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The Community's mission is to create the 
conditions necessary for the speedy estab
lishment and growth of nuclear industries 
in the Member States and thereby contrib
ute to the raising of living standards and 
the development of exchanges with other 
countries (Article 1 of the Treaty Instituting 
the European Atomic Energy Community). 

T h e E u r a t o m In format ion and 
Documenta t ion Cent re recently 
prepared statistics on the origin 
of the "nuclear" documents 
covered by its automat ic docu
menta t ion system. 
I t emerged tha t 38% of the i tems 
in its collection or iginated in the 
U n i t e d States. N e x t come the 
East European countries, includ
ing the USSR, w i t h 2 1 % , the 
C o m m u n i t y countries w i th 18%, 
the U n i t e d Kingdom wi th 8 % 
and Japan w i t h 5%. 
These figures show that m o r e 
than a quar ter of the documents 
in the collection come f r o m 
Eastern Europe and Japan, i.e. 
f r o m countries using languages 
which most Westerners regard 
as "dif f icult" . T h e size of this 
propor t ion is fur ther proof t h a t 
Western research scientists can 
no longer afford to be ignorant 
of the results achieved by the i r 
opposite numbers work ing in 
those countries. 
A t the same t i m e , however, w e 
may wel l wonder if the col
lection is really complete , and 
whether the figure for Eastern 
Europe and Japan ought not to be 
yet higher. 
I t is wel l known tha t even to get 
hold of everything published on 
a given subject in one's own 
country is no easy task; w h a t 
sort of access can we expect, 
then, to nuclear l i te ra ture in 
those linguistically far-off lands? 
Clear ly , this is a problem t h a t 
needs tackl ing, and " E a s t a t o m " 
has been set up, in the Jülich 
Nuc lear Research Cent re , for 
tha t express purpose. 
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condensed state physics 

VICTOR RAIEVSKI, Head of Reactor Physics Department, Ispra, Establishment of Euratom's Joint Research Centre 

NEUTRON PHYSICS is certainly less fami l 

iar t o the nonspecialist scientific public 

than highenergy physics. The lat ter at once 

evokes the large accelerators which are 

needed to produce highenergy particles, 

and which have l ikewise stimulated the 

g row th of this branch o f physics by reason 

of the huge investments involved and the 

resultant concentrat ion of efforts. The 

CERN 30 Gev synchrot ron, fo r instance, 

cost 22 mi l l ion dollars. 

Though st i l l unperceived by the general 

public, a similar g row th is taking place in 

the sphere of neutron physics, and un

questionably the sheer magnitude of the 

funds and investments entailed in this 

branch o f physics w i l l help t o l i f t i t out of 

the experts ' corner and on to the f ron t page 

w i th its companion, highenergy physics. 

Take, for instance, the cost, in dollars, of 

bui lding intense neutron sources—15 mi l 

l ion fo r the nuclear reactors that recently 

came into operat ion in the Uni ted States, 

30 mi l l ion for the new American and 

European projects, 150 mil l ion fo r the 

Canadian project . Even more impor tant 

than this spectacular aspect, the con

st ruct ing of these huge machines wi l l lead 

t o a concentrat ion of effort w i th in special

ised installations, and to programme 

coordinat ion on an international scale, 

which has already star ted. 

l iquids, is of practical value. Condensed 

state physics, by enabling us to understand 

the reasons fo r these propert ies and 

revealing new ones, opens the way to 

major developments in all branches of 

technology. 

Certain of these applications, such as the 

st i l l qui te recent discovery of the propert ies 

of semiconductors and the i r use in elec

t ronics, are among the most widelyknown 

though not the most impor tan t ; others 

such as lasers, masers, Josephson junct ions, 

or the Gunn effect, are beginning to reach 

public not ice. The lastnamed is a very good 

example of systematic research on prop

ert ies w i t h a view to the i r practical 

application. The object was to produce a 

crystal w i th negative electr ic resistance 

which could be used as an oscil lator t o 

generate highfrequency electromagnetic 

waves. The physicists found the answer 

th rough the i r w o r k on the phenomenon of 

variat ion in the apparent mass of the 

electrons in a crystal subjected to stress. 

It should not be fo rgo t ten , moreover, that 

our knowledge of materials is founded on 

condensed state physics. 

In order t o understand the propert ies of 

matter in the condensed state, i t is essential 

t o know its s t ruc ture and the nature of 

the forces of interaction that are exerted 

between the atoms. 

done in this field t o determine the s t ructure 

even of such everyday substances as water. 

. . . and the dynamics of m a t t e r . . . 

Essentially, solids cohere th rough electro

static forces, w i t h a slight contr ibut ion 

f rom magnetic forces. In general these 

forces are not uni formly exerted but are 

predominant in certain direct ions. One of 

the aims of condensed state physics is t o 

discoverthe intensity and direct ion of these 

interact ingforces. 

If a nucleus is shifted out of its equi l ibr ium 

posit ion, i t moves back to i t w i t h an oscil

lating mot ion which is characteristic o f 

these binding forces. In fact, a disturbance 

of this sor t w i l l t r igger off collective atom 

movements that propagate th rough the 

crystal at nearly the speed of sound, much 

l ike a wave. 

This phenomenon can be described as a 

propagating disturbance, t o which an 

energy and a momentum and therefore a 

mass can be assigned. There is nothing to 

prevent us f rom regarding i t as a special 

kind of part icle. Physicists have named i t 

the " p h o n o n " . For solid state physics also 

has its "s t range" particles, and the phonon 

is only one of several, such as the " m a g n o n " 

and the " e x c i t o n " . 

Condensed state physics: 

Knowledge of the propert ies of matter in 

the condensed state, i.e. of solids and 

Figure 1 : The photograph shows a particular 

type of crystal monochromator. This is the 

instrument installed at the Solid State Physics 

Department (M. Meriel), CEN, Saclay, France. 

research on the structure . . . 

The s t ruc ture may be crystall ine, meaning 

that an assembly of atoms representing a 

unit cell is reproduced regularly latt ice

wise, rather l ike a wallpaper pat tern . One 

then has to determine the lattice's symme

t r y propert ies and the arrangement o f the 

atoms in the assembly fo rming the unit cell. 

There is st i l l a great deal of research to be 

. . . by means of neutrons 

The s t ruc ture of matter can be determined 

by observing the diffraction of waves of a 

length comparable t o that of the distance 

between the atoms of the crystal, generally 

of the order o fone angström (1 Å = 10"
β 

cm). Xrays of about 50 kev (k i loelectron

volts) have the same order of wavelength 

and are generally used in diffraction 

exper iments. 
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N e u t r o n techniques [n condensed state physics 

Figure 2: An incident neutron of velocity v0 

is scattered by the sample; its postscattering 

velocity is v,. 

Whereas Xrays are scattered by electrons, 

neutrons are scattered by nuclei, and it 

happens that the wavelength needed for 

diffraction experiments corresponds to 

neutrons with an energy of the order of 

25 mev (millielectronvolts), which are 

produced in abundance in nuclear reactors. 

The principle of structure determination 

by Xray or neutron diffraction is as follows. 

A parallel beam of radiations strikes the 

crystal. Each atom of the crystal scatters the 

beam in all directions, and the resultant 

scattered radiation is measured at a distance 

with a counter. If the atoms are evenly 

distributed, the waves interfere and form 

images of the radiation source in certain 

preferential directions known as "Bragg 

directions". These directions furnish a 

means of determining the nature of the 

lattice, and from the intensity diffracted in 

these directions one can determine the 

arrangement of the atoms inside each unit 

cell making up the lattice. The scattering is 

elastic, i.e. the direction of the radiation 

is changed but not its energy ; it is coherent, 

for the waves interfere to give rise to 

Bragg peaks. 

Neutron diffraction is particularly impor

tant to the study of structures containing 

light nuclei, to magnetic structures, and to 

the study of the dynamics of matter. The 

importance of neutrons in research on 

dynamics must be emphasised. Owing to 

its mass, at equal momentum the neutron's 

energy is about a hundred thousand times 

weaker than that of the X quantum. The 

energy transferred to the crystal in a 

collision is of the same order of magnitude 

as the neutron's incident energy. Hence 

the variation in the neutron's momentum 

and energy can be exactly measured; in the 

case of the Xray the energy variation is 

about a hundred millionth and can only be 

measured in certain very special cases by 

using the Mössbauer effect. 

The techniques used in neutron phy

sics . . . 

The measuring principle is extremely 

simple. Neutrons of energy E0 and mo

mentum k0 = m v0 are selected. One 

measures their energy E, and momentum 

k, = m v, after scattering by the sample of 

matter under study. By reason of the law of 

conservation of energy and momentum, 

the differences E0—E, and k0—k, showthe 

energy and momentum transferred to the 

sample (Fig. 2). One also measures the 

fraction of incident neutrons which, after 

scattering, have the characteristics (E, k,). 

These quantities provide all the data needed 

to determine the structure and dynamics 

of the substance. 

The technique consists in selecting neutrons 

with the desired energy and momentum. 

The neutrons produced by fission in reactor 

fuelelements are slowed down in a modera

tor, and their velocity distribution is close 

to that of molecules of a gas of the same 

mass at the moderator temperature. 

The intensity of these neutrons in the 

moderator is characterised by the flux, i.e. 

the number of neutrons crossing one 

square centimetre per second in the 

moderator. 

In the reactors used for this sort of research, 

the flux is from 10
12

 to 10'
5
n/cm

2
.sec

1
. The 

beams are formed by neutrons that cross 

Figure 3: Bragg scattering: the waves 

scattered in direction Ö will interfere if the 

optical path AOB is a whole multiple of the 

wavelength λ. The Bragg condition for reflec

tion of the first order is AOB = 2d sin θ = λ. 

the outer surface of the moderator and 

escape along channels through the reactor 

shielding. They emerge via an angular 

aperture bounded by collimators—thin 

steel plates positioned inside the channels 

and parallel with their axis. It is a simple 

task to select the direction of momentum 

by this process, but not so easy to select 

the energies. This can be done in two ways: 

. . . selection by Bragg diffraction . . . 

We have already seen that a neutron beam, 

on striking a crystal, is scattered in certain 

preferential directions, called Bragg direc

tions. The neutrons scattered in those 

directions have a certain definite energy. 

If d is the distance between a series of 

lattice planes and θ the angle of incidence 

of the neutron beam, the Bragg selection 

depending on angle θ for neutrons of 

wavelength λ is given by the relation 

λ = 2d sin θ 

This is the equivalent of the familiar 

equation for optical lattices and corresponds 

to the same phenomenon; neutrons of 

wavelength λ wil l be scattered
2
 in the 

direction θ if the difference of phase of the 

scattered waves is a multiple of 2ττ in that 

direction. Placing the sample studied or the 

detector in the direction Ö amounts to 

selecting, out of the neutrons of all energies 

impinging on the crystal, the ones whose wa

velength satisfiesthe Bragg equation, (fig 3). 

At this point it wil l help if we explain the 

relation between the energyselection and 

the directionselection of the single crystal 

diffracted beam. 

If we consider a neutron beam of angular 

aperture dö with a spectrum of energies, 

impinging on a crystal along a direction Θ, 

all the neutrons inside the angle dö whose 

wavelength satisfies the Bragg equation 

1. The neutron flux (neutrons of any energy 

and any direction) is writ ten φ. If the 

energy and velocity are to be specified, 

one writes φ (Ε, Ω), φ is the integral of 

φ(Ε, Ω) over all values of energy and velocity. 

2. It does not matter i f we speak of neutrons 

of energy E, or of velocity v, or of wave

length λ: these quantities are interrelated 

by the equations: 

1 h 
E = — m ν

2
; λ = ■ 
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will be diffracted. Thus one gets a diffracted 

beam of aperture dö, and the wavelengths 

of these neutrons will bewithin a range dA. 

The energy selection dE/E = 2dA/A wil l de

pend on the angle selection do. To find 

this dependence, we have only to differenti

ate the Bragg equation, which gives: 

d A _ do 

~Ã~~tgô" 

Large diffraction angles facilitate selection. 

But the physicist is not concerned only 

with selection; another important charac

teristic is intensity, i.e. the number of 

neutrons received per unit of time. Efficient 

selection results in loss of intensity, and for 

each separate experiment a compromise 

has to be sought between these two 

conditions. 

The device used to select neutrons of a 

given energy by Bragg diffraction is called 

a crystal monochromator (Figs. 1 and 4). 

. . . and selection by timeofflight 

In this method, the neutron beam emerging 

from a reactor channel is chopped into very 

short lengths, generally of a few micro

seconds (ys), by a rotating shutter (Fig. 5). 

This consists of a diametrical slit in an 

absorbent disc spinning very fast opposite 

the beam collimator. The beam can only 

pass through during the very short time 

that the collimator and the slit are in line 

(twice per revolution); each time, neutrons 

of all energies in that batch fly forward. 

The faster outstrip the slower ones, and the 

batch strings out as it advances. In the beam 

path, at a certain distance (the flight base) 

from the disc, a counter is placed; synchro

nised with the disc, i t opens for a very brief 

time, usually equal to the disc aperture 

time, and with an adjustable timelag after 

the start of the batch. It wil l readily be seen 

that with the right timelag the counter 

will record the neutrons of the energy 

desired. 

