removable cover, as proposed 
by SOCIA. 
1) vessel ; 2) metal liner ; 3) spherical 
cover ; 4) metal hoop structure. 



Three papers dealt with the results 

of irradiation tests on experimental 

concrete structures. Whereas experi

ments in the Netherlands revealed that 

at up to fairly heavy radiation burdens 

(fluences of 3 to 8 X 1010 fast neutrons 

per cm) the direct radiation effect on 

the concrete properties is less signifi

cant than the indirect temperature 

effects, it is concluded from British 

experiments that in the fluence range 

0.1 to 4 χ I01 ! l fast neutrons per cm

the radiation effects are at least as great 

as the temperature effects. These partly 

conflicting results show how much 

scope there still is for research in this 

field. 

Several contributions furnished new 

knowledge concerning the influence of 

temperature on the various mechanical, 

thermal and creep properties of con

crete. Here again it seems that there 

are still certain discrepancies which 

ought to be clarified. A contribution 

from France dealt with the properties 

of a special heatinsulating concrete, 

while a British contribution discussed 

water migration in thickwalled concrete 

units, ft was found that only very slow 

changes take place in the water content 

of such structures. 

Finally, mention must be made of 

some particularly interesting experi

mental results obtained by a German 

firm concerning systematic measure

ments of the fracture behaviour of 

concrete subjected to multiaxial stres

ses. These results show that in the 

biaxial stress condition the fractures 

invariably occur in the stressfree direc

tion, whereas under triaxial stressing 

they occur in the direction of least 

compressive stress or, of course, in the 

direction in which a tensile stress had 

been present. The destruction of the 

concrete is therefore caused solely by 

main normal stress fractures and not 

by shear fractures. This discovery opens 

up new prospects in the safety assess

ment of prestressedconcrete pressure 

vessels. Fig. 9 shows a machine deve

loped by Fried. Krupp Universalbau, 

Essen, for measuring the strength of 

triaxially stressed material. 

Need for thermal insulation 

Against the many advantages and 

considerable development potential of 

prestressedconcrete pressure vessels 

must be set the drawback that they are 

sensitive to thermal stresses and are 

unable to withstand temperatures in 

excess of about 80" C. Consequently, 

an effective and reliable system of ther

mal insulation inside the vessel is essen

tial. Such an insulation system consists 

of the following three components : 

— an insulating layer which slows 

down the heat flux from the cooling 

medium to the vessel walls; the aim 

is to ensure that the greater part of' 

the thermal gradient between the 

coolant and the ambient air is situa

ted within this layer ; 

— a metal plate which allows the calo

ries leaking through the insulation 

to drain into a cooling circuit ; in 

most cases this function is fulfilled 

by the liner ; 

— the abovementioned cooling cir

cuit. 

These components are normally 

arranged in such a way that the insu

lation is inside the liner, where it is 

immersed in the reactor coolant. The 

cooling circuit, on the other hand, is 

usually located outside the liner, where 

it is surrounded by the concrete. This 

arrangement, known as the "conven

tional concept", is the only one to 

have been used so far (Fig. 9). 

There are, however, two variants 

which are of particular interest. They 

are known as the "hotliner concept" 

and the "gaswall concept". 

Conventional concepts 

in these concepts it is the insulation 

that presents the most serious problems, 

since it is immersed in the reactor 

coolant in a zone of extremely intense 

radiation. Numerous thermal and me

chanical studies were conducted from 

the outset on a considerable number of 

insulating materials and structures. As 

the result, however, of some measure 

of elimination, the number of struc

tures dealt with at the second confe

rence was smaller than at the first. 

Figure 5 : Prestressedconcrete pressure 
vessel for a boilingwater reactor, as pro
posed by SEEE and AEG. 
/) prestressedconcrete vessel ; 2) opening 
¡or refuelling machine ; 3) penetrations for 
control rods. 



Figure 6 : Crack pattern after load cycles 
of up lo 86 atm peak load on the Fried. 
Krupp Universalbali model (design pressu
re 43 atm). 

Refractory concrete, which had been 
chosen as a solution for the first large 
reactor vessels in France and was then 
dropped in favour of the system based 
on corrugated foils and metal cloths 
(Metalisol) designed by Compagnie des 
Ateliers et Forges de la Loire (C A FL), 
has undergone a revival of interest 
since the development of improved ver
sions by the French Atomic Energy 
Commission (CEA). These new concre
tes possess a number of highly satisfac
tory characteristics, chief among which 
is the ease with which they can be 
applied during an early stage in the 
construction of the vessel. It seems, 

moreover, that the quality of these 
materials is improved by contact with 
CO;, at ambient temperature. 

Metallic insulations, both of the 
fibrous (CAFL) (Fig. 10) and of the 
cellular (Darlington Chemicals Ltd., 
Sud-Aviation) type, have already been 
successfully used in industry for several 
years. These insulations, which are 
constructed in a high-grade and clean 
material, have the advantage of being 
usable at temperatures up to about 
850" C, i.e. for all reactors in which a 
(primary or secondary) steam cycle is 
employed. The use of Metalisol insu
lation in the Bugey reactor and in a 
boiling heavy-water reactor were de
scribed respectively by participants 
from CA FL and SOCIA. The applica
tion of a cellular insulation system 
based on corrugated metal foils was 
dealt with in a contribution from Sud-
Aviation. 

A general problem with metallic 
insulation systems stems from the high 
thermal conductivity of the base mate
rial, which can give rise to undesirable 
interactions between the individual 
components of the insulation. A propo
sal for a fundamental study of these 
interactions was presented by the Ispra 
Establishment of the Joint Research 
Centre. 

Nuclear insulation systems on a 
mineral-fibre basis, which only a few 
years ago were still regarded with disfa
vour, have recently met with outstand
ing industrial success. They have been 
adopted for four nuclear reactors (two 

power stations) of the AGR type and 
one high-temperature gas reactor. The 
material chosen was kaolin wool but 
other mineral fibres, e.g. silica wool, 
can also be used. It is essential that the 
basic materials of the fibres be parti
cularly pure and that they do not 
contain any neutron absorbents, nota
bly boron. 

Some fundamental studies on con
vection movements in a fibrous medium 
(which movements must be eliminated 
if an insulation system is to function 
properly) were reported on by Bertin et 
Cie and Compagnie de Saint-Gobain 
(Fig. 11) as well as by The Nuclear 
Power Group. These theoretical and 
experimental studies, which were car
ried out under both simulated and real 
conditions, are without doubt largely 
responsible for the recent success of 
fibrous insulations. Among these stu
dies special mention must be made of 
the model tests with a pressure gradient 
along a gas-permeable hot surface such 
as occurs in a reactor vessel. Unfortu
nately, no report on the use of fibrous 
insulations was presented at the confe
rence. 

Gas-wall concept 

This concept, which is a variant of 
the "water-walls" and was developed by 
SOCIA and Deutsche Babcock und 
Wilcox, is characterised by the fact that 
both the insulating layer, composed of 
mineral fibres and stainless steel foils, 
and the cooling circuit are situated 
inside the liner. This arrangement, 
which makes it possible for many of 
the components to be prefabricated, 
has the special feature that the primary 
coolant of the reactor serves also as 
the fluid for the cooling circuit. This 
feature makes for a high degree of 
safety and furthermore, the cooling 
circuit does not need to be particularly 
leak-tight. Naturally, the specific pro
blems in respect of the insulating layer 

Figure 7 : Fine subdivision of a pressure-
vessel cover for numerical calculation, 
according to General Dynamics, General 
Atomic Division (USAEC Report 1966, 
GA-7150). 



Figure 8 : Machine for measuring the 
strength of concrete under tri-axial stress 
conditions. Developed by Fried. Krupp 
Universalbau, Essen. 

are the same as in the case of the 
conventional concept. The design has 
now reached the stage of industrial 
maturity. 

Hot-liner concept 

In this concept, developed by SEEE, 
the arrangement of the thermal shield 
components, from the inside to the 
outside of the pressure vessel, is as 
follows : liner, insulating layer (of 
refractory concrete), cooling circuit. 
In this case it is the liner, which is 
subjected to extremely severe thermal 
and mechanical stress conditions, that 
gives rise to the trickiest problems. This 
very interesting concept has been stu
died in greater detail for application to 
a boiling-water reactor vessel. In fact, 
in the particular case of water reactors 
it is free from all of the problems 
posed by the conventional and the 
water-shield concepts (these problems 
are discussed below). 

Application to the various reactor types 

On the whole it can be said that 
satisfactory industrial-scale solutions 
exist for gas reactors with C 0 2 cooling; 
a different situation exists, however, 

Figure 9 : The three basic thermal protec
tion systems for prestressed concrete reac
tor vessels (in the graphs, the temperature 
curves are shown in colour and the pres
sure curves in black). — 1) insulation ; 2) 
liner ; 3) cooling ; 4) concrete. 

where helium-cooled reactors are con
cerned. When helium at high tempera
ture is present the heat losses through 
the insulating layer on the inside of the 
vessel are due mainly to conduction 
and infra-red radiation. In the case of 
C02-cooled reactors, on the other hand, 
it is natural convection that predomi
nates unless special precautions are 
taken. The insulation systems developed 
for the latter reactors must therefore 
be adapted to work satisfactorily in the 
presence of helium. Considerable pro
gress in this direction has already been 
achieved. Reports on this subject were 
presented by the Dragon Project and 
by Bertin & Cie. 

A particular problem arises, how
ever, in certain zones of reactors em
ploying a direct cycle, in which the 
helium is required to leave the core 
at a temperature of 850" C or, prefe-

©@© 

hot 
gas 

T.PA 

hot 
gas 

T.pt 

© φ ® © 

a) conventional solution b) thermal protection by gas or water wells c) "hot liner" solution 



Figure 10 : Metalisol insulation system 
designed by Compagnie des Ateliers et 
Forges de la Loire (the assembly is illus
trated in the non-tightened condition). 
1) concrete; 2) liner; 3) stainless-steel 
sheet ; 4) mattress composed of metal 
cloths ; 5) casing. 

rably, much higher still. At these tem
peratures the steel casings on which all 
the thermal shielding concepts depend 
for integrity can no longer be used and 
it is difficult to see what material could 
replace steel in these casings. Silicon 
nitride has been suggested as an alter
native, but obviously this low-ductility 
material would necessitate careful adap
tation of the casing structure and of the 
method of attaching the casing to the 
leaktight liner. 

