
and the remaining three r e a c t o r s over the succeeding 
12 months. A much l a rge r staff was required than 
the constructing firm uses for conventional stat ions 
of equivalent capacity. A large part of the work was 
of the same sort as a r i s e s on conventional power 
stations, however, so that most of the staff could be 
drawn from those experienced in construct ing such 
stat ions. 

The manner in which difficulties experienced 
with a r eac to r experiment can provide a ba s i s for 
design improvements in a l a rge - sca l e reac tor of the 
same type was descr ibed in a paper by R. Beeley and 
J . Mahlmeister (USA). The reac to r involved was the 
Sodium Reactor Experiment in California which suf­
fered fuel damage and other difficulties. Fea tu re s 
to prevent such occur rences have now been installed 
in the SRE and incorporated in the design of the l a r g e -
scale Hallam Nuclear Power Facil i ty being built in 
Nebraska, for which the authors predict a high r e l i a ­
bility and long plant life. 

Technical Evaluations 

Another feature of the Conference was the p r e ­
sentation of papers discussing the technical features 
and prospective economics of a var iety of r eac to r 
types being developed in leading industrial nations 
and considered suitable for construction in smal l and 
medium s izes . Among the reac tor types described 

The repor t by the scientific team from Oak Ridge 
National Laboratory, USA, on the dosimetry m e a s u r e ­
ments ca r r ied out at Vinca, Yugoslavia, ea r l i e r this 
year has now been received by the Director General 
of the International Atomic Energy Agency. 

The findings of the Oak Ridge team were discussed 
at a meeting on the Diagnosis and Treatment of Acute 
Radiation Injury organized by WHO and IAEA in 
Geneva, 17 - 22 October 1960. Some thirty of the 
world 's leading specia l is ts from France , India, 
Netherlands, Soviet Union, United Kingdom, United 
States and Yugoslavia and staff experts from the o r ­
ganizing agencies part icipated. 

The Oak Ridge team, under the direction of Dr . 
K. Z . Morgan, was one of the main pa r tne rs in the 
IAEA joint dosimetry project at Vinca which aimed 

were boiling water , with and without nuclear super­
heat; heavy water moderated; p re s su r i zed water ; 
organic-cooled; and gas-cooled. 

Conclusion 

In bringing the Conference to a c lose , IAEA's 
Director General Sterling Cole stated that the review 
of the technical and economic s ta tus of nuclear power 
presented at the Conference had given "a rea l i s t ic 
appra isa l of the situation". Based on this appra i sa l , 
he found the outlook bright and encouraging, in spite 
of the fact that at present nuclear power general ly 
costs m o r e than conventional power. Deputy Direc tor 
General de Laboulaye, in his concluding r e m a r k s , e m ­
phasized the usefulness of the discuss ions on r eac to r 
construction and operat ional exper ience and on r e a c t o r 
safety which indicated that power r e a c t o r s had become 
technically very re l iab le . At a p r e s s conference 
held on the last afternoon of the Conference, Mr. de 
Laboulaye commented that the nuclear power cost 
p ic ture , although not yet confirmed by exper ience , 
appears definitely br ighter than the picture presented 
at the 1958 Geneva Conference on the Peaceful Uses 
of Atomic Energy. "Th i s" , he said, " indicates that 
we a re on the right t rack . " 

The proceedings of the Conference will be pub­
lished by the IAEA early in 1961. 

at throwing light on the relat ionship between the exact 
doses received and the clinical effects observed im­
mediately after the uncontrolled run of the Vinca r e ­
actor in October 1958 and in the period of t rea tment 
in Belgrade and at the Curie hospital in P a r i s of the 
six persons exposed to radiat ion. 

P r e c i s e data on the rela t ionship between levels of 
radiat ion and their effects on man a r e r a r e and the 
Vinca experiment was therefore unique in many r e ­
spec t s . The resu l t s a r e considered to be of grea t 
value both for the scientific study of radiat ion effects 
and the development of methods of therapy . 