The ratio dt/l is a measure of the selectivity 

of a given installation, where dt is the pulse 

duration and I is the flight base. It has 

become customary to express this selectivity 

in microseconds per metre (μ5/ηη). 

The pulse repetition rate is a factor that 

has to be allowed for. it must not be so fast 

that the fastest neutrons in one batch can 

catch up the slowest in the batch ahead. 

By using suitable filters, one can limit the 

energy range of neutrons allowed into the 

Figure 4: The neutrons leaving the reactor traverse collimator 1, are diffracted by crystal 2 

(e.g. copper) at an angle θ selected by collimator 3 and strike the sample 4. The detector 5, inside 

a shield 6, can be used for analysing the intensity of the neutrons scattered by the sample as a 

function of the angle S. In modern crystal spectrometers a programme is employed for automatic 

analysis. 

beam and slightly increase the frequency of 

repetition. 

I f f is the pulse repetition frequency, it can 

be shown that the selectivity is simply a 

function of the product f.dt, that is, of the 

time during which neutrons are admitted 

into the beam. Clearly, therefore, good 

selectivity depends on a short admission 

time. As with the crystal monochromator, 

the price of selectivity is a loss of intensity. 

This device is known as the timeofflight 

monochromator, or "chopper" (Fig. 6). 

At first sight it appears that the chopper 

rejects more neutrons than the crystal 

monochromator does; a quick analysis 

shows that this is not so. 

The chopper is linked with a multichannel 

selector which distributes the neutrons 

received by the detector over a set of 

counters according to their timelag (Fig. 7). 

Each counter registers only neutrons of a 

given energy, but all the neutrons in the 

batch are utilised. 

Given equal selectivity, both systems reject 

the same number of neutrons, but they do 

so in different ways. 

The devices used in neutron experiments 

often include combinations of various types 

69 



N e u t r o n techniques in condensed state physics 

of monochromator, and it soon becomes 
extremely difficult to analyse the respective 
merits of the different combinations; in 
these circumstances it is not surprising that 
even the experts find it hard to decide 
which are best. Two international meetings 
were held in 1966 to study this problem 
and the question of neutron sources, the 
first at Dubna (USSR), organised under the 
auspices of the International Atomic Energy 
Agency in July, and the second at Santa Fe 
(USA), organised by the European Nuclear 
Energy Agency. They undoubtedly gave a 
great impetus to ideas on this subject. 

Figure 5: Principle of the chopper. In (a) the neutron batch has just been formed; black dots 
represent the fast, white the slow, and grey the medium-velocity neutrons in the batch. 
Diagram (b) shows the batch an instant later. 

d i rec t ion 
of ro ta t ion 

(a) 

O 
beam 
channel 

flight distance of length I 

(b) 

_Q_ 
O O 

neutron packet 
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Intense neutron sources: 

Neutrons are produced in nuclear reactions; 
the reactions used by intense neutron 
sources are either fission or reactions with 
charged particles. One important charac
teristic is the heat released per neutron 
produced. As this heat has to be carried 
off, it governs the size of the source-cooling 
device. Table I gives some of the values for 
the nuclear reactions generally used. 

Table I: 

R e a c t i o n s 

(e, n) 50 M e v e l e c t r o n s 
f i s s i on , U 235 
fast f i s s i on . Pu 239 
s p a l l a t i o n , B i ( p , x n ) 1,000 M ev 

H e a t 
in Mi 

g e n e r a t e d , 
; v ava i lab le 

n e u t r o n 

600 
160 
100 
30 

The first of these is the reaction used in 
linac-type electron accelerators, where the 
high-energy electrons produced by the 
accelerator are slowed down in a heavy 
uranium or plutonium target and generate 
Bremsstrahlung, an intense gamma radiation 
due to braking, which produce neutrons by 
photoreaction on the target nuclei. The 
table shows that this device releases the 
greatest heat in the target. The linac, used 
in pulses, is a particularly useful instrument 
in nuclear spectroscopy, where the advan
tage of the very short pulse duration 
outweighs the drawback of low intensity. 
The spallation reaction is the boiling up of 
the nuclei produced by the impact of high-
energy protons. During this boiling a large 
number of neutrons are emitted. This is the 
most profitable reaction because of the 
small amount of heat released in the target, 
but i t requires an accelerator capable of 
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Figure 6 : Velocity-selecting neutron monochromator (chopper). The neutron beam leaving the 
reactor traverses collimator 1 and then the slits in two rotors. The monoenergetic neutrons strike 
the sample 4 and are analysed by the time-of-flight technique with the detectors 5. The shielding 6 
ensures that the experimental installation is biologically safe. This dual-rotor device permits 
energy selection before and after scattering (in cases of inelastic scattering). 

giv ing p ro tonsan energy o f some 1,000 Mev. 
This device has been proposed by the 
Canadians as an intense neu t ron source fo r 
a vast research programme ranging f r o m 
condensed state physics t o high-energy 
physics. N o device o f this k ind is being 
used fo r condensed state physics at the 
present t ime , however . 
Fission reactions are used in nuclear reac
t o r s , which are the major class o f intense 
neu t ron sourcesforcondensed state physics. 
The nuclear reactors used fo r these exper i 
ments are usually in cont inuous opera t ion , 
a system which is not suitable fo r the t ime -
of- f l ight method. For a chopper w i t h an 
admission t ime of 1 % , fo r example, a 

cont inuous reactor produces 9 9 % of dead-
loss neutrons, and this useless ou tpu t 
engenders heat which has to be carr ied 
off. 
If the reactor could del iver these neutrons 
in pulses and in t ime w i t h the chopper, 
w i t h the same average power i t wou ld 
prov ide a neu t ron beam 100 t imes more 
intense. In that case, the reactor i tself being 
a pulsed source, the chopper can be 
removed o r replaced by a s impler device 
serving only t o cut off the pulse tai l wh ich 
is always present in a pulsed reactor . O w i n g 
to the very shor t durat ion and high repe
t i t i o n rate of the pulse, the fast neut ron 
reactor is the most suitable f o r th is purpose. 

This relat ively recent concept is being 
developed rapidly. 

. . . t h e s ta t ionary reactor . . . 

A p a r t f r o m the IBR reactor at Dubna 
(USSR), all the reactors used today fo r 
condensed state physics are of the cont inu
ous type. The f i rs t was the CP7 reactor at 
the Argonne Cent re (USA), which wen t 
into service in 1942. The CPJ neut ron f lux 
was 10"n.cm2 .sec. Since then , several 
generations of reactors have fo l lowed, and 
the f lux has increased roughly tenfold every 
ten years. The latest generat ion, producing 
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Figure 8: Horizontal cross-section of the Grenoble GFHFR, showing the core, moderator and 
horizontal channels for beam extraction. (Extract from the paper by Messrs. K. H. Beckurts and 
R. Dautray: "Project Studies for the Franco-German High Flux Reactor", AEC-ENEA Seminar on 
Intense Neutron Sources—Santa Fe, USA, September 19-23, 1966). 

fluxes o f the o rde r o f 1015n.cm2./sec, are 
known as HFR (High Flux Reactors); i t is 
no t a very well-chosen name, but we w i l l 
bow t o th is recent custom and keep th is 
generic t e r m . 
The HFR reactors have many characterist ics 
in common. They consist of a ring-shaped 
core made up of fuel elements in the f o r m 
of highly enriched uranium plates, clad in 
a lumin ium and cooled by a stream of heavy 
o r l ight wa te r . The core is very under-
moderated. Moderat ion takes place mainly 
in an external ref lector o f heavy wate r , 
where the moderated neu t ron f lux attains 
its highest value and where the ends of the 

Figure 7: Principle of the multichannel selec
tor. The detector pulses are selected according 
to their time gap t since the moment the 
neutron batch was formed. An individual 
distribution for one batch is represented here. 
Modern selectors have over 1,000 channels. 
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neut ron beam ou t l e t channels emerge. 
The power densi ty is considerable, 1-2 
MW/ I on average, r is ing t o 5 MW/ I in 
cer ta in parts of the core. The heat f lux on 
the fuel e lement surfaces reaches 400-700 
W / c m 2 , and in o r d e r t o ex t rac t i t the 
cool ing water has t o c i rculate at speeds o f 
10-15 m/sec. Obviously cool ing condi t ions 
of th is so r t are not f a r f r o m the technolog i 
cal l im i t , and, shor t o f s ingular ly expensive 
contr ivances, i t is agreed that the highest 
economically feasible increase over present 
f lux values is o f the o r d e r o f 2-3. 
There are th ree reactors o f th is type in 
operat ion today—SM2 (New Melekes, 
USSR, 1961), HFIR (Oak Ridge, USA, 1965), 
HFBR (Brookhaven, USA, 1965), and t h ree 
o thers at the design stage—AARR (Argonne, 
USA), UKHFBR (UK) , and GFHFR (Grenoble, 
France). The HFBR is typical o f th is reactor 
generat ion. It produces a f lux of 0.6 . 1015n. 
cm2.sec fo r a power o f 40 M W (Fig. 8). The 
French have in t roduced the concept o f 
"e f f ic iency" , expressed in f lux per un i t 
power . The HFBR has an efficiency o f 
1.5.10". n.cm2 .sec.MW. 
The jo in t Franco-German GFHFR pro ject is 
fa i r ly s imi lar in design t o the HFBR, but i ts 
improved core design raises the power t o 
55 M W and the efficiency t o 1.8.1013. Thus i t 
w i l l have tw ice as high a f lux as the HFBR. 
The part icular in terest o f this pro ject , 
however , lies no t in the doubled f lux but in 

its cold source. This is a volume of l iqu id 
hydrogen posi t ioned inside the reactor, 
which serves t o moderate the neutrons at a 
tempera tu re far lower than that o f the 
ref lector , thus affording a ten t imes greater 
f lux o f the very long wavelength neutrons 
which are especially impo r tan t in these 
researches. 

. . . and t h e pulsed reac tor 

The only cur ren t l y operat ing pulsed reactor 
used fo r condensed state physics is the IBR 
reactor at the Dubna Cen t re (USSR), wh ich 
star ted up in 1960. The ÍBR demonstrated 
that i t is feasible t o operate a reactor in 
pulsed condi t ions w i t h o u t encounter ing 
special diff icult ies in t he way o f s t r uc tu re 
behaviour o r power regulat ion. C u r r e n t 
projects envisage considerably h igher 
powers, o f the o rde r of 1 M W o r more . 
The pulsed reactor comprises a highly 
enriched uranium o r p lu ton ium core, made 
up o f stainless steel clad fuel elements and 
cooled by a sodium o r eutect ic potassium-
sodium st ream. The core volume is very 
small , 5-10 l i t res . It is sur rounded by a 
metal ref lector containing the con t ro l and 
safety rods and the hydrogen moderators 
in which the neutrons are slowed down 
(Fig. 9). The channels run t h r o u g h the 
biological shield and the metal ref lector , 
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ending against or inside the hydrogen 
modera tor f r o m which issue the neut ron 
beams used in the exper iments . 
The power pulse is produced by a sharp 
per iodic react iv i ty rise caused by the rapid 
ro ta t ion of a large-diameter wheel which 
carries e i ther a sample of fissile material 
o r a ref lector sample. In the f o rme r case, 
the sample enters the core t h rough a s lo t ; 
th is is the solut ion adopted in /BR, and i t 
l imi ts its power . In the la t ter case, the 
solut ion adopted fo r h igh-power devices, 
the t ra jec to ry is tangent t o the core. 
The SORA project designed by Euratom is 
character ist ic o f high power pulsed reactors. 
The core volume is 6 l i t e rs , the average 
power 1 MW. The power density, 0.15 
M W / I , is low compared w i t h that of the 
HFR and even the fast power-generat ing 
reactors (0.5-1 MW/ I ) . In th is respect the 
project may be considered very cautious, 
and there are o the r projects o r designs 
(Brookhaven, U S A - H a r w e l l , UK) at a less 
advanced stage than SORA bu t w i t h power 
density values ten t imes as high (Fig. 10). 
The react iv i ty pulse is obtained by ro ta t ing 
a bery l l ium ref lector f i t ted on a wheel 
190cm in d iameter at a speed o f 50rps . The 
power pulse has a durat ion of 50 [is and a 
max imum ampl i tude o f 300 MW, and the 
neut ron f lux in the hydrogen moderators 
reaches a value o f 4 . 10 ,5n.cm2.sec. The 
neu t ron spect rum depends on the modera
t o r tempera tu re and geomet ry , which can 
be modi f ied. The fast and ep i thermal 
neu t ron pulse is o f the same durat ion as the 
power pulse. It is longer fo r the thermal 
neut rons, ow ing t o the thermal isat ion 
phenomenon, and reaches about 60-1 OOus. 
A l though somewhat long, th is pulse dura
t i on is admirably suitable fo r t ime-of - f l ight 
exper iments w i t h thermal o r cold neutrons. 
Resolution is determined by the t ime-of -
f l ight base and in certain exper iments , using 
yery long f l ight bases, i t is helpful t o use 
an ingenious device developed by Professor 
Maier-Leibni tz of the Un ivers i ty o f Munich, 
wh ich consists of polished metal l ic tubes in 
wh ich the beam neutrons are propagated 
by to ta l ref lect ion off the wal ls. The power 
pulse durat ion can be substantial ly shor t 
ened by coupl ing the pulsed reactor w i t h 
an accelerator, which is used t o inject 
neutrons in to the reactor core fo r a very 
shor t t i m e , o f microsecond o rder , at the 
instant when the reactor react iv i ty pulse 
reaches its peak value. 
In the case o f SORA, the accelerator envis-

Figure 9: Horizontal cross-section of the central part of the SORA pulsed reactor. The core, an 
assembly of U 235 or Pu 239 fuel elements, is contained in a hexagonal vessel H. The hydrogen 
moderators S, (cold neutrons) and S2 (thermal neutrons) are contained in the metal reflector. Each 
source feeds three pairs of channels, i.e. four horizontal channels situated at two different levels 
(C, , C J (C7, CB) and two slightly sloped. Pulsing is produced by sweeping the beryllium block S3, 
which also serves as an epithermal neutron source. The revolving axis of the wheel carrying S3 is 
at the extreme right of the drawing. R, to R6 are the control and safety rods. N is the neutron 
source used to start up the reactor. 
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Figure 10: View of the SORA pulsed reactor. The revolving axis not shown in Fig. 8 can be seen 
here at 1. The beryllium block S3 is carried by one of the arms of the propellor P. The channels 
fed by the sources are plainly visible here, with their position at two different levels and their 
slope. 

aged, a linacelectron machine, would have a 
maximum output of 50 MW and an average 
beam power of 50 kW, producing 5 . 10'4n. 
sec on average. This source is multiplied 
by about 300 in the reactor. The reactor's 
peak power reaches 2,000 MW and the pulse 
du ration is shortened to 6 μ3. The epitherm
al neutron flux is raised to seven times its 
reactor-only value. 