Another field of research in which 
numerous problems have yet to be sol
ved is the mechanical behaviour of 
insulation systems under stresses of 
aerodynamic origin. These problems 
arise primarily during normal reactor 
operation, at points where high primary 
coolant velocities prevail, but also in 
the event of an accident when the reac

tor is suddenly depressurised or when 
the circulators stop. Bertin & Cie have 
studied the vibrations that might have 
occurred in the insulation of the 
Bugey-1 reactor and the means propo
sed for their prevention. The Ispra 
research establishment reported on a 
test rig which enables a helium decom
pression rate of 100 bar/sec to be 
obtained (Fig. 12). 

It also seems that the very high 
sound intensity inside a gas-cooled 
reactor gives rise to problems with cer
tain insulation systems. Unfortunately, 
no communication on this subject was 
presented at the conference. 

As far as water reactors are concern
ed there is at present no satisfactory 
solution that can be adopted on an 
industrial scale. Despite all the precau
tions that can be taken against the 
development of convection currents, an 
insulation system immersed in water 
will inevitably have a high thermal 
conductivity owing to the high conduc
tivity of the water itself. 

Solutions which aim at obviating this 
drawback by providing a gas zone at 
the insulation call for a pressure-equa
lisation system between this gas and 
the water and thus enormously compli
cate the arrangement of the internal 
structures in the reactor vessel (Fig. 
13). A design developed by AB Atom
energi, in which the thermal shielding 
zone of the vessel wall is transferred to 
a removable dome, merits close atten
tion since it allows of inspection and, 
if necessary, repairs during refuelling 
(Fig. 14). 

In addition, the condensation of 
steam in the cold parts of the insula
tion and the corrosion of its constituent 
materials by the water are extremely 
grave problems which have scarcely 
been tackled so far. 

Having said this, let us now revert 
to the hot-liner concept, which comple
tely eliminates these problems. If the 
difficulties concerning the mechanical 
behaviour of the liner can be suitably 
solved — which should be easier in the 
case of water reactors in view of their 
relatively low temperature level — this 
concept would be truly ideal. 



Figure 1 I : Convection movements ren
dered visible in a leaktight parallelipipedal 
cell containing mineral wool immersed in 
a flukl. 
The photographs represent a closed cell 
filled with glass wool through which mo
nachi omatie light is passed. The cell simu
lâtes a single element in a fibrous insula
tion system. In order to render it 
transparent, the reactor coolant was 
replaced by chlorobenzene, which has the 
some refractive index as glass. 
The ¡eft-hand vertical surface is healed, 
whereas the right-hand one is cooled. The 
heat transfer between these surfaces takes 
place essentially by natural convection in 
the chlorobenzene. A rising boundary 
layer removes Ileal from the hot surface, 
while a descending boundary layer, which 
develops on the cold surface, gives up the 
same quantity of heal to the latter. 
In the second experiment f illustrated on 
the right) the temperature difference is 
greater than in the first. 
The dark area represents the progress of 
a thread of coloured liquid injected with 

a syringe along the horizontal line seen 
in ¡he centre of the picture. The two 
photographs reveal a clockwise turning 
movement. In the first, the velocity curve 
is virtually linear, the boundary layers on 
the hot and cold surfaces of the cell are 
thick and are in contact throughout the 
greater part of the cell ; this is known as 
convection with "contiguous boundary 
layers". In the second picture, on the 
other hand, the flow velocities are high 
in the vicinity of the walls and practically 
zero at the centre of the cell ; this pheno
menon is known as convection with 
"discrete boundary layers". 
A thermally ideal insulation system should 
be designed in such a way that no convec
tion con occur. In practice, however, it 
is possible to make do with a system 
composed of elements which behave as in 
the first picture. The development of 
"discrete boundary layer" convection 
movements (second photograph), which 
involve a much greater heat transfer, is 
inadmissible. 

Figure 12 : Test rig at the ¡spia Establish
ment of the Joint Research Centre for the 
rapid depressurisation of thermal insula
tion models. With the aid of this apparatus 

it is possible to study the behaviour of 
insulation systems in the event of a serious 
accident, e.g. disintegration of a blower 
or plug. 



Figure 13: Two penetrations in the bot
tom head of a prestressed-concrete pres
sure vessel for a heavy-water reactor desi
gned by SOCIA. 
A layer of gas separates the inner vessel 
containing the heavy water from the 
thermal insulation. 
1) insulation : 2) gas layer; 3) inner ves
sel ; 4) liner and its cooling system ; 5) 
circulating pump ; 6) control rod. 

Research and development programmes 

The present technical and intellec
tual frontiers in the technology of pre
stressed-concrete pressure vessels and 
their thermal insulation systems can 
only be pushed back at the cost of an 
additional research and development 
effort. The major industrialised coun
tries are aware of this fact and started 
some time ago to draw up appropriate 
basic national programmes. Details of 
the American and German multiannual 
programmes were dealt with in contri
butions and discussions during a session 
of' the information meeting which was 
devoted specifically to these questions. 
In this connection it should also be 
noted that at the end of 1969 four of 
the most experienced construction com
panies in France set up a special 
research association for nuclear reactor 
vessels (Société d'Etudes des Caissons 
Nucléaires) to carry out all the relevant 
research and development projects. 

Conclusions 

Today there is no longer any doubt 
as to the attractiveness of prestressed-
concrete pressure vessels, both from the 
safety point of view and as regards 

economy. This is true above all of gas-
cooled reactors. Moreover, the substan
tial effort that many firms have made 
as regards their application to water-
cooled reactors is indicative of the 
advantages they see in them. 

A comparison of this second infor
mation meeting with the preceding one 
reveals the considerable progress that 
has been achieved in the last couple of 
years. Large resources are, however, 
necessary if further progress is to be 
made, and a coordination of efforts, 
especially in the field of fundamental 
studies, is desirable. EUSPA 9-1 

Literature: (1) Proceedings of the Infor
mation meeting on work relating to pre-
stressed concrete vessels and their insula
tion. Brussels, 7-8.11.1967. EUR 4280 
d/f/i/n/e. (2) In preparation : Proceedings 
of the Second conference on prestressed 
concrete reactor pressure vessels and their 
thermal insulation. Brussels, 18-20.11. 
1969. 

Figure 14 : Swcilish design for a prestres
sed-concrete pressure vessel for a boiling 
heavy-water reactor (AB Atomenergi). 
The water and steam are contained in a 
removable metal dome located inside the 
vessel. The insulation layer for protection 
of the top and the cylindrical part of the 
vessel is applied to this dome and is situa
ted in a gas zone between the dome and 
the liner. The cooling circuit is in the 
usual place, embedded in the concrete, 
outside tile liner. 
At the side, a detailed view of the closing 
mechanism for the plug/cover assembly. ~— ,*-K-*«*e 
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A computerised information 
system 
faces its customers 

The Euratom Nuclear Documentation System has gradually improved over the years, 
largely thanks to customer "feed-back". 
The customer today still needs an expert documentalist to act as an "interpreter" 
between himself and the system. Further improvements will however soon enable him 
to converse directly with the computer. 

CARLO VERNIMB 

IN T H E F I E L D of scientific and 
technical information the use of com
puters is still far from commonplace. 
However, a number of computer-aided 
systems now have several years of 
operation behind them. Have the high 
hopes which attended the launching of 
these projects been fulfilled ? An 
attempt will be made here, if not to 
answer this question, at least to provide 
some data on the working of one 
such automated service, namely the 
Euratom Nuclear Documentation Sys
tem (ENDS), and to sketch in the lines 
along which future improvements are 
being sought. 

ENDS is based on coordinate in
dexing, i.e. the allocation, to each of 
the documents which are introduced 
into the system, of a list of keywords 
indicating the nature of the document's 
contents. (The indexing operation is 
usually carried out on the basis of an 
abstract rather than the original docu
ment.) Every incoming query is simi
larly expressed in terms of' keywords. 
Thus the retrieval operation, i.e. the 
process whereby the documents contai
ning information relevant to the query 
are pinpointed, consists in having the 
computer compare the keywords of the 
query with the keywords of each of the 
documents stored in the system. The 
customer is eventually supplied with 

CARLO VERNIMB is on the staff of the 
Centre for Information and Documenta
tion (C.I.D.) of the Commission of the 
European Communities. 

a set of cards on which the abstracts 
of' each of the retrieved documents are 
copied. (The ENDS system has already 
been described in some detail in this 
periodical and elsewhere — see biblio
graphy.) 

Feedback as payment 

Over 3,000 queries have already been 
processed by ENDS. As those who have 
sent queries and received answers to 
them will know, we ask all customers 
to submit a detailed appreciation of the 
material supplied. As long as we do not 
ask for payment in the usual sense, this 
"feedback" is the only remuneration 
which we require. 

Figure 1 : Relevance ratio of ENDS 
literature searches (period 1967-1969). 

1987 
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Figure 2 : ENDS customer satisfaction 
(period 1967-1969). 

Thus the customer is expected to tell 
us which of the supplied references he 
knew already, which are pertinent and 
were unknown to him, which are not 
quite pertinent but nevertheless useful 
and which are not pertinent at all ; 
finally, the customer is asked to indi
cate any pertinent references which we 
failed to send him. 

By this procedure we obtain a fairly 
good picture of the customer's degree 
of satisfaction. Furthermore, we carry 
out extensive checks in order to esta
blish why we did not retrieve the 
missing documents. 

Relevance ratio 

Figure 1, which was drawn on the 
basis of the figures sent in by custo
mers, gives the relevance ratio of the 
ENDS service, i.e. the percentage of 
documents indicated to the customers 
which we recognised as relevant. It 
can be seen that the relevance ratio 
has risen through the years, a tendency 
which is mainly due to the accumula
tion of experience in the "translation" 
of queries into keywords, leading to 
improved query formulation. 

Evaluation of customer satisfaction 

Figure 2 gives a graphical impres
sion of the time history of "customer 
satisfaction". The solid white line 

196 J l i 'P s 1:1 Ρ il 

represents the percentage of documents 
for which no further action was neces
sary. The dotted white line corresponds 
to that part for which the customer, 
although agreeing in principle with 
the results supplied, asked for fuller 
information. The part remaining bet
ween the solid black line, which gives 
the total of these two percentages, and 
100 % represents the cases in which 
the customers stated that their requi
rements had not been met, owing to 
misinterpretation of their query or 
insufficient accuracy in their own initial 
formulation of the query. It can be 
seen from the black line that customer 
satisfaction has now risen to about 
90 %. 

Figure 3 is a summary, in the form 
of a diagram, of retrieval and feedback 
evaluation : of a hundred abstracts 
screened for an average literature 
search, 56 were discarded as non-rele
vant (or "noise") and 44 sent to the 
user. Of these 44 references, 10 were 
regarded by the user as non-relevant 
and 34 as relevant (8 being known to 
him already). 

