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The Communi ty 's mission is to create the 
condit ions necessary fo r the speedy estab­
l ishment and g rowth of nuclear industries 
in the member States and thereby cont r ib­
ute to the raising of l iving standards and 
the development of exchanges w i th other 
countries (Ar t ic le 1 of the Treaty inst i tut ing 
the European Atomic Energy Communi ty ) . 
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I t is both an honour and a pleasure for us to 

present in this issue of E u r a t o m Bul let in an 

ar t ic le by Sir W i l l i a m Penney, C h a i r m an of the 

U n i t e d Kingdom A t o m i c Energy A u t h o r i t y . 

A year ago exactly, w e launched a series of 

art icles devoted to the nuclear p r o g r a m m e s 

of the European A t o m i c Energy C o m m u n i t y ' s 

M e m b e r States. A l though Sir Wi l l iam's ar t ic le 

cannot str ict ly speaking be considered as par t 

of it , since the U n i t e d Kingdom is not a M e m ­

ber State of E u r a t o m , there can be no doubt 

tha t in spir i t i t holds a place in this series. 

T h e r e are t w o main links between the U n i t e d 

Kingdom and the European C o m m u n i t y in the 

field of nuclear energy. O n e is afforded by the 

O . E . C D . Dragon project, in which both are 

ma jor partners, and the o ther by an Agree ­

m e n t for co-operat ion, signed in 1959, covering 

a wide range of exchanges. 

Some three years ago, negotiations over the 

U n i t e d Kingdom's entry into the European 

A t o m i c Energy C o m m u n i t y were under way 

and it was assumed by a l l tha t they would 

succeed. H o w e v e r , the fai lure early in 1963 

of the negotiat ions over the U n i t e d King­

dom's entry into the C o m m o n M a r k e t , which 

had been proceeding a t the same t i m e , en­

ta i led tha t the E u r a t o m negotiations had to 

be broken off. 

Far f r o m weakening the links between the 

U n i t e d Kingdom and E u r a t o m , this event 

gave renewed significance to the 1959 Agree­

m e n t and led to a gradual expansion of the 

areas of co-operat ion. 

T h e arrangements which are being made at 

the m o m e n t to extend the A g r e e m e n t to 

exchanges of in format ion on fast reactor 

physics are evidence tha t this process is still 

continuing. O u r sincere hope is therefore 

that the fu ture wi l l reserve opportuni t ies for 

ever closer contacts. 



The Atomic Energy A u t h o r i t y Act of 1954 
recognised the need for a large and con­
certed ef for t on the development of nuclear 
power for c iv i l use. The Ac t created the 
U.K.A.E.A. as a body financed by the 
Government and subject to Minister ia l 
d i rec t ion , but free of some of the day to day 
restr ict ions on a Government Depar tment . 
The A u t h o r i t y have therefore had consider­
able freedom in choosing the d i rec t ion of 
much of t h e i r research and development 
w o r k on the civi l side. 
The A tom ic Energy A u t h o r i t y have capital 
assets of some £250m. and the civ i l research 
and development programme employs 
nearly 3,000 graduate and professional 
engineers and scientists. The cost of this 
programme is about £50m. a year. Half of 
this is spent d i rect ly on the development 
of reactors for nuclear power product ion 
t o meet the requirements of the U.K. 
e lect r ic i ty generating programme and of 
expor t markets. The rest is spent on more 
general research related t o th is object ive, 
on isotopes and on fusion research. The 
A u t h o r i t y is also cont inuing t o examine 
nuclear reactors of lower power ou tpu t , 
including the i r use for nuclear marine 
propuls ion, although the economic pros­
pects of the present concepts of marine 
reactors are not good. 
The Au tho r i t y , in addit ion to its research 
funct ion, is a major product ion organisation 
in the fields of nuclear fuel fabricat ion and 
reprocessing, enriched uranium product ion 
and radioisotope preparat ion. 
More recently, the Science and Technology 
Act 1965 has widened the powers of the 
Au tho r i t y to conduct research w o r k not in 
the nuclear f ield. The intent ion is t o w o r k 
for the explo i tat ion of skills and hardware 
developed fo r o r closely associated w i t h 
nuclear matters. The f i rst task given under 
this Act by the Minister is the development 
of desalination techniques, in conjunct ion 
w i t h Br i t ish industry. 

The Authority's organisation 

The Atomic Energy Au tho r i t y is const i tuted 
as a Board of some 15 Members, of whom 
about half have ful l - t ime executive posts. 
The organisation comprises several Groups 
responsible respectively for research, reac­
tors , product ion, engineering and weapons. 
The fo l lowing are the main sites at which 
our w o r k is carr ied ou t : 
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Harwell (Research Group ) : Founded in 1946, 
Harwel l is responsible fo r research w o r k , 
largely concerned w i t h materials, the i r 
propert ies (part icularly nuclear propert ies) 
and the effects on them of radiat ion. Its 
programme covers nuclear as wel l as 
theoret ical physics, and physics of the solid 
state, nuclear chemistry, radiation chemis­
t r y and i r radiat ion damage studies, physical 
metal lurgy and certain specialised lines of 
chemical engineering. Harwel l , of course, 
have a number of reactors and part icle 
accelerators which are the essential tools of 
thei r w o r k . 
Culham (Research Group) : A laboratory 
near Harwel l and Ox fo rd where we are 
carrying out research in to contro l led 
thermonuclear reactions, plasma physics 
and the feasibi l i ty of using nuclear fusion of 
l ight isotopes as a source of industr ia l power 
in the longer t e r m . The w o r k at Culham is 
at present aimed at understanding and 
contro l l ing the many instabi l i t ies which 
prevent magnetic fields f rom confining 
extremely hot ions and electrons ( i .e. 
plasma) for more than a relatively brief 
moment . Culham has also been concerned 
in aspects of the U.K. space programme 
including the f i rs t stages of a study of the 
solar corona and the chromosphere. 
Aldermaston (Weapons Group ) : The Wea­

pons Group is, in the main, outside the 
subject of this ar t ic le . However , Aldermas­
ton is also doing substantial research and 
development w o r k in aid of the civ i l 
programme. 
Risley (Product ion G roup ) : Risley in Lan­
cashire is the Headquarters for our Produc­
t i on Group which directs the operat ion of 
ou r factor ies:—at Springfields fo r the 
manufacture of nuclear fuel fo r the elec­
t r i c i t y power stat ions; at Windscale the 
Chemical Separation Plant fo r the repro­
cessing of i r radiated fuel f r om the A u t h o r i ­
ty 's power and research reactors, f rom the 
U.K. nuclear power programme and f rom 
various types of reactors in o ther count r ies ; 
at Capenhurst where the gaseous diffusion 
plant for the enr ichment of uranium is 
s i tuated. The Group also manages the t w o 
power-producing nuclear stations of Calder 
Hall and Chapekross. This Group conducts 
large commercial operations w i t h sales of 
the order of £30 mi l l ion a year, mainly of 
fuel elements f r om Springfields but in­
cluding the sale of e lectr ic i ty f rom Calder 
Hall and Chapekross. 

Also at Risley are the Headquarters of the 
Engineering Group , responsible for the 
design and construct ion of our complicated 
and sophisticated plant and fo r some w o r k 
for o ther organisations, and of the Reactor 
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Group, who are pr imar i l y responsible for 

the design and development of new types 

of power reactors. The Reactor Group 

operates four R. & D. laboratories (at 

Windscale, Springfields, Risley and Culcheth 

near Risley) and t w o sites where reactor 

exper iments take place—Winfrith in Dorset 

and Dounreay on the nor th coast of Scotland. 

More w i l l be said about reactor develop­

ment later in this art ic le. 

Amersham: The Radiochemical Centre sells 

and distr ibutes isotopes and now does 

considerable business of nearly £ 2m. a year. 

Over half of Amersham's output is ex­

po r ted : recently the Centre has notably 

extended its range of labelled compounds. 

High energy physics 

An impor tant element in the national facil i­

ties for research in high energy elementary 

part icle physics is the Rutherford High 

Energy Laboratory, one of the establishments 

of the newly formed Science Research 

Counci l . Established on a site adjacent to 

Harwel l i t is used mainly by scientists f rom 

Brit ish Universi t ies. 

W o r k at the Laboratory is centred on the 

use of two proton accelerators—a 7 GeV 

synchro t ron, NIMROD, and a 50 MeV proton 

linear accelerator (P.L.A.). 

U.K.A.E.A. establishments 

Research Group 

J Production Group 

I Weapons Group 

I Reactor Group 

Engineering Group 

Other establishments 

C.E.G.B. and S.S.E.B. 

Nuclear power stations 

Operat ion of the P.L.A. began in 1959 and 

50 nuclear physicists now use the machine. 

NIMROD has been in use for high energy 

physics since February, 1964 and about 120 

physicists are involved in the experimental 

programme. The full range of techniques 

which are needed to investigate the proper­

ties of fundamental particles is found in this 

Laboratory. Bubble chamber experiments 

have recently begun, using an 80 cent imetre 

hydrogen chamber, on loan f rom the 

Saclay Laboratory near Paris. 

Eventually three large chambers (a 1.5 

metre hydrogen, a 1.4 met re heavy l iquid 

and an 80 cent imetre helium) w i l l be used 

w i t h NIMROD. 

A fu r the r large high energy project in the 

U.K. is that fo r a 4 GeV electron synchro­

t r o n , NINA, at Daresbury in Cheshire, not 

far f r om Risley. 

T h e U .K . nuclear power p r o g r a m m e 

The electr ic i ty generating stations of the 

U.K.'s industr ial nuclear power programme 

are owned and operated by the national 

e lectr ic i ty boards of the country and are 

bui l t by Br i t ish industry. 

The relationship between the A u t h o r i t y and 

i ndustry was defined in 1955 as one of close 

partnership. In o rder t o ensure the maxi­

mum practicable use of exist ing facil it ies, 

research and development would be the 

responsibi l i ty of the Au tho r i t y , who would 

place contracts w i t h industry in suitable 

circumstances, whi le industry would be 

responsible, w i t h appropr iate support f rom 

the A u t h o r i t y , for the commercial exploi ta­

t ion of the results of the Au thor i t y ' s nuclear 

research and development programme. 

The A u t h o r i t y have encouraged the g r o w t h 

of a strong nuclear engineering industry 

capable of put t ing the results of the Author ­

i ty's research and development w o r k to 

good use. The Generating Boards, the 

Au tho r i t y and ¡ndustry w o r k in close 

association on the development and con­

st ruct ion of prototype power reactors. The 

Au tho r i t y also makes design studies, in 

collaboration w i t h ¡ndustry, on concepts of 

full­scale power stations, thus giving in­

dustry an early oppor tun i ty of applying the 

developing techniques to the best economic 

advantage. The nuclear consortia of private 

industr ial f i rms have as a result successfully 

collaborated w i t h the electr ic i ty generating 

boards in the Uni ted Kingdom and w i th the 

Au tho r i t y in establishing the largest nation­

al nuclear power investment in the wo r l d . 

The f i rs t phase of the national nuclear power 

programme consists of the construct ion and 

commissioning of 5,000 MW of nuclear 

power by 1969—all magnox stations, based 

on the design of the Author i ty 's Calder Hall 

and Chapekross stations which were the 

prototypes. The programme consists of nine 

stat ions: Hunters ton in Scotland; t w o in 

N o r t h Wales and the remainder in the 

South of England. There are good reasons 

for this d i s t r i bu t i on : coal stations are at 

the i r cheapest when situated near the coal­

fields, and nuclear stations therefore are of 

most advantage in areas which are fur thest 

f rom coalfields but near to large load cen­

t res. 

Table 1 shows the capital costs and the 

design performance for each stat ion. 

You w i l l see that as the programme pro­

Figure 1: Vertical cross­section of an A.G.R. 

Dungeness 'β ' type of station 
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Figure 2: Temperature and steam conditions of 
a 600 MWe A .G.R. reactor 

gressed there has been a very big increase 
in size of stations. Each of these stations has 
tw in reactors. The f i rst t w o at Bradwell and 
Berkeley have reactors of 150 M W o r less; 
the last at Wylfa consists of 2 590 M W 
reactors. The last column shows the fall ¡n 
capital costs per kW of the stations. These 
falls are in part due to the effect of increases 
in size; and in part , as can be seen f rom the 
costs of the middle group of stations, as the 
result of improvements in design. The 4 th 
and 5th columns show improvements in 
performance, w i t h thermal efficiency rising 
f rom around 2 4 % for Berkeley t o over 3 3 % 

for O ldbury , and in fuel rat ing (which gives 
the electrical ou tpu t for each tonne of uran­
ium) r is ing f rom 0.6 MWe to over 1.0 MWe 
per tonne of uranium. 
Already five of these stations are on power 
and t w o more are now loading. The U.K. 
nuclearstat ions have already generated over 
36,000 mi l l ion units and by the end of this 
year there w i l l be over 3,000 MWe on 
power . The early stat ions, Bradwell and 
Berkeley, have now been on power fo r 
three years and the reactors have per formed 
satisfactorily w i t h high availabil i t ies; over 
the six months' per iod December t o May 

covering last w i n t e r these stations had load 
factors of over 9 0 % . The Scottish stat ion 
Hunters ton came on power early in 1964 
and appears t o be capable of generat ing at 
perhaps 2 5 % above its design ou tpu t . 
Magnox stations have also been constructed 
by Br i t ish industry in Italy and Japan. 
W i t h the f i rst 5,000 M W programme now 
well under way, the Au thor i t y ' s role in the 
magnox programme ¡s now l im i ted t o t h e 
manufacture and reprocessing of the fuel . 
Fur ther improvements in the design and 
construct ion of the magnox reactor are now 
the task of the consort ia. 

Table 1: Civil magnox stations capital costs and performance data 
(a) i.e. Total station cost including tender price, site costs and Generating Board engineering charges. 
(b) Under negotiation. 
(c) Actual output is above 320 MWe. 

Station 

Berkeley 
Bradwell 
Hunterston 
Hinkley Point 
Trawsfynydd 
Dungeness 
Sizewell 
Oldbury 
Wylfa 

reactor on 
power 

1962 
1962 
1964 
1965 
1965 
1965 
1965 
1966 
1968 

Guaranteed 
output 
MWe 

275 
300 
300(c) 
500 
500 
550 
580 
600 

1180 

efficiency 
% 

24.4 
28.2 
28.3 
26.4 
29.4 
32.9 
30.5 
33.6 
31.5 

rating 
MWth/teU 

2.4 
2.3 
2.3 
2.55 
2.9 
2.8 
2.96 
2.85 
3.2 

pressure 
p.s.i.g. 

125 
132 
150 
200 
240 
268 
279 
364 
400 

Capital 
cost £ /kW 

186 
176 
- ( b ) 

150 
137 
114 
107 
108 
100 

T h e reactor deve lopment p r o g r a m m e 

The Au tho r i t y ' s w o r k in the last few years 
has been concentrated on developing more 
advanced systems. Here again, the A u t h o r i t y 
w o r k closely w i t h the industr ial consort ia 
and w i t h the e lectr ic i ty generating boards. 
The main aim is to reduce the capital costs. 

A.G.R . 

In th is development w o r k the A u t h o r i t y 
f i rst sought t o exp lo i t f u r t he r the potential 
of the gas-cooled graphite-moderated 
system, bui lding on our experience of the 
magnox system. This led t o the develop­
ment of the advanced gas-cooled reactor 
(A.G.R.). The A.G.R. has C 0 2 cooling and 
graphite moderat ion. The fuel is sl ightly 
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enriched uranium ox ide canned in stainless 
steel, as opposed t o the uranium metal rods 
canned in magnesium alloy of the magnox 
stat ion. The A.G.R. p ro to type , bui l t at the 
Au thor i t y ' s Windscale establishment, went 
on power two-and-a-half years ago. Notable 
features of the A.G.R. system are high ther­
mal efficiency, on-load fuel l ing giving high 
availabil i ty and excellent safety characteris­
t ics. 
This p ro to type has worked wel l w i t h a high 
availabil i ty and electr ic i ty generat ion. It has 
averaged 8 5 % since i t went on power 
excluding shut-downs fo r exper imenta l 
purposes. The fuel has behaved excel lent ly. 
Its task has been to demonstrate on the 
actual reactor the technical soundness of the 
system.TheWindscale A.G.R. is also a valuable 
testbed for improved fuel elements devel­
oped to achieve be t te r performance (e.g. 
higher gas temperatures) and lower 
fabr icat ion costs. 

reactor systems of proved design (in practice 
B.W.R. o r P.VV.R.) t o be judged on a com­
parable basis. They received seven tenders ; 
th ree fo r A.G.Rs, and four fo r U.S. designs. 
The detailed and tho rough tender assess­
ments carr ied ou t by the C.E.G.B., w i t h the 
Au tho r i t y ' s assistance on technical aspects, 
in the early part of th is year showed that 
the A.G.R. tendered by A tom ic Power 
Construct ions L td . had clear advantages 
both economically and technically over the 
o the r systems, and the contract has been 
awarded accordingly. 
The details and costs of th is stat ion were 
released by the C.E.G.B. in July, 1965 in a 
ful l and precise f o r m . The stat ion w i l l have 
a 4 1 % efficiency. Assuming 20 year l i fe, 
7 5 % l i fe t ime average load factor and 7 % % 
discount rate, C.E.G.B. assess the generat ing 
cost at 0.457d/u.s.o.This is some 1 0 % below 
the nearest compet ing water-moderated 
system. 

a high load factor (above 7 5 % ) fo r many 
years. 