Conclusion 

At the end of 1966, there were three high-
flux reactors in operation — one in the 
USSR and two in the USA. From initial 
conception to start-up they took an average 
of ten years, roughly half of which were 
spent in working out the detailed project, 
construction and acceptance tests. We may 
thus take it for granted that those countries 
can now look forward to some five years 
free of com pet i t ion f rom any West Eu ropean 
reactor. Their physicists can therefore 
settle down to their researches undisturbed, 
and their Western European colleagues can 
only follow their work in the publications 
that will shortly start to flow. 
An initial attempttoget a high-flux reactor 
designed and built in Western Europe was 
made in 1963, under the aegis of the 
European Nuclear Energy Agency. Although 
technically this attempt led to an interesting 
project, it foundered in political waters. 
Following this failure, Euratom on one side 
and France and Germany on the other 
developed two entirely different but 
remarkably complementary projects. They 
embody original features which entitle 
Western Europe's physicists to be present 
in this field and to contribute to its develop
ment. From the technical standpoint, these 
projects have reached the point where 
construction can be started. It was decided 
in December 1966 to build the GFHFR. The 
decision on SORA is to be considered in 
1967. 

There is wide concern today over the 
growing scientific and technical gap between 
the European Community and the other 
industrially advanced countries, a gap that 
is still widening. Similarly there is much 
talk of concentrating and co-ordinating 
efforts. Let us hope that all this concern 
will lead shortly to some real action; the 
scientific and technical foundations are 
already there, and all that is lacking is the 
decision to go ahead. (EUBU 6-11) 
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Ka sí ¿i i om - a n ew rou te 
to ii ii know I I research l i t e r a t u r e 

DR. G Ü N T H E R REICHARDT, Jülich Nuclear Research Centre, Germany 

The Jülich Nuclear Research Centre, in 
collaboration with Euratom, has set up a 
service which, for certain narrow research 
fields, locates, procures, notifies and, on 
request, translates unknown but important 
literature of the East European and Oriental 
countries. Lists of such literature are published 
in the monthly journal Transatom Bul let in 
under the title Eastatom. They contain a 
limited selection under twelve different 
subject-headings and cover published scientific 
works in obscure languages which are not yet 
available in translation and do not yet feature 
in Nuclear Science Abstracts. 

RESEARCH HAS A L W A Y S been concerned 
w i t h the unknown. The individual research
er is at all t imes possessed w i t h the urge t o 
advance on remote and imaginative goals, 
bu t the scientif ic exper imenta t ion and 
technological development w o r k that lead 
t o these goals are of ten so onerous as t o be 
beyond the intel lectual and financial 
resources o f the indiv idual . In such cases 
the re is only one so lu t i on : t o enlist the 
co-operat ion o f researchers at home and 
abroad who are w o r k i n g on identical o r 
s imi lar projects, insofar as t he i r results 
have been published and the corresponding 
documents are readily available. 

T h e p r o b l e m o f unknown research 
l i t e r a t u r e 

It is there fore a question of br ing ing 
unknown l i t e ra tu re t o l igh t , f o r i t is an 
unfor tunate fact that in Germany, fo r 
example, many research results remain in 
obscur i ty f o r a very considerable t ime , 

sometimes as long as six o r e ight years. 
There are various reasons fo r th is , and 
shortage o f funds is only one of t hem. 
Prof. F. Seitz1, President of the National 
Academy of Sciences, Washington, has 
remarked that in Western Germany the 
organisation and documentat ion o f scientif ic 
research have scarcely changed since before 
the f i rs t w o r l d war ; they are based " o n the 
ins t i tu te system which was developed 
almost a century a g o " . 
The greatest efforts t o br ing unknown 

l i te ra tu re t o l ight—and i t is p r imar i l y the 
l i t e ra tu re published in the Eastern countr ies 
that const i tutes this category—were made 
by the Americans af ter the shock they 
sustained as a result o f the launching of the 
Soviet sputn ik in 1957: th is is evident today 
f r o m the nearly 200 Soviet journals which 
have been completely translated in to 

I. F. Seitz: Wissenschaft im Vormarsch, Stifter
verband-Schriftenreihe zur Förderung der Wissen
schaft, Vol. I I , No. 9, I962. 

A Chinese member of the Eastatom staff, Mr. Sun, with Chinese dictionaries and periodicals. 
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English and from the numerous translated 
monographs. 
Nuclear Science Abstracts increased its 
coverage of Eastern-bloc literature from 
6% in 1957 to 16% in 1964. 
Nevertheless, many very important contri
butions—articles scattered throughout nu
merous journals, concealed research re
ports, theses and patents—are neither 
translated nor reported and consequently 
remain unknown for quite a long time. 
Examples can easily be found of research 
results which have escaped notice alto
gether or have only belatedly come to 
light. 
The malignolipin test, which was published 
in Japan in 1958, was not reported in 
Medical News until 1964, despite the fact 
that Italian institutes had been working 
on it in the meantime. The effective cross-

section measurements of many radionucli
des have appeared in Soviet publications, 
but are nonetheless still being sought. How 
many people know of the proof of damage 
to uranium fuel elements in a current of 
C02? Or the experience acquired with the 
Calder-Hall-type fuel elements that were 
used in a Japanese nuclear energy centre? 
Or the Polish work on breeding in thermal 
reactors? Or the work on ultracentrifuga-
tion that has been done in Communist 
China on the basis of the results obtained 
by the German researchers Prof. Groth and 
Dr. Beyerle? Or the Russian studies on 
cytostatics? Or the conference held at 
Kiev in 1964 at which there were 111 
individual papers on genetics and radio-
biology? Or the Finnish work on a new 
cement for shielding purposes in reactor 
construction? 

What does Eastatom offer? 

It is now possible to discover and to obtain 
in translation hitherto unknown research 
literature in obscure languages which is 
not as yet included in Nuclear Science 
Abstracts and has not yet been translated. 
The European Atomic Energy Community, 
recognising the deficiency, organised a 
form of collaboration with the Jülich 
Nuclear Research Centre whereby a 
special service was set up at the latter's 
central library which, in certain narrow 
research fields, seeks out and procures 
important unknown literature of East 
European and Oriental countries, states the 
titles in English and, on request, furnishes 
translations at a reduced rate. 
Since January 1966, these lists of important 
unknown literature have been appearing 

Map showing the quantities of literature from Eastern countries available in the central library 
of Jülich Nuclear Research Centre. 
The figures in squares represent periodicals; those in circles represent monographs, single 
works and reports. 
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monthly in Transatom Bulletin as Section III 
under the t i t le Eastatom. The literature 
titles are given in English. The subject-
matter is arranged under the following 
twelve heads: physics, chemistry, mathe
matics and computers, geology, mineralogy 
and meteorology, biology and medicine, 
metals, ceramics and other materials, 
engineering and equipment, reactor techno
logy, isotope production and separation, 
industrial applications of isotopes and 
radiations, isotopes and radiations in 
agriculture and food preservation, health 
and safety. This literature is available at the 
central library of the Jülich Nuclear Re
search Establishment and can be ordered 
either as photostats or as translations into 
English, German, French, Italian or Dutch. 
Translations are supplied at a reduced price 
amounting to about 40% of the true cost. 
A particular advantage for the individual 
scientist is that this list provides him with 
a selection of only about ten titles per 
month in each field, i.e. only 120-150 titles 
in all. Thanks to this "homeopathic" 
method there is no danger that the scientist 
will be offered "off-the-peg" goods; on the 
contrary, every effort is made to cater for 
his particular requirements by furnishing a 
specific and perhaps not unimportant 
contribution, the evaluation of which will 
take l itt le time, but should constitute a 
useful pointerfor many research projects. 
The information thus offered relates to the 
gaps in the notification of technical litera
ture, to the blank spaces on the "chart of 
nuclear research". Naturally, only published 
scientific papers in the Eastern languages 
as far as the Pacificare indicated; no account 
istaken ofthe invisiblespectrum of internal, 
confidential and secret reports. The Ameri
cans have already realised the value of this 
contribution and are enthusiastically orde
ring the literature announced in Section III 
of Transatom Bulletin. In Europe, however, 
there is still a lack of response, although it 
has long been recognised that many specta
cular scientific successes in nuclear research 
are also being achieved in the countries 
covered by Eastatom. It would be a pity 
if foreign researchers were to make earlier 
and better use of the time-saving routes 
that we point out than do our own insti
tutes in the European Community. (EUBU 
6-12) 

(After an article originally published 
in Atomwirtschaft, December 1966). 

An Eastatom employee making punched tapes on the BIMA. 

Report stond from the reading room 'of the central library of Jülich Nuclear Research 
Centre, with Eastern abstract journals and reports. 

I a * : «Sr^ 
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PERSONNEL DOSIMETRY, i.e. the integrat

ed measurement of the radiation received by 

the individual wo rke r in the course of his 

employment, r ightful ly occupies a central 

position in practical radioprotect ion. Its 

purpose is not only to ensure compliance 

w i th the legal provisions concerning 

maximum permissible doses but also to 

determine the treatment to be given an 

injured worker in the event of a possible 

accident, t o supply evidence for any l i t iga

t ion which may take place and to f o rm the 

basis of statistical analysis. However, the 

part played by fi lm dosimetry in this field 

—the terms film dosimetry and personne/ 

dosimetry are v i r tual ly synonymous for 

many laymen—has been the subject of 

considerable controversy in recent t imes. 

It has been said that "The Middle Ages 

of personnel dosimetry, in which the 

personal dose was determined f rom the 

reddening of skin and blackening of films 

is nearly over " . In point of fact, f i lm 

dosimetry is a method by which over 

half a mil l ion radiation workers are con

stantly kept under surveillance throughout 

the wor ld w i t h the approval and backing 

of national and international authori t ies. 

Comparison o f this process w i t h the ex

tremely inaccurate method occasionally 

used in the twenties for estimating radiation 

damage f rom the intensity of reddening of 

the skin ("erythemdosis") would certainly 

be rejected by many experts who today 

st i l l regard fi lm dosimetry as the best 

available method. 

For example, they point out that for over 

twenty years f i lm dosimetry has been the 

only technique to be applied in civil per

sonnel dosimetry on a large scale, a large 

amount of experience having been acquired 

w i th this method. The more recent techni

ques, however, which are based on solid 

state physics and have o f late been tending 

to oust f i lm dosimetry more and more, 

have so far not been tested to any great 

extent . This argument is countered by 

advocates of glass and thermoluminescent 

dosimetry w i t h the remark that for all its 

drawbacks, which were wel l known at the 

t ime, the use of films was introduced after 

the war only because no o ther methods 

available then were suitable for cheap mass 

dosimetry. Now, however, intensive efforts 

to develop beter techniques have proved 

successful, so tha t there is no longer any 

reason fo r retaining this method. The 

argument concern ing insufficient experience 

is not valid, ei ther, since good results have 

been obtained in other fields such as 

mil i tary and civil defence personnel dosi

metry over the last 15 years (e.g. w i th five 

mil l ion glass dosimeters in the US Navy). 

Furthermore, recent comparisons between 

f i lm and solid dosimeters have tended more 

Film dosime 

Fig. 1 : Dose recorded on a personnel dosimeter in a case of wholebody Irradiation versus the 

actual dose in various critical organs (male and female sex glands, bone marrow) for X and 

gamma radiation of different energy and incidence (data supplied by A. R. Jones, Health Phys. 

12,663,1966.) 
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and more to demonstrate the super ior i ty 

of the lat ter. 