It should be stated that the average 
figures given relate to several hundred 
queries treated neither with undue 
superficiality nor with excessive con
cern for exhaustiveness, i.e. real-life 
queries. 

From comparisons with very tho
rough manual searches we know that 
there are, on average, 12 pertinent 
references which the system fails to 
retrieve (one of which the user knows 
already). Of these 12 "misses", 8 are 
due to poor abstracting, 2.5 to poor 
indexing and 1.5 to poor retrieval. 

Speeding up the service 

Customers are, of course, interested 
not only in the quality of the answers 
but also in getting them quickly. Figure 
5 shows the different stages into which 
query processing is split up and the 
time needed for each stage. It can be 
seen that considerable time is spent on 
query formulation by the subject spe
cialist, on punching and machine pro
cessing of the query, on abstract card 
drawing, and especially on manual 
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screening of the abstracts, i.e. separa
ting relevant and non-relevant refe
rences. 

Each individual operation can be 
carried out only after completion of the 
preceding step ; it can therefore be 
calculated that the total time taken to 
process a query, even if the indispen
sable computer run is effected at night, 
will be about 24 hours. In actual prac
tice, however, many queries are handled 
in parallel, which results in delays or 
waiting times. According to our expe
rience the number of queries under 
treatment at any given moment has to 
be multiplied by 0.3 to get the total 
processing time in days. Thus, if 40 
queries have to be treated, their pro
cessing time is 12 days. 

These statements are based on the 
present strength of the ENDS staff and 
the stage of development reached by 
the system today. It is clear that if 
we can automate some of the opera
tions, the way is open towards a reduc
tion in the processing time, not to 
mention a reduction in cost. 

It is in a sense absurd, for instance, 
that the comparatively sophisticated 
retrieval operation should be automa
ted, whereas the mundane task of 
drawing abstract cards is still left to 
the human hand. Several firms are, 
however, working actively on this pro
blem and we hope to have available, 
in a not too distant future, equipment 
capable of selecting abstracts out of 
a large collection (in our case about 
one million to date) and producing 
copies of them, all according to instruc
tions given directly by the computer. 

As can be seen from figure 5, the 
screening process is that which takes 
up most time. Unlike the drawing of 
abstract cards, moreover, it requires 
highly qualified staff. As we shall see 
later, this problem is also on the way 
to being solved. 

When is a manual search preferable ? 

In figure 6 the effort (in time or 
money) needed to obtain information 
is given for manual and machine 
searches. 

In a manual search some informa
tion can already be gained at a small 
effort ; in a machine search a fairly 

Figure 3 : Aiming at an average target in 
the ENDS documentation system. 
An average ENDS target (coloured circle) 
consists of 56 documents. In other words, 
56 published documents holding informa
tion relevant to the average query are 
stored in the system. 
An average computer retrieval operation 
yields 100 documents (large circle), 57 of 
which are discarded as "noise", i.e. as 
irrelevant, by an ENDS documentalist 
(left-hand portion of large circle). 

large effort is required before the first 
item of information is obtained. There
fore, if a relatively small amount of 
information is needed, it does not pay 
to pass the query to a computerised 
documentation centre. In this case a 
library should be consulted, and it 
should be the task of librarians to 
screen out such preliminary queries. 

Are complete bibliographies 
always necessary ? 

There is another relation expressed 
by the machine search curve : to retrie
ve 90 % of the available information 
the effort is about three times as high 
as for the retrieval of 60 % of the 
available information. According to the 
experience gained from our feedback 
campaign the customer will generally 
be satisfied with 60 % . 

Thus the attention of the customer is 
drawn only to the 44 remaining docu
ments, of which he discards 10 (left-hand 
portion of target) and recognises only 34 
as true "hits" (centre portion of target). 
Twelve documents (right-hand portion of 
target) are missed completely, 8 owing to 
incomplete abstracting, 2.5 to incorrect 
indexing and 1.5 to Inadequate retrieval. 
If this page is taken to represent the total 
number of documents stored in the system 
(nearly one million), then the average 
target is only the size of this dot. 

Nevertheless most of the customers 
ask for "a complete bibliography". 
As long as we are not in a position to 
charge him different prices for a com
plete bibliography and for a general sur
vey of the subject, we try to make it 
more difficult for the customer to ask 
for a complete bibliography by asking 
him to tell us how many documents on 
the subject he is aware of' already, and 
how many he expects to receive. These 
questions are included in our new forms 
for requests. 

The key to good retrieval : 
precision in query formulation 

In traditional documentation systems 
a scientist has to search through alpha
betical indexes and library card files 
grouped according to subject, author, 
etc., and to scan suitable abstract jour-
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Figure 4 : Which are 
the favourite subjects? 
This figure gives a 
breakdown of docu
ments fed into the 
computer memory 
(white areas) and 
of queries (coloured 
areas) according to 
subject field (basis of 
statistics : 1,400 que
ries). There is an im
portant difference in 
the "input" (more 
than 40 %) compared 
with the « output » 
(12 %) in physics. On 
the other hand, it 
should be noted that 
the "output" in me
tals and ceramics, en
gineering and equip
ment and reactor tech
nology is two to three 
times as high as the 
"input". 

The reason for the 
relatively small num
ber of queries in phy
sics seems to be that 
physicists believe they 
will not obtain refe
rences they do not 
know already from 
our documentation 
system. (In actual fact, 
many who tried it out 
had to confess they 
were wrong in this 
respect.) 
In general it can be 
stated that there is a 
considerable interest 
in document dealing 
with properties of ma
terials. Another state
ment which can be 
made is that the "out
put» in industrial ap
plications of isotopes 
is six times as high as 
the "input". 

nais. To begin his search, he needs a 
heading by which to enter the subject 
indexes. If he does not immediately find 
an answer to his problem, he tries again 
under some other entry. After he has 
checked a few of the references found, 
other entries will, as a rule, occur to 
him, and he will start searching anew. 
Such a manual literature search uses 
single-term entries and involves the use 
of what might be termed "instant 
feedback". The scientist may start with 
only a vague idea of his problem ; 
instant feedback will add precision to 
his query. 

In most of the modern computerised 
documentation systems based on coor
dinate indexing and retrieval, a docu
mentalist acts as an intermediary bet
ween the scientist and the system. This 
fact makes it neccessary for the docu
mentalist to have a clear idea of the 
scientist's problem so that he can add 
precision to his query. 

In our experience with ENDS it is 
just this accurate statement of the 
query which is the most difficult pro
blem. In our request form for literature 
searches which the applicant is asked 
to use, we therefore give him the follo
wing hint : "Define the subject with 
enough precision to ensure that a docu
mentalist specialised in your field but 
not necessarily acquainted with your 
particular subject can thoroughly un
derstand the question and also reco
gnise what would not be of interest 
to you". 

But this advice has proved insuffi
cient to change the habits of the scien
tists using our system. Most of them 
still put their queries in the traditional 
single-term form. We have therefore 
resorted to more stringent measures 
which find their expression in the some
what aggressive guidelines printed on 
the back of the request form, where we 
read, for instance : "Do not ask for 
radioactive strontium compounds when 
you can ask more precisely : Which 
radioactive strontium compounds will 
in reactor operation be generated 
within the fuel elements from the stron
tium produced in uranium fission by 
chemical reactions with other compo
nents of the fuel elements (e.g. carbon, 
oxygen in UC or UO.J, and so on... 
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Figure 5 : The different stages of query processing. 

Administrative operations 
Work done by operators 
Work done by subject specialist 

25 min. 

60 min. Compare with older queries, formulate new query 

20 min. 

60 min. Punch query formulation 

30 

50 min. Retrieval run on computer (at night) 

40 min. 

batch of queries 

processed 

simultaneously 

90 min. Draw abstract cards 

6 min. 

210 min. Separate relevant from non-relevant references 
("screening") 

35 min. 

The query is of interest because decon
tamination measures in the event of 
damage to a fuel element will be 
dependent on the nature of the stron
tium compounds escaping. Your query 
should therefore resemble a short 
abstract rather than a title". 

These rather brusque directions have 
already had some effect. It has become 
much less frequent for us to have to 
ask the user to word his query clearly. 

Another experience is that a user 
finds it easier to reveal details and 
define his needs more exactly on the 
telephone than in a letter. 

Selective dissemination of information 

Sofar we have dealt with "retrospec
tive" literature searches. Something 
should however be said about selective 
dissemination of information (SDI), i.e. 
periodical information on recent publi
cations dealing with a certain subject. 
SDI is intended to replace the traditio
nal browsing through primary and 
secondary journals. 

For preparing an SDI "profile", we 
have adopted the following procedure. 
At first, each SDI search is handled like 
a retrospective search and the user is 
requested to supply feedback. 

When feedback has been received, 
the query is reformulated in order to 
reduce machine output as far as 
possible to such references as the user 
found to be relevant, ensuring, of 
course, that no relevant item is lost. 

Feedback is indispensable because 
the user could have in the meantime 
changed, or simply made up his mind. 
But there is another reason for refor
mulating the query, i.e. the experience 
the documentalist will have gained in 
checking the relevance of the docu
ments retrieved in the retrospective 
search. 

Here is an example : we received the 
query "Control of operation of power 
reactors by computers". We first for
mulated it as follows ( + means "or" ; 
* means "and") : 

(CONTROL + C O N T R O L SYS
TEMS -f- M O N I T O R I N G ) 

* (OPERATION + STARTUP - f 
S H U T D O W N ) 

15 



* (POWER PLANTS + REACTORS) 
* (COMPUTERS + DIGITAL SYS

TEMS -f ANALOG SYSTEMS) 
The primary retrieval terms 

CONTROL, OPERATION, POWER 
PLANTS and COMPUTERS were 
supplemented by near-synonym terms 
which could have been used instead in 
indexing. 

With a system volume of 900,000 
documents this query resulted in 180 
documents retrieved, 40 of which pro
ved to be relevant ; consequently, the 
relevance ratio was calculated as 22 % . 