Figure 1 shows a diagram of a Dungeness 
'B ' type of stat ion w i t h the concrete pres­
sure vessel, wh ich , among other features of 
the A.G.R., can refer to the full-scale ex­
perience of the magnox stat ions. Amongst 
the advantages for th is are the small size of 
the reactor leading t o less construct ion 
costs, and s impl ic i ty of construct ion w i t h 
l i t t l e requi rement fo r special equipment . 
The at t ract ive safety features of the Dun-
geness 'B' stat ion are also in part due to the 
use of concrete pressure vessels. These in 
t u r n should open up a greater range of 
sites fo r fu ture A.G.R. stat ions. Dungeness 
'B ' w i l l also have on-load refuell ing w i t h 
high avai labi l i ty, w i l l meet standard conven­
t ional steam condit ions and w i l l use com­
pletely standard turb ines and associated 
equ ipment . 

Figure 3: A cutaway model of a 36 pin A .G.R. 
fuel assembly 

O u r hopes fo r the A.G.R. were conf i rmed in 
mid-1965 when the Central Electr ic i ty 
Generat ing Board placed an o rde r for a 
1200 M W power stat ion of th is design, 
compris ing 2 600 M W reactors each l inked 
to a single standard 600 M W tu rb ine , called 
the Dungeness 'B ' s tat ion. (Dungeness Ά ' 
is a magnox station—see Table 1). 
In 1964 the Br i t i sh Government announced 
in a W h i t e Paper tha t , all the stations of the 
f i rst 5000 M W power programme having 
been o rdered , there should be a second 
nuclear power programme of stations to be 
commissioned in the per iod 1970-75. For 
planning purposes this was put at 5000 MW, 
w i t h the possibi l i ty of subsequent rev iew. 
Under the terms of the W h i t e Paper, the 
Central Electr ic i ty Generat ing Board in 
1964 invi ted tenders for an A.G.R. stat ion 
and indicated t he i r readiness t o consider 
also tenders f rom Br i t ish industry for water 

If less conservative assumptions are made, 
the A.G.R. generat ing costs are st i l l 
f u r t he r improved. W i t h a 30 year l ife 
and 7 5 % load factor they fall t o just over 
0.41d/u.s.o. W i t h 30 year life and 8 5 % 
load factor, they become just under 
0.38d/u.s.o. The C.E.G.B's tender assess­
ment also referred to the part icular ly good 
development potent ia l of the A.G.R. I t was 
estimated that the reduct ion in total 
generat ing costs below those of Dungeness 
'B' which might be achieved w i t h i n a f ive-
year per iod is about 2 0 % . 

Thus, w i t h the A.G.R., nuclear power in the 
U.K. is now established as cheaper than 
conventional methods of generat ion fo r 
stations operat ing at high load factors. In 
the U.K., w i t h our integrated generat ing 
systems, nuclear stations w i l l , even w i t h a 
large nuclear programme, be able to enjoy 

N o w that the A.G.R. has proved itself for 
the power programme, the A u t h o r i t y w i l l 
be concerned in consultat ion and advice on 
the construct ion of the industr ia l power 
stat ions, and in cont inued development 
part icular ly of the fuel to improve both 
performance and economics. 

S . G . H . W . 

The A u t h o r i t y have always maintained an 
active interest in water reactor systems. 
A f te r careful considerat ion of the possibi l i­
ties we decided a few years ago to select for 
major development the Steam Generating 
Heavy Water Reactor. We are at present 
bui lding a p ro to type S.G.H.W.R. of 100 
MWe outpu t at W i n f r i t h , to be commission­
ed in 1967 and on power in 1968. 
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The S.G.H.W. is an advanced boi l ing water 
reactor of pressure tube construct ion 
(similar to the Canadian Candu, except that 
the tubes are vert ical , not unl ike the U.S. 
pressure-vessel ß.VV.Rs) w i t h facil it ies for 
the development of nuclear superheat. The 
l ight water boi l ing or superheating takes 
place in the fuel channel pressure tubes. 
Moderat ion is effected part ly by the heavy 
water in the tank surrounding the pressure 
tubes and part ly by the l ight water coolant. 
The fuel is in the fo rm of long clusters of 
pins containing ceramic uranium diox ide 
pellets. The canning material is Zircaloy fo r 
the boil ing channel fuel and stainless steel 
for the superheat fuel. 
The S.G.H.W. fuel could be low-enr ichment 
U 0 2 , natural uranium dioxide o r metal o r 
natural uranium dioxide enriched w i t h 
p lu ton ium. There are thus several possible 
routes t o select. The design also offers the 
promise of combining low enr ichment 
requirements, low capital costs and low 
generating costs. These advantages are 
l ikely t o apply over a wide range of stat ion 
outputs. 

Dragon 

A reactor system in which the A u t h o r i t y 
has a shared interest w i t h o ther Western 
European countr ies is the High Temperature 
Gas-cooled Reactor. 
The 20 M W t h Dragon reactor became cr i t ical 
a year ago. A l though bui l t on Br i t ish soil at 
the Au thor i t y ' s W in f r i t h establishment, 
Dragon is a European Nuclear Energy 
Agency project in which Bri tain is a partner 
w i t h the six Euratom countr ies and w i t h 
Aust r ia , Denmark, Norway, Sweden and 
Switzer land. The object ive of the Dragon 
Project is to provide the part icipants w i t h 
informat ion and experience to enable this 
reactor concept t o be assessed for large 
compet i t ive nuclear power plants. 
This is a very advanced system and we do 
not yet know its exact economic prospects, 
but—as stated in the Project's s ix th annual 
r e p o r t — i t is thought that the most appro­
priate size for a Dragon-type power plant 
would be based on a 500-600 MWe reactor 
un i t in a pre-stressed concrete pressure 
vessel. This system could wel l be the 

Water from 
condenser 

Steam to 
turbine Fuel Steam drum 

Figure 4: Flow diagram 
of the Steam Genera­
t i ng Heavy Water 
Reactor 

Boiling channels Pump 

culminat ing point of the development of 
gas-graphite reactors which has been pursu­
ed w i t h such success in both Br i ta in and 
Europe. It is st i l l an open question how 
large a place we can see for the H.T.R. in 
the power programme of the U.K. When 
the Dragon reactor has operated at ful l 
power for a year or so i t should be easier to 
make forecasts of the fu ture of the H.T.R. 

Fast reactor 

Finally I come t o the fast reactor on which 
the largest single part of our development 
ef fort is now concentrated. This promises 
t o be the most economic system because of 
the hope i t offers f rom the costs angle, and 
because of its breeding characteristics. The 
fast reactor is the best user of p lutonium as 
a fuel . Dur ing the 1970's increasing supplies 
of p lu ton ium w i l l become available f rom the 
magnox and A.G.R. stations of the U.K's 
e lectr ic i ty programmes. By using this as a 
fuel the fast reactor should help to improve 
the economics of the whole Br i t ish nuclear 
power programme. In the long run an even 
more Impor tant aspect of the fast reactor 
w i l l be its potent ia l i ty for breeding more 
p lutonium than i t consumes. Ul t imate ly this 
could enable us to ext ract 30 or 50 t imes 
more energy f rom uranium than would 
otherwise be possible, which should remove 
any fear of the g row th of nuclear power 
being restr icted by the economics of urani­
um supplies. It is in terest ing to note that 
w i t h such nuclear fuel conservation reasons 
¡n mind several o ther leading industr ial 
countr ies, e.g. the U.S.A., Russia, France 
and Germany are all w o r k i n g energetically 
on fast reactors. 

The A u t h o r i t y have a g rowing confidence 
that the fast reactor offers promise of lower 
power costs as wel l as much improved 
ut i l isat ion of natural uranium. O u r w o r k 
has convinced us that fast reactors can 
operate at substantially lower fuel costs 
than any o ther system. The capital costs, by 
the t ime that the Generat ing Boards are 
ready to build commercial fast reactor 
stat ions, should be similar t o those of 
advanced thermal neutron stations bui l t at 
the same per iod . 
O u r exper imental 60 M W t h fast reactor at 
Dounreay has operated at ful l power for 
long periods since July 1963 and supplies 
e lect r ic i ty t o the g r i d . It is the f i rst fast 
reactor to have produced e lect r ic i ty for 
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Figure 6: The Fast Reactor Experiment, Dounreay, Caithness. The Fast 
Reactor Experiment at Dounreay attained its full power of 60 MWth 
in July 1963 and since then has been used primarily as an irradiation 
test facility for future fast reactors, though it is generating about 
15 MW of electricity, some of which is fed to the grid. 

Figure 5: Fuel element transfer flask in the upper loading facility of 
the O.E.CD. Dragon reactor, Winfrith, Dorset, England 

public use and t o have operated at such 
high power levels. It is being used as a test 
faci l i ty and fo r the development of fuel . We 
have now decided on the main design 
features of a much larger p ro to type power 
producing reactor and the A u t h o r i t y hopes 
short ly t o submit proposals t o the Govern­
ment for the bui lding of this p ro to type to 
come on power around the end of the 
present decade. This is the next major step 
towards the instal lat ion of commercial fast-
reactor power stations of 500 o r 1000 M W 
in the later 1970's. 

C o n c l u s i o n 

A large ef for t and large sums of money are 
being spent by the Un i ted Kingdom in 
developing economical forms of nuclear 
power. Several o ther highly industr ial ised 
countr ies are also now planning t o increase 

very sharply t he i r construct ion programmes 
of nuclear power stat ions. Estimates suggest 
that there may be between 100,000 and 
200,000 MWe installed nuclear power capa­
ci ty in the Western W o r l d by 1980. In the 
U.K. there is much speculation on the fu ture 
rate of g r o w t h of e lec t r ic i ty demand and on 
the t rend in nuclear power programmes by 
the t ime that we have completed oursecond 
national programme in 1975. I myself am 
convinced that the U.K. and o the r develop­
ed countr ies w i l l rather rapidly increase the 
rate of building nuclear stations. The 
cont inuing w o r k I have described above w i l l 
prove of great benefit in helping to meet 
fu tu re needs fo r economic power . 
I am honoured that I should have been given 
the oppo r tun i t y t o describe our national 
ef for t in the nuclear field in Euratom's 
official bu l le t in . A l though the Uni ted K ing­
dom is not a member of Euratom, we are 
partners in the Dragon Project and we are 

enabled to keep in close touch on matters 
of common interest th rough the U.K./ 
Euratom Cont inu ing Commi t tee set up 
under the Agreement for Co-operat ion 
signed in February, 1959. A l l of us, whether 
members of the Commun i t y or not , have 
much in common where nuclear power is 
concerned. We are all highly- industr ial ised 
densely-populated countr ies w i t h a r ising 
demand fo r electr ic power . W e have a 
common interest in helping each o ther in 
this exc i t ing w o r k . 
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E U B U 4—16 

Nuclear slang 

and nuclear terminology 

HEINRICH K O WA LS K I , Head of the Terminology Bureau at Euratom, Brussels 

From a lecture given to the International Con­

gress of Translators and Interpreters (CITI), 

held in Giirzenich Hall, Cologne 

Of all the scientists and technologists who 

have ever walked the ear th , more than 9 0 % 

are l iv ing in our own t ime . A l l over the 

wor ld they are assiduously extract ing new 

knowledge and describing new discoveries 

in such an enormous range of di f ferent 

fields and on such a vast scale that we are 

justif ied in speaking of an " i n fo rma t i on 

exp los ion" . A l l these branches of science 

have the i r own peculiar vocabulary o r 

specialised jargon. 

The t ime is long past, and probably for ever, 

when there was a un i form physical o r 

technical, o r even a universally intel l igible 

and generally recognised,scientific te rm ino l ­

ogy. In the laboratory, on the test ­ r ig or in 

a reactor no difficulties arise. The people 

engaged in these activit ies are all birds of a 

feather and if necessary, they can even make 

themselves understood w i t h slang expres­

sions: e.g. 'a b i t more ju ice! ' , 'up one 

notch !', 'back to ze ro ! ' . It is only at the next 

higher level that problems begin to crop up, 

i.e. in the summarising of results and in the 

draft ing of reports w i t h the object of passing 

on in format ion, especially when this is 

intended for the unin i t ia ted, who may be 

experts work ing in o ther fields. For this 

purpose there is a need for af ixed te rm ino l ­

ogy w i t h clearly­defined concepts and a 

carefully chosen nomenclature, just as the 

Eskimos, for example, have a specific ice 

terminology which contains some 20 des­

ignations to distinguish between the various 

kinds of ice. 

F r o m Confucius to H e r t z 

The termino logy problem in the widest 

sense has been w i t h us since t ime imme­

mor ia l . We need only th ink of the t owe r of 

Babel o r of Confucius who , when asked 

2,400 years ago what he would do f i rs t of 

all if he had t o rule the country, rep l ied: 

" I should f i rs t improve the use of language. 

If the language is not used cor rec t ly , then 

that which is said faus to reflect the speak­

er's meaning. A r t and mora l i ty cannot 

t h r i ve , justice is not done and the people 

do not know which way t o t u r n . Let us 

therefore to lerate no arbi t rar iness in 

w o r d s . " 

In our labours in the field of te rmino logy 

we are concerned pr imar i l y w i t h solving the 

problems of technical language in everyday 

practice and w i t h clearing a f requent ly 

impenetrable l inguistic jungle, in which 

laboratory slang is hopelessly entangled 

w i t h technical jargon,and legit imate scien­

t i f i c terms w i t h the parlance of popular 

science. O u r object is to help establish a 

technical terminology wh ich , 
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— is sufficiently cor rect t o serve as a ¡ 

medium of communica t ion ; U 

— wherever possible assigns a part icular 

designation to a part icular concept and 

vice versa; 

— is practical and c lear—or as Wi lhe lm 

G r i m m said: "sensuous and evocat ive" 

(o therwise i t w i l l not surv ive) ; 

— and is so const i tu ted that i t does not 

unduly offend the pur is t (a requ i rement 

wh i ch , as we know, is almost impossible 

t o fu l f i l ) . 

He inr ich Her tz , the discoverer of the waves 

which are named after h im , expounded the 

relat ionship between the research scientist 

and the outside w o r l d . In th is connect ion 

he speaks of inner images, of basic not ions 

that we build up f r o m external objects and 

processes. O u r reasoning faculty sets t o 

w o r k on these ¡mages and we may possibly 

draw inferences and even make "p red ic ­

t i o n s " : we need only t h i nk how Leverr ier 

deduced the existence of the planet Nep tu ­

ne o r Yukawa that of mesons, o r Einstein 

the possibi l i ty of conver t ing mass into 

energy; in each case the concept existed in 

the scientist 's mind as a "deduc t i ve neces­

s i t y " before any proof was ascertained. 

These inner images and concepts, says 

Her t z , must there fore beso const i tu ted that 

the inescapable deductions t o which they 

lead always reflect the inescapable physical 

consequences of external phenomena. 

Thus to impar t in format ion is t o evoke the 

r igh t images and basic responses in the mind 

of the rec ip ient . And how can this be done 

if the in format ion vehicle is defective? 

Language—in this case technical language— 

is, in the words of R. W . Jumpelt , " t h e basis 

of all scientif ic though t , even though we 

may be aware of i t merely as a means of 

commun ica t ion" . 

^vvw^K 

^Cons ider ing the exponent ial increase in the 

number of scientists and technologists, and 

in v iew of the many specialised fields w i t h 

all t h e i r new and complicated research 

object ives, apparatus and theor ies, i t may 

be doubted whe the r language is at all 

capable of keeping pace w i t h th is sudden 

development. 

E. Wüs te r w r o t e : "The complex i ty and 

f e r t i l i t y of scientific and technical th ink ing 

is such that unregulated natural select ion is 

no longer adequate for the establishment of 

a un i form and efficient l inguist ic usage". 