The advocates of f i lm dosimetry also point 

t o the considerable investments which 

f i lm dosimetry demands in the way of 

equipment and personnel and to the 

carefully developed organisation of a 

central mass surveillance system using 

films, which would become superfluous or 

at least require modification if another 

method were introduced. A l l fundamental 

innovations do in fact involve certain 

technical and administrative difficulties and 

necessitate new investments; the problem 

is, before the necessary changeover takes 

place, t o examine thoroughly whether the 

expense and t rouble are warranted by the 

material and financial advantages to be 

gained f rom a new technique. 

Such a changeover could not, of course, be 

carried out suddenly but, in view of the 

present scope of personnel dosimetry, 

would have to be effected gradually, 

beginning w i t h nuclear installations, for 

example. On the other hand, such a move 

becomes more complicated and expensive 

the longer i t is put off. 

This discussion, which over the last few 

years has been touched on in one fo rm or 



another at all international congresses 
dealing w i t h this field or among smaller 
groups of experts, could be continued for 
a long t ime. What, then, is the actual 
situation w i th regard to f i lm dosimetry, 
is the question which w i l l be asked by the 
outsider, the passive "cus tomer " of the 
personnel dosimetry centres. 

Basic l imits of personnel dos imetry 

In any at tempt to answer this question 
mention must f i rst be made of the very 
l imited amount of information to be ob-

genetic radiation effect t o be expected. O f 
the various stages between the dosimeter 
reading and this effect o r its medically 
discernible manifestation, shown in Fig. 2 
w i th the possible e r ro r factors, only the 
f i rst stage, namely the accuracy of the 
dosimeter, w i l l be considered here. Fig. 2 is 
also intended to show how an isolated 
dosimeter reading, at best, only possesses 
any value fo r informat ion purposes i f 
carefully and cri t ical ly evaluated by an 
exper t . 

This situation can be simplif ied if, in the 
statistical evaluation of a large number of 

ding the latest solid-state dosimeters 
for example, are not capable of taking 
certain important types of radiation such as 
intermediate neutrons, which may consti
tu te up to 90 % of the tota l dose in the 
vic ini ty of the reactor, and many problems 
st i l l have to be solved w i t h regard to the 
dosimetry of high-energy photons, neutrons 
and charged particles, such as those observed 
in the neighbourhood of accelerators. 

X and g a m m a radiat ion 

For the most frequent case, namely per-

try - a thing1 of the past? 
DR. KLAUS BECKER, Central Radioprotection Department, Jülich Nuclear Research Centre, Germany 

tained f rom any personnel dosimeter, 
however accurate. Even under ¡deal con
dit ions, a personnel dosimeter w i l l only 
give the dose at the location of the dosi
meter, not the whole-body dose. In ex
ceptional cases, such as the wel l -known 
exposure of a person to gamma rays of 
about 1 Mev or neutrons of about 10 Mev, 
the dose reading on a reliable dosimeter 
w i l l agree w i t h the whole-body dose 
or the dose in a part icularly sensitive 
crit ical organ t o w i t h i n about 4; 50%, but 
in the major i ty of cases matters are much 
more complicated. It is usually qui te 
impossible t o determine w i th any reason
able probabi l i ty whether a person w i th a 
dosimeter reading of, say, 5 rad has actually 
received a higher whole-body or gonad 
dose than somebody whose dosimeter 
showed a reading of 2 rad. Fig. 1 shows 
more recent values comparing the influence 
of the direct ion of intensities of X and 
gamma radiation of various energies on the 
correlat ion between the dose picked up 
by the organ and the dosimeter reading. 
In the event of partial i r radiat ion o r faulty 
readings, of course, the situation is even 
more complicated. 

The dose reading therefore provides only 
a very indirect indication of the somatic or 

individual measurements carried out on 
several persons over a l imited period or on 
one person over a long per iod, the er rors , 
which in certain cases may f requent ly be 
high, can be partially offset. 
Fur thermore, w i th small doses, roughly in 
the order of magnitude of 1 /10th of the 
permissible maximum values, major er rors 
are perfectly tolerable owing to the high 
safety factors applied in defining the 
tolerance values. Finally, the dosimeter 
fulfils only a symbolic, administrative or 
instructional funct ion in many cases anyway, 
so that its rel iabi l i ty is then of l i t t l e impor
tance. 

On the other hand, the experts are agreed 
that in the event of higher doses, especially 
in the somatically interesting range (acci
dental irradiat ion) of about 100-700 rad, the 
maximum possible accuracy should be 
aimed at, er rors of more than ± 10-20% 
considerably complicating the decision as t o 
what therapeutic steps should be taken. 
But which dosimeters meet these require
ments best of all, relatively speaking? The 
answer is that there is no ideal dosimeter 
for all the impor tant ranges, i.e. fo r the 
medical and nuclear ranges and for that of 
possible high accidental exposures. Also, 
all the dosimeters now in existence, inclu-

sonnel dose moni tor ing in medical and 
nuclear centres, in which the major i ty of 
the dose comesfrom X and gamma radiation 
in the energy range f rom about 20 kev to 
2 Mev, the main advantages and drawbacks 
of the various types o f dosimeter can be 
outl ined as fol lows. 
Owing to the fact that a photographic 
image, i.e. an X-ray picture of the badge 
used each t ime, is obtained dur ing its 
evaluation, the f i lm dosimeter can provide 
certain information which i t is difficult o r 
impossible t o obtain w i th solid-state dosi
meters. For instance, dark spots on the 
fi lm are an indication of surface contamina
t i on , whi le high-definit ion reproduct ion of 
the edges of the metal f i l ters in the f i lm 
badge suggests brief isolated i r radiat ion, 
and even the nature of the f i l ter image can 
yield data concerning the direct ion of 
incidence of the radiation. Using specially 
designed f i lm dosimeters, moreover, i t is 
possible to detect radioactive gas (radon, 
t r i t i um) . 

Also, the f i lm, which is in any case uselessas 
a radiation detector after evaluation, can 
be stored more easily than a solid-state 
dosimeter as a "document " of a radiation 
exposure, is f requent ly more quickly and 
more easily obtained than a solid-state 
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Fig. 2: Diagrammatical representation of the relationship between the dosimeter reading and 
any individual somatic or genetic damage, with the major corrections to be applied. 

dosimeter and, if regarded as a single dosi
meter (i.e. leaving aside the fact that solid-
state dosimeters can be used over and over 
again), cheaper too. 

Solid-state dosimeters 

At the same time modern glass and thermo
luminescent dosimetry, the basic principles 
of which are shown diagrammatically in 
Fig. 3, is far superior to films in several 
important respects. 

1. Greater accuracy 

The literature occasionally reports relative
ly favourable values for the accuracy ob

tained with film dosimeters in laboratory 
experiments (in a recent British publication, 
for example, 80-90% of the film values 
were found within ± 40% of the dose 
applied, although the maximum deviation 
was admittedly 25 times the irradiation 
dose). 
Such data might well arouse the impression 
in a casual reader that this is the actual 
accuracy that can be obtained in practice. 
In fact these values were always measured 
under extremely ¡deal laboratory conditions 
and represent the best accuracy which can 
be obtained with film dosimeters under the 
following particularly favourable conditions: 
experienced, well-trained evaluation staff, 
optimised dosimeters and good dosimeter 
films, head-on irradiation with a narrow 

beam of mono-energetic X or gamma 
radiation of simple composition, dose range 
from about 0.05 to 100 rad, energy range 
from about 25 to 1,250 kev, absence of beta 
or soft X-radiation, test and control films 
stored under ¡deal climatic conditions, etc. 
But even under these conditions, which in 
practice are obviously only rarely en
countered, occasional "mavericks", i.e. 
films which give a dose reading which is 
wrong by a factor of 5 or more, cannot be 
avoided. 

However, if the testing conditions are 
brought more into line with actual practice, 
i.e. irradiation at an angle, complicated 
mixed irradiation and storage of the test 
films over several weeks at varying tempera-
ture and air humidity, i t is only in excep
tional cases that the dose readings agree 
with the actual dose values applied to 
within i 30-50%, and the percentage of 
films which give completely false readings 
or cannot be evaluated at all is very large. 
It is obvious that the statistical, legal or 
medical value of such film dosimeter 
readings, which, while they may well be 
correct to within + 30 or 50%, may also be 
wrong by a factor of 5, 10 or more with a 
probability which is extremely difficult to 
estimate, is very limited. On the other 
hand, an average deviation of ± 10% and a 
maximum deviation of ± 30% was obtained, 
for example, with suitably encapsulated 
glass dosimeters under identical conditions, 
similar to those encountered in practice. 
The superior accuracy of solid-state dosi
meters has been corroborated over and 
over again in the last few years by numerous 
studies carried out, in particular, in the 
USA (comparisons of film and thermo
luminescent dosimeters) and Germany 
(comparisons of film and glass dosimeters). 
Under ideal laboratory conditions, for 
example, it is possible to evaluate glass 
dosimeters with a standard deviation of 
less than ± 1 % . 

2. Greater sensitivity 

Whereas the reliable lower detection limit 
for gamma radiation using film dosimeters 
is between about 20 and 100 m rad in 
practice, 0.1 mrad can be integrated without 
trouble with calcium fluoride dosimeters 
and 10 mrad with glass dosimeters, over 
long periods, even under extreme climatic 
conditions. 
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Fig. 3: Schematic representation of the evaluating process for a thermoluminescent dosimeter 
(above) and a glass dosimeter (below). 

3. Less energy- and direction-dependence 

Some solid-state dosimeters, such as l i t h ium 
f luor ide and l i t h ium borate, show no 
d is tu rb ing energy-dependence af ter about 
10 kev, wh i le in o the r cases (glass, calcium 
f luor ide) the energy-dependence between 
about 30-50 kev and several Mev can be 
reduced to a m in imum by suitable encapsu
la t ion. However , should a f i l t e r analysis be 
requ i red , i.e. addit ional in format ion on the 
effective quantum energy, th is can easily be 
done w i t h several solid-state detectors as 
in the case o f f i lm dosimeters. Using 
suitable pairs o f glass dosimeters, f o r 
example, X- rad ia t ion o f over 15 kev can be 
measured and its energy de te rmined . As 
opposed t o f i lms, moreover , t he readings 
on proper ly encapsulated solid-state dosi
meters are independent o f the angle o f 
incidence o f the radiat ion. 

4. Weather resistance 

As opposed t o f i lms, which are sensitive t o 
numerous outside influences such as l igh t , 
laboratory gases and vapours, atmospheric 
humid i ty , increased tempera tu re , etc. , 
solid-state dosimeters can be stored f o r 
almost un l imi ted periods both before and 
after use and st i l l retain the i r p roper t ies . 
The resistance o f the radiat ion effect t o 
fading is par t icu lar ly impor tan t , a change o f 
only 5 % in the reading being found, f o r 
example, over a three-year per iod in glass 
dosimeters. 

5. Simplified evaluation and organisation 

Unl ike f i lms, solid-state dosimeters can be 
evaluated by inexperienced personnel 
anywhere, e.g. in the open air, w i t h i n a 
space of a few seconds, w i t h relat ively 
simple, f requent ly portable equipment (a 
compact bat tery-operated glass dosimeter 
reader is shown in Fig. 4 as an example). 
Immediate evaluation is par t icu lar ly impor 
tant in the case o f accident dos imet ry . 
The cost of maintaining a permanent 
personal mon i to r i ng system using sol id-
state dosimeters is much lower ( roughly 
25%) than w i t h the f i lm method. The 

organisation can be simpl i f ied appreciably. 
For instance, one dos imeter can be allocated 
permanent ly t o one part icular person and 
the reading taken every week o r every 
month as w i t h rod dosimeters. 

6. Greater measuring range 

Whereas a dose-measuring f i lm covers only 
t w o or th ree orders of magnitude o f the 
dose, solid-state dosimeters can be used f o r 
obta in ing measurements w i t h constant 
high accuracy over at least six orders o f 
magnitude of the dose ( roughly 0.01 t o 
10,000 rad). 

7. Re-useability 

Unl ike f i lms, solid-state dosimeters can 
f requent ly be regenerated by tempera tu re 
t rea tmen t . 

Glass or l i t h i u m fluoride? 

Among the various types of solid-state 
dosimeters developed, t w o subtances have 
part icular ly favourable proper t ies fo r prac
tical personnel dos imet ry : si lver activated 
phosphate glass and l i t h ium f luor ide in 
Tef lon-foi ls. The main advantage of th is 
la t ter is the very low energy-dependence. 
O w i n g t o t h e i r thinness, the LiF-containing 
foils are part icular ly suitable fo r beta dosi
me t r y and fo r f i nge r - t i p measurements. 
However , l i t h ium f luor ide also has a number 
o f undesirable proper t ies and one consider
able drawback, which is common to all 
thermoluminescent techniques, namely 
that the radiat ion effect is erased by the 
measuring process. As a result , doubt fu l o r 
part icular ly impor tan t values cannot be 
measured again and, apart f r o m the ins t ru 
ment reading, there is no indication o f the 
measurement which can be checked. It 
may be fe l t , o f course, as is the op in ion of 
the author i t ies respons ib le for the Amer ican 
reactor test instal lat ion at Idaho Falls, that 
the ins t rument reading s tored in a punched 
card is also sufficient ( the f i lm dosimeters 
were recently replaced by LiF-Teflon at th is 
centre) . 

thermal luminescence 
intensity indicator 
(integral, vs. t ime, 
or vs. temperature) 

amplifier 

l ight detector 
(photomukipl ier tube) 

colour f i l ter 

infra-red f i l ter 

thermal luminescence 
detector material 

heater power supply 

radio-photolumines-
cence 
intensity indicator 

amplifier 

l ight detector 

orange-red 
f i l ter 

radio-photolumines-
cence 
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ultra-violet f i l ter 
ultra-violet 
source 

81 



Film dosimetry — a thing of the past? 