When checking the relevance of the 
documents retrieved, the documentalist 
detected, first, that the terms DIGITAL 
SYSTEMS and ANALOG SYSTEMS 
contributed no relevant items and, 
second, that many references were re
trieved in which the computer was used 
for calculations (indicated by the key
word NUMERICALS) or for simula
ting the behaviour of reactors. Further
more, he realised that the indexers 
might have used only one term of the 
first two lines of the query formulation 
to index a relevant document. "Control 
of power reactors by computers" could 
be a title for a relevant document just 
as well as "Operation of reactors by 
computers". As a consequence, the 

effort (in time or money) 

first two lines were combined, resulting 
in the new query formulation (»-means 
"and not" : 

(CONTROL - f CONTROL SYS
TEMS + MONITORING + OPE
RATION + STARTUP + SHUT
DOWN) 

* (POWER PLANTS + REACTORS) 
* (COMPUTERS) 
*- (NUMERICALS + SIMULATORS) 

This query yielded 660 documents, 
480 of which proved to be relevant ·— 
a relevanve ratio of 73 %. Thus, by 
reformulating the query, the number of 
pertinent items retrieved increased by 
a factor of 12. 

By making use of the documentalista 
experience in screening the results of 
retrospective searches, together with 
customer's feedback, it was possible to 
obtain an average relevance ratio of 
about 75 % for SDI searches. There is 
perhaps no other large documentation 
system in operation in which such a 
high relevance ratio is being achieved. 

A look to the future : doing away 
with documentaliste 

The fact that the user's effort will 
decrease as he changes over from the 
traditional to the computerised system 
will at first please him, but his enthu
siasm will be somewhat dampened by 
the need to adjust to a new technique. 
Even the higher yield of useful docu
ments obtained by the computerised 
system will not deceive him as to the 
fact that he must rely upon the system 
documentalist as an intermediary, and 
that he cannot start a search possessing 
only a vague idea of what he wants. 
The single-term-entry method with 
instant feedback would in this case 
offer some advantage. And who can 
say whether the latter method is not 
better suited to the human way of 
thinking ? 

The problem is thus how to do 
away with the system documentalist 
(figure 7). This could be done by 

Figure 6 : Effort (in time or money) 
needed to obtain information through 
manual and machine searches. 



Figure 7 : Documentation systems and the user's effort. 

User 's effort 

Searching via single term entries (hea
dings) in alphabetical indexes ; instant 
feedback permitting more precise search. 

Tradi t ional documenta t ion system 

Subject indexes-
Library card files 
A bstract journals 

η m i i n · 
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User's effort 
Formulating a 
precise query, 
commenting on 
results and re
phrasing the que
ry if necessary 
(delayed feed
back). 
Effort is less 
than when wor
king with a tra
ditional system. 

System documental is t 

Interpretation of query and its form
ulation by logicai coordination of 
search terms ; checking the results 
and reformulation of the query if 
necessary. Considerable effort. 

Computerised documentat ion system 

with coordinate indexing and retrieval 

shifting the borderline between the 
user's and the documentalista efforts 
to the right, or by shifting the border
line between the documentalist and the 
system to the left, or even by shifting 
both borderlines towards each other. 

We had some disappointing expe
riences in getting the user interested in 
query formulation. For such a simple 
query as "Isotope enrichment of ura
nium 235 by ultracentrifuges", one 
user looked up the Euratom Thesaurus 
and proposed the formulation : 
ISOTOPES * E N R I C H M E N T » U R A 
N I U M 235 * U L T R A C E N T R I F U G E S 

But an indexer assigning U R A N I U M 
235 should never add the term ISOTO

PES. Moreover, according to a specific 
indexing rule, the keyword ISOTOPE 
SEPARATION would have to be used. 
The correct formulation should have 
been : 
ISOTOPE SEPARATION * (URA
N I U M 235 + U R A N I U M ISOTOPES) 
* U L T R A C E N T R I F U G E S . 

The user's formulation would have 
yielded virtually no answer — and this 
is a simple example only. It can hardly 
be expected that a user will, just to 
process a few queries a year, learn all 
the indexing and retrieval rules the 
documentalist has to know. 

To try and make the system docu
mentalist superfluous, we must, in our 

opinion, shift the borderline between the 
system and the documentalist conside
rably to the left, and the borderline 
between the user and the documenta
list only a little to the right. Shifting 
the former borderline to the left means, 
first of all, direct access to the compu
ter. Direct access is being used in 
several experimental documentation 
systems. However, to the best of our 
knowledge, and as far as performance 
is concerned, it will not be possible to 
replace the documentalist by direct 
access alone. 

We can count on the ability of the 
user to judge between pertinent and 
irrelevant documents. What we need is 
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a system which will present to the user 
— by way of direct access — docu
ments or abstracts of documents on 
which he can base his judgment concer
ning relevance, which is then directly 
fed back into the system. 

Lut us sketch roughly the interac
tion between user and system without 
the documentalist as intermediary : 

1) The user feeds his query into the 
computer in natural language, via a 
console. 

2) The query is indexed automati
cally, i.e. keywords are derived from it. 

3) The system presents these key
words, as well as semantically related 
keywords, via a television screen, to the 
user, who chooses the most appropriate 
and coordinates them by the logical 
operation "and" and "or". 

4) The system then indicates the 
number of answers that would be 
retrieved by the proposed formulation, 
and the user is given the possibility of 
reducing the number of answers by 
adding a keyword (with « and »), repre
senting an additional condition, or of 
increasing the number of answers by 
leaving out less significant keywords. 

5) Bibliographical data or abstracts 
of the documents retrieved are shown 
up on the screen. 

6) The user checks these documents 
for relevance until he has obtained, say, 
four clearly pertinent and four charac
teristically irrelevant documents. 

7) The reference numbers of the 
clear "hits" and of the characteristic 
"noise" are fed back into the system. 

8) Thanks to such a relevance feed
back procedure the remaining retrieved 
answers to the query are ranked auto
matically in the order of their perti
nence probability. A document will 
have high pertinence probability when 
the combination of keywords allocated 
to it is very similar to that of documents 
already found to be pertinent. 

9) The user checks the ranked docu
ments for relevance, on the screen if 
the number is limited, or on a computer 
printout supplied to him if the number 
is higher. 

The last few stages of this procedure 
may seem somewhat futuristic, but we 
think we have already brought them 
nearer to reality, as a result of our 
efforts to remedy what is perhaps the 
weakest point in the ENDS system, 
namely the manual screening of the 
references retrieved. As already mentio
ned, this operation not only takes a 
long time but also requires highly quali
fied staff. 

The solution we have found to this 
problem applies to queries which give 
a large number of answers, and these 
are precisely those which cause most 
trouble from the screening point of 
view. It consists in taking a small 
sample of the retrieved documents 
(10-20) and checking their relevance 
from their abstracts. The document 
numbers are then fed into the compu
ter, together with the indication "rele
vant" or "irrelevant". So far, this is 
the documentalist's job. The rest is left 
to the computer, which, after examining 
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Figure 8 : Example of result obtained when applying the computerised "relevance 
feedback" procedure. 
The query dealt with "uranium isotope separation" and yielded 220 answers, 41 of 
which (represented by the white dots in the top line) were found after manual 
checking to be relevant. In the computer output, the references are in this case 
arranged simply according to their serial number in the collection. 
If the "relevance feedback" procedure is applied, the "hits" tend to appear first 
(bottom line). Manual checking can therefore be dispensed with : it is enough to 
"cut" the output at a certain point. 
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the keywords assigned to the documents 
retrieved, gives each document a higher 
or lower ranking according to whether 
the group of keywords assigned to it 
bears a greater resemblance to those 
assigned to the documents declared to 
be relevant or to those declared to be 
irrelevant. 

Figure 8 presents an example of the 
results which can be achieved by 
adopting this method. The query dealt 
with "uranium isotope separation" 
and yielded 220 answers, which were 
carefully checked for relevance in order 
to set the stage for a test of the effi
ciency of the "relevance feedback" 
procedure ; 41 were found to be rele
vant to the query (relevance ratio : 
18.6 % ) . The points on the top line in 
the figure represents these "hits". 
(The references are arranged simply 
according to their serial number in the 
collection.) When it came to applying 
the "relevance feedback" procedure, 
the first 20 references only were chec
ked and three were found to be relevant. 
(This corresponds to a relevance ratio 
of 15 % for this small sample.) These 
three "hits", and three clear "misses" 
selected out of the 17 non-relevant 
references found in the sample, were 
used as a basis for the procedure. The 
result is shown in the second line : 
the "hi ts" were shifted to the left, 
i.e. they tended to be found among the 
first references. It is reasonable to send 
the first n references only to the user 
(where n is the product of the sample 
relevance ratio, in this case 15 % , 
and the total number of answers to the 
query, in this case 220). That means 
that in this particular case the "cut" 
should be made at n = 33. As can be 
seen from the second line, 31 of the 
first 33 references are "hits", which 
gives a relevance ratio of 94 %. 

Such a result can be sent to the user 
without hesitation. If the user is inte
rested in a more complete search, he 
may ask for the references which attai
ned a lower relevance ranking. 

This "relevance feedback" proce
dure has thus contributed substantially 
to the automation of retrieval and to a 
reduction of the documentalist 's role 
as an intermediary between the user 
and the system. EUSPA 9-2 

I Table I : Origin of queries processed in 1969 by the 
ENDS system (expressed as a percentage of the total). 

Community 

Institutions of the European Communities 

Germany 

Belgium 

France 

Netherlands 

Italy 

Luxembourg 

Non-member states in Europe 

Austria 

United-Kingdom 

Switzerland . . . . 

C.S.S.R 

Denmark 

Sweden 

Non-member states outside Europe 

Israel 

Canada 

Turkey 

Argentine 

Total 

1.5 

1.2 

1.1 

0.1 

100 % 

Literature: (1) R. BREE: The Euratom 
Nuclear Documentation System. NATO-
AGARD 19th meeting of the Technical 
Information Panel, Rome (July 1966). 
(2) L. ROLLING : A computer-aided 
information service for nuclear science and 
technology. Journal of documentation Vol. 
22 (1966) No. 2 pp. 93-115. (3) L. ROL
LING et al. : Euratom Thesaurus (2nd 
edition). Part 1: EUR 500e (1966), Part 
II : EUR 500e (1967). (4) C. VERNIMB : 
Indexing rules for the Euratom Nuclear 

Documentation System. EUR 4500e. (5) M. 
DETANT : Five years results in automatic 
documentation at the CID in Euratom. 
Openbare bibliotheek Vol. 10 (1967 No. 6 
pp. 1-16. (6) J. PIETTE, L. ROLLING : 
Interaction of economics and automation 
in a large size retrieval system. Congrès 
FID/IFIP Rome (June 1967). (7) C. 
VERNIMB : Contacts between the Eura
tom Nuclear Documentation System and 
its users. 1968 meeting of European libra
rians working in the nuclear field. EUR 
4256e. 
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Isotope generators -
a review of the present 
state of development 
Isotope generators — "nuclear cows" — have many potential uses, especially in 
medicine. 