For th is purpose a high degree of standard­

isation is necessary: language must be 

f rozen, as i t we re , in o rde r that words may 

not take on di f ferent meanings f rom one 

moment t o another and f rom place to place. 

D a n g e r : l i n g u i s t i c c o n t a m i n a t i o n ! 

In fu tu re , when you hear somebody using 

such words as hot, black, fast o r bare, o r 

speaking of age, dollars and cents, ask him 

what his profession is. If he is a nuclear 

engineer he w i l l mean by hot e i the r " e x ­

c i t e d " (e.g. a hot atom) o r " rad ioac t i ve " 

(e.g. a hot laboratory) . To him ζ black body 

could easily be wh i t e o r red, since by black 

he means opaque t o cer ta in radiations. A 

fast, bare reactor usually has no veloci ty at 

al l , that is t o say i t is s tat ionary, but the 

neutrons causing nuclear fission in its fission 

zone possess an ext remely high energy, 

which in th is case is synonymous w i t h fast, 

and bare denotes tha t i t is not sur rounded 

by a ref lector. The age of neutrons is given 

not in years but in units of surface: you may 

perhaps remember that a l ight­year, t o o , is 

not what i t seems, i.e. a un i t of t i m e , but a 

measure of astronomical distance. Finally, 

dollars and cents may, of course, refer t o 

money but in th is contex t i t is more l ikely 

that react iv i ty is meant. 

These terms are not rare specimens of 

"contaminated laboratory s lang" ; they have 

become established in standard scientific 

language, appear in specialist l i te ra ture and 

are used both in research centres and at 

conferences. In th is case, moreover , the 

s i tuat ion is comparat ively harmless because 

we are st i l l ent i re ly w i t h i n the sector of 

nuclear technology. It deter iorates when a 

number of scientif ic and technical disciplines 

are involved and becomes really complex 

when , in add i t ion , the subject mat ter is in 

several languages, and has t o be translated 

o r in te rp re ted . It is a case of the devi l take 

the h indmost , and this is the ext remely 

challenging terminological s i tuat ion which 

prevails, fo r example, in the Linguistic 

Divis ion at Euratom, which every year has 

t o translate some 50,000 pages of mainly 

scientific and technical texts f rom the ent i re 

range of developments connected w i t h 

nuclear energy—a field the scope of which 

is barely hinted at by the subjects dealt 

w i t h in Euratom Bulletin. 

Fur thermore , the translat ions must not only 

be accurate and readable but must also 

smack of authent ic i ty . To the terminological 

diff iculties and ambiguit ies of one's own 

native tongue which I have already out l ined, 

are now added those of o ther languages. 

Moreover, scientists of di f ferent countr ies 

often look at the same problem f r o m tota l ly 

di f ferent points of v iew, so a t ranslat ion in 

the t r ue sense is impossible. 

O n t h e b o i l i n g o f w a t e r 

Let me give a seemingly simple example— 

the boiling of water. No th ing could be easier, 

you may t h i nk . For when the vapour 

pressure of the water reaches the external 

pressure the wa te r starts t o bo i l , at a 

tempera tu re , as we all know, of 100 degrees 

Cent igrade at atmospheric pressure. 

If, however, you pour water on t o a hot­

plate which has been heated t o several 

hundred degrees, you w i l l be surpr ised to 

find that although part of the water rapidly 

evaporates in the normal way, some of i t 

gathers in to separate drops which cont inue 

t o rol l about w i ld l y f o r qu i te a wh i le 

w i t h o u t bo i l ing. The solut ion of the puzzle 

is this : between the hot­plate and the water 

drops a protect ive cushion of vapour is 
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formed which considerably reduces the 
fu r the r transfer of heat. This phenomenon 
is known as the "spheroidal s ta te " (Ger­
man: Leidenfrost'sches Phänomen; French: 
caléf'action). 
Incidentally, in the Middle Ages some of the 
unfortunate women who were made to 
walk over red-hot coals in t r ia ls for w i t ch ­
craft were saved f rom burning t h e i r feet 
severely by th is vapour f i lm . From the 
present-day standpoint th is gruesome test 
was based on false premises insofar as i t 
could te l l us more about the relat ionship 
between the perspi rat ion rate and com­
bustion tempera ture of human feet than 
about the necromantic procl iv i t ies of the 
ladies concerned. 

In the hot zone of a water-cooled reactor 
th is phenomenon can be dangerous. The 
great quanti t ies of heat evolved as a resul t 
of nuclear fission processes in the atomic 
fuel must be evacuated f r o m the fuel-ele­
ment walls. However , the unt ime ly forma­
t i on of such a vapour f i lm at cer ta in points 
causes an accumulation of heat and the wall 
becomes so severely overheated locally that 
destruct ion of the heating surface may 
occur; th is is known as burn-out (German: 
Durchbrennen; French: brûlage). 
As is so often the case, these cond i t ions can 
best be i l lustrated by means of a graph, the 
so-called Nukiyama curve. But i t is also 
necessary t o describe them in words—and 
here is where the t roub le star ts : in Ger­
many the basis is usually taken as thethermal 
load on the heating surface (Wärmebelastung 
der Heizfläche), whereas in France i t is the 
vapour film effect,and in Br i ta in and the U.S.A. 
the theoretical boiling curve; consequently, 
one and the same quant i ty , namely the 
thermal f lux at wh ich burn-out occurs is 
te rmed respectively kritische Heizflächen­
belastung, flux de caléfaction and DNB-flux, in 
which connect ion i t is also necessary t o 
know that DN8 stands for departure from 
nucleate boiling, that is to say the t rans i t ion 
f rom bubble- t o film-boiling. 
There are about a dozen more confusing 
terms for t h i s ; they are all the more 
confusing because they are f requent ly used 
indiscr iminately t o denote both the phenom­
enon itself and the physical value, as is the 
case, fo r example, w i t h rad ioact iv i ty : 
s t r ic t ly speaking, radioactivity refers only t o 
the phenomenon, whi le the cor rec t t e r m 
for the corresponding physical value is 
activity. 

T h e jungle of nuclear te rmino logy 

In such cases, as in a thousand and one 
others, even good technical dict ionaries are 
of no help; the only solut ion is t o compare 
appropr iate technical publications in the 
or ig inal languages. A useful indicat ion w i l l 
then often be obtained f rom the physical 
units ¡n which the quant i ty is expressed, i.e. 
what appears in square brackets after a 
figure. A n example of th is is the w o r d 
" p o w e r " w i t h its various meanings of force, 
energy, ou tpu t , e tc . ; f requent ly the cor rec t 
meaning can only be ascertained f rom the 
uni ts quoted. 

The energy released per un i t of mass by 
nuclear fuel is called burn-up in English and 
Abbrand in German. The French exasperated 
us fo r some t ime w i t h such expressions as 
taux d'irradiation, taux d'épuisement, com­
bustion massique, durée d'irradiation and 
niveau d'intégrité unt i l I t tu rned out that all 
these terms referred to the number of 
megawatt-days per tonne, i.e. they always 
meant " b u r n - u p " . 
Nuclear engineers are fond of using e l l i p t i ­
cal forms on the pat tern of " longhai red 
dogowners" , especially ¡n reactor designa­
t ions—a practice of American o r i g in . Thus 
besides the previously ment ioned fast 
reactor—or, more cor rec t ly , fast-neutron 
reactor—we have the thermal breeder wh ich 
operates w i t h thermal neutrons and pro­
duces, o r " b reeds " more fuel than i t con­
sumes (although i t is by no means an exam­
ple of perpetual mo t ion ! ) , the enriched 
converter reactor in which enriched fuel is 
present, and so on. One can there fore 

sympathise w i t h the i n te rp re te r who , t o the 
astonishment of the assembled exper ts , 
spoke of a tail reactor (Schwanzreaktor). In 
po in t of fact the t e r m that had been used 
was not , as he thought , réacteur à queue but 
réacteur aqueux, that is t o say a reactor in 
which the fuel takes the f o r m of an aqueous 
so lu t ion . 
In some languages use is often made of 
metaphorical designations which have to be 
paraphrased, since a l i tera l t ranslat ion 
would sound e i ther unduly mo rb id o r 
somewhat comical : to quote some examples 
f rom English, mortuary facilities are equip­
ment for the handling of radioactive waste, a 
coffin is a transport container, and a burial 
ground o r graveyard is a storage site. 
The English t e r m "rabbit" which denotes a 
small pneumatically or hydraulical ly p rope l ­
led container used in a reactor , becomes 
furet ( i .e. fe r re t ) in French and Rohrpostbüch­
se (one of the gadgets used in depar tment 
stores which push money about t h rough 
tubes) in German. The apparatus known as 
"cu t ie p ie " , which was thus christened by 
its Amer ican inventor in honour of his wi fe , 
whom he used to call by that name, can 
unfortunately not receive such an affection­
ate designation in o ther languages; the 
t ranslator w i l l have to keep his feet t o the 
ground and render the equivalent of 
"por tab le radiation m o n i t o r " . 
Even such apparently innocuous words as 
"fissionable" and "fissile" must be t reated 
w i t h caut ion, since, s t r ic t ly speaking, the 
fo rmer means capable of undergoing fission 
in the general nuclear sense, whereas the 
la t ter refers t o material in which fission can 
be produced by thermal neu t rons ; in 
German these te rms are proper ly rendered 
by spaltbar and thermisch spaltbar res­
pectively. 

French, t o o , gives us many a hard nut t o 
crack: fo r instance, i t is not always easy to 
ascertain whether by "diffusion" a French­
man means diffusion o r scatter o r propaga­
tion. 
For a t ime we were puzzled by the expres­
sion "les zones périphériques dégavées d'un 
réacteur", and i t was only by wading th rough 
the proceedings of the Geneva Conference 
that we found the answer to the r idd le . A t 
f i rs t sight "gaver " and "gavage" w i l l no 
doubt suggest t o you—as i t did t o us—the 
practice of c ramming, or forced feeding, e.g. 
of geese; here, however, i t means in the 
per iphera l zones of a reactor core the fuel 
is less t igh t ly " c r a m m e d " I.e. less highly 
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enriched than in the central zone. 

The t e r m "vache à radio­éléments" refers not 

t o a cow that yields radioelements instead 

of mi lk , but t o a so­called " m i l k i n g " system 

consisting of a column w i t h a tap at the 

bot tom fo r drawing off radionuclides; and 

in this connection i t would be wise to take 

a closer look at the confusion frequent ly 

encountered in the use of the words 

element, isotope and nuclide. 

N o m e n est o m e n 

To conclude this chapter of examples I 

should l ike t o ment ion a not uninterest ing 

t rend that is discernible in some countr ies 

as regards the naming of nuclear installa­

t ions. Abbreviated names which may seem 

qui te a rb i t ra ry very often have a logic of 

t he i r own and convey more informat ion 

than would appear at f i rst sight, and i t can 

doubtless be assumed that , l ike so many 

o ther apparently fantastic designations, they 

are based on mnemonic principles. 

For instance, there is a sodium­cooled fast 

reactor in France called RAPSODIE, the name 

being formed f rom the f i rs t few letters of 

" rap ide " and "sodium" respectively. In the 

same way a breeder mock­up at Cadarache 

which is a fu r the r development of this type 

is known as MASURCA, the let ters in this 

case standing for "maquet te surrégénéra­

t r i ce Cadarache" and the next stage of 

development—which is being carr ied out on 

a basis of harmonious European col laborat ion 

—is called the HARMONIE project , because 

in Greek mythology Harmonia was Europa's 

sister­ in­ law. 

A zero­power reactor designed by the 

Argonne Laboratories in the U.S.A., i.e. the 

Argonne Naught Power Reactor, was 

dubbed ARGONAUT. There are also o ther 

members of this reactor family in B r i ta in ; 

l ike the Argonauts of o ld , these have 

crossed the sea and consequently bear such 

names as JASON. To give a f u r t he r example, 

JANUS is, of course, a reactor w i t h t w o 

faces, o r , more accurately, t w o exper imen­

tat ion surfaces, one for low­ and one fo r 

high­flux i r radiat ions. And if I now tel l you 

that KIWI is a reactor which was designed 

for space research but wh ich—l ike the 

New Zealand b i rd after which i t was named 

—is st i l l incapable of f l ight , you wi l l easily 

guess the characteristics of the GODIVA 

reactor. You need only picture Lady Godiva 

on her legendary r i de th rough thest reets of 

A technician of the H A R M O N IE reactor staff.. 

Coventry t o conclude that the reactor is 

bare and fast! 

Standardisat ion—or else 

Whereas in o ther fields there is already a 

high degree of terminological stabi l i ty , in 

nuclear science there is st i l l a need for 

vigorous pruning of the fer t i le but f requent­

ly over­abundant l inguistic ou tg row th in 

order to prevent uncontrol led prol i ferat ion 

of termino logy in our own language and a 

Babylonian confusion of tongues among 

translators and in terpre ters . 

Standardisation must be carried out wher­

ever possi ble and any te rm that is ambiguous 

o r superfluous must be eradicated, even 

though this may mean that many words w i l l 

become ossified in to formulae and many 

concepts be represented purely by symbols, 

e.g. α­part ic le, v­factor, k­capture. 

This task is being tackled at a national level 

by the Terminology Commit tees of the 

official standardisation bodies, whose publ i ­

cations—although for the most part uni ­

lingual—are certainly the most reliable 

documents available. Unfor tunate ly , the 

w o r k of terminology standardisation pro­

gresses comparatively slowly. This is due on 

the one hand to inherent difficulties of 

formulat ion and on the o ther hand to the 

fact that fo r some t ime now steps have been 

taken, chiefly th rough the International 

Standardisation Organisation (ISO), t o 

achieve international un i fo rmi ty of te rm ino­

logy, and th is , of course, entails fu r ther 

delay. 

In this standardisation w o r k the accent for 

the most part is not so much on purist 

act iv i ty or the coining of the new words— 

although this t oo is done—as on the 

def in i t ion of words and expressions in 

cur rent usage. And this is where opinions 

f requent ly differ on opposite sides of the 

At lan t ic ; for what is cur rent usage on one 

side may sound l ike hideous laboratory 

slang on the o ther . However, the discoverer 

of a new star o r a new chemical element 

has always been privi leged t o christen his 

own discovery, and since—in the past at 

any rate—most of the inventions and 

developments in nuclear technology were of 

transatlantic o r ig in , we in the Old Wor l d 

must in many cases give way and, whether 

we l ike i t o r not , a l l owthe nuclear inventors 

t o give thei r "bab ies" whatever names they 

choose. 

The European Atomic Energy Communi ty 

w i t h its four official languages, namely 

French, German, Dutch and Ital ian, is 

part icularly interested in such attempts t o 
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T h e Eura tom Glossary ¡n the mak ing 

arr ive at a well-defined nuclear terminology, 
i.e. at an adequate measure of correspond­
ence between the technical vocabularies of 
the various languages; indeed, as long ago as 
1957 the Euratom Treaty expressly stated 
that one of the tasks of the Community 's 
Joint Nuclear Research Centre should be to 
" . . . ensure the establishment of uni form 
nuclear termino logy. . . " 
Consequently i t is only natural that at 
Euratom the terminologis t has been work ­
ing side by side w i t h the translator and 
the in terpre ter f r om the very outset. Since 
the Terminology Bureau is attached t o the 
Linguistic Division i t must also be equipped 
to answer queries f rom our own translat ion 
sections or f r om other sources both inside 
and outside Euratom. 

To this end we have compiled a central 
card-index and bui l t up a specialised l ibrary 
adapted to our specific requirements, in 
addit ion to which we have established, 
e i ther direct ly or via terminology cor­
respondents, contacts w i t h research centres 
and o ther useful sources of termino logy. 
As far as our terminology w o r k in the st r ic t 
sense is concerned, I must say at once that 
there is, of course, no question of sett ing up 
in compet i t ion w i t h the exist ing standard­
isation bodies: in the f i rst place we should 
not have enough staff to doso , and secondly 
this would entail the r isk of overlapping and 
duplication of ef fort . What we can do—and 
are doing—is, wherever possible, t o co­
operate actively w i t h the exist ing national 
and international standardisation organisa­
t ions, to submit proposals and express 
wishes—and to take what steps we can to 
ensure that the standardised designations 
are in fact used. Moreover, we consider it 
a success ¡f ¡n a given case we have managed 
to persuade the standardisation author i ty of 
this or that country that certain concepts 
should be dealt w i t h as a matter of p r i o r i t y . 
First and foremost, therefore, we collect 
what has been defined in one, or occasional­
ly t w o languages by the various standardisa­
t ion author i t ies work ing in the fields of 
part icular concern to us, set these def ini­
t ions side by side in the languages in which 
we are pr imar i ly interested, and see to it 
that the gaps are filled. 
Secondly—and I have already mentioned the 
inevitable time-lag in the standardisation 
process—we also endeavour t o f ix prov i ­
sional nomenclature for concepts fo r which 
no official terminology has yet been 
established, and for this purpose we 

I n f o r m a t i o n sources 

- w ^ * 
onal and interna- ^ ^ B = * * J Technical and scienti-

standards bu- Specialist publications fie linguistic services 

Euratom Glossary w i th several thousand concepts and definitions (in 
book form) 
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naturally rely mainly on or ig inal publica­

t ions in the languages concerned. 