Fig. 4: Example of a modern portable glass-dosimeter evaluation which gives the integrated dose 
immediately and as often as required. 

On the other hand, since it wil l never be 
possible to rule out errors on the part of the 
evaluating instrument or its operating 
personnel entirely, it is our feeling that, 
although they have certain unavoidable 
characteristics (brief increase in luminescen
ce after irradiation, greater energy-
dependence), glass dosimeters are more 
suitable for personnel dosimetry since the 
radiation effect in the glass is stable and is 
not disturbed even by frequent additional 
measurements. As is done with films in 
certain countries, the glass can be stored as 
concrete evidence of a radiation exposure. 
If necessary, however, i t can be regenerated 
for further use by being heated. 

Neutron dosimetry 

While they can be detected easily and fairly 
accurately both with suitable film dosi
meters and with solid-state dosimeters, the 
only appeal of thermal neutrons for prac
tical neutron dosimetry is as a means of 
indicating the presence of intermediate 
and/or fast neutrons, since they virtually 
never make any noteworthy contribution 
to the overall personnel dose. 

The situation with regard to fast neutrons 
is more difficult and is stil l in a state of flux. 
The method usually used nowadays for 
plotting recoil proton paths in nuclear 
emulsion films (Kodak NTA) has very marked 
drawbacks, of which only one or two 
particularly important ones should be 
mentioned here: 
— Neutrons below 0.5 Mev cannot be 
detected, while neutrons above about 
14 Mev are increasingly overestimated. As 
a result of this energy-dependence, the use 
of nuclear emulsions for monitoring reactor 
personnel, for example, gives such errone
ous results that it cannot be recommended. 
— If a nuclear emulsion film is exposed to 
high neutron doses (more than about 5 to 
10 rem) and/or noteworthy X or gamma 
radiation (doses above about 0.1 to 5 rad), 
i.e. in all cases a serious and hence particu
larly interesting dose, no nuclear tracks can 
be discerned on the fi lm. 
— If the film is transported or stored for 
only a few days under conditions of high 
atmospheric humidity, the latent nuclear 
tracks disappear completely. This fading 
can, however, be reduced by encapsulating 
the dry film in suitable protective foi l . 
— The microscopic counting of the nuclear 
tracks is very laborious, time-consuming 
and extremely inaccurate. The numerous 
efforts made to render this process auto
matic have so far not led to satisfactory 
results. 
— The sensitivity is to a marked extent 
dependent on the angle of incidence. 
Almost all the above-mentioned drawbacks 
are avoided in a new non-photographic 
nuclear tracking technique. 
Here a fissile material, such as uranium foil, 
in contact with a suitable plastic, glass or 
mineral (mica), is apposed to the dosimeter. 
Under the effect of the neutrons, nuclear 
fissions are triggered off, as a result of 
which some of the fission fragments leave 
the uranium layer and penetrate the surface 
of the plastic foil or glass. Their "inclusion 
channel" is then made visible under the 
microscope by etching (Fig. 5). The number 
of these pits, which become larger and oval 
or round after protracted etching, is 
proportional to the neutron flux. 
This technique is completely insensitive to 
other types of radiation, it is possible to 
cover an enormous dose range, develop-' 
ment (i.e. etching) can be carried out very 
quickly in daylight, the reading is indepen
dent of the angle of incidence and the 
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evaluation process can fair ly easily be 

rendered automatic by various techniques. 

In addi t ion, by using various fissile materials 

o r neu t ron absorbers, de terminat ion o f the 

neu t ron energy can be per formed addi

t ional ly . One disadvantage w i t h th is 

method is that here, too , i t is di f f icul t t o 

detect in termediate neut rons. An in ter 

esting var ia t ion, in which recoi l and (η,α) 

reactions are used fo r neu t ron dos imet ry , 

is at present being studied by us. To take 

the simplest case, even a t iny piece o f a 

suitable plastic fo i l can be used as a neut ron 

dos imeter . 

There are a number of o the r promis ing 

possibi l i t ies. In special small si l icon diodes, 

f o r instance, fast neutrons cause i r revers ib le 

radiat ion damage which is ex t remely 

simple t o measure on the basis of the 

change in the permeabi l i ty o f the diode 

(Fig. 6). This technique is part icular ly 

in terest ing in the field o f accident dos imetry 

(doses greater than a few rad). The back

scatter ing and moderat ing effect o f the 

human organism can also be put t o good use 

in neu t ron dos imet ry . Part icular ly good 

prospects are offered here by pairs o f 

dos imeter glasses, the neut ron sensit iv i ty 

o f which varies appreciably fo r the same 

gamma sensi t iv i ty (such glasses were 

recent ly developed at Jül ich). 

S u m m a r y 

To sum up, the controvers ia l quest ion 

raised in the t i t l e may be answered roughly 

as fo l lows . 

A l though f i lm dosimeters are now being 

used on a larger scale than ever before, t he i r 

days are very probably numbered, since 

no basic improvements are t o be expected. 

Even now f i lm dos imet ry at advanced 

nuclear research centres is beginning t o be 

ousted by super io r solidstate dos imetr ic 

techniques, which have been tho rough ly 

studied over the last few years and, in some 

cases, substantial ly improved. The rate at 

wh ich this phasing ou t process takes place 

depends more on adminis t rat ive factors 

than on technical considerat ions. However , 

the increased accuracy of the latest dosi

meters should not bl ind one t o the fact that 

personnel dos imet ry entails numerous 

basic possibi l i t ies of e r r o r , an individual 

dos imeter reading only possessing a cer ta in 

value if careful ly in te rp re ted by an exper t . 

(EUBU 613) 

Fig. 5: Traces of uranium fission fragments 

rendered visible under the microscope by 

etching for 20 minutes with hot caustic soda 

solution in a plastic foil. The number of traces 

is proportional to the neutron flux. 

Fig. 6: Some modern solidstate detectors: 

on the left block and rodshaped dosimeter 

glasses, in the centre silicon diodes of varying 

sensitivity for fast neutron dosimetry; on the 

right plate and rodshaped Teflon with LiF 

embedded. Matches shown for comparison of 

size. 
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WASTE DISPOSAL isaproblem in the nuclear 
industry, as in most conventional industries. 
Whilst a large part of the low- and medium-
activity effluents are discharged into the 
surrounding air or water, the residues left 
after their decontamination, solid waste 
and contaminated objects are incon
veniently bulky although generally of low 
radioactivity. In most cases they are stored 
in special areas at the production centres. 
The rapid, extensive development of nuclear 
power will very soon result in a growing 
output of waste whose specific radioactivity 
will bear no relation to that of today's 

waste (see Euratom-Bulletin, 1967, No. 1, 
pp. 22-26). Although satisfactory industrial 
solutions have been found for the processing 
and packaging of low-activity residues, the 
difficulties involved with highly radio
active waste are being widely discussed and 
the solutions recommended follow several 
lines of thought. Some advocate storage in 
liquid form for a period of several decades, 
deferring any better solution to a later day. 
Others recommend insolubilising the waste 
with glass or ceramics by one of the numer
ous techniques being studied at present, 
while others again maintain that the recov-

The problem of radioactive 
waste storage in the Community 

GASTON GRISON, 
Directorate-General for Research 
and Training, Euratom 

ery of certain fission products would 
substantially reduce the problems of 
processing and storage. 

Solid storage ahead? 

Present-day technical and economic argu
ments do not provide any indication as to 
which of these systems to plump for, but a 
trend is beginning to emerge. At the Rich
land symposium (14-18 February 1966) on 
the solidification and long-term storage of 
high-activity waste, it was stated that fission 
product recovery was not an operation 
that would significantly affect the storage 
problem; packaging, monitoring and inspec
tion would still be imperative for periods of 
several hundred years. Serious criticism is 
also levelled against liquid storage, which 
does not seem to be a rational long-term 
solution. Apart from the economic aspects 
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of this type of storage, the technical hazards 
would be considerable. Hence, the advances 
already achieved—and foreseeable—in in
solubilising high-activity waste raise hopes 
that these methods will provide a really 
satisfactory answer to the problem. 
But apart from the future question of 
storing this highly-active waste, there is 
the immediate problem of disposing of 
processed low- and medium-activity sub
stances. The number of dumps scattered 
throughout the Community is already 
relatively high, and the quantities stored 
there are sometimes very large. These two 
factors are liable to grow appreciably in the 
future. Economic necessity and psychologi
cal reactions might therefore militate in 
favour of amassing all this waste at a certain 
number of well-chosen, well-monitored 
points. In this way all producers would be 
able to despatch all their packaged waste to 
permanent dumps in different parts of the 
European Community. 

Selecting suitable regions... 

The first step towards realising this aim is to 
select the regions that offer the highest 
theoretical guarantees, and these depend 
on a certain number of parameters. 
A recent study carried out under a Euratom 
contract' led to the development of an 
original selection method, one of whose 
main advantages is that it is more flexible 
than the methods previously employed to 
solve similar problems. It is based on the 
following principles: 
— Each parameter is represented on a 
semi-transparent coloured map. 
— Each parameter has a shaded colour 
range, the lighter tones indicating the 
favourable areas, whilst the darker tones 
show the less favourable areas. 
— A single basic map, giving place-names 
and principal watercourses, serves as a 
reference foundation for the coloured 
maps. 
— The scale is 1 /1,000,000, so that the maps, 
which cover the entire Community ter
r i tory, measure about 2 m square. 
— The set of maps comprises eight colou red 
maps representing the principal parameters, 
three maps showing data of secondary 
importance, and the basic map. 
— When several coloured parameter maps 
are superimposed, pale areas show up 

l. Euratom contract No. 007-65-3 WASF with the 
Coirei company. 

which correspond to the regions where the 
chosen parameters wil l be at optimum 
values. 

. . . in accordance with eight principal 
parameters 

The principal parameters are: 
— Geography — represented by contour 
lines. Although this parameter is not over
riding, its effect on the other parameters 
gives it a certain importance. For instance, 
steep declivities may prevent an area from 
being used as a storage site, even if it is 
suitable as regards the other parameters. 
— Population — represented by population 
density. This parameter is of the utmost 
importance, for the population density 
governs the cost of biological safeguards, not 
to mention the psychological factors 
entailed in the storage of radioactive sub
stances in highly populated areas. 
In drawing up this map, particular attention 
was paid to sparsely inhabited areas; hence, 
regions of less than 80 inhabitants per 
square kilometre were subdivided into four 
categories. 
— Weather — a parameter of twofold im
portance in choosing a site. For one must 
consider not only the direct action of the 
climate on the soil characteristics and on the 
stored material itself, but also, in the event 
of an accident, the risk of the radioelements 
contained in the waste being dispersed. 
The meteorological data on a region must 
therefore be such that the local modes of 
action of water, the pollution-carrying 
atmospheric agents, and the dangers of 
erosion can be accurately deduced. 
Rainfall being regarded as one of the essen
tial meteorological data, it forms the subject 
of one of the eight transparencies in the 
map set. As to the other data regarded as 
useful, such as temperature, number of days 
of frost or snow each year, etc., these are 
shown on a second map embodying infor
mation from 160 observation stations. 

— Geology — represented by a lithological 
map (Fig. 1). For this parameter it is not the 
timescale of a terrain that is interesting, but 
the characteristics of the rocks present in 
the various geological formations. 
These characteristics govern permeability, 
on both the "wholesale" and the crystalline 
scale, adsorption and retentivity, long-term 
mechanical strength, and resistance to 
chemical deterioration even over several 
centuries. 

On a 1/1,000,000 scale it was impossible to 
show every category of rock; simplification 
was imperative. Five groups of pétrographie 
varieties were defined, according to their 
characteristic qualities as regards permeabil
ity, adsorption capacity and strength. 
For example, the "marls and clays" grouping 
is explained by the excellent impermeabil
ity and adsorption of these soils. Sands, 
alluvia and tufa, on the other hand, are 
generally unsuitable in these respects. 
"Gross" permeability, which is often a 
feature of carboniferous rock massifs, is a 
factor militating against such terrains, 
whereas their mechanical strength is 
generally an appreciable quality. 
In certain regions, the repeated alternation 
of small-area outcrops led us to use inter
mediate terms combining pairs from the 
five groups adopted. 