HORST BERNHARD, KARL HEINRICH LIESER 

THE USE of nuclear reactors and 
accelerators makes a large number of 
radionuclides available. Radionuclides 
with a half-life of several hours or days 
are used in medicine for diagnostic 
purposes. This trend has shown a 
clearly perceptible expansion in recent 
years. 

Of particular significance from a 
diagnostic standpoint is the chemical 
composition of marked compounds. 
Thus, as a result of modification of its 
chemical form, a specific nuclide can 
be used for diagnostics in various areas, 
e. g. thyroid, bloodstream, tumours, 
liver, kidney, brain or lungs. 

As radiation damage in the tissue is 
something which must be prevented as 
far as ever possible, it is desirable to 
use radionuclides which are pure gam
ma-emitters. The optimum energy 
range of the gamma-emitters employed 
is 0.1 - 0.4 MeV. This is sufficiently 
hard to reveal deeper-lying regions of 
the body, even if intermediate skeletal 
structures cause greater absorption 
(c. g. in cerebral examinations). In addi
tion, radiation of this energy can still 
be efficiently colLimatcd, which is essen-

Dr. HORST BERNHARD and Prof. 
KARL HEINRICH LIESER are on the 
teaching staff of the Eduard-Zintl-Insti-
tut, at the Technische Hochschule, Darm
stadt. Under a contract awarded by the 
Commission of the European Communi
ties, Prof. Lieser is conducting systematic 
research into these generators and working 
on the development of new and improved 
generators. 

tial for pinpointing the damage to be 
investigated. 

Considerable interest attaches to the 
use of short-lived radionuclides for secu
ring a very substantial reduction in the 
radiation dose to the patient. Table I 
affords a comparison of two strontium 
isotopes of different half-lives with 
respect to the dose to the subject. It 
is seen from the table that the short
lived Sr-87m (pure gamma-emitter, half-
life 2.8 hours) produces only a few per 
cent of the radiation burden which 
would be expected from the application 
of Sr-85 (beta- and gamma-emitter, half 
life 65 days). Appreciably higher Sr-87m 
activities could therefore be used for 
examination purposes, which, even for 
a shorter measuring time, ensures a far 
higher degree of diagnostic accuracy. 

In the field of technology, short
lived radionuclides are used for flow 
measurements and leak detection. The 
entire range of such radionuclides is, 
however, comparatively small. 

On account of the radionuclides' 
short half-life, they have to be genera
ted or obtained, as the case may be, 
at the place where they are to be used, 
transportation involving a considerable 
loss in activity. A solution whereby 
short-lived radionuclides can be made 
available to research establishments 
which are not equipped with reactors 
or accelerators consists in the use of 
isotope generators or "nuclear cows". 
This article gives a survey of the pre
sent state of research in this field and 

Fig. 1 : 
column. 
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eluent feed 

daughter nuclide 
fixed on to carrier 
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discusses the possibilities for the deve
lopment of new generators. 

Characteristics of isotope generators 

An isotope generator (see Fig. 1 ) 
contains a relatively long-lived parent 
nuclide which is fixed on to a carrier 
and whose chemical form allows the 
rapid, simple and repeated separation 
of the daughter nuclide with the desi
red short half-life, produced as a result 
of radioactive decay. Since the daugh
ter is continuously formed by the decay 
of the parent, the separation can be 
repeated at regular intervals. This arran
gement makes it possible for a short
lived radionuclide to be despatched and 
stored virtually on the basis of the 
longer half-life of the parent. Further
more, the separated nuclide is free 
from ponderable amounts of the ele
ment's stable isotopes, a very impor
tant point in many investigations. 

Another advantage is the large amount 
of activity that is made available by 
repeated "milking" of the cow. For 
example, during three half-lives of the 
parent nuclide, 1 mCi Ge-68 will yield 
a total of 862 mCi Ga-68 if the cow 
is milked a ten-hourly intervals ; if the 
milking is done at intervals of five 
hours it is even possible to obtain a 
yield of 1.6 Ci Ga-68. 

So far eight types of cow are com
mercially available and a number of 
others have been described in the lite
rature on the subject. They supply the 
respective daughter nuclides with a 
good yield and at very high purity. 
The users consequently have at their 
disposal several short-lived radionucli
des with widely differing nuclear and 
chemical properties, and this affords a 
large measure of adaptation to the 
problem under study. 

Requirements to be met 
by isotope generators 

An isotope generator for medical, 
industrial or laboratory use must meet 
the following requirements : 

a) Handling must be easy as regards 
both actual operation and radiological 
protection; the simplest method consists 

in fixing the parent nuclide in a 
column and eluting the daughter. 

b) It must be possible to effect sepa
ration quickly. 

c) The daughter must be of high 
radiochemical purity; this require
ment is particularly important in medi
cal and technological applications, as 
any contamination by the parent 
nuclide would have undesirable effects. 
The purity of the daughter is given in 
the form of a "decontamination fac
tor", which expresses the ratio between 
the daughter activity and the parent 
activity in the separated solution. De
contamination factors of 10'! - 10 s are 
desirable, depending on the half-life of 
the parent. 

d) The activity obtained should be 
available directly, or at least without 
complicated manipulations, for further 
use. 

e) The parent activity must remain 
in a form which allows the greatest pos
sible number of milking operations. 

Available parent-daughter systems 

Table II summarises the parent-
daughter systems which are of interest 
for isotope generators. For the sake of 
convenience the systems are arranged 
according to the position occupied by 
the daughter and parent nuclides in the 
periodic table. Commercially available 
isotope generators are specially indica
ted in the table. Additional information 
is provided by the decay data on the 
individual nuclides. The literature refe
rences relate both to fully developed 
generators and to published proposals. 

Table I : Comparison of Sr-87m and Sr-85 with respect to the radiation dose in diagnostic 
examinations. The values shown are the upper and lower limits. 

Nature of 
radiation dose 

Bone 

Whole body 

Average radiation dose (mR) f o r : 

100 μ Ci Sr-87m 

9,9 — 2,2 

0,7 — 2,2 

100 μ Ci Sr-85 

1590 - - 3700 

680 - 1 100 
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From Table II it emerges that the 
range of short-lived radionuclides that 
can be produced with the aid of isotope 
generators is very extensive, so that 
suitable nuclides are available for sol
ving a variety of medical and techno
logical problems in a simple manner. 

Further development 

Nevertheless, many problems in the 
field of isotope generator technology 
have still to be solved. For instance, 
when an isotope generator has to be used 
for any great length of time, the beha
viour of the parent nuclide in the sepa
rating column is of particular importan
ce. The parent nuclide must besufficien-
tly firmly fixed so that it is not released 
after a few milkings and contaminates 
the daughter. In addition, the isotope 
generator must have a good storage 
stability, so that, even when a fairly 
long time has elapsed since it was last 
used, the radiochemical purity of the 
nuclide it contains is undiminished. 

Particular importance is attached in 
the medical field to the question of 
contamination of the daughter by the 
parent substance, especially where the 
same patient has to be subjected to 
repeated diagnostic tests. In such a case, 
an accumulation of the parent nuclide 
in the patient could result in a high, 
uncontrolled dose. In the case of fre
quent administration, therefore, atten
tion must be paid to a possible accumu
lation of the long-lived parent nuclide 
in the organs under study. Such consi
derations are especially important when 
the parent nuclide has a long half-life. 

For chemists engaged in the deve
lopment of new generators, the fixing 
of the parent nuclide on a carrier cons
titutes a very interesting problem. The 
range of possibilities extends from 
adsorption to the chemical fixation of 
complex compounds by chemical bon
ding. However, with long-lived nucli
des, which in theory would enable a 
generator to be used for years on end, 
the possibilities are limited by the 
migration of the parent nuclide on the 
column. When a milking system is 
charged with substantial amounts of 
activity it is also necessary to take into 

account the radiation burden of the 
carrier substance, which sets a limit to 
the life of the generator. In view of the 
relatively high sensitivity of organic 
substances to ionising radiations it 
seems desirable to use inorganic car
riers. 

Tendencies in the further develop
ment of milking systems are towards 
the use of long-lived parents. Their 
appreciable operating life makes the 
application of such generators profita
ble even when milking is performed at 
irregular intervals. The best eluent for 
simple conversion of the eluted nuclide 
into any desired chemical form is distil
led water. This aim can be achieved 
only by using very specific carrier 
substances. 

For direct application of a nuclide 
in medicine it is important to keep the 
eluate sterile and pyrogen-free. Recent
ly an increasing number of sterile 
models have come onto the market 
which contain a storage tank with an 
eluent solution, the separating column 
and the elution vessel in a compact 
arrangement. The technical design of 
such generators ensures easy and safe 
handling as well as safety with respect 
to radiation protection. 

Such models are of considerable inte
rest, particularly for medical purposes, 
in "black-box chemistry" form; i. e. 
it will be the task of researchers in this 
field to develop long-life isotope gene
rators which also offer a high degree 
of safety when used by non-chemists. 

(*) Full names of suppliers : 
Amersham : The Radiochemical Centre, 

Amersham, England. 
NEN : New England Nuclear Corporation, 

Boston, Mass., USA. 
BNL : Brookhaven National Laboratory, 

Upton, N.Y., USA. 
CEA - CEN - SORIN : Commissariat à 

l'Energie Atomique, 91-Gif-sur-Yvette, 
France, Centre d'Etude de l'Energie Nu
cléaire, Mol-Donk., Belgium, Sorin, 
Saluggia (Vercelli), Italy. 

Duphar : Philips - Duphar, Amsterdam, 
Netherlands. 

Buchler : Buchler & Co., Braunschweig, 
West Germany. 

Hoechst : Farbwerke Hoechst, Frank
furt/M., West Germany. v 
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ble II : Summary of commercially available and proposed isotope generators. 