In th is connection the card­indexes com­

piled by individual t ranslators are another 

valuable a id, since in o rder t o keep abreast 

of developments the translators read 

numerous technical journalsand—according 

to t he i r temperament—evaluate the in­

format ion they contain. 

The results obtained are fi led in the 

previously mentioned central card­index. 

From t ime to t ime we also compile smaller 

technical glossaries on various subjects, for 

instance on the use of radioisotopes, o r on 

nuclear ship propuls ion, o r on the basic 

standards fo r radiological p ro tec t ion . 

A Terminology Bureau Bulletin, which at 

present contains some 25 pages, is issued 

monthly and serves for the in format ion of 

the translators and o ther circles interested 

in ou r act iv i t ies, besides provid ing a sor t of 

fo rum for discussion. 

T h e E u r a t o m Glossary 

As a long­term object ive we have under­

taken the compi lat ion of a five­language 

technical d ict ionary ent i t led "The Euratom 

Glossary". We are qui te aware of the fact 

that th is w i l l be approximately the 5507th 

technical d ict ionary t o have appeared since 

the tu rn of the century, but R. W. Jumpelt's 

complaint about the inadequate cataloguing 

of technical language to date is valid in our 

field t oo , and we therefore believe that th is 

project is just i f ied, the more so in v iew of 

our own part icular needs and the task 

entrusted t o us. 

In addit ion t o the four official Communi ty 

languages the Euratom Glossary also covers 

English, which in many cases is the w o r k i n g 

language and ultima ratio of scientists and 

technicians. The Glossary is issued in loose­

leaf fo rm in separate unbound instalments 

of format D IN A4. The first t w o of these 

have so far appeared; they contain about 

3.000 terms and 400 def ini t ions f rom nuclear 

technology, nuclear physics and related 

subjects. For each te rm we have given what 

seemed to us the most reliable source, i.e., 

wherever possible, publications by stan­

dardisation bodies or appropr iate technical 

l i te ra ture . Terms which are defined in the 

reference ci ted are indicated by a cross; 

useful definit ions which are less easily 

accessible are quoted in fu l l—i f possible, in 

all five languages—in the definition section of 

the Glossary, and the relevant t e r m is then 

ident i f ied by an asterisk in the actual 

dictionary section. 

Lexicographical projects are notor iously 

t ime­consuming and attended by an exces­

sive amount of drudgery. Th ink of the 

alphabetical indexing alone! To cover 1,000 

compound terms in five languages, at least 

10,000­15,000 entr ies are necessary. For tu­

nately, we are aided by a device which 

some people call an "e lect ron ic b ra i n " and 

others a "mechanical moron w i t h special 

g i f ts " . The vocabulary is recorded on punch­

cards and transferred t o the magnetic tapes 

of an IBM 1401 computer , which then sorts 

the material and pr ints the five­language 

main section and the f ive alphabetical 

indexes. The computer programme was 

drawn up in accordance w i t h our require­

ments by the Scientific Data Processing 

Centre (CETIS) of the Euratom Joint Nuclear 

Research Cent re at Ispra. 

The continuously numbered main section of 

the Glossary remains unchanged—except 

insofar as er ro rs may necessitate the 

replacement of individual pages—and is 

supplemented f rom issue to issue. W i t h each 

new issue—and this is an impor tant po in t— 

the machine turns out five ent i re ly new, 

consolidated indexes which supersede the 

previous ones. 

It w i l l be several years before the Euratom 

Glossary assumes its final f o r m ; in the 

meantime, however, thanks to the proce­

dure adopted, the translators of the three 

European Communi t ies can benef i t f rom the 

various instalments compiled and f rom the 

alphabetical indexes, as and when they 

appear. 

Since the number pr in ted is very small, only 

a few copies can at present be made 

available to outside parties, and these are 

confined t o establishments which collab­

orate w i t h the Euratom Terminology 

Bureau, fo r example on an in format ion­

exchange basis. 

Later on, when this Glossary has attained 

a certain size, i t is planned to publish it 

under the Euratom imp r i n t , and we hope 

that we shall thereby have made a modest 

con t r ibu t ion to the harmonisation of 

nuclear terminology in five languages and 

to the faci l i tat ion of its use, and thus to have 

fulfi l led our obl igat ion under Ar t i c le 8 of 

the Treaty of Rome. 
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The nuclear power plant at Gundremmingen on 
the Danube. The Kernk ra f twerk RWE/ 
Bayernwerk GmbH (KRB) received joint 
enterprise status on 18 June 1963. 

A view of the gaseous diffusion uranium isotope 
separation plant at Portsmouth, Ohio, U.S.A. 
According to present estimates, the Community 
will require enriched uranium to the tune of 
over 25,000 tonnes (in natural uranium metal 
equivalent) during the period 1970-1979. 

m joint ¡enterprises 

HUBERT TOURNÉS, Directorate-General for Industry and Economy, Euratom 

A t a t ime when a European Commun i ty 
industr ial policy on nuclear energy is taking 
shape, closer a t tent ion is being paid to the 
means which Euratom has at its disposal for 
the creat ion of "a powerful nuclear In­
dus t ry " . In general, this a t tent ion relates to 
Euratom's power t o const i tu te as jo in t 
enterprises those undertakings which are of 
fundamental importance to the develop­
ment of nuclear industry in the Communi ty , 
and t o confer substantial advantages on 
them. 
The concept of the European jo in t enter­
prise in the nuclear field was born at the 
same t ime as the European urge to set up 
a powerful nuclear industry. I t was f o rmu­
lated more or less simultaneously in the 
Euratom Treaty and in the statutes of the 
European Nuclear Energy Agency (ENEA). 
Thus, ever since 1957 a need has been felt 
for " t he emergence of enterprises on a 
European scale" : this need has recently been 
strongly emphasised by the EEC Commis­
sion, among others, and has induced the 
Commission to press on vigorously w i t h the 

w o r k aiming at the harmonisat ion of 
company law. 
It was w i t h i n the f ramework of the ENEA 
that the f i rs t jo in t ventures were launched, 
the most impor tan t of these being Euro-
chemic, an internat ional undertaking in 
which twelve countr ies part icipate and in 
which more than half the capital is owned 
by Member States and enterprises of the 
Communi ty . Its object is the chemical 
reprocessing of i r radiated fuel elements. 
As far as Euratom ¡s concerned, the authors 
of the Treaty intended that the jo in t 
enterprises should occupy a central posit ion 
in the construct ion of a nuclear communi ty . 
The nuclear common marke t , common 
nuclear policies and the jo in t enterprises 
can be said to const i tute the three bases of 
such a communi ty . 

T h e jo in t enterpr ise : ins t rument of an 
industr ial policy? 

Nuclear energy, now w i t h i n an ace of 
attaining compet i t i v i ty w i t h conventional 

sources of energy, w i l l short ly begin to 
assert itself. The consequences of this 
evolut ion are adumbrated in Euratom's f i rst 
target p rogramme: 4,000 M W of installed 
nuclear capacity in 1970, 12,000 M W in 
1975,40,000 M W in 1980. In o rder to keep 
pace w i t h th is expansion the nuclear 
industries w i l l have to develop rapidly and 
immediate consideration must therefore be 
given to the per t inent question of how the 
creation of jo in t enterprises can facil itate 
t he i r g r o w t h . 
First of al l , what are " j o i n t enterpr ises" in 
the sense of the Euratom Treaty ? 

A European s ta tute 

Joint enterprises come into being through 
a decision of the Counci l of Ministers by 
v i r tue of which they acquire legal personal­
i ty , that is t o say they const i tute juridical 
persons in Communi ty law. Nowhere in the 
Communi ty do they have alien status: in 
each of the member states they enjoy the 
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The ESSOR reactor (ESSoi ORgel) under 
construction at Euratom's Joint Research Cen­
tre, Ispra. As the name suggests, this reactor is 
intended to serve as the test rig for the 
ORGEL reactor string (organic-liquid-cooled 
and heavy-water-moderated) which belongs to 
the advanced converter class. 
Two or three advanced converters with capac­
ities of 200 or 300 MWe should come into 
operation between 1970 and 1974; one of these 
might be an ORGEL industrial prototype. 

fullest recognit ion granted to juridical per­
sons under national law, including t he r ight t o 
call upon the capital market in each member 
state on the same terms as the jur idical 
persons o f tha t state; in part icular, th rough­
out the Commun i ty the jo in t enterprises 
are ent i t led t o br ing civi l actions before the 
courts and to acquire and transfer movable 
and immovable proper ty . 
Joint enterprises are only secondari ly, and 
to be more precise, to the extent laid down 
by the Counci l of Ministers, subject t o the 
regulations applying in each Member State 
to industr ial and commercial concerns. 
Thei r statutes, which the Counci l must 
approve, may therefore contain any or ig inal 
provisions w i t h regard to the organisational 
setup which is considered necessary. This 
applies, fo r example, t o a jo in t enterpr ise 
taking the fo rm of a commercial company 
of a member count ry , which is the case for 
the jo in t enterprises set up to date. Thus 
i t is possible, to visualise jo in t enterprises 
possessed of the widest possible d ivers i ty of 
juridical forms, ranging f rom the commer­
cial company to the corporat ion under 
public law. This f lex ib i l i t y makes it possible 
t o cover the wide var iety of purposes which 
may be involved. However , the act iv i t ies of 
jo in t enterprises as wel l as the i r relations 
w i t h t h i r d parties, remain in pr inciple 
subject t o the provisions of national law. 
Apar t f rom having a u t i l i t y value in keeping 
w i t h the extent of the barr iers which st i l l 
exist between the economies of the member 
countr ies and to the diversi ty of national 
legislation in those countr ies, jo in t enter­
prise status can entail considerable practical 
benefits, e.g. in the case of undertakings for 
which an international statute would o ther ­
wise have to be drawn up by means of a 
convention between the states concerned. 

The Commun i ty procedure is an internal 
one and is consequently much s impler : 
every jo in t enterpr ise project is examined 
by the Euratom Commission, and i t is on 
the Commission's proposal that the Counci l 
of Ministers gives its ru l ing, in pr inciple by 
a qualified major i ty , though on certain 
points unanimi ty is requi red. Thus jo in t 
enterpr ise status consti tutes a Commun i ty 
seal and war ranty serving to faci l i tate the 
recipients' access to the capital market . 

T h e "advantages" 

Hi the r t o the interest of industrial ists has 
been aroused mainly by the "advantages" 
that can be conferred on jo in t enterpr ises. 
Among the chief advantages enumerated in 
Annex III t o the Euratom Treaty is "exemp­
t i on f rom all d i rect taxat ion t o which Joint 
Enterprises and the i r goods, assets and 
income would otherwise be l iab le" . The 
resultant easing of the financial burden 
obviously varies f rom one member state to 
another according t o the fiscal regulations 
i n force, which at present differ widely. For 
i nstance, exempt ion f rom taxat ion on goods 
and assets is of interest p r imar i l y t o German 
f i rms, which are subject t o a tax on capital. 

On the o ther hand, the tax rel ief is hardly of 
importance to public undertakings, whose 
l iabi l i t ies in respect of capital yield can be 
much less onerous than those of pr ivate 
enterpr ises; they f requent ly enjoy exemp­
t i on f r o m national taxes and, above al l , do 
not operate for p ro f i t . 
However , any enterpr ise, whether public o r 
pr ivate, is interested in "exempt ion f rom 
all customs duties o r charges w i t h equiv­
alent effect and f rom any impo r t or expo r t 
proh ib i t ions or restr ic t ions, whether of an 
economic o r fiscal character" . Such exemp­
t i on can cover "scient i f ic and technical 
mate r ia l " as wel l as "any substance that has 
been o r is t o be subjected to processing by 
the Joint Enterpr ise" , i.e. a range of 
materials t o be determined f rom case to 
case. 
As regards in t ra -Communi ty dut ies, the 
advantage w i l l retain a certain practical 
importance dur ing the t ransi t ional per iod 
of the general Common Market Insofar as i t 
applies to products o ther than those 
pertaining t o the nuclear common market , 
which has not undergone any t rans i t ional 
per iod. This advantage, in conjunct ion w i t h 
others (such as freedom to employ nationals 
of any Member State), means that as far as 
the jo in t enterpr ise is concerned the 
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common market has been fully achieved. 
Exemption f rom external impor t dut ies— 
and this is the most impor tant factor— 
enables Communi ty protect ion t o be 
adapted so as t o accommodate act iv i t ies 
involving co-operation w i t h non-member 
countr ies. In the case of the f i rs t nuclear 
power plants this made it possible t o reduce 
the cost of reactor components which the 
Communi ty 's industry was not in a posit ion 
t o manufacture, as wel l as that of the f i rst 
cores fo r these reactors. 
These advantages call to mind the facilit ies 
which the states grant to enterprises which 
are in the public interest or which facil i tate 
the achievement of precise aims of economic 
policy, such as the development of a 
part icular region. This character of public 
interest can in point of fact be a t t r ibu ted , 
in conformi ty w i t h national legislation, t o 
the acquisit ion of such immovable proper ty 
as is necessary for the installation of jo in t 
enterpr ises. 

By alleviating the burdens of the enterprises 
these advantages also have an effect on 
compet i t ion . In each case i t is the responsi­
b i l i ty of the Commun i ty inst i tut ions to 
gauge them and to fix the i r condit ions and 
dura t ion , these being decisions which 
arise out of industr ial policy. 

A f r a m e w o r k for vast achievements 

Joint enterpr ise status offers Member States 
and f i rms w i t h i n the Commun i ty a frame­
w o r k w i t h i n which to marshal all the means 
required for undertakings of the greatest 
magnitude. There are no restr ict ions on 
the i r in i t iat ive as regards the submission of 
projects for jo in t enterprises. The Com­
mission itself has the power t o draw up 
such projects. 

Given a unanimous decision of the Counci l , 
part ic ipat ion in a jo in t enterpr ise can be 
made open to : the Communi ty , non-member 
states, enterprises in non-member states 
and, finally, t o internat ional organisations. 
Both private and public part ic ipat ion are 
pe rm i t t ed ; in fact it can scarcely be seen 
what type of part ic ipat ion the Treaty 
excludes. For that mat ter , i t makes no 
stipulations on the subject: i t does not 
require, for instance, that, in o rder t o be 
admissible, a project must emanate f rom a 
mult i -nat ional group. As far as outside 
part ic ipat ion in finance and management is 
concerned, this opens the widest possible 
door t o industr ial co-operat ion w i t h non-
member countr ies. 
Joint enterpr ise status therefore consti tutes 

The mining plant at Blind River, Ontario, Cana­
da. Ρ resent estimates predict that the Commu­
nity will require 54,000 tonnes of natural ura­
nium during the period 1970-1979 and 122,000 
tonnes during 1980-1989. The Community's 
known reserves do not suffice to cover more than 
half of the consumption expected up to the end 
of 1979, so that prospecting activities will have 
to be stepped up for the discovery and ex­
ploitation of fresh resources. The Community's 
enterprises should also make an effort to 
acquire their own sources of supply in non-
member countries. 

not only a f ramework for concerted action 
but also an incentive t o that end. 

In the nuclear field 

The spheres in which jo in t enterprises can 
be established is not expressly defined in 
the Treaty, which lays down as the basic 
condi t ion that the undertaking must be of 
"outstanding importance to the develop­
ment of the nuclear industry in the Com­
m u n i t y " . I t therefore sets not a field but an 
aim, which allows of much greater f lex ib i l i ty . 
Annex II to the Treaty specifies the branches 
of industry the investments of which must 
be declared t o the Euratom Commission, 
but the authors of the Treaty also had in 
mind o ther activit ies such as the product ion 
of radioisotopes and specialised apparatus; 
f u r the rmore , they left open the possibil i ty 
of jo in t enterprises in the field of research 
and t ra in ing . 