The map also gives the major tectonic data. 
Salt deposits are likewise shown, the refer
ence level being 500 metres below ground 
level. 
— Soil science — from the standpoint of the 
soil's permeability and ion-exchanging 
power. This parameter is particularly im
portant in the case of waste dumps sited on 
the surface; for it is the surface layer of 
the ground that may or may not slow down 
radioactive infiltrations liable to get into 
the food chain. 
As with the other parameters, the Western 
European soil categories had to be regrouped 
into a simplified, overall scheme. They were 
regrouped according to soil permeability 
and, above all, adsorption capacity. The 
classification comprises six main categories 
and eight intermediate terms. 
— Hydrogeology — a parameter intimately 
linked with the biological protection of 
human beings, fauna and flora. Moreover, 
the potential groundwater reserves are a 
paramount factor that must be borne in 
mind when looking for a storage site; an 
isolated water-level, unused hitherto, can be 
written off for subsequent use by hum ans i 
a storage site is liable to contaminate i t 

On the scale adopted it was impossible to 
take into account a great many classes that 
fulfilled all the criteria-—abundance of 
water, depth, speed gradients, type of 
containing rock, degree of exploitation, 
etc. Five groups were adopted in the end. 
As far as possible, the distinction between 
free and captive groundwater was observed 
in the map. 
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The problem of radioactive waste storage in the Community 

EURATOM 

SITOLOGIE DE STOCKAGE 
DES DECHETS RADIOACTIFS 
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j.*„.,„.„ «... B R G M . C M E N - G F K 
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Figure 1 : Reproduction of the "lithology" 
parameter covering the six countries of the 
European Community. The light yellow areas 
represent the "marls and clays", whose 
impermeability and ion exchange properties 
are very favourable to the installation of a 
radioactive waste dump. Purple, on the other 
hand, shows sandy formations, which have the 
opposite properties. 
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Figure 2: Reproduction of the result when the eight principal para
meter maps for the northwest quarter of the Community are superim
posed; thelight areas which emergeon this map indicate regions where 
the combined parameter values most nearly match the requirements. 
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The problem of radioactive waste storage in the Community 

— Seismology — seismic disturbances be
neath a storage zone w i l l obviously affect 
the behaviour of installations and the risk 
of dispersal of the stored elements. The 
probabi l i ty and ampli tude of earthquakes 
must therefore be taken into account. In 
this study, the epicentres and frequency o f 
earthquakes were not represented. Only 
the seismic zones were mapped, f r om 
degree 5 on the Mercall i scale, which is the 
degree at which t remors are f i rs t fel t . 
— Economy — In the study in quest ion, this 
parameter has a somewhat restr icted 
meaning, in that i t only covers the present 
economic use of the land. But i t wou ld be 
very diff icult, i f not impossible, to allow fo r 
what must be purely hypothetical develop
ments. Even so, the map is of undeniable 
value if used in conjunction w i t h the other 
parameters. It is based on four groups o f 
activities ( industry, large-scale farming, 
small holdings and te r t i a ry activit ies). As 
regards non-agricultural activit ies, those of 
an industr ial nature were separated f rom 
te r t ia ry activit ies. The basic reason for this 
dist inct ion lies in the different influence 
they exer t on the sit ing and rate of develop
ment of economic centres. Industry is a 
magnet, but beyond a certain stage the 
g row th of the centres thus created occurs 
mainly thanks to te r t ia ry activit ies. 

The basic yardstick used to measure the 
economic importance of a region was labour. 
A t f i rs t sight this factor looks very similar 
t o population density; In fact, the daily 
movements of the labour force sometimes 
al ter the face of the map appreciably. 
A second map, for consultation purposes 
only, gives a certain amount of data on 
dams, harbours, roads, etc., that may be 
useful in choosing init ial ly between regions 
w i t h favourable features. 

Super imposi t ion of maps and pre
selection 

As we have al ready said, the aim is, by laying 
the parameter maps one above the other , t o 
show up pale areas, i.e. areas whose charac
terist ics are most suitable fo r the site o f a 
permanent radioactive waste dump. The 
maps can, of course, be superimposed in 
twos o r threes, etc., thus affording 247 
possible combinations. 
Whi ls t there is no object ion in theory t o 
looking for a zone in terms of certain 
part icular c r i ter ia , i t seems sensible, how

ever, t o effect the integrations in the l ight 
of the relative parameter values. These 
values are set by the dangers inherent in the 
presence of the dump. The chief danger is 
the contamination of the public and of the 
food chain. From this angle, the populat ion, 
l i thology and hydrogeology parameters 
must be considered f i rs t . Second in impor
tance one might class the rainfall, seismolo
gy and soil science parameters, seeing that 
the t w o f irst-named vary I i t t le i n t he g reater 
part of Europe, whi ls t the t h i r d has only a 
l imi ted influence on the top soil layer. 
Lastly, in the t h i r d class, would come a l t i 
tude and economy, since al t i tude o r the 
presence o f an industrial zone are not 
factors that absolutely rule out the install ing 
of a dump. 

By way of example we might quote the 
superimposit ion of the maps fo r the no r th 
west quar ter o f the Communi ty (see Fig. 2). 
When the f i rst class of maps are super
imposed, a certain number of pale areas 
emerge clearly. The addit ion of the second-
order parameter maps does not al ter the 
previous general s t ruc ture but i t does give 
the previously defined zones a colour 
classification. Superimposing the last para
meter maps reduces the area of certain 
zones (contour influence) o r makes o ther 
less propi t ious (influence of agricultural 
economy). 

Thus these maps enable a short - l is t t o be 
drawn up of Communi ty areas suitable fo r 
a radioactive waste dump. O the r para
meters may prove necessary, however. In 
that case, they can be mapped by the same 
method. The set of maps would thus become 
more comprehensive, w i t hou t any o f the 
factors already present having to be al tered. 

Possible extensions of t h e method 

Because of t he i r small scale, the maps 
already made only al low of rough approx i 
mat ion, but there is no reason why the 
same pr inciple should not be scaled up to 
the short- l isted regions. By successive 
approaches over ever smaller areas, long 
and costly field surveys can be l imi ted both 
geographically and financially. 
Fur thermore, i t would not be impossible to 
extend the use of this system to other 
industr ia l , economic and social problems, 
i f the answer t o them depends on the inte
grat ion of a certain number of c r i te r ia that 
can be transferred t o geographical maps. 
(EUBU 6-14) 



The effect of nuclear 
technology on con
ventional industry 

MANFRED SIEBKER and HERI BERT DALDRUP, Directorate-General for Industry and Economy, Euratom 

The 19th Round Table Conference on European Problems, the subject of which was "Scientific and 
technological research: A European problem", was held at Turin on 26 and 27 May 1967. 
Several speakers, analysing the reasons for the technological gap between Europe and the United 
States, emphasised that the root of the trouble lay, not in the inadequacy of Europe's financial 
effort or in the inferiority of European research workers, but primarily in Europe's need to speed 
up the practical application of new ideas in order to meet market requirements. 
The present article reviews the results of a study undertaken by Euratom early in 1966. In the 
course of this investigation, which was directed essentially at examining the effects of nuclear 
technology on conventional industry, it was realised that special attention would have to be paid 
to the mechanisms whereby new ideas are translated into commercial applications. The study 
revealed that in many coses, unfortunately, such mechanisms cannot even be said to exist in 
Europe, the situation being left entirely to chance. 

IT IS A W E L L - K N O W N fact that nuclear re
search and technology aretoday cont r ibu t ing 
in a large and ever increasing measure t o 
progress in many sectors of the economy. 
Nuclear power plants are generat ing 
e lect r ic i ty at increasingly at t ract ive costs; 
radioisotopes are now a household w o r d in 
medicine, agr icu l tu re and numerous bran
ches of industry and are leading t o new 
discoveries in research. 
Wha t is not so we l l known , however, is that 
many industr ies have been, and are s t i l l 
being, influenced indi rect ly by develop
ments which had t h e i r o r i g i n in the requi re
ments o f nuclear technology. This "sp in -o f f " 
has resulted in a number o f valuable, and 
in some cases surpr is ing, advances in the 
most widely di f fer ing fields, e.g. in com
puter techniques, in the qual i ty con t ro l of 
plant components and in p roduc t ion 
engineer ing, t h rough the use o f new 
materials and processes. 

A systematic invest igat ion 

I t is consequently desirable t o carry out a 
systematic investigation in to both the 
technical and the resul t ing economic and 
social impact of nuclear technology on 
conventional indust ry . 
A t a Euratom conference held at Stresa in 
May 1965 the aspects and problems of such 
a study were thorough ly discussed for the 
f i rs t t ime between Euratom on the one 
hand and t rade-union representatives and 
industr ia l experts on the o the r . In v iew of 
the common interest that was evinced on 
that occasion, the Euratom Commission 
decided in January 1966, af ter detailed 
pre l iminary studies, t o have an investigation 
carr ied ou t by the f i r m of Kienbaum-
Unternehmensberatung, Gummersbach, Ger
many. For practical and financial reasons 
this study had to be confined to the tech
nical and some of the economic and social 

consequences of nuclear technology in one 
member-state only (West Germany). The 
results of this study are now available1. 
Del iberately excluded f r o m the investiga
t i on were isotope techniques and the direct 
consequences of nuclear technology (sup
plies t o nuclear power stations, subst i tu t ion 
problems in the energy economy). 

M e t h o d of the study 

The study was carr ied out on pragmatic 
l ines, i.e. by compi l ing a col lect ion of cases 
f r o m a representative poll conducted among 
research centres and industr ia l enterpr ises. 
For this purpose a "case" was defined as the 
result of a development, in the fo l lowing 
sectors, which e i ther had its or ig in in o r was 
influenced by nucleonics: 
— knowledge (theoret ical pr inciples, con
ceptual models); 
— materials (construct ion materials, w o r k 
ing media); 
— processes (manufactur ing methods, test 
procedures, product ion processes); 
— equipment (installations, appliances, ma
chines, instruments, etc. 
A l toge ther some 350 "cases" were ascer
tained. These were suitably classified by 
means of a numerical system wh ich , in 
conjunct ion w i t h coded part iculars o f the 
applications (in nuclear technology and in 

I. EUR 3616 d (vol. I, II and III) 
Study on the effects of developments in nuclear 
technology on conventional industry, Kienbaum -
Unternehmensberatung, Euratom contract No. 033-66-
ECID. 
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Element of a new device for surface-coating, developed at the Ispra establishment of the Euratom 
Joint Research Centre. The process is eminently suitable for a whole range of applications, such 
as the formation of protective layers against corrosion, heat or electricity-conducting coatings, 
ornamental or optical coatings, etc. The device, which is about to be put on the market, was 
originally developea for the application of anti-diffusion coatings to the inside surfaces of pressure 
tubes for ORGEL reactors. 

reference to a conceptual model of the 
"max imum hypothetical acc ident" ; 

materials 

— zirconium and z i rconium alloys; 
— fluorocarbon-based plastics; 
— silicone rubber ; 

processes 

— high-energy electric shaping; 
— electron beam as a t o o l ; exemplif ied by 
electron-beam weld ing; 
— l iquid metals as heat-transfer media; 

equipment 

— steel pressure vessels; 
— steel bellows. 
For the processing of the cases selected, 
enquiries were made of manufacturers, 
user f i rms and various public inst i tutes, and 
the relevant l i te ra ture was consulted. 

conventional fields) formed the basis for the 
recording and evaluation of the in format ion. 
A st r ic t ly numerical-symbolic representa
t ion of all the available informat ion was not 
possible, since there are few significant 
data which are common to all "cases". For 
those cases which were investigated in 
detai l , use was consequently made of index 
cards on which the fo l lowing particulars 
were also entered in plain language: 
— def in i t ion; 
— descr ip t ion; 
— or ig inator o r manufacturer; 
— state of development ; 
— fields of appl icat ion; 
— technical, social, economic effects; 
— numerical data. 
The main emphasis in the study lay upon 
the determinat ion and elaboration of the 
characteristic features of the "cases". 
Since the l imits imposed by the contract on 
the expendi ture o f t ime and money pre
cluded the processing of all the cases, 
25 of them were selected at the investiga
to rs ' d iscret ion; 16 of these were looked 
into more closely and 9 cases which 
seemed part icularly representative, were 
given really exhaustive t reatment . These 
lat ter cases, arranged in the appropr iate 
categories, were as follows : 

knowledge, etc. 
— accident analyses represented w i t h 

Sett ing up a European centre to explo i t advanced techniques 

Al though the advanced industries have the most up-to-date facilities for pro
cessing and disseminating in format ion, in general they only pass on the i r acquired 
knowhow w i th in the narrow circle of the i r own industrial sector; worse s t i l l , 
in fair ly big enterprises even the internal circulat ion of scientific in format ion 
is often defective in so far as the various departments deal w i th dif ferent specific 
subjects. 
In order t o break down these barr iers and ensure that the technological "sp in
o f f " f rom the advanced industries is turned to good prof i t , i t would be useful 
t o set up in the European Communi ty a clearing-house for advanced techniques, 
which would be responsible for making available t o the " p r o v e n " European 
industries the utilisable knowhow acquired by "advanced" industries and 
research th roughou t the w o r l d . 
This centre w o u l d : 
— ascertain the " in te res t pro f i les" of the main branches of Communi ty 
indust ry ; 
— make regular enquiries of documentat ion centres all over the wor ld in the 
advanced sectors (Euratom for nuclear matters, NASA for space, etc.) and, i f 
necessary, encourage the modernisation of the documentat ion methods in use; 
— provide the Communi ty 's " p r o v e n " industries w i t h all knowledge thus 
acquired which could be used by t h e m ; 
The funds needed to set such a centre going would at f i rs t be extremely modest. 
The benefits that Europe's industry would reap there f rom should be perceptible 
in a very shor t t ime. 