Position in 
eriodic table 

irent 
elide 
in 
ou ρ 

I 

II 

II 

I 

II 

V 

V 

V 

/ I 

V 

/ I 

/ I 

VIII 

Daugh
ter 

nuclide 
in 

g roup 

0 

0 

I 

I I 

I I 

III 

I I I 

I I 

I I I 

I I I 

IV 

V 

V 

VI 

V I I 

VIII 

Proper t ies 

Nuclide 

Rb-83 

Ra-226 

Ra-224 

Ac-227 

Cs-137 

Y-87 

Ac-227 

Mg-28 

Sr-90 

Cd-115 

Ba-140 

Ce-144 

Th-228 

Ti-44 

Ge-68 

Sn-113 

U-238 

Zr-95 

Se-72 

Sb-125 

Mo-99 

Te-132 

W-188 

Ru-103 

Ru-106 

Pd-103 

Half-
life 

83d 

1600a 

3.64d 

21.5a 

30.0a 

8 Oh 

21.8a 

21.3h 

28.1a 

2.3d 

12.8d 

284d 

1.9a 

47.3a 

275d 

115d 

4.5.10°a 

65.5d 

8.5d 

2.7a 

66.7h 

78h 

69d 

39.5d 

1.0a 

17d 

of parent nuclide 

Type of radiation 
and energy (MeV) 

Κ capture 
γθ .52 ; 0.53 ; 0.55 
α.4.78 ; 4.60 
γθ .19 
α.5.68 ; 5.45 
γθ .24 

β 0.04 
γ . . . 
β θ . 5 ; 1.2 
N o γ 

β+0.7 
γ0 .48 
β θ . 0 4 
γ ... 
β 0.5 
γθ .03 ; 1.35 ; 0.40 ; 0.95 

β-0.5 
N o γ 

β 1.11 ; . . . 
γθ .52 ; 0.49 

β-0.5 ; 1.0 
γ θ . 5 4 ; 0 . 1 6 ; 0.30 

β 0.3 
γθ .13 ; 0.08 
α5 .34 ; 5.42 
γθ .08 ; 0.22 

Κ capture 
γθ .078 ; 0.068 

Κ capture 
N o γ 
Κ capture 
γθ .26 
«4 .20 ; 4.15 
γ . . . 
β -0 .4 ; 0.9 
γ0 .72 ; 0.76 

Κ capture 
γ ' 0 . 0 4 6 

β-0.3 ; 0.6 
γΟ.43 ; 0.60 

β-1.2 
γ Ο . 7 4 ; 0.18 
β-0.2 
γ0 .23 ; 0.05 

β-0.3 
y ... 
β θ . 2 ; 0.7 
γ 0 . 5 ; 0.6 

β θ . 0 4 
N o γ 

Κ capture 
γθ .053 

Propert ies of daughter nuclide 

Nuclide 

Kr-83m 

Rn-222 

Rn-220 

Fr-223 

Ba-137m 

Sr-87m 

Ra-223 

Al-28 

Y-90 

In-115m 

La-140 

Pr-144 

Ra-224 

Sc-44 

Ga-68 

In-113m 

Th-234 

Nb-95 

As-72 

Te-125m 

Tc-99m 

J-132 

Re-188 

Rh-103m 

Rh-106 

Rh-103m 

Half-
life 

1.9b. 

3.82d 

55.6 sec 

21.8m 

2.55m 

2.8h 

11.43d 

2.3m 

64. Ih 

4.5h 

40.2h 

17.3m 

3.64d 

4.0h 

68.3m 

1.66h 

24. Id 

35d 

26h 

58d 

6.0h 

2.4h 

16.8h 

57m 

30sec 

57m 

Type of radiation 
and energy (MeV) 

Isomeric transition 
γθ .009 
α5.49 
γ . . . 
0C6.29 
γ . . . 
β 1.2 
γθ .05 ; 0.08 

Isomeric transition 
γθ .66 

Isomeric transition 
γθ.39 
α5.68 ; 5.45 
γθ .24 

β 2.9 
γ ΐ . 7 8 

β-2.3 ; . . . 
N o γ 

β-0.8 
γθ .34 
β 1.4 ; 2.2 
1.60; 0 . 4 9 ; 0.33 ; . . . 

β 3.0 
γθ .70 ; 2 . 1 9 ; 1.49 
CC5.68 ; 5.45 
γθ .24 

β+1.5 
γ ΐ . 1 6 ; 2.54 

β+1.9 
γ ΐ . 0 8 ; 0.80 

Isomeric transition 
γθ .39 
β 0 , 2 
γθ .093 ; 0.063 
β-0.2 
γ0.77 

β+2.5 ; 7.3 
γθ .38 ; 0.63 
Isomeric transition 
γ θ . 0 3 5 ; 0.11 
Isomeric transition 
γθ .14 
β-2.1 
γΟ.67 ; 0.77 

β-2.1 
γθ .16 ; 0.63 
Isomeric transition 
γθ .040 

β-3.6 
γθ .51 ; 0.62 
Isomeric transition 
γθ .040 

Literature 
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activity 

Ï3BBE 

Fig. 2 : Formation of daughter nuclide Β 

through radioactive decay of parent 

nuclide A (T., = 10 T„). 

activity 

milking operations 

i i i 1 : 

Fig. 3 : Cycle of milking operations on 

a Ga68 generator. 

Figs. 2 and 3 : Mathematical description of parentdaughter system. 

From the mathematical point of view, the behaviour of such a system can be described 

as follows : 

Three nuclides. A, Β and C, are linked to each other through radiocatvie decay : 

A* > B*  > C. 

A and Β are two radioactive nuclides, the halflife of A (TA) being longer than of Β (Tu). 

C is the stable endproduct of the decay series. The radioactive decay of A can he 

represented by the differential equations : 

dN., 

dt 
"=  Χ Λ . Ν Λ 

and 

dN„ 

dt 
λ..ι . ΝΑ — λη . Nu 

This gives the solution for the activity (An)t of the daughter substance at the time t as ; 

In 2 In 2 Λ In 2 
TA 

(A„), = (AA)O . ; 
TA TB 

. t 

+ (Α,,)ο . e 
Τ li 

t 
(1) 

Tv  T B 

(T being the halflife in each case). 

Fig. 2 shows the decrease of nuclide A together with the growth of the daughter B, 

as calculated from equation (1), for the case where, at the start of the investigation 

(t = 0), the system contains no atoms of the nuclide Β (A·) = 0). 

It can be seen that the activity of the daughter nuclide B increases until radioactive 

equilibrium is reached and then slowly decreases with the halflife of the parent nuclide. 

The activity of B reaches its peak when 

In (λ„/λΛ) 1 ΤΑΤΙ , ,_ TA 
t = t„„ In (2) 

λ„  λΑ In 2 ' TA  T B " ' " Τ 

In the state of radioactive equilibrium the activity of the parent nuclide is related to 

that of the daughter by the equation 

(A.,)t = T.y 

(AA) , TA  T B ^ ' 

If TA Í'.V very much greater than Tu, the equilibrium is said to be «secular». In that 

case the righthand side of the equation is equal to unity and the daughter activity is 

equal to the parent activity. If Tu is not negligible with respect to ΊΆ, the equilibrium 
is said to be « transient». In the equilibrium state the activity of the daughter nuclide 
is then greater than that of the parent. The less disparity there is between the half-lives, 
the greater does this difference become. 
Estimation of the activity that can be milked from the cow is facilitated by tables or 
curves. The supplier usually provides such tables with the generator. 
Fig. 3 illustrates a cycle of milking operations. The curves are calculated for the 
Ge-68/Ga-68 system: it can be seen from the figure that this isotope generator can be 
milked every five hours with a 95 % yield and every ten hours with a 100 % yield. 
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RESEARCH NEWS FOR INDUSTRY 

Under this title Euro-spectra will in future report some of the new 
processes or equipment recently developed at the loint Research Centre's 
establishments or at the works of firms or institutes performing research 
under contract to the Commission. 
It will be recalled that, under the Euratom Treaty, knowledge thus 
acquired by the Commission can be communicated to interested firms 
in the European Community under favourable conditions. 
Any firms interested in acquiring a deeper insight into these possibi
lities should write to : Commission of the European Communities, 
D.G. XI1I-A, 29, rue Aldringer, Luxembourg. 

A technique 
for vapour deposition 
under vacuum 

Vacuum vaporisation is a well-known method of obtaining fine layers of matter. 
A device developed at Petten, which makes use of this technique, produces 
coatings that are remarkable for their good adhesion and structure. 

Figure 1 : A coating of nickel on steel. 
The perfect interpénétration of the two 
metals can he seen. 

ABOUT TWO YEARS ago the Irra
diation Department at the Petten Esta
blishment of the Joint Research Centre 
had to find a means of coating metal 
tubes with thin layers of various mate
rials capable of withstanding high tem
peratures. Since it was not possible to 
obtain a satisfactory result with the 
conventional methods a solution had to 
be sought by adopting a new approach. 
This led to the development of an origi
nal process which not only provided a 
solution to the problem involved but 
also held out promise of much more 
extensive and highly diversified indus
trial applications. 

By means of this process layers of 
material can be deposited under va
cuum in the vapour phase on substrates 
of various kinds and forms. Numerous 

techniques for producing such coatings 
are, of course, already known, but none 
of them seems to offer so many advan
tages at one and the same time as 
that developed at Petten, whereby it is 
possible to obtain layers of high purity 
with an adhesion that can be varied 
from virtually zero to a perfect bond 
corresponding to an interpénétration of 
the crystal lattice of the deposited mate
rial and that of the substrate (Fig. 1). 

Three further advantages render this 
process particularly attractive for indus
trial applications : the rate of deposition 
is high, being in the region of one 
millimetre per hour ; in addition, the 
deposition of the evaporated material 
on surfaces other than that of the 
substrate to be coated can be almost 
entirely avoided, which is very impor
tant from the economic point of view ; 
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finally, high-grade coatings can be 
obtained under a relatively low primary 
vacuum of only about 10-' torr. 

A distinctive feature of the process 
is that the substrate and the material 
to be deposited —which is heated above 
its vaporisation point — are not placed 
directly in the vacuum tank, as is the 
case with most of the conventional 
evaporation equipment, but are sur
rounded by a chamber (illustrated in 
Fig. 2) which is electrically earthed. 
This chamber acts as a Faraday cage 
and consequently plays a not inconsi
derable role. 

A differential potential is applied 
between the source and the substrate, 
which acts as an anode, causing acce

leration of the electrons available in the 
system and ionisation of the vapour. It 
is probably this latter phenomenon 
which is responsible for the elimination 
of the impurities in the vapour. 

The proper functioning of the device 
depends upon the values assigned to 
certain parameters. 

First of all, the substrate surface 
temperature : it was ascertained that 
the atoms or molecules from the source 
of the material to be deposited become 
intimately bound with the substrate to 
the extent that the surface layers of the 
latter are brought up to what is known 
as the bonding temperature. This tem
perature was determined experiment
ally for various materials. In the case 

Figure 2 : General diagram of device used 
¡or applying thin layers. 
I) vacuum chamber; 2) electron source; 
3) focusscd electron beam ; 4) internal 
chamber ; 5) substrate ; 6) electrical poten
tial source ; 7) material to be deposited. 