The Treaty does not lay down any c r i te r ia 
of "outstanding impor tance" ; i t leaves t o 
the Commun i ty inst i tut ions the responsi­
b i l i ty of deciding whether an undertaking 
which applies for jo in t enterpr ise status 
does in fact possess the fundamental 
importance requi red. This decision has to be 
taken according to the circumstances and, 
in part icular, f rom the standpoint of indus­
t r ia l policy. A t all events, therefore, i t 
fol lows f rom the concept of "outstanding 
impor tance" that the status of jo in t enter­
prise was devised w i t h the object of 
p romot ing ventures which make a signif i­
cant con t r ibu t ion to the development of 
nuclear industry in the Communi ty , 
whereas the harmonisat ion of company law 
undertaken by the EEC aims at providing 
a common legal f ramework for private 
in i t ia t ive. 
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The joint enterpr ise and current 
problems relat ing to the development 
of a European nuclear industry 

The accelerated rate of expansion generally 
forecast for nuclear energy product ion in 
the Communi ty , as in all the major indus­
t r ia l countries, might give rise to the 
impression that the main problem that 
industrial policy wi l l have to face in the 
nuclear sector is a quanti tat ive one of 
investment. However, the magnitude of the 
problem should not be overestimated, since 
the nuclear investments w i l l dovetail in to 
the ent i re complex of investments for the 
development of energy product ion. To an 
increasing extent i t is acknowledged that 
the main accent in the Communi ty 's 
industrial policy should be placed on the 
rapid " industr ia l isat ion" of nuclear tech­
niques if European enterprises are to gain a 
foothold in the home market as well as 
abroad. 

The joint enterprise in the reactor field 

The " industr ia l isat ion" of a reactor type, by 
which is meant its t ransi t ion to the stage of 
series product ion, presupposes the previous 
construction of experimental installations 

Site of the Franco-Belgian nuclear power plant 
in the Ardennes, at Chooz (France). The reactor 
and its cooling circuits are installed in two 
caves hollowed out of the hillside. The Franco-
Belgian SENA (Société d'Energie Nucléaire 
Franco-Belge des Ardennes) received joint 
enterprise status on 9 September 1961. 

and subsequently of prototypes, both for 
the development of the techniques and for 
the training of qualified teams. Such ventu­
res entail considerable financial burdens and 
risks for the constructors and operators. 
They call for large-scale co-operation 
between f irms as wel l as for public aid. 
Thus three nuclear power plants are at 
present being buil t under the jo in t enter­
prise arrangement: one at Chooz in the 
French Ardennes, a few miles f rom the 
Belgian f ront ie r , another at Gundrem-
mingen in Bavaria, and a t h i rd at Lingen in 
Lower Saxony. In addi t ion, a four th 
proposal, submit ted by the Obr igheim 
power plant undertaking in Baden-Würt­
temberg, is current ly under study. 
These plants are being equipped w i th 
"p roven- type" l ight water reactors which, 
judged by the standards of the installations 
already in service when w o r k was started 
on the i r construct ion, can be considered as 
high-capacity units, and each of which 
presents a technical advance as compared 
w i t h its predecessors. Fur thermore, the 
propor t ion of orders placed w i th f irms 
inside the Communi ty has increased greatly 
f rom one plant t o another, ult imately 
accounting fo r very nearly all components 
of the plant. In view of the foregoing 
considerations these plants, which benefit 
f rom other forms of Communi ty or national 
aid, are deemed to be of "outstanding 
impor tance" to the development of the 
nuclear ¡ndustry in the Communi ty . One of 
the aims of the Community 's industrial 
policy at this stage was to encourage the 
building of full-scale power plants which 
would make use of the research results and 
enable reactor constructors and nuclear 
fuel manufacturers, as well as electr ic i ty 
producers, t o acquire technical and eco­
nomic experience. 

Owing to the non-prof i tabi l i ty of these 
plants they have been granted most of the 
advantages enumerated in the Treaty, but 
in order not t o d is tor t the competi t ive 

situation i t is intended that these shall be 
w i thdrawn as soon as the enterprises 
become profitable and have made good the 
losses incurred since the i r inception. 
Moreover, w i th a view to ensuring that the 
experience gained during the design, con­
st ruct ion and operat ion of the plants is 
widely and rapidly circulated in the Com­
munity 's industry the advantages were 
granted only on condi t ion that the know-
how acquired be communicated to Euratom 
for dissemination w i th in the Communi ty . 
As regards advanced-type and breeder 
reactors, the commercial success of the 
European techniques wi l l clearly depend on 
how soon they attain industrial matur i ty , 
i.e. the stage at which they become attrac­
t ive to operators. What is t rue of supersonic 
commercial aircraft applies also to tomor­
row's nuclear reactors. The commercialisa­
t ion of these reactors at a reasonable cost 
and an adequate pace in the face of outside 
compet i t ion calls for the concentration of 
effort on the smallest possible number of 
types, these being selected against the back­
ground of a common industrial policy. 
In the case of ORGEL, for example, which is 
being developed by the Euratom Joint 
Research Centre and is therefore a jo in t 
reactor project, the economy in t ime and 
money spent on the construct ion of the one 
or more prototypes required wi l l depend 
on the degree of concerted effort by the 
operators and constructors. Joint enterprise 
status offers various means of facil i tating 
implementat ion of the projects. 

The jo int enterpr ise in the production 
of nuclear fuels and other reactor 
mater ia ls 

We are concerned here w i th a chain of 
activities ranging f rom the extract ion of 
ores, via numerous transformation proces­
ses, t o the final burial of radioactive waste. 
The transformation industries make use of 
physical, chemical and metallurgical tech­
niques: uranium enrichment, heavy-water 
product ion, reprocessing of irradiated fuels, 
fabrication of fuel elements. 
The problem of industrial ising these tech­
niques involves effecting the t ransi t ion f rom 
the pi lot plants, o r a t any rate small-capacity 
units, now in existence in the Communi ty 
t o installations of a size as near as possible 
t o the economic op t imum. In fact safety and 
nuclear quality requirements entail a high-
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level of investment, and installations that 
meet such demands are only economic 
when they have a high capacity. 
Consequently, in several of these sectors 
the t rans i t ion to the industr ia l stage w i l l 
involve bui ld ing plants w i t h an ou tpu t which 
in many cases (e.g. fuel reprocessing) w i l l 
exceed the en t i re national demand and 
which sometimes (e.g. in t he case of 
uranium enr ichment) w i l l even ou ts t r i p the 
national investment capacity. This may 
apply not only in the shor t but also in the 
medium t e r m . 
If the Communi ty ' s indust ry for the 
product ion of nuclear fuels and o the r reac­
t o r materials is t o reach economic ma tu r i t y 
at a satisfactory rate in relat ion to that of 
nuclear power-plant const ruc t ion in the 
Commun i t y and to the g r o w t h of the 
nuclear sector in o ther countr ies—and this 
is v i ta l i f i t is t o be in a posi t ion t o meet 
outside compet i t i on—then i t is manifest 
that Commun i t y enterprises must s t r ive 
towards an increasingly rational division of 
labour. To do o therw ise would amount t o 
al lowing the mammoth foreign f i rms t o reap 
the ent i re benefit of the vast and at t ract ive 
market opened up by the European Com­

muni ty . This d is t r ibu t ion of ef fort could 
take the fo rm of jo in t projects such as the 
construct ion of a uranium enr ichment 
faci l i ty o r a heavy-water plant. It could also 
lead to specialisation on the part of the 
enterprises concerned. The g ranting of jo in t 
enterpr ise status and of the advantages that 
this can entai l is calculated to encourage 
Member States and Commun i ty enterpr ises 
to fo l low the path of co-operat ion whi le st i l l 
leaving room for healthy compe t i t i on . 
In add i t ion , t w o activi t ies fo rm ing the t w o 
ends of the industr ia l chain involved in the 
product ion of nuclear fuels and reactor 
materials could be carr ied out on a co­
operat ive basis by jo in t enterprises posses­
sing as decentralised a s t ruc ture as is desired 
and charged w i t h the task of co-ordinat ing 
and encouraging act iv i t ies rather than of 
carry ing them out . 

The f i rst problem is that of uranium 
ex t rac t ion . The increased civi l ian demand 
for uranium which can be expected, as f rom 
the beginning of the next decade, w i l l 
require of the industry an Immense ef for t in 
explorat ion and prospect ion wh ich , in the 
opin ion of the experts, must be undertaken 
w i t h o u t delay. However , the fact that the 

marke t has already been depressed for 
several years and the prospect of four o r 
five more slack years make i t di f f icul t t o 
finance the essential operat ions. Moreover , 
the larger the scale on which they are 
carr ied ou t the greater is the chance of 
discovering new deposits. Concerted action 
by Commun i ty f i rms in the shape of a jo in t 
enterpr ise can therefore be envisaged. In 
the case of explorat ion act iv i t ies in non-
member countr ies th is wou ld be bound to 
faci l i tate the grant ing of favourable opera­
t i ng condi t ions. 
A t the o the r end of the chain are the 
processing and final disposal or storage of 
radioactive waste, act iv i t ies which are in­
disputably in the public interest. 
I t is conceivable that , in col laborat ion w i t h 
the Member States and the enterprises 
concerned, the Commun i t y may assume 
responsibi l i ty fo r these operat ions and 
possibly take over part of the cost, a move 
which would make i t easier t o find the funds 
requ i red. Commun i t y management of the 
installations, especially of the storage sites, 
wou ld con t r ibu te to a high degree of 
un i fo rm i ty in the safety standards as wel l as 
t o a geographical d is t r ibu t ion satisfactory 
f r om the public health angle. 

In conclusion, the jo in t enterpr ise frame­
w o r k can provide an essential but un­
profi table undertaking w i t h a measure of 
assistance wh ich , sl ight though i t may be, is 
nonetheless v i ta l . It also enables the Com­
muni ty to supply the impetus, if necessary, 
and even to take the in i t ia t ive in accom­
plishing certain major tasks of nuclear 
development. I t is seen, so t o speak, as an 
all-purpose inst rument wh ich , given a 
vigorous determinat ion t o w o r k on the 
scale of a large economic un i t , w i l l evoke a 
commensurately satisfactory response to 
the problems that beset the rapid develop­
ment of the European Communi ty 's nuclear 
industry. 

A technician in the process of testing the 
leaktightness of a glove-box at the European 
Transuranium Institute, Karlsruhe. One of the 
main tasks of the Institute is to develop for 
European industry fabrication techniques for 
plutonium-based fuel elements. During the 
period 1970-1979, the Community's proven-
type and advanced reactors will produce 
34,000 kg of plutonium, while for the period 
1980-1989, a production of 177,000 kg is 
expected. 
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The story of a piece of funda­
mental radiobiological 

research, which not only 
threw light on the events 

which lead up to the death of 
an irradiated cell, but 

produced a new method of 
measuring the dose received 

by a person exposed to 
radiation. 

EUBU4—18 

How radiation 
causes cell death 

JAMES F. WHITFIELD, Department of Biology, Ispra Establishment of Euratom's Joint Research 
Centre 

W i t h the increasing use of nuclear power, 
the potential hazards of radiation have 
assumed great importance in people's 
minds. Much has been w r i t t e n about the 
unpleasant death which follows i r radiat ion 
w i th high doses of radiat ion. In addi t ion, 
there is a general anxiety about the long-
t e r m hazards t o the future generations f rom 
the ingestion of the radioactive waste-
products of nuclear explosions. In this 
art icle, an at tempt w i l l be made to assemble 
some facts and hypotheses into a general 
picture, showing how radiat ion damages the 
most radiosensitive cells of the body and 
how this damage leads to the death of these 
cells. 
Af ter having received a fair ly large dose of 
radiation (a few hundreds of roentgens), a 
man wi l l die after f i rst suffering f rom nausea, 
vomi t ing , diarrhoea, deplet ion of his bone 
marrow and blood cells, loss of the abi l i ty 
t o resist infections, and destruct ion of the 
intestinal ep i the l ium. Much lower doses w i l l 
produce no obvious symptoms, but more 
insidious changes w i l l have been unleashed 
which can lead to leucemia or o ther 
tumours in the man himself and can spell 
deformation and tragedy for his descend­
ants. 
The death of a man is the last event in a 
complex series of cellular changes. If we 
examine the changes in those large social 
groups of cells called tissues, we w i l l f ind 
that the most s t r i k ing change has been a 
cessation or deformation of the process of 
cell division. In irradiated bone marrow fo r 
instance, the inhib i t ion of cell division wi l l 
reduce the number of cells which can 
replace the wo rn out cells of the circulat ing 
blood and the d is tor t ion of the process of 
cell division w i l l prevent those cells which 
do manage to divide f rom reaching a 
functionally normal matur i ty . 

For many years now, there has been a very 
great ef fort expended on the study of the 
effects of radiation on mitosis (the name 
given t o the process of cell division) and the 
s t ructure of the chromosomes which are 
the f i l ing cabinets of the cell and contain the 
genetic informat ion fo r the construct ion of 
new cells and tissues. In part icular, there 
has been a vast amount of research energy 
spent on the effects of radiation on the 
st ruet ure and synthesis of desoxy ribonucleic 
acid ( D N A ) which is the compound in to 
which is bui l t the genetic Informat ion. This 
mental f ixat ion on D N A has relegated 
another, perhaps equally v i ta l , phenomenon 
t o the background. 
When certain cells such as lymphocytes (a 
type of wh i te blood cell which makes ant i ­
bodies t o f ight diseases) and the younger, 
immature cells of the bone mar row popu­
lation are irradiated w i t h relatively low 
doses of radiat ion, a surpr is ingly large 
fract ion of them wi l l actually die in a couple 
of hours (Figs. 1, 2, 7, 8). This death is not 
related in any way to mitosis (cell division) nor 
is it likely that damage to DNA or its synthesis 
plays any role in it. Conversely, o ther cell 
types such as fibroblasts may have the i r 
abi l i ty t o divide and mul t ip ly completely 
destroyed by radiat ion, yet they w i l l 
cont inue to live and g row in size fo r several 
days. 
If we divorce ourselves f rom the "every­
th ing is due t o mi to t ic -DNA-chromosome 
damage" theology and heretically consider 
this immediate death as wel l as the other 
forms of damage, we wi l l be able t o achieve 
a much more balanced v iew of radiation 
damage to the man o r animal. The imme­
diate ki l l ing of cells of the bone mar row or 
lymphatic tissues w i l l seriously deplete the 
reserves of cells which would otherwise be 
able t o f i l l the needs created by the reduc­

t i on of the mi to t ic capacities of the stem 
cells, which by the i rd i v i s ion and maturat ion 
constantly generate functional ly active cells. 
Bone mar row collapse w i l l be a delicately 
balanced funct ion of the degree of mi to t ic 
inh ib i t ion and actual cell death. Again, the 
loss of the abi l i ty t o resist disease is possibly 
largely d u e t o immediate cell death since the 
product ion of antibodies against invading 
bacteria or viruses depends on the lympha­
t ic cells, which are part icular ly radio­
sensit ive. 
To study this type of swif t death (which is 
called interphase death since i t occurs in cells 
which are in the phase between t w o 
mitoses), we have resorted t o using a 
part icular type of lymphocyte, called the 
thymocyte, which forms the major part of 
the cell populat ion of the thymus (a large 
lymphatic gland lying over the heart in the 
chest cavity). Since th is gland reaches its 
maximum size in very young animals and 
regresses w i t h increasing age, we have 
chosen the thymus of the very young (3-
week-old) Sprague-Dawley rat as our main 
mater ial . Cul tures of thymocytes can be 
very easily obtained by simply removing the 
thymus and mincing the gland in a few 
mi l l i l i t res of a nut r ien t solut ion (medium). 
Dur ing mincing, the gland simply dissolves 
into a homogeneous suspension and very 
concentrated cell cultures are thereby 
produced. These cultures can then be 
i rradiated and there are more than enough 
cells t o carry out any biochemical o r 
cytological determinat ions. 
The most s t r i k ing symptom of radiation 
damage displayed by the thymocyte, and 
cells l ike i t , is the complete loss of nuclear 
s t ruc ture (Figs. 5, 6). In the normal nucleus 
there is agroup of DNA-contain ing granules 
lying against the nuclear membrane and 
these, in t u r n , are connected by f iner 

116 



f i laments t o a central granular aggregate. 
These granules are concentrat ions of heavily 
condensed chromosomes (Fig. 3). The 
intense chromosomal condensation is pro­
bably due t o the concentrat ion in these 
regions of the basic proteins called histones. 
D N A is a large, negatively-charged, helical 
molecule and if histone attaches t o the 
D N A , the charge w i l l be neutral ised, 
the D N A molecule w i l l coi l up and the 
chromosomal region which contains the 
DNA-h is tone complex w i l l appear con­
densed when examined under the mic ro ­
scope. The specific pat tern of granules 
in the nucleus of any given type of 
cell is probably a negative p ic ture of the 
operat ional genetic regions of the part icular 
cell type, since i t is known that the com­
bination of histone w i t h D N A w i l l i nh ib i t 
the D N A f rom synthesising, and hence 
t ransferr ing its instruct ions t o informational 
ribosenucleic acid (RNA) wh ich in t u r n 
directs the synthesis of specific prote ins. 
These points are pictor ia l ly summarised in 
Fig. 3. 