What do you th ink of the idea? 
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Results 
By way of example, t w o "cases" are br ief ly 
discussed on pages 91 and 92. 
Despite the nar row scope of the investiga
t ion i t is possible, in addit ion t o the pre
sentation o f s t r i k i ng individual cases, t o 
make certain statements o f general val id i ty. 
The influence of nuclear developments on 
conventional industr ies is part icular ly mar
ked in the fields of chemistry, mechanical 
engineer ing, high-frequency engineering 
and measurement and contro l techniques. 
Where products tha t were or iginal ly 
developed fo r nuclear applications have 
become par t and parcel of a large-scale 
product ion programme, e.g. z i rcon ium, 
Tef lon, si l icone rubber and f i l te r elements, 
i t is f requent ly no longer possible t o draw 
a l ine between the requirements of nuclear 
technology and those of o ther sectors. 
A t the o the r ex t reme are those "cases" in 
which the effect on conventional sectors 
consists merely in the adoption o f theo
retical knowledge o r construct ion concepts 
f r o m nuclear technology. 
Between the t w o extremes o f d i rec t 
t ransfer and the mere tak ing over of ideas 
because o f the s imi lar i ty of the problems 
encountered, there are numerous in ter 
mediate forms, t o which most of the "cases" 
covered belong. The i r economic importance 
has so far been small, but they are potent ia l 
sources o f "sp in -o f f " w i t h far-reaching 
technical and economic consequences. 
The probabi l i ty o f the carry-over o f nuclear 
developments and the speed at which this 
takes place vary according t o the nature o f 
the "cases", and in this respect the fo l lowing 
fou r categories can be dist inguished: 

— nuclear developments which in all 
probabi l i ty w i l l never be of any importance 
in conventional sectors, e.g. p lu ton ium 
alloys and p lu ton ium compounds; 
— developments in which nuclear factors 
necessitate special materials (e.g. neut ron-
transparent construct ion materials) o r 
special equipment (e.g. fo r handling 
i r radiated o r contaminated objects) ; 
— perfect ion o f more o r less famil iar 
materials, processes o r apparatus in the 
part icular interests of nuclear technology 
(e.g. solvent ex t rac t ion , si l icone rubber , 
f luorocarbon plastics, nanosecond techni
que, e tc . ) ; 
— interact ion between nuclear technology 
and non-nuclear sectors (e.g. development 
of process computers) . 
A l though the last t w o categories include 

High-energy electric forming. 
The forming of a material by electrically generated ultra-high pressure on a limited area can be 
done in two different ways, namely by hydroelectric deformation and by electro-magnetic deforma
tion. 
The knowledge of high-energy electric forming dates back to before the days of nuclear technology. 
As long ago as the late nineteen-thirties laboratory-scale research was already being conducted 
on the effects of shock waves, but their use as a tool, which is associated with the development of 
capacitor banks for generating high-temperature plasmas in plasma physics, began only with 
rocketry and reactor technology. 
The process has a wide range of applications, which is not confined solely to forming (deep-drawing, 
pressing, bending) but also embraces jointing (shrink-fitting) and materials-treating (compacting, 
hardening). Nevertheless, in conventional industries the use of high-energy shaping devices has 
not yet progressed beyond the experimental stage. The scale on which this technique comes into 
use could be greatly influenced by a suitable customer-advice service, since there is an attitude 
of considerable reserve on the part of manufacturers as regards its incorporation in the production 
process. 

"cases" which are already having economic 
effects on conventional sectors, i t cannot 
be denied that the occurrences of carry-over 
were largely a mat ter of chance. In many 
instances the producers of certain nuclear 
equipment and materials had not even 
thought of the possibi l i ty of o ther uses. 
The carry-over of technical progress is 
influenced essentially by the dissemination 
and accessibility o f i n fo rma t i on , by economic 
considerations and by the mental i ty of the 
manufacturers and users. Very often the 
potent ial users are not kept in formed about 
new possibil it ies o f solving problems in 
t he i r respective sectors. Fur thermore , the 
spread of in format ion can be prevented o r 
hampered by p ropr ie ta ry interests o r 
considerations of mi l i ta ry secur i ty. Gener
ally speaking, the in t roduc t ion of a new 
process o r a new product is ini t ial ly un
at t ract ive f r o m an economic v iewpoin t , so 
that producers and users are at f i rs t 
cautious. In many branches of industry fear 
o f the unknown and reluctance to adopt 

innovations are st i l l wide-spread. 
In the "cases" studied the share o f the 
market , the t u rnove r and the number o f 
employees are st i l l t oo small t o enable an 
assessment t o be made of t he i r influence 
on the economy as a whole . 
Similar ly, it is not yet possible t o make any 
generally valid assertions about the pro
fessional requirements o r the social status 
o f the people employed in the sectors 
covered by these "cases", since the w o r k i n g 
condit ions are fo r the most part st i l l those 
of the pioneering stage. It can, however, be 
said that the peculiarit ies of applications 
that have been influenced by nuclear 
technology make certain demands on the 
personnel as regards conscientiousness, 
accu racy and readiness fo r team w o r k which 
are unknown in conventional sectors. The 
result is s t r i c te r rules fo r selection and 
hence on the one hand some decline in the 
number of el igible people and on the o the r 
hand the extension of " execu t i ve " th ink ing 
to w ider circles. 
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The effect of nuclear technology on conventional industry 

Fur ther investigations 

The investigations so far carried out have 
certainly elicited a great deal of useful 
informat ion and knowledge; nevertheless, 
they must be regarded as merely the f i rs t 
step towards a systematic analysis of the 
effects of nuclear technology on non-nuclear 
industries. Future studies should embrace 
all the member-states and also non-member 
countries w i th a commensurate nuclear 
potent ial . In addi t ion, considerably more 
"cases" should be subjected to detailed 
analysis. Given an adequate volume of 
informat ion material , i t would then be 
possible t o evaluate the economic effects by 
the methods of input -output analysis 
( interl inkage pattern of the supply and user 
industr ies). Finally, there is a need for an 
accurate study of the social implications, 
e i ther by examining the trends of st ructural 
changes or by direct observation at the 
place of w o r k . 

It is part icularly desirable, however, that 
the applications of nuclear developments 
should no longer be left to chance, but that 
new opportuni t ies for carry-over should be 
systematically sought and the efficacity of 
the existing mechanisms investigated. 

N e e d for a central in format ion office 

It would also be expedient t o set up a 
permanent centre which would collect and 
evaluate all informat ion o f interest in this 
connection, publish i t in suitable form at 
regular intervals and furnish specific advice 
to interested parties. Such centres already 
exist in some Anglo-Saxon countr ies. 
In the Communi ty , t oo , simi lar proposals 
have been discussed forsorne t ime under the 
catchphrase "technological gap" . Ano the r 
impor tant not ion in this connection is that 
the considerable public resources devoted 
to the promot ion o f nuclear technology 
should be made to benefit the widest 
possible circles2. 

The studies and observations carried ou t 
to date leave no doubt that an intensified 
carry-over t o conventional sectors of the 
experience gained in nuclear technology 
—and for that matter in space t ravel as 
wel l—would accelerate economic develop
ment. (EUBU 6-15) 

2. The publication "Technical notes", which has now 
been appearing for some t ime, represents a first step 
by Euratom in this direction. 

lissa, 

Fluorocarbon-based plastics. 
Fluorocarbon plastics are halogenated hydrocarbon dérivâtes which are polymerised to long-chain 
molecules. 
The polymerisability of organic fluorine compounds was discovered at the beginning of the 
nineteen-thirties, but no further attention was paid to this possibility until it was found by chance 
in 1938 that tetrafluoroethylene can be polymeriseû. A few years later this discovery formed the 
basis for the production of fluorocarbon plastics as chemical-resistant packing materials in diffu
sion plants for the extraction of uranium 235 from uranium hexafluoride. 
The new materials have since come into use in many branches of industry, chiefly for packings, 
linings, sliding surfaces and electrical insulation. Fluorocarbon-basea plastics lend themselves to 
these purposes by virtue of their exceptional thermal stability and corrosion-resistance, their 
low coefficient of friction, their favourable dielectric constant and their low electric loss factor. 
The demand for these materials is expected to increase sharply over the next few years, although 
for the time being, in view of their high cost as compared with other plastics, their use will pro
bably be confined mainly to technical applications. As the only non-technical application so far, 
mention can be made of the coating of household pots and pans, m which the anti-sticking effect 
of the coating material makes it possible to fry without fat. 
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Radioisotopes and the textile industry—international conference at Baden-Baden 

The applications of radiochemical methods 
in the textile industry, with thei r immediate 
effect of profoundly altering a number of 
traditional techniques and thus leading to 
the invention of products with novel 
properties, are bound to spread consider
ably in the near future. This is one of the 
conclusions reached by the 250-odd partici
pants in the conference held on 3-5 July at 
Baden-Baden (Germany), closing the Bureau 
Eurisotop'scampaign in the textile industry. 
The representatives of a large number of 
textile enterprises and scientific institutes 
of the Community stressed the need to 
intensify and speed up the initiative taken 
by the Bureau Eurisotop in this field. 
The Baden-Baden conference followed 
another, held on 8-10 May at Evian-les-
Bains, which reviewed the radiometric 
methods employed for measuring and regu
lation, and for analysing materials; these 
methods can contribute decisively to the 
standardisation and automation of manu
facturing processes. In many cases, the 
equipment needed pays for itself within a 
few months and the products are of more 
uniform quality. 
As to radiochemical methods, these depend 
chiefly on radioactive tracers, which reveal 
the efficiency and progress of chemical 
processes used in the textile industry. The 
tracer method is often the only means of 
analysis available at present. It particularly 
concerns the application of dyes and adju

vants to threads and cloths, determination 
of the soiling propensities of white linen or 
carpets and the efficiency of the washing 
and degreasing processes. The checking of 
manufacturing operations by means of 
radioactive tracers leads to optimisation of 
production processes. In many cases, 
activation analysis processes can be used 
for the almost continuous supervision of 
spinning baths, so that uniform fibres are 
obtained. 
Polymerisation, reticulation and grafting 
with the aid of ionising radiation enable the 
textile industry to develop new processes 
and products. In the textile branch, the use 
of nuclear processes in the industry is 
evolving rapidly; and over the last year or 
so, in the United States and Japan in particu
lar, there has been a real breakthrough of 
nuclear processes in the textile industry. 
Last year, one of the biggest American 
textile consortiums achieved the manu
facture of irradiation-finished cloths. These 
materials have the property of being non-
soiling, dust-repellent, crease-proof and 
easy to look after. 
A great many of these processes of chemis
t ry under radiation have been the subject of 
laboratory studies and are now waiting to 
be taken up on the industrial scale. The 
studies were aimed chiefly at improving the 
properties of cotton and cotton-mixture 
fabrics. In the case of synthetic fibres, 
irradiated chemistry processes make it 

possible to manufacture a fabric with 
improved dyeing properties, better colour 
and greater dimensional stability. Thus it 
would be possible, by using radiation 
treatment, to manufacture women's stock
ings of nylon or perlon of uniform length. 
The Baden-Baden conference was held with 
the dual object of showing experts of the 
textile industry the potential uses of 
nuclear processes (radiochemical and irra
diation chemistry) and of encouraging the 
application of laboratory findings in indus
try. At the moment, it is no easy task to 
assess the importance of nuclear appli
cations to the textile industry. In this 
field the Community countries are a 
long way behind the USSR, the USA and 
Japan. 

As well as being behindhand with industrial 
development, most of the Community 
countries still have to overcome a techno
logical handicap. Of the nuclear processes 
discussed at Baden-Baden, many will only 
pay their way if used in large enterprises. 
It is the same with the irradiation processes 
as with power reactors—the production 
costs are only worth-while with sufficiently 
big production units. Medium-sized firms 
may have to combine and operate irradia
tion facilities on a joint basis.lt was precisely 
these economic aspects and organisational 
problems that the Baden-Baden Conference 
brought into the open. 

Draft design of ORGEL prototype 

Following Euratom's announcement of a 
competition to submit a design for a 
250 MWe ORGEL prototype, a nuclear 
consortium comprising three major firms 

has informed Euratom of its wish to enter 
for this competition. 
The consortium, which has to submit its 
design before 1 June 1968, consists of the 

French firm of GAAA (Groupement atomique 
alsacienne atlantique), the German firm of 
Interatom and the Italian firm of Montecatini. 
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New research on heat insulation 

Deutsche Babcock und Wi lcox test plant at 
Friedrichsfeld. This plant was designed 
specially for testing water-screen heat 
shielding systems. A particular feature is that 
the tests can be carried out under forced 
convection (the flange for connection to the 
blower can be seen in the photograph). 