Figure 3 : Influence of the substrate poten
tial on the structure of the coating and 
the rate of deposition. 
In all the cases illustrated, molybdenum 
samples of identical dimensions were 
coated at 1,200" C with a layer of the 
same material. The potential varied from 
-100 to +150 volts. 
Under each photograph is indicated the 
potential, in volts, and the quantity, in 

grams, of material deposited during a 30-
minute test. Although the highest rate of 
deposition is obtained at zero potential, 
the best results as regards the quality of 
the coating are achieved when the poten
tial is in the region of -\- 25 to + 75 volts. 

Molybdenum was chosen because it is 
known as a particularly difficult and 
obstinate material to work with in vacuum 
deposition. 

- 100 V 0.226 gr 0 V 0.485 gr + 25 V 0.453 gr + 75 V 1.097 gr 
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of aluminium coatings, for example, it 
was found to be in the region of 450° C, 
whereas for nickel it was about 700" C 
and for alumina approximately 1,350°C. 
Once an initial bonding layer has been 
deposited it may become necessary to 
adjust the temperature of the substrate 
in order that the subsequent growth of 
the layer may be accompanied by the 
formation of a good crystal structure. 
Here again the values were determined 
experimentally ; they were found to be 
between 5/10 and 7 /10 of the relevant 
element's melting point in degrees 
Kelvin. 

Lastly, the potential applied to the 
substrate : as can be seen from Fig. 3, 
both the quality of the layer and its 
rate of deposition depend on the value 
of the potential. This potential, in 
contrast to the voltages applied in the 
more conventional techniques of thin-
layer deposition, is extremely low, 
being only a few tens of volts. 

The process has already aroused the 
interest of several industrial concerns. 
If it can be employed in economically 
favourable conditions, it may well meet 
with considerable success, particularly 
3wing to the exceptional adhesion of 
the coatings obtainable in this way. In 
the production of nickel- or cadmium-
plated steel pressings, for example, the 
current practice is to shape the sheet 
metal first and then to carry out the 
plating. Provided that a very close bond 
between the sheet metal and the nickel 
san be obtained, it might now be much 
more attractive to reverse the order of 
these two operations. This will be pro
ved one way or the other when the 
process has been tested outside the 
laboratory. 

Another field in which the new 
technique could be beneficial is the 
deposition of insulating materials such 
is alumina or silica. The deposits pro
duced are remarkably adherent and 
possess a good crystallographic struc
ture. 

Conversely, it is also possible to 
abtain excellent deposits of metals on 
insulating materials. Fig. 4 shows the 
surface of a niobium coating on alu
mina. E U P A 9-4 

Figure 4 : Crystallographic structure of a 
deposit of niobium on alumina. 

The Commission has recently 
published the following tech
nical notes : 

The Commission's technical 
notes give descriptions of ori
ginal results obtained under the 
Euratom research programmes. 
Their purpose is to enable firms 
to decide whether they should 
consider industrialising these 
results. Copies can be obtained 
on request from : The Commis
sion of the European Commu
nities, DG X1II-A, 29, rue 
Aldringer, Luxembourg. 

— 498 : Radiation shielding for mani
pulator arm penetration through the 
roof of a hot cell. — A fixed lead dome 
with a central hole is mounted on the 
cell ceiling. On this dome is a mova
ble spherical lead cap to the centre of 
which the manipulator arm is fixed. 

When the cap is moved, three pendu
lum counterweights suspended from the 
rim of' the cap keep it in equilibrium, 
regardless of the position of the arm. 

— 408/782 : Machine tool for cutting 
up an assembly of coaxial lubes, and 
particularly for pressure-tube nuclear 
reactor channels. — This machine was 
developed to cut up irradiated tubes, 
e.g. pressure tubes, containing a jam
med fuel element. It is designed more 
particularly for cutting coaxial tubes of 
various materials (stainless steel, zirca-
loy, aluminium) but can also be em
ployed to remove cladding or to cut up 
single tubes. Capacity : thickness, from 
a few tenths of a mm up to 8 mm : 
diameter, up to 135 m. 

— 51 C : Numerical resolution of the 
transport equation by the method of 
collision probabilities. — A FOR TRA N 
IV programme for IBM 360 /65 has 
been developed which calculates the 
multiplication and flux factor as a 
function of the energy in a cellular 
lattice by the method of' first-collision 
probabilities. The present version of the 
programme deals with two types of 
geometry — concentric rings and clus
ters. 

— 34 C : Universal measuring bench 
for geometrical inspection of cylindri
cal objects. — The measuring rig com
prises a vertical bench actuated by a 
control console. In a single pass it mea
sures simultaneously the length, varia
tions of diameter and straightness, and 
roughness of cylindrical pieces. 

— 33 C : Rolling mill for deforming 
metals and alloys at liquid nitrogen 
temperature. — This instrument, which 
can be easily adapted and incorporated 
into commercial rolling mills as auxi
liary equipment, was developed for the 
purpose of preparing samples for the 
following types of experimental measu
rement : electric resistivity measure
ments to detect artificial defects intro
duced into the samples ; electronic mi
croscope measurements. 
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NEWS FROM THE EUROPEAN COMMUNITIES 

New lease of life for Euratom after Hague conference 

SINCE 1967, when its second five-
year research and investment program
me expired, Euratom had been through 
hard times. The Member States could 
not agree on a new five-year program
me and the Atomic Energy Commu
nity appeared, to the more pessimistic, 
to be condemned to a lingering death. 

It was a paradoxical situation in that 
the Six had on a number of' occasions 
displayed a sincere desire for coopera
tion in the research and technology 
sector. Euratom's difficulties therefore 
seemed due to a brake applied by the 
Community to counteract its own for
ward motion. 

On 1-2 December 1969 the Heads 
of State and of' government of the 
Community countries took the oppor
tunity of their meeting at The Hague 
to put an end to this paradox. They 
reaffirmed their "readiness to conti
nue more intensively the activities of 
the Community with a view to coordi
nating ami promoting industrial re
search and development in the princi
pal sectors concerned, in particular by 
means of common programmes, and to 
supply the financial means for the pur
pose" and agreed on "the necessity 
of making fresh efforts to work out 
in the near future a research program
me for the European Atomic Energy 
Community designed in accordance 
with the exigencies of modern industrial 
management, and making it possible to 

ensure the most effective use of the 
Joint Research Centre" (final commu
niqué, para. 10). 

The Community countries' Science 
Ministers, meeting in Brussels in the 
same week, on 6 December, endorsed 
this unanimous determination, deci
ding : 
— "to make the JRC ... an effective 

and appropriate Community instru
ment for the performance of the 
tasks that will be assigned to it in 
the nuclear field in the form of 
either a joint programme, special 
programmes or work to be carried 
out on request and against payment: 

— "that the JRC's facilities can be 
used for non-nuclear scientific and 
technological research, notably as 
a result of such decisions as may 
be taken in the context of the coop
eration plans proposed by the six 
Member States of the Community 
to other European States. With this 
in view, the Council agreed to 
undertake without delay, and in 
close cooperation with the Com
mission, a study of the options in 
this area, having regard in partic
ular to the qualifications of the 
personnel employed, and of the 
legal provisions to be adopted for 
this purpose ; 

— "to instruct the Committee of Per
manent Representatives to frame, 

without delay, in close cooperation 
with the Commission and without 
prejudice to the responsibilities laid 
upon the latter by the Treaty, pro
posals aimed at strengthening the 
organisation of the JRC's manage
ment with a view to ensuring better 
coordination of nuclear activities 
within the Community, greater 
flexibility in the formulation and 
implementation of Euratom's re
search programmes and greater effi
ciency in the administration of the 
JRC...". 

Furthermore the Council agreed, 
pending the solution of these problems, 
"to extend the Euratom research and 
training programme for 1969 for a pe
riod of one year and to maintain the 
present strength of the JRC through
out that period. During this time the 
Council will adopt a new multiannual 
programme" and 

a) "will take the first decisions to 
promote the widest possible coopera
tion in the field of advanced reactors, 
more especially fast reactors", 

b) "will give its decision on the 
Commission's proposal concerning the 
long-term supply of enriched uranium". 

Lastly, the Council decided that "in 
the event that the work envisaged is 
not completed by the end of 1970, the 
1969 programme will be extended for 
a further year". 
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Adoption of Euratom budget for 1970 

On 19 lanuary 1970 the Council of 
Ministers of the European Communities 
adopted the Euratom research and train
ing programme for 1970. Altogether 
it represents a budget of 55.2798 mil
lion u.a., including the participation in 
the Dragon project decided upon pre
viously. 

Appropriations of 48.63 million u.a. 
are earmarked for the research pro
gramme proper, i.e. 23.50 million for 
the joint programme (financed by the 
six countries) and 25.13 million for the 
complementary programme (financed 
solely by the countries directly concer
ned). The breakdown of these appro
priations by subject is shown below (in 
million u.a.) : 

1) fast reactors 1.53 
2) heavy-water reactors 9.90 
3) high temperature gas reactors 1.05 
4) technological problems of 

reactor development 1.73 
5) plutonium and transplutonic 

elements 4.50 
6) reactor physics 0.63 
7) condensed state physics 2.25 
8) research on nuclear materials 2.60 
9) direct energy conversion 0.66 

10) fusion and plasma physics 6.40 
1 1) biology and health physics 3.84 
12) CETIS - data processing 3.85 
13) nuclear measurements and 

standards 3.20 

14) operation of BR 2 reactor 0.55 
15) operation of HER reactor 3.60 
16) instruction and training 0.54 
General work on programme 

coordination 1.80 

Total : 48.63 
The European Parliament approved 

the draft budget during its session of 
3 February 1 970, although it expressed 
certain reservations and proposed two 
amendments. 

It should be added that the reason 
why the items "dissemination of infor
mation " and "Euristop" do not 
appear in the list is that they have been 
transferred, as from 1 lanuary 1970, 
to the Communities' operating budget. 

The "Nine" ready to discuss cooperation on technology with the "Six" 

The Community's Working Group 
on Scientific and Technical Research 
Policy (Aigrain Group) has already 
spent several meetings this year exam
ining the scientific programmes of the 
Community countries. The group's aim 
is to find the points at which the var
ious countries' programmes converge 

or diverge, in order to select new sec
tors for cooperation besides those (data 
processing, telecommunications, abate
ment of nuisances, meteorology, ocea
nography, means of transport, metal
lurgy) already listed in the report it 
submitted in March 1969. 

Meanwhile, the nine non-member 

European States to which the Six had 
proposed cooperation on the basis of 
that report (see euro-spectra Vol. VIII 
(1969) No. 4, p. 125) have all returned 
affirmative replies. 