The disaggregation of the granules in the 
nucleus of the i r rad iated cell wou ld be 
expected to be due to a dissociation of the 
histone f rom its combinat ion w i t h D N A and 
the consequent uncoi l ing of the D N A . 
H. Ernst w o r k i n g in Germany conf i rmed 
this expectat ion when she showed that 
dur ing the f i rs t hour after i r rad iat ion the 
histone content of isolated thymocyte nuclei 
decreased. D i rec t evidence was then found 
in our laboratory at Ispra when we observed 
that very shor t ly after the loss of nuclear 
s t ruc ture large amounts of histone left the 
nucleus and accumulated in the cytoplasm 
(see Fig. 3 f o r t h e location of the cytoplasm). 
This could only mean that histone had 
dissociated f rom D N A since the normal cells 
contained no demonstrable histone in t he i r 
cytoplasms. 

The l iberat ion of histone should have a very 
grave effect on the cell since free histone 
can inh ib i t many nuclear as wel l as cyto­
plasmic metabolic processes. The normal 
thymocyte nucleus accumulates phosphate, 
respires ( i .e. consumes oxygen), makes 
prote in (Fig. 3) and ribosenucleic acid and, 
unl ike the cytoplasm, accumulates sodium 
along w i t h the intermediates needed fo r 
prote in and R N A syntheses. The l iberat ion 
of histones w i l l reduce, o r inh ib i t these 
activi t ies. Therefore we may conclude that 
i r radiat ion causes some metabolic a l terat ion 
which releases histone f rom D N A and the 

l iberated histone then depresses nuclear 
metabol ism: radiat ion kil ls the cell via a 
normal component which in the free state 
¡s a metabolic poison. 
We may even go one step fu r the r and 
suggest that the probabi l i ty of a cell suffer­
ing interphase death may very wel l be a 
funct ion of its histone content . This would 
explain the fact that cells w i t h very l i t t l e 
cytoplasm in relat ion to the nuclear volume 
seem t o be the types which are very 
radiosensitive and suffer th is death. The 
amount of cytoplasm (which consists largely 
of prote in) in a cell i sa func t ion of its prote in 
synthesis wh ich , in t u r n , is related t o the 
act iv i ty of the nucleus in sending out 
informational RNA. If the genetic material 
be saturated w i t h histone (and the histone 
content be therefore very high), then l i t t le 
informat ional RNA w i l l be synthesised and 
sent out t o establish a large p ro te in synthe­
t ic machinery and the cytoplasm w i l l be 
sparse. 

What causes the dissociation of histone? 
The f i rs t clue came when we studied the 
effect of changing the phosphate concentra­
t i on of the medium. The rate of nuclear 
changes (both the loss of s t ruc ture and 
seepage of histones in to the cytoplasm) 
varied d i rect ly w i t h the phosphate con­
cen t ra t i on ; the higher the phosphate con­
cent ra t ion , the more rapidly did the nuclei 
lose t he i r s t ruc ture after i r rad ia t ion . It has 
been wel l established by o ther worke rs that 
isolated nuclei lose t h e i r s t ruc ture when 
exposed to phosphate compounds. Along 
w i t h this loss of s t ruc tu re , there is a loss of 
metabolic act iv i ty . The basis fo r the action 
of phosphate is its ab i l i ty t o compet i t ive ly 

Fig. 1. The effect of 500 r of x-radiation on the 
nuclear structure of rat thymocytes. Radiation 
causes the nuclei to lose all of their normal 
granular structure and they become struc­
turally homogeneous. This graph shows the 
speed with which the cells of an irradiated 
population develop structureless nuclei. 

Fig. 2. The powerful effect of various doses of 
x-rays on the rate of appearance of damaged, 
structureless nuclei in the younger cells of the 
bone marrow. The older cell types which were 
nearer to being ready to enter the blood and 
carry out their mature tasks were much less 
affected during this short time after Irradiation. 

0 2 4 
Hours after irradiation 
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Fig. 3. This is a diagrammatic representation of some of the metabolic 
activity occurring within the nucleus of a thymocyte. 
A part of a thymocyte is cut out and is magnified. We see the phosphate 
entering into the nucleus through the double membranes where it is 
mated with adenosine diphosphate (ADP) to make adenosine triphosphate 
(ATP). Meanwhile, amino acids enter the nucleus and they are assembled 
into proteins according to plans sent out from the DNA via its agent, 
RNA. The energy needed to do this work is provided by the ATP which is 
converted to ADP. It should be noted that the DNA which is held tightly 
coiled by histone is not able (because of this coiling) to send out informa­
tion; only the histone-free DNA can do this. 

I) RNA (information from DNA) 2) DNA 3) RNA' (ribosomal) 4) Histone 
5) Chromatin granule 6 + 7) Nuclear membranes 8) Cytoplasm 9) RNA + 
RNA' (protein-making RNA) 10) Protein (chain of many amino acids) I I ) 
Amino acid 12) Mitochondrion 13) Cytoplasmic membrane (cell boundary) 
14) Phosphate 

remove the histones f rom the i r salt-l ike 
linkages to the phosphate groups of D N A . 

However, we are st i l l not at the crucial 
point in the chain of events which result in 
the "nuclear disaster". We have merely 
pushed the events back one step to imp l i ­
cate phosphate. However, before we go any 
fu r ther we must out l ine the relations 
between respirat ion and phosphate uptake 
by the cell. The pr imary source of energy 
for the cell is the sugar called glucose. The 
glucose is gradually broken down in many 
stages into several molecules of carbon 
dioxide. At these stages, the energy con­
tained in the molecule is released in the 
form of electrons which pass along a chain 
of enzymes (large molecular catalysts) lo­
cated ¡n the walls of membranous structures 
such as mi tochondr ia (see Fig. 3) and the 
nuclear boundary. The electrons are 
eventually united w i th hydrogen ions and 
oxygen to form water. Dur ing the passage 
of electrons along the respiratory chain, 
molecules of inorganic phosphate are drawn 

in to the cell f rom the medium and concen­
t ra te in the regions of respiratory act iv i ty 
(mi tochondr ion or nuclear membrane). The 
energy is trapped by attaching a molecule of 
this phosphate t o another compound called 
adenosine diphosphate (ADP); the new 
energy-r ich compound thus formed is called 
adenosine tr iphosphate (ATP). When ATP 
enters into various reactions in the cell, i t 
gives its phosphate t o o ther molecules and 
thereby imparts the energy to them and 
this permits the reactions to proceed. 
Normal ly , the uptake of phosphate is closely 
t ied t o the t ranspor t of electrons along the 
chain of respiratory enzymes. Also, the 
system is adjusted so that the phosphate 
which is taken up f rom the env i ronment is 
bound into adenosine tr iphosphate (ATP) 
and is put to good use in building and 
repair ing the cell. Biochemists say that the 
processes of respirat ion and phosphoryla­
t ion (binding of phosphate to ADP to form 
ATP) are coupled. However, if respirat ion 
and phosphorylat ion should be uncoupled, 
respirat ion (comsumption of oxygen by the 

format ion of water) and its associated 
uptake of inorganic phosphate w i l l cont inue, 
but the phosphate w i l l not be joined to 
adenosine diphosphate (ADP) t o make 
adenosine tr iphosphate (ATP). Therefore, 
the accumulating phosphate w i l l be free t o 
attack the h is tone-DNA complex (see Fig. 
4). The only th ing which could possibly 
blunt such a phosphate attack on the 
h is tone-DNA complex is calcium. Calcium 
ions are passively pulled in to the cell along 
w i t h phosphate. If there be a lo t of calcium 
in the medium, then the accumulating 
phosphate w i l l probably be combined w i t h 
calcium to form insoluble, and therefore 
harmless, calcium phosphates. We have in­
deed found that the rate of appearance of 
damaged cells in i rradiated cultures depends 
very much on the calcium concentrat ion of 
the medium; a lot of calcium reduces 
nuclear st ructural changes. Even more 
s t r i k ing is the fact that increasing the 
amount of calcium in the bone marrow of 
the irradiated animal by injecting a certain 
hormone (parathyroid hormone) can reduce 
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the number of animals which die. 
One of the very earliest changes consistently 
observed shor t ly after i r rad ia t ion is the 
inabi l i ty of the cells t o mate inorganic 
phosphate w i t h ADP. However , we have 
found that the respirat ion of the cells 
remains perfectly normal unt i l the nuclei 
lose t h e i r s t ruc tu re (which would be 
expected since only when histones are re­
leased w i l l respirat ion be stopped). We have 
fu r ther found that high concentrat ions of 
nicot inamide (a v i tamin) prevent all symp­
toms of radiat ion damage in the thymocyte 

populations and nicot inamide at such levels 
strongly inhibi ts respi rat ion. Cyanide, which 
is a classical inh ib i to r of resp i ra t ion, also 
strongly inhib i ts the nuclear changes after 
i r rad ia t ion . Cur iously enough, very high 
doses of radiat ion (doses above 5000 r) 
inhibit rather than cause the loss of nuclear 
s t ruc tu re ; such doses, l ike nicot inamide and 
cyanide, cause the immediate depression of 
the respirat ion rate. These facts are all 
perfectly consistent w i t h the hypothesis 
that the f i rs t change t o occur after i r radia­
t ion is the uncoupling of the fo rmat ion of 

ATP f rom respirat ion wh ich , in t u r n , causes 
an accumulation of free phosphate which 
attacks and breaks the association between 
D N A and histone (Fig. 4). I t is also clear 
that if this dangerously unbalanced si tuat ion 
of a normal ly funct ion ing respiratory 
machinery w i t h an inhib i ted phosphoryla­
t i on system be corrected by reducing 
respirat ion (and therefore phosphate up­
take), the cell can be saved f rom the ravages 
of nuclear metabolic paralysis result ing f rom 
histone release. 
We also might be able t o prevent nuclear 

Fig. 4. The Model I nuclear homogeniser. This strange machine illustrates our concept of the 
relation between oxidative phosphorylation, phosphate uptake and histone-DNA complexes. 
Normally phosphate is pumped into the cell by the movement of electrons along the chain of 
respiratory enzymes to their final combination with hydrogen and oxygen to form water. This 
movement of electrons is also accompanied by the union of the phosphate with the compound 
ADP to give ATP (see text). Therefore, not much phosphate is free to disturb the histone-DNA 
complex. However, radiation (represented by the scissors) cuts out the system which binds the 
phosphate to ADP. However, phosphate is still pumped in. This phosphate is now free to accumulate 
around the histone-DNA complexes. Soon the complexes are split and the histone murderously 
diffuses into the nucleus stopping essential reactions. 
This machine in the living cell is a system of enzymes which probably operate in the double 
membranes which surround and enclose the nucleus (see also Fig. 3). 
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The normal cell 
0-30 mins 

after 
irradiation 

30-60 mins 
after 

irradiation 

1-2 hours 
after 

irradiation 

Fig. 5. The cytologicai and chemical events 
known to follow irradiation of the thymocyte. 
Major changes after irradiation: 
0-30 minutes after i r rad ia t ion: vacuolation of 
nuclear membrane; inhibition of the reaction 
ADP + Ρ - > ATP; respiration normal. 
30-60 minutes after i r rad ia t ion : nuclear 
structure disappears; respiration still normal; 
loss of histones from nucleus and decrease of 
histonejDNA ratio; evidence of weakening of 
protein DNA bonds. 
1-2 hours after i r rad ia t ion: histones appear in 
cytoplasm; respiration falls; coenzyme NAD is 
destroyed; lactate is produced. 

changes if we could find some chemical 
which could direct ly inh ib i t phosphate up­
take instead of indirect ly via inh ib i t ion of 
respirat ion. Such a chemical is 2,4 d in i -
t rophenol (DNP). Low concentrations of 
DNP stop phosphate uptake and, l ike 
radiation, stop the making of ATP. However, 
such concentrations of DNP actually increase 
respirat ion. Under these condit ions, DNP 
very strongly inhibi ts the development of 
nuclear damage. Since the only difference 
between radiation and DNP is that the lat ter 
inhibits phosphate uptake (they both inh ib i t 
phosphorylation of ADP whi le leaving 
respirat ion intact), i t is clear that phosphate 
is the vilain of this nuclear tragedy. 
However, we are still not at the beginning 
of this lethal chain of events. What causes 

this crucial destruct ion of the cell's abi l i ty 
t o mate phosphate w i t h ADP? It is probable 
that the nuclear site of respiration and 
phosphorylat ion is t o be found in the double 
membrane which surrounds and encloses 
the nuclear mater ial . This can be shown 
cytologically by exposing cells t o part icular 
stains (Janus Green Β and neotetrazol ium) 
which colour those structures which are 
active in electron t ranspor t ( i .e. structures 
active in respirat ion). These compounds 
colour the nuclear membrane (and, of cour­
se, the very active mitochondr ia in the 
cytoplasm). It is known that the co-ordinated 
processes of electron t ranspor t and phos­
phorylat ion of ADP require the combined 
efforts, structural in tegr i ty and close 
association of the t w o l ipoprote in sheets 

which fo rm the double membrane of the 
nucleus and the mi tochondr ion (these 
double membranes are i l lustrated in Fig. 3). 
The cause of the paralysis of phosphory­
lation of ADP in the irradiated nucleus is 
probably due to the format ion of blisters o r 
bubbles (technically called vacuolation) in 
the nuclear membrane and the consequent 
separation of its t w o layers which H. Braun 
(work ing in Germany) has found to appear 
immediately after i r rad ia t ion . 
In conclusion, I should l ike t o give a factual-
hypothetical sequence of events which 
fo l low the i r radiat ion w i t h 25 to 1500 r of 
x-rays of a rat thymocyte (also summarised 
in Fig. 5). Dur ing the f i rst 15 minutes, the 
l ipoprote in sheets which form the double 
membrane of the nucleus are so affected 

Fig. 6. A pictorial summary of the way we 
determine the amount of radiation which an 
animal has received. 

1. Irradiated blood 
2. Centrifuge 
3. Separation of white cell layer from red cell 

layer 
4. Incubation of white cells while rotating at 

40 rpm at 37° C in salts-glucose medium 
for 6 to 7 hours 

5. Fixation and staining of culture sample 
6. Microscopic examination shows that 5 out of 

10 white cells are damaged in this case 
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that vacuoles develop between them. As the 

vacuoles increase in size, they separate the 

sheets. When the sheets are separated, the 

processes of phosphorylat ion and electron 

t ranspor t are uncoupled. However , since 

electron t ranspor t is not affected, phosphate 

uptake continues and the phosphate ac­

cumulates around the histone­rich granules 

lying against the nuclear membrane. The 

histones begin t o slip away f rom the i r 

anchorage on the phosphate groups of the 

D N A and the nucleus begins t o lose its 

s t ruc tu re by 45 minutes after i r rad ia t ion . 

The l iberated histones now star t t o leak in to 

the cytoplasm and to diffuse th roughou t the 

nuclear space. Between 1 and 2 hours after 

i r rad ia t ion , the histones do the i r lethal 

w o r k by stopping nuclear func t ion . The 

joyously normal respirat ion which has been 

ki l l ing the cell begins t o feel the gr ip of the 

histones, which combine w i t h the cytochro­

me enzymes of the respirat ion chain, and 

even i t starts t o s low down . The suffocating 

cell now signals its metabolic desperation 

by a v io lent ou tburs t of lactic acid produc­

t i o n . However , the struggle fo r l ife has 

ended and previously wel l ­contro l led en­

zymes go w i ld and s tar t to destroy the 

structures of D N A and vi tal coenzymes such 

as nicot inamide adenine d inuc leo t ide(NAD) 

The cell is dead. 

Practical applications 

We have just gone on a very hypothetical 

voyage th rough the intricacies of cell death. 