A t the end of 1963 Euratom launched a 
programme of research on the heat insu
lation of prestressed concrete reactor 
vessels. A t that t ime, as now, the state of 
development of prestressed concrete tech
niques l imited the operating temperature 
for this material to about 80°C, whereas the 
walls are in contact w i th the coolant at 
substantially higher temperatures. Conse
quently, these walls have to be provided 
w i t h an insulating s t ructure (see Euratom 
Bulletin 1966, No. 2, pp. 59-60). 
Euratom has recently concluded a number 
of new research contracts under this 
programme and certain contracts due to 
expi re have been renewed. 
Of the new studies that have been star ted, 
certain are of a fundamental nature. First, 
a new contract w i t h the Société Bertin 
covers research on natura l turbulent convec
t ion along a vertical plane wal l , as found in 
metal heat-insulators. It has also been found 
advisable t o analyse a phenomenon en
countered in all present-day heat-insulating 
systems, which takes the inconvenient fo rm 
of an accumulation of heat in the upper part 
of the vessel. Bertin has started studying 
this problem in insulating systems that 
employ f ibrous materials such as glass woo l , 
in collaboration w i t h St. Gobain, and in 
cellular insulation, w i t h Alsthom; in the 
lat ter case, the findings of this study, 
although of direct value to the Alsthom 
diamond-cell heat insulation, w i l l be useful 
for the NIDA honeycomb insulation being 

developed by Sud-Aviation, and fo r o ther 
cellular insulating materials. 
Sud-Aviation, too , have had the i r research 
contract on NIDA extended by Euratom. The 
tests, which had given positive results but had 
only been conducted on small samples, w i l l 
now be scaled up a hundredfold. It is w o r t h 
not ing that the NIDA being studied as a 
nuclear heat-insulator is basically the same 
as the one envisaged by Sud-Aviation as a 
st ructura l material for supersonic aircraft 
(e.g. Concorde). 

A contract concluded by Euratom w i th 
Deutsche Babcock und Wilcox and SOCIA 
(Société pour l'industrie atomique, fo rmer ly 
Indatom) has likewise been extended, but 
the research concerned has in this case been 
ent irely reor iented. Original ly the aim was 
to develop a heat-shield device based on the 
"wa te r screen" pr inciple, used widely in 
modern boilers. This device comprises 
water tubes which carry off the heat 
t ransmit ted to the wal l , and also a thermal 
barr ier t o hinder heat transfer between the 
reactor gas and the water tubes. This 
thermal " b r a k e " has proved effective t o the 
point where i t is now possible to envisage 
replacing the water screen simply by a 
screen of cold gas in pressure equi l ibr ium 
w i th the reactor gas. It is this solution 
which is now under study. It offers the 
double advantage of simpler design and of 
greater safety owing to the absence of 
water in the reactor core. 
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Agreement on Euratom research budget 

O n 25 July 1967 the Counci l of Ministers of 

the European Communi t ies formal ised the 

agreement reached a fo r tn igh t ear l ier on 

Euratom's research budget fo r 1967 and on 

the revision of the second fiveyear p ro 

gramme. The agreement is a compromise 

which takes in to account a proposal by the 

Commission concerning fast reactors. 

This 1967 research budget, which is the 

highest o f the f ive budgets fo r carry ing ou t 

the second programme, includes the 

amount of 38,118,000 dollars in f ixed 

appropr iat ions and 117,441,000 dollars in 

payment author isat ions. 

By means o f certain rearrangements it was 

possible t o assign a sufficient amount t o 

fast reactor research t o meet the def ici t 

posi t ion of the Euratom/CEA (France) and 

Euratom/GfK (Germany) associations and 

reach a satisfactory agreement w i t h the 

CNEN (Italy). 

Euratom and the CNEN have signed a 

sharedexpenses contract renewing the 

chief research activit ies under the contract 

of association which expired in 1966, but 

confining w o r k on the PEC fuel test ing 

reactor t o research and development. 

It can now be assumed that as the si tuat ion 

has been finally cleared up unt i l the end of 

1967, the discussions which the Counci l o f 

Ministers is t o s tar t in the autumn on 

Euratom's fu tu re activit ies w i l l be able t o 

proceed in a favourable atmosphere. 

Forthcoming Euratom conferences 

S e p t e m b e r 18/19, 1967 

Liège ( B e l g i u m ) 

" T h i r d meet ing on accelerator targets fo r 

the product ion of neu t rons " 

Cosponsor: Liège University 

W r i t e t o : Euratom, a t t n : Mr . Godar, 51 

rue Bel l iard, Brussels 4 (Belgium) 

S e p t e m b e r 21/22, 1967 

Liège ( B e l g i u m ) 

"Practical aspects of act ivat ion analysis w i t h 

charged par t ic les" 

Cosponsor: Liège University 

W r i t e t o : Euratom, a t t n : Mr . Godar, 51 

rue Bel l iard, Brussels 4 (Belgium) 

S e p t e m b e r 21/22, 1967 

Ispra ( I t a l y ) 

"13 th National Congress of the Italian 

Health Physics Association (AIFSPR)" 

W r i t e t o : Euratom, JRC, at tn : D r . A. Benco, 

C.P. No 1,21027 Ispra (Italy) 

N o v e m b e r 7/8, 1967 

Brussels ( B e l g i u m ) 

" In fo rmat ion meet ing on prestressed con

crete reactor vessels and the i r thermal 

insulation : 

—Fundamental studies in the field of con

cretetechnology (resistance to heat and 

behaviour under i r rad ia t ion) ; 

— N e w vessel p ro to types ; 

—Fundamental studies on 

t i o n ; 

■—Practical demonstrat ion 

devices." 

vessel insula

of insulation 

W r i t e t o : Euratom, a t t n : Mr . Benzler, 

51 rue Bel l iard, Brussels 4 (Belgium) 

N o v e m b e r 1315, 1967 

Ispra ( I t a l y ) 

"Symposium on m ic rodos ime t ry " 

W r i t e immediately t o : Euratom, a t t n : Mr . 

Ebert , 51 rue Bell iard, Brussels 4 (Belgium) 

M a y 2731, 1968 

Stresa ( I t a l y ) 

"Second internat ional conference on ther 

mionic electrical power genera t ion" 

Cosponsor: ENEA 

W r i t e t o : Euratom, JRC, a t t n : D r . Neu , 

C.P. 1, 21027 Ispra (Italy) 

Correction: Unfor tunate ly ou r last number 

contained a mistake. The Frascati confer

ence on physics of quiescent plasmas wi l l 

not be held f r o m 1013 January 1968, but 

was held f r om 1013 January 1967. 
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In high-temperature experiments i t is 
of ten more impor tant t o discover the 
maximum temperatures reached at various 
points than to know how the temperature 
varies w i t h t ime at one given point . 
In such cases a process based on cold-
worked monometall ic w i res , which has 
been developed by the group operat ing 
the BR-2 reactor at Mol (Euratom-CEN 
Association) should prove useful. This 
process is a good deal s impler than the 
usual thermocouple method and gives more 
precise readings than the processes based 
on substances that change colou r at dif ferent 
temperatures. 

It was th rough a hunt fo r the causes of 
certain er rors that arise w i t h new the rmo-

Cold-worked wires as temperature detectors 

couples that the pr inciple underly ing the 
method was discovered. The e r ro rs in 
question are due t o a special electr ic voltage 
which appears temporar i ly in monometall ic 
conductors the f i rs t t ime they are subjected 
t o a high tempera ture . 
The reason is tha t the crystal deformations 
caused by drawing are st i l l present in new 
w i res ; thus, the f i rs t t ime the wi res are 
subjected to heat they really go th rough 
an annealing which puts the crystals back 
into posi t ion. This annealing, i t was sug
gested, is responsible fo r the parasitic 
electr ic voltage, which is normal ly a 
nuisance but is here tu rned t o good use. 
There are t w o stages in the process. First, 
the cold-worked w i r e is placed in the area 
which is t o be investigated. For instance, 
i f one requires t o know the dif ferent 
maximum temperatures reached along a 
tube, the w i r e is laid over the whole length 
of the tube. Dur ing the exper iment , the 
w i re w i l l be more o r less completely 
annealed, depending on the maximum 
temperature attained. 
When the exper iment ends, the next stage 
begins. The w i re is connected to a micro-

vo l tmeter and quickly placed in a furnace 
where a p inpoint heat source, of a tempera
tu re dist inct ly higher than those to be 
detected, sweeps along the whole w i re 
length. In a section of w i re that has al ready 
been exposed to high temperature dur ing 
the exper iment , the voltage set up by 
annealing w i l l be lower than in fragments 
exposed t o lower temperatures. 
The photograph shows the furnace in 
quest ion; at the top can be seen a thermal ly 
insulated copper rod which is electrically 
heated and has a hole in the middle th rough 
which the w i re is passed. 
W i t h a plat inum w i r e i t was found that 
between 200 and 800°C there is a generally 
linear relation between the maximum 
temperature reached du r ing theexper imen t 
and the voltage subsequently recorded on 
the mic rovo l tmeter . 

This process is part icularly suited t o the 
exacting conditions of nuclear w o r k be
cause, unlike thermocouples, there is no 
need to lay connecting cables dur ing the 
exper iment and i t reduces t o a min imum 
the presence of substances that might give 
rise t o chemical reactions. 

A new type of thermal insulation 

In heavy-water-moderated nuclear reactors 
f i t ted w i t h hot pressure tubes a device 
ensuring good thermal insulation has t o be 

inserted between the hot pressure tubes 
and the cold heavy water . 
The method generally adopted is t o 

surround the pressure tube w i t h what is 
known as a "calandr ia" tube and t o insulate 
i t by int roducing gas into the resultant 
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annular space. This technique, whi le 
adequate, nonetheless has certain draw
backs; i t of ten necessitates the use of a 
fair ly complex c i rcu i t t o ensure the c i rcu
lat ion of the insulating gas, fabricat ion and 
assembly of the calandria tube are diff icult, 
etc. 
Ano the r type of thermal insulation which 
avoids most of these diff iculties has been 
suggested at Ispra. It consists of a jacket of 
l ight porous mater ia l , e.g. fel t o r bands of 
silica lagging, arranged concentrically 
around the hot tube at a distance of only 
a few mi l l imetres f rom its surface so as t o 
contain an annular envelope of heavy water 
vapour. The heavy water vaporises on 
contact w i t h the wall of the tube and the 
vapour f i lm, whose conduct iv i ty is very low, 
acts as an insulating material . 
Since the porous lagging surrounds the 
tube un i fo rmly and inflates under the 

pressure of the vapour in the same way as 
an air-mattress, no special device is requi red 
to maintain the desired space between the 
jacket and the wall of the tube. In o rder t o 
avoid a convection cur ren t of vapour 
th rough the porous lagging i t is sufficient 
t o f i t a th in layer of impermeable material 
on its vapours ide. 

This method, the most s t r i k ing advantage 
of which is perhaps its great s impl ic i ty , 
could be useful in o ther industr ial fields. 
A study has already been made on its 
application to the thermal insulation of the 
walls of tanks fo r the storage o r t ranspor t 
of l iquefied gases. These gases are usually 
at very low temperatures. The tanks used 
h i t he r to , of the Dewar flask type, are 
fragile and cost ly; i t might be advisable t o 
replace them by a more conventional tank 
w i t h a porous internal cladding. 

Mechanising nuclear libraries 

A round-table meeting on l ib rary mechani
sation was held on 10 and 11 May in Ispra. 
Practically all nuclear centres of the Euro
pean Commun i t y were represented at the 
meet ing, as wel l as observers f rom Den
mark and CERN. 
The part icipants were given final details of 
the integrated mechanical system developed 
jo in t l y in the course of the past few years 
by the Ispra l ib rary and CETIS. A l l main 
l ib rary operations are comprised by the 
system: acquisi t ion, cataloguing, loan pro
cedure, users' in format ion , etc. 
There are t w o sides t o the improvements 
offered by the mechanised system. First 
i t cuts out most of the manual and repet i t ive 

w o r k involved in running a l ib rary and 
second i t makes it possible t o give individual 
customers be t te r and faster service: e.g. 
catalogues on special subject-fields can 
readily be produced on request. 
The meeting attained its pr imary object, 
which was t o secure the approval of all 
participants on the concept of the system 
and on various practical details. The system 
has since been gradually put into application 
at Ispra and i t is hoped that f i rs t results on 
actual operat ion wi l l be available by the 
end of the year. 
I t is planned that the system should in due 
course be adopted by o ther centres, in 
accordance w i th the i r possibilit ies. 

LATEST BOOKS PUBLISHED BY 
EURATOM'S CENTRE FOR INFOR
M A T I O N A N D D O C U M E N T A 
T I O N : 

— Label led proteins in t racer 
studies (Proceedings of symposium 
held in Pisa, Italy, January 17-19, 
1966-No. EUR 2950). 

— First ta rge t p r o g r a m m e for 
t h e European A t o m i c Energy 
C o m m u n i t y (four separate edi 
t ions in German, French, Italian and 
Dutch respect ive ly-No. EUR 2773). 

— Proceedings of the col loquium 
on b r i t t l e f rac ture and safety 
prob lems in nuclear pressure 
vessels (Col loquium held in Brus
sels, January 11-13, 1966-No. EUR 
3121). 
'The proceedings constitute the most 
comprehensive work published to date 
on brittle fracture"—Professor Rühl, 
President of the International Institute 
of Welding, writing in "Schweißen 
und Schneiden". 

Books now in preparat ion include: 

— Proceedings of the second 
in ternat iona l conference on 
methods of prepar ing and stor
ing labelled compounds. 

— Proceedings of the in forma
t i o n meet ing on the develop
m e n t of l ight w a t e r reactors in 
the European C o m m u n i t y . 

— O n au tomat isa t ion in lan
guage t rans la t ion and t h e o r e m 
proving—a series of papers edited 
by P. Braffort and F. Van Scheepen. 
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