The repor t from the Oak Ridge team reached the 
conclusion that the six exposed persons received total 
doses (gamma and neutron) varying from the low point 
of 20 7 rad units to the highest of 436 rad units (see 
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Table), A r ad unit is the unit of absorbed dose , that 
is the amount of energy impar ted to ma t t e r by ion­
izing p a r t i c l e s . One rad equals one hundred e r g s of 
absorbed energy per g r a m of absorbing m a t t e r . 

Fo r biological and medical purposes radiat ion ex­
posure is usually expressed in r e m s . The r e m is the 
absorbed dose of ionizing radiat ion having the same 
biological effect as one roentgen of high voltage X-
radia t ion . 

There is no s imple automatic conversion factor 
between the physical measu remen t (rad) and the bio­
logical measu remen t ( r em) . 

The methods of dos imetry used by the Oak Ridge 
Team were essent ia l ly the same as had been used in 
connection with the accident at Oak Ridge in June 1958, 
the so-ca l led Y-12 accident . The method is based on 
the fact that on enter ing the human body some neu­
t rons a r e captured by sodium 23 giving r i s e to sodium 
24, which omits high energy gamma rays and can thus 
be easily detected. As sodium 23 is uniformly d i s - ' 
t r ibuted in the body this method makes it possible to 
normal ize the neutron exposure of an individual. 
Through knowledge of the neutron spec t rum, of which 
the neutrons affecting the sodium only form a pa r t , it 
is then poss ible to de te rmine the total neutron dose . 
This method is considered much m o r e re l iab le than 
the theore t ica l calculat ions based on the known num­
ber of fissions and the s ta ted location of the individ­
ua l . The unrel iabi l i ty of this theore t ica l method was 
shown during the calculat ions of the Y-12 accident . 

The sodium activation data were obtained through 
measu r ing the neutron dose requ i red to produce a 
given amount of activation in plast ic man-shaped 
phantoms, filled with sal t water solution and located 
in many different posit ions round the r e a c t o r . The 
neutron spec t rum was determined by calculation and 
by using a s e r i e s of threshold de tec tors specially de­
veloped for this purpose . These consis ted of pluton-
ium, neptunium, gold, uranium and sulphur . 

Another important aspect of the dos imet ry project 
was to a sce r t a in the ra t io of the neutron to the gamma 
dose; this was done with neutron and gamma dos i ­
m e t e r s . It was found that the gamma to neutron dose 
ra t io var ied according to positions between 3 .5 to 1 
and 4. 2 to 1. 

For these measurements the r e a c t o r was operated 
at t h ree different levels of power, 5 ,1 000 and 5 000 
wat t s . 

IAEA officials point out that the Oak Ridge m e a s ­
u remen t s of the sodium activation are in agreement 
with the slightly different type of m e a s u r e m e n t s made 
inconnection with the exper iment by French sc ient is t s 
at Sac lay. 

It is a lso pointed out that the contribution of neu­
trons to the total exposure dose appears greater than 
was initially estimated and that it is generally known 
that a physical neutron dose (expressed in rads) pro­
duces a larger biological effect than a corresponding 
gamma dose. As it has been shown that the neutron 

One of the four phantoms used in IAEA's dosimetry pro­
ject at the Boris Kidric Institue, Vinca, Yugoslavia 

dose formed a substantial par t of the total physical or 
rad dose, it would be necessa ry to inc rease the r ad -
value by some factor to get an expression of the bio­
logical or r e m dose. The exact value of this factor 
can only be obtained by comparison with other data 
and with re ference to the specific biological responses 
shown in the p resen t c a s e s . No direct comparison of 
the magnitude of the rad dose calculated by the Oak 
Ridge Team should therefore be made with ea r l i e r 
(rem) measu remen t s of the Vinca or other c a s e s . In 
the methods used for the Vinca project some ref ine­
ments had been introduced as compared with ea r l i e r 
measuremen t s which again makes direct comparison 
with other r esu l t s difficult. 

The dosimetry project at Vinca was a fully in te r ­
national effort organized by the International Atomic 
Energy Agency and forms part of a world-wide effort 
to de termine the deleterious effects of radiation on 
man. 