The research required for this study is very 

fundamental. However , i t is the duty of the 

radiobiologist who carries out his w o r k in 

a nuclear centre t o con t r ibu te t o the 

practical needs of that cent re . The pheno­

menon of interphase death can be the 

consequence of i r rad ia t ion w i t h very low 

doses of radiat ion and the loss of nuclear 

s t ruc ture which is such a v iv id symptom of 

this death is a very simple th ing to demon­

strate and quant i tate. Therefore, we have 

devised a type of biological dosimeter which 

uses the p ropo r t i on of lymphocytes f rom 

circulat ing blood which contain s t ruc ture­

less nuclei as an indicator of the amount of 

radiat ion received. Since blood lymphocytes 

circulate rapidly th roughou t the body, this 

dosimeter w i l l average the dose received 

by any part of the body over the whole 

body and i t is p ictor ia l ly summarised in 

Fig. 6. Brief ly, the wh i te cells in i r radiated 

Fig. 7. The relation between dose of radiation 

and cellular damage sustained by rat lympho­

cytes. The cells were removed from irradiated 

blood, cultivated in a glucose­salts medium 

containing a high concentration of phosphate 

(30 mM Na2 HPOJ and a lowered concentra­

tion of calcium (0.63 mM CaCIJ. The promise 

extended by the type of experiment described 

in Fig. 8 was finally realised when we studied 

blood lymphocytes in experiments such as this 

one. 

blood are separated f rom the red cells by 

centr i fugat ion. These cells are then cu l t i ­

vated in a glucose­salts medium fo r 6 or 7 

hours. The cells are then fixed in neutral 

formal in , stained w i t h haematoxyl in and the 

f ract ion of cells w i t h s t ructura l ly homoge­

neous nuclei is determined. From Fig. 7 i t is 

clear that there is a l inear relat ion between 

dose and nuclear homogenisation between 

25 t o 100 r. If we use our standard t hymo­

cytes and g r o w them in a medium w i t h very 

high phosphate concentrat ion to accelerate 

the nuclear changes, then there ¡s a l inear 

relat ion between the rate of homogenisat ion 

of nuclear s t ruc ture and dose w i t h i n the 

very low range of 10 to 30 r (Fig. 8). 

It might wel l be asked why no one has 

used this before. The answers t o th is are 

rather simple. The change cannot be seen 

to any extent in the c i rculat ing blood of the 

whole animal because the damaged cells are 

el iminated by being collected in certain 

organs where t h e i r débr is is eaten by 

scavenger cells. The method we use pre­

serves the i r radiated cells f r om the scav­

enging mechanisms of the body by tak ing 

them out of the body and put t ing them in to 

a test­ tube cul ture and accelerates the rate 

of nuclear homogenisation by cul t ivat ing 

the cells in the presence of a high con­

cent ra t ion of phosphate and a low con­

centrat ion of calcium ( i t should be re­

membered that these are the most deadly 

condit ions we can use to st imulate the 

development of nuclear damage). 

I hope that I have shown that a combinat ion 

of fundamental biological research and 

practical development can yield valuable 

f ru i t . That f r u i t is the understanding and 

eventual prevent ion of cell death and the 

biological evaluation of dose received e i ther 

by accident in the peaceful halls of a reactor 

or in the tu rbu len t chaos of war. 

Dose (roentgens) 

Fig. 8. The relation between dose of radiation 

and cell damage in cultivated rat thymocytes. 

The thymocytes were irradiated and cultivated 

in glucose­salts medium containing 60 mM 

Na2 ΗΡ0Λ and 0.62 mM CaCI2. This sort of 

experiment with the thymocyte gave us the 

idea of using the frequency of cells with 

structurally homogeneous nuclei as an indi­

cator of absorbed radiation dose. 

Dose (roentgens) 
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E U B U 4—19 

Towards an ORGEL prototype 
JEAN-CLAUDE LENY, Director of the ORGEL project, Ispra Establishment of Euratom's 
Joint Research Centre 

A t the moment there is a great deal of 
discussion in European nuclear circles of the 
"ORGEL p ro to t ype" . The study of the 
heavy-water-moderated and organic- l iquid-
cooled reactor concept was launched in 1960 
by Euratom. Thanks to w o r k which has 
gone on in the Commun i t y since then, the 
main difficulties facing thisconcept have been 
overcome and the body of in format ion 
already obtained may now be considered as 
sufficient to justify planning the construc­
t i on of a pro to type. 
The decision-making responsibi l i ty on this 
subject rests w i t h the Euratom Council of 
Ministers. The Commission has therefore 
submit ted to i t a paper sett ing out the 
technical, economic, industr ial and financial 
problems raised by the construct ion of an 
ORGEL p ro to type ; this paper should 
const i tute an adequate basis for a useful 
discussion. 
We thought i t desirable t o clarify here the 
main considerations which wi l l underl ie this 
discussion. The fact that we have now 
begun to th ink in terms of a pro to type 
proves clearly that ORGEL is no longer 
merely a mat ter for research laboratories, 
but is ready to embark upon the t rans i t ion 
t o the industrial stage. The future of ORGEL 
w i l l therefore come to depend more and 

Storing uranium carbide, to be used in ORGEL 
fue/-e/ements. 

more on private ini t iat ives, which wi l l 
develop favourably to the extent t o which 
they are based on precise and complete 
in fo rmat ion . It was in this sp i r i t that a 
col loquium was held towards the end of 
October at Ispra, dur ing which the in­
dustries, e lectr ic i ty producers and certain 
state author i t ies of the six countr ies were 
in formed of the results of the cur rent 
research projects, and were able to judge 
the possibil it ies of the reactor. 
In fact—and that is the main just i f icat ion for 
the construct ion of a p ro to type—the task 
henceforward is t o reap the f ru i ts of past 
efforts and t o enable European ¡ndustry t o 
consolidate a posit ion acquired after five 
years of unremi t t ing labour over ORGEL. 
These efforts have sometimes been of an 
isolated nature, part icularly f rom the day in 
1962 when the Uni ted States announced its 
decision to abandon its research w o r k on 
reactors moderated and cooled by organic 
l iquid. But a spectacular change in this 
s i tuat ion has taken place w i t h the fair ly 
recent American decision to reconsider an 
organic l iquid as coolant, th is t ime in 
combinat ion w i t h heavy water as modera­
t o r ; thus making a reactor type identical t o 
ORGEL. Since the USAEC has announced its 
in ten t ion of allocating substantial funds to 
its development, and in part icular t o the 
construct ion of prototypes, we may expect 
very rapid progress on the other side of the 
At lant ic . 

In these circumstances, if the construct ion 
of the proto type is not rapidly decided and 
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begun in Europe, the Europeans w i l l f i rs t 
f ind t he i r posi t ion weakened and wi l l then 
fall behind. 
In add i t ion , the research and development 
projects at present under way in the Com­
muni ty , and part icular ly at Ispra, w i l l not be 
able t o converge as they would normal ly do 
at the present stage of t he i r progress. In fact 
the construct ion of a p ro to type should have 
the effect of channell ing the projects in hand 
towards a set of concrete solut ions. 
The ou t look for the reactor is ex t remely 
promis ing as regards power p roduc t ion , 
desalination, the conservation of fissile 
materials, the use under good condit ions of 
new fer t i le materials such as t h o r i u m , and 
lastly the product ion of the p lu ton ium 
necessary fo r fuel l ing fast reactors. It there­
fore seems probable that large numbers of 
ORGEL reactors w i l l be bui l t as soon as a 
pro to type has been put th rough Its paces. 

W h a t size p r o t o t y p e ? 

What should be the size of the proto type? 
It seems that the choice must be made in the 
l ight of t w o main considerat ions: f i rs t of all 
the pro to type must be big enough t o give 
in format ion which can be easily ex t ra­
polated to larger un i ts ; in o ther words , i t 
must be " represen ta t i ve " of the ORGEL 
concept, and must consequently be bui l t on 
an Industr ial scale. O n the o the r hand, a 
reasonable desire t o save money dictates the 
choice of a solut ion offer ing the least hazard 
f rom the economic angle. 
If a comparison is made w i t h the industr ia l 
development of proven-type reactors, i t 
emerges that after the construct ion of low-
capacity prototypes (e.g. 37 MWe fo r the 
G2 and G3 graphite-gas reactors, 35 MWe 
fo r Calder Hall, 5 MWe fo r the EBWR boi l ing 
water reactor and 60 MWe for the Shipping 
Port reactor) , there was only a gradual 
t rans i t ion t o the 500 MWe plants which may 
be considered as the final industr ia l stage 
of these concepts. The principal steps were 
150 MWe, 250 MWe and 300 MWe. 
Fur thermore , there was a long t ime-lag 
between the commencement of w o r k on the 
f i rs t p ro to type and on the compet i t i ve 
500 MWe plant, and the necessary technical 
level was reached only after const ruct ion 
had started o r in some cases after a number 
of plants had already been commissioned. 
W i t h ORGEL not only is there a w i d e r range 
of general knowledge available at the outset , 

1 2 3 5 6 7 8 9 10 11 

Schedule I 

Schedule 2 

Schedule 3 

From the site preparation for an ORGEL prototype up to the commissioning of the first 500 MWe 
reactor, how many years will it take ? Above are three possible timetables. 

bu ta research and development programme 
has already been completed and the ESSOR 
(ESSai ORgel) reactor const i tutes a large-
scale faci l i ty for studying the behaviour of 
fuel elements and channels. A l l these factors 
should make i t possible t o make sl ightly 
faster progress. 
In practice there should be an interval of 
about 6 years between the s tar t of w o r k on 
the ORGEL pro to type and on the 500 MWe 
plant. It remains to decide the best method 
of sett ing about the development of th is 
reactor. 

T h r e e hypotheses 

One might immediately construct e i ther a 
large power plant, e.g. 300 MWe, or a 
medium-capacity power plant, e.g. 80 MWe 
or 125 MWe. It should be noted that in the 
last t w o hypotheses i t would s t i l l be 

necessary t o construct a 300 MWe plant 
before proceeding t o a 500 MWe plant. Let 
us compare the advantages and the draw­
backs of these three possibil i t ies, examining 
f i rs t of all the respective t imetables. 
O n the f i rs t hypothesis a 300 MWe plant is 
const ructed, fo l lowed by a 500 MWe plant. 
It is reasonable t o assume an interval of at 
least five years between beginning w o r k on 
the f i rs t plant and commissioning i t . Before 
construct ing the f i rs t in the 500 MWe series, 
i t w i l l be necessary to let the pro to type 
operate for a year o r t w o . A m in imum 
period of seven years must therefore be left 
between the decision to construct the 
pro to type and the star t -up of the 500 MWe 
reactor. 

On the second hypothesis there is f i rs t a 
125 MWe plant, fo l lowed by a 300 MWe 
plant, and later by a 500 MWe plant. Here 
i t is necessary t o al low at least four years for 
construct ing the p ro to type , but, dur ing this 
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per iod—let us say three years f rom the 
start of work—a 300 MWe plant might be 
begun; the head of the 500 MWe series 
could be launched about one or t w o years 
after the commissioning of the pro to type. 
Thus 5 or 6 years in all are required to pass 
f rom the proto type to the first-of-series 
plant. 
The th i rd hypothesis is essentially the same 
as the second, except that the reactor out­
put would be 80 MWe instead of 125 MWe. 
Approximately the same t imetable there­
fore results. 

Cost 

It is not easy to make economic comparisons 
between the three hypotheses. However, a 
few ideas may be clarif ied at the outset by 
quot ing some capital costs. Taking in to 
account the results of certain economic 
surveys and o ther data, the fo l lowing 
estimates are obtained : 
- 80 MWe ORGEL p ro to type : 60 mi l l ion u.a.1 

o r 750 u.a./kWe 
- 1 2 5 MWe ORGEL p ro to type : 80 mi l l ion 

u.a. o r 640 u.a./kWe 
- 3 0 0 MWe ORGEL pro to type : 150 mi l l i on 

u.a. or 500 u.a./kWe 
these being of course tax-free costs, i.e. 
w i thou t direct duties on investment capital 
or indi rect taxes, such as the added value 
tax or the tu rnover tax. The justi f ication for 
quot ing these tax-free prices is that the 
f i rst ORGEL plant might be exempted f rom 
taxat ion in the same way as the Franco-
Belgian plant in the Ardennes (SENA) o r the 
Gundremmingen plant (KRB). 
Whichever solut ion is preferred, i t ¡s clear 
that i t w i l l result in the supply of a certain 
number of megawatts, which w i l l be in ­
cluded in the overall construct ion plan for 
new electr ic i ty generating plants. In o ther 
words a pro to type, although by def in i t ion 
more expensive than a conventional instal­
la t ion, produces a certain amount of elec­
t r i c i t y . In all cost estimates, therefore, 
a t tent ion should be directed pr imar i l y t o 
the additional expenses entailed by a p ro to ­
type as compared w i t h a plan making 
provision only for conventional plants o r 
proven-type nuclear plants. For a conven­
t ional plant for example, the investment 
cost has been calculated at 125 u.a./kWe. 

I . I u.a. = I US dc 

in millions of u.a. 

I n v e s t m e n t T o t a l ac tua l 
e x p e n d i t u r e 

ORGEL 
Conventional power plant 

D i f f e r e n c e : 

150 
38 

I 93 
I I3 

First hypothesis: to begin with a 300 MWe 
prototype 
In t h i s case i t m u s t be b o r n e in m i n d t h a t t h e 
i n i t i a l o u t l a y w o u l d be v e r y h i g h , at least 
500 u . a . ' K W e , a n d t h e fue l cos t w o u l d also 
be h i g h , at least 1.5 m i l l s / K W h . 

ORGEL 

t o t a l 

Conventional 
power plant 

t o t a l 

D i f f e r e n c e : 

I25 M W e 
300 M W e 

125 M W e 
300 M W e 

I n v e s t m e n t 

80 
I 05 

185 

I6 
37 

53 

I 32 

T o t a l ac tua l 
e x p e n d i t u r e 

98 
I 20 

2 I 8 

47 
95 

142 

76 

Second hypothesis: to build a 125 MWe power 
plant first, followed by a 300 MWe plant 
T h e i n i t i a l o u t l a y f o r t h e I25 M W e p lan t 
w o u l d be 640 u . a . ' K W e , and t h e fue l cos t 
I.5 m i l l s / K W h . T h e s u b s e q u e n t 300 M W e 
p lan t w o u l d reap t h e b e n e f i t o f e x p e r i e n c e 
w i t h t h e f i r s t o n e ; t h i s w o u l d be q u i t e s u b ­
s t a n t i a l f r o m t h e t e c h n i c a l and i n d u s t r i a l 
standpoint. The initial outlay would therefore 
be n o m o r e t h a n 350 u.a. ' K W e , t h e fue l cos t 
be i ng 1.2 m i l l s / K W h . 

ORGEL 

t o t a l 

Conventional 
p i w p r piai t 

t o t a l 

D i f f e r e n c e : 

80 M W e 
300 M W e 

8 0 M W e 
300 M W e 

I n v e s t m e n t 

60 
120 

180 

10 
37 

47 

133 

T o t a l ac tua l 
e x p e n d i t u r e 

72 
133 

205 

30 
95 

125 

80 

Third hypothesis: to build an 80 MWe plant 
first, followed by a 300 MWe plant 
T h e i n i t i a l o u t l a y f o r t h e 80 M W e p l a n t w o u l d 
be 7 5 0 u . a . / K W e plus fue l cyc le cost o f 
1.5 m i l l s / K W h . As t h e 300 M W e p lan t w o u l d 
bene f i t less f r o m t e c h n i c a l p rog ress t h a n 
u n d e r h y p o t h e s i s 2 , i ts i n i t i a l cos t w o u l d be 
400 u . a . / K W h b u t t h e fue l cos t w o u l d s t i l l be 
1.2 m i l l s / K W h . 

But the plant costs are only one aspect of 
the quest ion. The variable costs must also 
be taken in to account, i.e. the fuel cost and 
the operat ing and maintenance costs. As 
w i t h the plant costs, the impor tan t 
quant i ty t o bear in mind is not absolute cost 
but addit ional cost. As regards fuel charges, 
the ORGEL consumption characteristics are 
such that the s i tuat ion is reversed. Whereas 
a f igure of 4 mi l is /kWh was adopted fo r a 
conventional thermal plant, i t proved 
possible t o take 1.2-1.5 mi l ls /kWe fo r an 
ORGEL p ro to type, and i t should be added 
that these figures are very much on the 
cautious side. 
Any fair comparison must therefore be 
based on tota l expendi ture, including the 
financing of both capital costs and variable 
costs, and assuming a certain wo rk ing life 
and annual ou tpu t . 
A figure of 5,000 hours per year for 20 

years was taken as a basis fo r th is last 
computat ion. 
If the three ini t ia l hypotheses are appraised 
in this l ight , no single one of them appears 
t o have any edge on the others f rom the 
economic standpoint (see tables). In fact 
they all entail ex t ra costs of the o rder of 
80 mi l l ion u.a. as compared w i t h the con­
ventional-plant-only possibi l i ty. On the 
o ther hand, if only the cost of the f i rs t 
p ro to type is taken into account, the 80 
MWe plant obviously entails the lowest 
addit ional expendi ture (42 mi l l ion u.a. as 
against 51 mi l l ion fo r the 125 MWe and 
80 mi l l ion fo r the 300 MWe pro to type) . 