Gas centrifuging - a letter from the Commission to the German and Dutch governments 

On 29 December 1969 the govern
ments of the Netherlands, Germany 
and the United Kingdom communica
ted to the Commission the draft of their 
proposed agreement for cooperation in 
the development and operation of the 

gas centrifuging process for the produc
tion of enriched uranium. 

To convey its observations in accor
dance with the terms of Article 103 of 
the Euratom Treaty, which forbids 
Member States to conclude with non-

member countries any agreement that 
impedes the implementation of this 
Treaty, the Commission sent a letter 
to the Dutch and German governments 
on 27 January 1970. 
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NEWS FROM THE EUROPEAN COMMUNITIES 

Are the Community manufacturers of nuclear components competitive ? 

The Commission of the European 
Communities has asked the Belgian 
firm SOBEM A Ρ to carry out a sur
vey of the output and capacity of the 
industries producing nuclear compo
nents for power reactors. The survey 

is required for the purpose of listing 
the nuclear components produced in 
the Community, with due allowance for 
the qualitative and quantitative aspects. 
It will then be possible to estimate the 
extent to which these firms are compe

titive with respect to their international 
rivals, so that measures to improve the 
situation can be worked out in full 
knowledge of the facts. 

Survey of new means of transport 

The Commission of the European 
Communities has asked SETEC-Econo-
mie, of Courbevoie, France, to carry 
out a study with the object of esta
blishing the present situation and futu
re prospects with regard to research and 
development work on land and sea 
transport in the Community countries. 
Britain, Sweden, Switzerland, the Uni
ted States, Canada and Japan. 

The survey will make a distinction 

between research on elementary techni
ques (air cushions, linear motor, elec
tromagnetic lift, fuel cells, etc), vehi
cles (Naviplanes and hovercraft, aero-
trains, electric vehicles, Urba mono
rail, turbotrains, etc.) and systems 
(electronically guided motorways, urban 
transport, inter-city links, transport 
chains, etc). 

A second part will be devoted to the 
general considerations to be drawn. 

More especially it will draw attention 
to any efforts which are being dupli
cated. 

The resulting reports will provide 
the Commission, and the Community 
authorities concerned, with the means 
of drawing up a common research poli
cy in the field of new methods of land 
and sea transport. 

Electrical energy statistics for 1969 

The particularly marked expansion 
of the Community's economy during 
1969 resulted in an accelerated demand 
for electrical energy : net consumption 
(including losses) reached 517.000 mil
lion kwh. which is 9 % more than in 
1968. This growth is the greatest to 
have been recorded since 1960 and is 
well above the average annual rate of 
7.2 % which corresponds to a doubling 
every ten years. 

The production of nuclear electri-
citv, at 11.000 million kwh, increased 
by nearly 50 % thanks to the regular 
use of large generating units and not
withstanding prolonged shut-downs at 
several power stations as a result of 

damage. In the Community as a whole 
nuclear energy already accounts for 

2.1 % of the total electricity produc
t ion. 

Total net electricity production in the Community according to energy 
source ( χ 1,000 million kwh). 

Community 

1968 
1969 

Variation 1969/68 

Breakdown 1968 
of total : 1969 

Total 

466.7 
513.2 

-I- 9.9 % 

100 % 
100 % 

Hydro
electric 

1 1 1.1 
1 10.0 

- 1.0% 

23.8 % 
21.5 % 

Geo thermal 

2.5 
2.6 

+ 2.5 % 

0.5 % 
0.5 % 

Nuclear 

7.3 
1 1.0 

+ 49.4 % 

1.6 % 
2.1 % 

Conventional 
thermal 

345.8 
389.6 

+ 1 2 . 6 % 

74.1 % 
75.9 % 
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Eurisotop Bureau news 

Participants at the symposium on the 
irradiation of potatoes, held by the 
Commission in Brussels on 1 -2 Octo
ber 1969, expressed the wish for a 
joint programme of comparative tech
nical tests on the inhibition of germi
nation by irradiation and chemical 
treatment. This now exists : since De
cember 1969 Community experts have 
been provided with batches of the 
Bintje variety of potato. 

As a result of discussions between 
the Commission and interested trade 
circles, it was agreed to organise Com
munity action to help promote the uses 
of radiation and isotopes in the leather 
and footwear industries. Three study 
groups have been formed, who will 
report on the following potential uses : 

automation and rationalisation of pro
duction by radiometry ; diagnosis of 
manufacturing processes and analysis 
of' materials by radiochemistry; process
ing and improvement of materials and 
manufacture of new products by irra
diation. 

Under the current Community pro
gramme for the standardising and im
proving of oxygen assays in non-fer
rous metals, samples, provided gratis 
by the firms concerned, have been sup
plied to experts who will establish com
parisons between the assay values ob
tained with the most promising nuclear 
methods (neutron, gamma and charged 
particle activation) and with other prac
ticable methods. 

A demonstration examination by 
gammagraphy and radiometry was per
formed on two concrete bridges on the 
Ruhr motorway in November 1969. 
Similar tests have already been run in 
France and Belgium and others are 
planned for Italy (Autostrada del Sole. 
April 1970) and the Netherlands 
(March 1970). A catalogue of standard 
plates is likewise to be prepared in 
1970, based on the results of tests on 
concrete standard test pieces. All this 
work forms part of a Community pro
gramme to promote the gammagraphic 
inspection of reinforced and prestress-
ed concrete structures. 

Two gamma-ray ra
diographs of pre-
stressed concrete 
structures. 
The left-hand radio-
>raph shows a col-
'ap.sed duct, together 
vit h cracks in the 
oncrete (source: iri-
liuin 192; concrete 
'hickness; 12 cm). 
The right-hand pic
ure reveals insuffi
cient grouting above 
'he ducting of the 
ower tendon (sour
ce: cobalt 60; con
rete thickness: 25 
•in). 
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NEWS FROM THE EUROPEAN COMMUNITIES 

Production of hydrogen by decomposition of water 

Hydrogen is an intermediate chemi
cal element used in large quantities. It 
is estimated that over 60,000 million 
cubic metres a year are consumed in 
the Community. By way of compari
son, the annual electricity production 
in the Community is equivalent to 
150,000 million cubic metres of hydro
gen. 

Economic reasons alone limit its use 
in such fields as the manufacture of 
sponge iron by ore reduction at low 
temperature, which in the Community 
could utilise 80,000 million cubic 
metres a year of' hydrogen. As for its 
potential market as a fuel gas, distri
buted and used like methane, estimates 
suggest that it might be as much as 
200,000 million cubic metres a year ; 
for it must be remembered that the only 
substance given off by burning hydro
gen is water, so that its use in urban 
areas would partly solve the « smog » 

problem. Moreover, contrary to what 
one might suppose, hydrogen is less 
dangerous than town gas. 

All that is needed, then, is to make 
hydrogen far cheaper than it is today. 

This could be done simply by 
bringing down the cost of the energy 
needed for the traditional production 
processes, in which case nuclear power 
would have a good chance ; for, pro
vided that the generating plants are big 
enough, nuclear heat is already cheaper 
than the heat obtained from conven
tional fuels. 

Another way is to devise more prof
itable processes, such as the direct pro
duction processes which were discussed 
recently by industrialists and research 
scientists at lspra. The idea is to prod
uce hydrogen directly from water, and 
the most obvious answer is to find a 
method of thermally cracking the 
water. But this would call for tempe

ratures of the order of 2,500-3,000" C, 
which today's commercial reactors are 
incapable of achieving. 

Theoretically, however, the result can 
be achieved, even at a temperature of 
about 809" C (within the reach of the 
present high-temperature reactors), if 
the water is broken down step by step. 

Processes based on this principle 
have been discovered, notably at the 
Joint Research Centre's lspra Estab
lishment. For instance, a method 
using mercury bromide proceeds as fol
lows : 

1) Hg Br. + Ca (OH)., -» 
Ca Br, + Hg O + Η,Ο 

2) Ca Br, + 2 Η,Ο -> 
Ca (OH), + 2 H Br 

3) H g O -» Hg + 1/2 0 / 
4) Hg -+- 2 H Br -> Hg Br, + H , / 1 

This cycle, which has been tested on 
the laboratory scale, has a thermodyn
amic efficiency of 75 % . 

Conference on coking techniques and developments 

The Commission is to hold a confe
rence at Luxembourg, on 23 and 24 
April 1970, on the subject of coking. 
The meeting will discuss the findings 

of the research work promoted by the 
European Coal and Steel Community 
in this field, dealing with the technical 
capacity and profitability of coking 

plants and also the widening of the 
range of coals suitable for coking. 
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Colloquia on radiation protection 

On 16-18 December 1969 nearly 200 
experts took part in a colloquium on 
the supply of information to and the 
training of workers on radiation pro
tection, arranged by the Commission 
of the European Communities. 

Radiation protection problems con
nected with the emission of stray X-
rays by electronic systems will form 
the subject of a colloquium to be held 
at Toulouse, France, on 3-6 November 
1970. This meeting is being organised 

by the Commission in cooperation with 
the Atomic and Nuclear Physics Cen
tre of the Science Faculty of the Uni
versity of Toulouse. 

Molecular biology and radiobiology course 

An interdisciplinary training course 
on molecular biology and radiobiology, 
arranged by the Molecular Biophysics 
Centre of the Centre national de la 
recherche scientifique under the auspi
ces of the European Communities, will 

be held at Orléans, France, from 14 
September to 6 October 1970. This 
course is aimed particularly at physi
cists and chemists attracted by biophy
sics. Grants may be awarded, further
more, to a certain number of candidates 

to enable them to work for one or 
two years in a laboratory. All further 
information can be obtained from the 
Commission of the European Commu
nities, DG XV, rue de la Loi 200, 
1040 Brussels, Belgium. 

Euratom Information" becomes "euroabstracts' 

In future « Euratom Information » 
will appear under the title of « euro-
abstracts ». The new name is intended 
to reflect the widening of the journal's 

scope to keep pace with the expanding 
field of activity of the Commission of 
the European Communities. The con
tents will continue to cover mainly 

abstracts of scientific and 
publications and patents. 

technical 

Glossary of plasma physics 

The Terminology Bureau of the 
European Commission has recently 
completed the first part of' its GLOS
SARY OF PLASMA PHYSICS. This 
is a working document in five langues 
(german, trench, italian, dutch, english) 

which comes within the purview of 
Article 8, S 1.3 of the Euratom Treaty 
and can form the basis for the stan
dardisation of terminology in this im
portant field of research. Although the 
glossary is an internal document, a 

limited number of copies is available 
for specialists in this field. Applications 
should be sent to : Commission of the 
European Communities, Terminology 
Bureau, rue de la Loi 200, 1040 Brus
sels, Belgium. 
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