The Yugoslav authorities and the Boris Kidric In­
stitute in Vinca placed the complete reactor, neces ­
sary laboratory facilities, services and personnel at 
the Agency's disposal. 

The French Atomic Energy Authority constructed 
comprehensive additions to the control system of the 
reactor, restarted and operated the reactor for the 
experiment. 
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A wall of the reactor room at V inca where the I A E A ' s 
dosimetry project was conducted. The wal l is shielded 

by concrete br icks 

The United Kingdom Atomic Energy Authority sup­
plied on loan the 6 | tons of heavy water needed to r e ­
s t a r t the r eac to r and a scient is t from the Authority 
performed his own measu remen t s with the exper iment . 

Consideration by General Conference 

At its fourth regular session in September of 
this yea r , theGenera l Conference of IAEA considered 
a set of safeguards principles and procedures which 
had been provisionally approved by the Board of 
Governors and re fer red to the Conference "for 
appropr ia te action. " 

After detailed d iscussion, in which a l a rge 
number of delegates took par t , the Conference adopted 
by a vote of 43 in favor, 19 against and 2 abstent ions, 
a resolution sponsored by 15 Member States. * 

The sponsors had accepted in Committee an 
amendment moved by Austr ia , Sweden and 
Switzerland. 

The resolution notes that the Board of Governors 
had "provisionally approved pr inciples and procedures 
to provide information and appropr ia te guidance for 
Member States as well as for the guidance of the 

* Australia, Brazil, Canada, Greece, Italy, Japan, Netherlands, Nica­
ragua, Peru, Philippines, Portugal, Thailand, Turkey, United Kingdom, 
and United States of America, 

The United States a r r anged for the exper t team 
from Oak Ridge to per form the actual m e a s u r e m e n t s 
with i ts own special ized equipment and make the n e c ­
e s s a r y ca lcula t ions . The team was under the d i r e c ­
tion of Dr. K. Z . Morgan and consis ted among o thers 
of Dr . G. S. Hurs t , Dr . R. H. Ritchie and Dr . A. D. 
Call ihan. 

The exper iment and m e a s u r e m e n t s were ca r r i ed 
out at the end of Apri l 1960. 

Individual Doses (All Values a r e in Rad Units) 

Individual Charged H(n, v)D Externa l Total 
P a r t i c l e Gamma Gamma 

Dose D o s e * Dose 

H 

V 

G 

M 

D 

B 

66 

89 

90 

87 

91 

45 

99 

133 

135 

130 

136 

67 

158 

214 

189 

209 

192 

95 

323 

436 

414 

426 

419 

207 

* Gamma dose resulting from the capture of neutrons by hydrogen in 
the body. 

Board itself in the adminis t ra t ion of safeguards by the 
Agency"and that the proposed procedure should guide 
the Board in negotiating ag reemen t s with Member 
States , "having regard to the pr inciple of non­
discr iminat ion bet ween them". The Board was invited, 
before giving effect to the safeguards pr inc ip les and 
p rocedu re s , to take into account the views expressed 
in theGene ra lConfe renceand to r epo r ton the appl ica­
tion of the safeguards annually to the Conference. A 
review of the pr inc ip les and p rocedures should be 
presented to the sixth regu la r sess ion of the Genera l 
Conference (1962). 

The following countr ies voted for the resolut ion: 
Argentina, Aust ra l ia , Aust r ia , Belgium, Braz i l , 
Canada, Chile, China, Denmark , El Salvador, 
Finland, F rance , Fede ra l Republic of Germany , 
Greece , Guatemala, Holy See, Honduras , Iceland, 
I ran, I s r ae l , Italy, Japan, Korea, Mexico, Monaco, 
Nether lands , New Zealand, Nicaragua, Norway, 
Pakis tan , P e r u , Phi l ippines , Por tuga l , Spain, 
Sweden, Switzerland, Thailand, Turkey, Union of 
South Africa, United Kingdom, United States of 
Amer ica , Venezuela, Vie t -Nam. 
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