Technical considerations 

From the technical standpoint, however, 
there is something to choose between them. 
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Prototype ORGEL channel head 

It seems that the f i rs t so lu t ion , namely the 
i mmediate const ruct ion of a 300 MWe plant, 
w i l l be the one which the USAEC w i l l choose 
for the ORGEL p ro to type which i t intends 
to bui ld. However , the object there is only 
t o perfect the techniques involved in the 
heavy-water-organic- l iquid combinat ion, 
wh i le using fuel elements already proven in 
o ther reactors. In the Commun i t y , on the 
o the r hand, the aim wou ld be t o exp lo i t 
knowledge obtained under the ORGEL p ro ­
gramme, which has related p r imar i l y t o the 
development of new mater ials, such as 
s in tered aluminium-alumina powder (SAP) 
and uranium carbide, t o pe rm i t the use of 
natural or nearly-natural uranium fuel . 
In these condit ions the 300 MWe project 
wou ld be a considerable r isk , fo r we do not 
at present possess all the data necessary t o 
be certain of pu t t ing in to practice in the 
p ro to type stage what might be called the 
"ORGEL reactor ph i losophy" . 
Moreover , i t wou ld be necessary to develop 
practically full-scale versions of a range of 
equipment of which as yet only small models 
have been bu i l t , for example the ORGEL 
channel, the organic l iquid pumps etc. This 

entails a risk of postponing the pro to type 
commissioning date, and in consequence, 
the f inalisation of the concept. 
Fur thermore , the need t o gain operat ing 
experience w i t h th is pro to type before 
launching the construct ion of a 500 MWe 
plant would i n t e r r up t the w o r k going on in 
the design offices and in industry, wh i le w i t h 
the t w o o ther hypotheses con t inu i t y of 
w o r k is assured. 

From the technical standpoint there fore , i t 
seems preferable t o decide in favour of a 
smaller p ro to type . The 125 MWe plant, for 
example, wou ld be a good point of de­
parture. It makes possible the design of 
equipment which could easily be extra­
polated even to reactors of more than 
300 MWe. As for an 80 MWe plant, i t un­
doubtedly offers the m in imum risk. How-
e v e r f r o m the technical and industr ia l stand­
point , i t would be a less valuable reference 
than a plant of about 125 MWe, and would 
provide less useful in format ion fo r the 
development of the concept ; it wou ld there­
fore entail an increase in the cost of the 
subsequent 300 MWe plant. 

H o w is the p ro to type to be bu i l t? 

A pro to type , by de f in i t ion , is not an end in 
itself; its whole purpose is t o s tar t a new 
technique on the road t o practical success. 
Thus the judicious choice of characteristics 
for the ORGEL pro to type is not , alone, 
enough to guarantee the reactor's success, 
f o r t h e basic aim is t o achieve power plants 
capable of compet ing not only w i t h the 
t rad i t ional thermal plants but w i t h o ther 
nuclear plants. W i t h o u t underest imat ing 
the peculiar advantages offered by heavy-
water power plants, and ORGEL in part icular, 
as regards p lu ton ium outpu t and the use of 
natural u ran ium, the fact remains that 
product ion costs must be cut t o a compet i ­
t ive level. Hence the part ies most d i rect ly 
interested in development of the reactorare 
the public author i t ies, the e lect r ic i ty pro­
ducers, and the constructors. 

In these circumstances the proper course is 
t o push on w i t h ORGEL development side by 
side w i t h the const ruct ion of the pro to type 
and, indeed, after i t is completed. This 
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Section of a SAP-SAP (sintered aluminium 
powder) flash weld. SAP will be playing an 
important part in ORGEL-type reactors. 

Micrograph of a specimen of stoichiometric 
natural uranium carbide. Uranium carbide is 
the reference fuel for the ORGEL concept. 

implies cont inui ty of technical w o r k ; for the 
lowered const ruct ion costs that technical 
progress can achieve depends int imately on 
keeping the design offices together . 
In consequence, the procedure adopted for 
construct ing the pro to type should be able 
t o call on a power fu l , competent and lasting 
organisat ion, capable of spot t ing l ikely 
markets, financing the pro to type and the 
research and development w o r k on which 
the fu ture of the reactor depends, and 
provid ing the financial backing essential for 
later construct ions. Fur thermore , whatever 
type of organisation is adopted, one condi­
t i on is impera t i ve—i t must be a Communi ty 
enterpr ise, that is t o say, access to i t must 
be open, under equal terms, t o any Com­
muni ty concern w i t h serious intent ions. 
The Euratom Commission has submit ted t o 
the Counci l of Ministers several possible 
schemes which t r y t o al low fo r all these 
requirements. 

For example, one of t hese schemes envisages 
the simultaneous creat ion of t w o companies, 
possibly in the fo rm of " j o i n t enterpr ises" 
w i t h i n the meaning of the Euratom Treaty2 . 
One of them, operat ing as an engineering 
office, would be responsible for preparing 
plans and, later on, as industr ia l archi tect , 
would be in charge of the construct ion 
w o r k ; the o ther , composed basically of 
power producers, wou ld own and operate 
the reactor, which i t wou ld order f rom the 
f i rs t company. Euratom would part icipate 
in both companies. Its role in the f i rs t would 
be considerable in technical mat ters ; in the 
second, i t wou ld cover any operat ing deficit 
by comparison w i t h a conventional installa­
t i o n ; i t wou ld probably d iminish and finally 
disappear after a certain t ime . 

Conclusion 

It is diff icult to predict how the Council w i l l 
react t o the Commission's proposal. I t is 
probable, and natural , that so impor tant a 
move wi l l give rise to heated arguments; 
but we must hope for a posit ive decision, 
w i t h i n a reasonable t ime , if we are to make 
an honourable showing in the compet i t ion 
over th is type of reactor that has recently 
started w i t h the Uni ted States. 

2. Mr. H. Tournés gives more precise information on 
the status of " jo in t enterprise" on pages I 11-115 of 
this issue. 
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First criticality of HARMONIE reactor 

The HARMONIE source reactor went cr i t ical 
dur ing the night of 25-26 August 1965. This 
reactor, the name of which has faint Euro­
pean associations, (Harmonie, o r Hermione 
in Greek mythology being the wife of 
Cadmus, b ro ther of Europa) forms part of 
the installations set up at Cadarache, near 
Aix-en-Provence, France, under a Cont rac t 
of Association concluded between Euratom 
and the French Atomic Energy Commission 
(C.E.A.). These are intended for use in the 
design and development of fast-neutron 
reactors, and, in addi t ion t o HARMONIE, 
include the RAPSODIE reactor and the 
crit ical assembly MASURCA, both of which 
are under const ruct ion, together w i t h 
l iquid-sodium-cooled test loops and various 
exper imental mock-ups. 
HARMONIE is a low-power (2 kWth ) pi le, 
the purpose of which is to supply not energy 
but, mainly, stable neutron fluxes of various 
spectra, ranging f rom very hard spectra, 

near the core, t o thermal spectra (by 
means of the graphite thermal column), via 
degraded spectra (by means of the in ter­
mediate steel column). These neutron 
fluxes can be used for adjusting and cali­
brat ing nuclear detectors, such as fission 
chambers, and also for supplying neutrons 
t o exponent ial masses whether surrounded 
by shielding o r not . 
In the case of this second kind of exper iment 
a special feature of the reactor is that i t can 
be removed f rom its biological shielding 
w i th all its cont ro l devices, so that parasitic 
neutron reflections are reduced t o a 
m in imum. 
In o ther respects, however, HARMON IE is 
fair ly similar t o the AFSR (Argonne Fast 
Source Reactor), which has been in operat ion 
at the A rco centre since 1960. 
The core of the reactor consists of a stock of 
th ree cyl indrical slugs of 9 3 % enriched 
uranium clad in stainless steel. It is 123 mm 

in d iameter and has a to ta l height of about 
129 mm. 
The upper slug is itself made up of a pile of 
t h in discs of enriched uran ium, the exact 
number of which was determined dur ing the 
exper imental research on the crit ical mass, 
plus a number of discs of depleted uran ium. 
The run-up to cr i t ical i ty is in fact carried 
ou t as fo l lows: in i t ia l ly, all the discs in the 
upper slug are made of various thicknesses 
of depleted uran ium, in the manner of a 
set of weights. They are gradually replaced, 
one by one, by enriched uranium discs of 
un i form thickness, the react iv i ty in the 
di f ferent configurations of the contro l 
system being measured after each replace­
ment operat ion. 

When cr i t ica l i ty was reached, the height of 
the pile of enriched uranium discs necessary 
fo r cr i t ica l i ty was found to be 31 mm, 
which corresponds t o a to ta l mass of about 
25 kg of enriched uranium in the core. 
The core is surrounded by a blanket of 
depleted uranium, which is in tu rn enclosed 
by a stainless steel ref lector. The ent i re 
core-blanket-ref lector un i t makes up the 
core. 
Fourteen exper imental channels provide 
access t o various parts of the core. In 
part icular, there is a central channel going 
r ight through the core. The heat produced 
in the reactor is removed by air circulated 
at underpressure and passed th rough abso­
lute f i l ters. 
Reactor cont ro l is effected by displacement 
of the axial blanket and the lower ref lector 
(the whole uni t being known as the safety 
block) and t w o safety rods, t w o shim rods 
and a depleted uranium contro l rod. Al l 
these rods are led into the blanket. The 
mechanisms for them and the safety block 
are housed in a k ind of cage, which also 
supports the core and can be moved to ­
gether w i t h i t . 
Exponential masses of a maximum weight 
of 20 tonnes can be placed on top of the 
core, which can be set in t w o positions 
above its normal one (0.25 and 1.75 m 
above the low posit ion). A 400 kV elec­
t rostat ic accelerator can be connected up 
t o the reactor to act as a modulated or 
pulsed neutron source. 
The uni t is installed in a 26 14 m hall 
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fitted w i th l ightweight walls. The contro l 
and experimental rooms are in the base­
ment and are suitably shielded in antici­
pation of experiments in which the reactor 
has to be extracted f rom its biological 
shielding. For the same reason the reactor 

is surrounded by a forbidden zone 300 m in 
radius. 
Construct ion w o r k on the reactor, which 
was in the hands of the C.E.A. Pile Construc­
t ion Department , was started at the be­
ginning of 1964 and ended in July 1965. 

The Belgian company of BelgoNucléaire 
acted as the industr ial archi tect , whi le the 
draft design of the reactor was drawn up by 
the Fast Neut ron Cri t ical Experiments 
Section of the Euratom/C.E./\ . Association, 
which is also in charge of operat ion. 

A glandular ext ract helps to cure radiat ion damage 

Among many other scientific results of out­
standing importance revealed at the 11th 
Wor ld Congress on Radiology, which took 
place in Rome f rom 22 t o 28 September 
1965, was the informat ion that t o all 
appearances mastery has been achieved 
over a "nuc lear" disease which had h i ther to 
been considered incurable. The disease in 
question is the radiation damage which 
usually occurs as a consequence of the 
therapeutic use of radiation in the treat­
ment of cancer. For example, patients w i t h 
brain tumors could in many cases be saved 

by external i r radiat ion of the t umor . Un­
for tunately the rays produced festering 
ulcers on the skull surface, which often 
made i t impossible for the patient t o carry 
on normal act iv i ty . 
Prof. Susanne Simon of the Univers i ty of 
Brussels read a paper to the Rome Congress 
in which she repor ted 100 cases of radiation 
damage which had been cured in the course 
of the last five years. It is part icularly note­
w o r t h y that in the major i ty , if not all, of the 
cases t reated, there was found to be a 
complete recovery. These results are the 

f ru i ts of observations made by Prof. Simon 
after the Medical Service of the Euratom 
Commission under the di rect ion of Dr . Mas­
sart had discovered a new application fo r a 
glandular ext ract which had already been 
known since 1945 for its cicatrising proper­
ties but had not h i ther to been considered 
for use in connection w i th radiation damage, 
because i t was generally believed that 
"nuc lear " diseases could only be treated by 
specific methods. 
In o rder t o examine all possible fu r the r 
developments in the new therapy and to 
ascertain the underly ing mechanism, Eura­
t o m has financed exper imental researches 
the chief of which are being conducted at 
the Universi ty of Strasburg by European 
research groups under the d i rect ion of 
Prof. Mandel. 

Prestressed concrete vessels 
for wate r reactors? 

Present-day boi l ing-water reactors are 
equipped w i t h steel pressure vessels. As a 
result, the greater the size of the reactor, 
the more intractable are the problems that 
arise, in part icular those relating t o trans­
por t when the vessel has to be transferred 
en bloc f r om workshop to construct ion si te. 
If, on the other hand, in o r d e r t o c i rcumvent 
this diff iculty the vessel is assembled on si te, 
the welding operat ions have to be carr ied 
out in ext remely awkward condit ions. 
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Vir tual ly identical problems were encoun­
tered in the case of gas-graphite reactors 
developed in France and the Uni ted King­
dom. As is known, the solut ion has been 
found in the form of prestressed concrete 
vessels. 
It has accordingly been considered desirable 
to extend this technique to boi l ing-water 
reactors, which, as wel l as enabling large 
units t o be constructed in bet ter condit ions, 

would offer additional advantages, such as 
the possibility of t r y ing out natural circu­
lat ion. Hence the conclusion of t w o recent 
contracts under the Uni ted States/Euratom 
Agreement, one w i t h the Soc/été d'études 
et d'équipements d'entreprises (SEEE), Paris, 
and the o ther w i t h General Electric in the 
United States. 
As boi l ing-water reactors operate at ap­
preciably higher pressures than those 

h i the r to applied in gas reactors and the i r 
work ing condit ions are different, it is neces­
sary t o make a detailed study of the 
technical and economic consequences of 
adaptation. This is precisely the subject of 
the t w o contracts, which are t o be carried 
out jo in t ly . The final phase in the studies 
would consist in drawing up a design for the 
construct ion of and exper imentat ion w i th 
a small-scale mock-up. 

An ¡nterexecutive 
for scientific research 

On 14 October 1965 the three European 
Communit ies (Coal and Steel Communi ty , 
Common Market and Euratom) created an 
¡nterexecutive for scientific research, under 
the chairmanship of Prof. De Groóte , 
Member of the Euratom Commission. This 

decision contr ibutes t o meeting the need, 
voiced for some t ime w i t h increasing 
urgency in the six countr ies, to lay the 
foundations of a common scientific research 
policy. 

LETTERS TO THE EDITOR detected. An instrument already exists— 
developed by the C.E.A. (French Atomic Energy 
Commission) and manufactured by the Saphy-
mo Company, which simultaneously detects 
deposits and identifies the gamma emitters 
by means of discriminators. 

J. Fort, Brevatome, Paris 

price for the Euratom Bullet in in the case of 
students. 
I am convinced that such a decision would 
meet with a response in student circles. 

A. H. J. M. de Mönninck 
Viaardingen 

Dear Sir, Having read the very interesting 
article by Mr. Leopold Van Wambeke in the 
Euratom Bul let in (Vol. IV, No. 3), may I 
draw your attention, and the author's, to a 
fact which, we believe, can be added to the 
information given in the published text. On 
page 84 the author mentions that aerial 
prospecting is usually carried out with light 
aircraft equipped with a very sensitive scin­
tillometer, and that it is advisable to use a 
gamma spectrometer in order to distinguish 
which element is emitting the radioactivity 

Dear Sir, I have always read the Euratom 
Bullet in with great interest and eagerness. 
This is due to the fact that at the Technische 
Hogeschool (Technical College) in Delft 
Nuclear Chemistry is one of the courses 
offered by the Chemical Engineering Depart­
ment. 
It is a laudable practice in Delft to allow a 
certain discount on periodicals, books and 
other such requisites, which naturally applies 
to students only. This may suggest to you the 
possibility of introducing a special reduced 

We have recently received several letters 
in which i t has been suggested that we 
should introduce a special reduced sub­
scr ipt ion rate for students. This let ter has 
been selected at random. 
We are pleased to inform you that we have 
acceded to these suggestions. Hencefor th, 
students may take out subscriptions to the 
Euratom Bulletin at a special rate of 12/6 or 
$2 .50 . 
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