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THE OAK RIDGE NATIONAL LABORATORY 4 

The Oak Ridge National Laboratory, o r i g i -  
n a l l y  known as  the Clinton Laboratories and 
now including the research f a c i l i t i e s  of the 
electromagnet ic  p l a n t  (Y-12) , is operated 
fo r  the AEc by Carbide and Carbon Chemicals 
Company, a D iv i s ion  of  Union Carb ide  and 
Carbon Corporation. The o r ig ina l  i n s t a l l a -  
t i o n s  were c o n s t r u c t e d  d u r i n g  t h e  war a s  
p a r t s  of the Manhattan D i s t r i c t ’ s  C l in ton  
Enpineer Works, the  establishment of which 
stemmed d i r e c t l y  from t h r e e  e v e n t s  t h a t  
occurred i n  1941 and 1942. 

F i r s t ,  s c i e n t i s t s  a t  t h e  U n i v e r s i t y  o f  
Ca l i fo rn ia ,  using the cyclotron, discovered 
the new element plutonium, and found t h a t  
t h e  plutonium239 i s o t o p e  , when bombarded 
w i t h  slow neutrons. would undergo f i s s ion  i n  
t h e  same manner as t h e  a l r eady  well-known 

In 1941, theoret ical  considera-. 
t i o n s  indicated t h a t  plutonium239 could be 
produced i n  quan t i ty  by neutron bombardment 
o f  t h e  nonf iss ionable  uranium238 i s o t o p e ,  
which is 140 times a s  p l e n t i f u l  i n  uranium 
ores as the fissionable U235 isotope. 

Then, i n  December 1942, a t  the University 
o f  Chicago Meta l lu rg ica l  P r o j e c t ,  a s e l f -  
sustaining uranium chain react ion w a s  demon- 
s t r a t e d  i n  the f i r s t  nuclear reactor (p i l e ) .  
Since a chain r e a c t i o n  was found t o  supply 
tremendous numbers of neu t rons ,  and s i n c e  
n a t u r a l  uranium used i n  t h e  chain r eac t ion  
is over 99 per cent uranium’’’, it w a s  clear 
t o  the s c i e n t i s t s  t h a t  plutonium239 is con- 
s t a n t l y  being produced i n  a na tu ra l  uranium 
reac to r .  Thus, by the end of 1942, it be- 
came apparent  t h a t  a plutonium-production 
program was f e a s i b l e  and t h a t  t he  p r o j e c t  
should be undertaken on a l a rge  scale. Up 
t o  t h i s  t ime,  however, plutonium had been 
produced only i n  microscopic amounts, and 
very l i t t l e  was known about its chemical be- 
havior,  so one immediate problem was t o  de- 
termine how t o  sepa ra t e  plutonium from the 
uranium i n  which it w a s  produced and from 
t h e  h i g h l y  r a d i o a c t i v e  f i s s i o n  p r o d u c t s  
formed by t h e  s p l i t t i n g  of  uranium atoms. 
Larger amounts of plutonium for  experimental 

purposes were needed., 

With the prospect of exploi t ing atomic. en- 
ergy for  wartime purposes, an area known of- 
f i c i a l l y  a s  the Clinton Engineer Works was 
acquired by the Army f o r  the Mianhattan Dis -  
t r i c t  Program. The locat ion i n  the Tennes- 
see Valley was chosen because of i t s  r e l a -  
t i v e  i s o l a t i o n  i n  the f o o t h i l l s  between the  
Great Smoky and Cumberland Mountains, and 
because of t he  a v a i l a b i l i t y  of TVA hydro- 
e l e c t r i c  power and a p l en t i fu l  water supply. 
Within t h i s  area were located the l an t s  for 
t h e  c o n c e n t r a t i o n  of  uranium23f and t h e  
p i l o t  plant for  the production of plutonium. 

THE WARTIME PERIOD 

A s  i n  most wart ime p r o j e c t s ,  temporary 
cons t ruc t ion  w a s  used where p o s s i b l e ,  and 
the research and development a c t i v i t i e s  were 
l imited t o  those w i t h  the  g r e a t e s t  promise 
of immediate returns.  

Clinton Laboratories, the Plutonium Pi lot 
P 1 ant (X -  10) 

’Ihe p i l o t  plant (Clinton Lahoratories) was 
organized under the  Un ive r s i ty  of Chicago 
M e t a l l u r g i c a l  P r o j e c t  t o  produce gram a -  
mounts of plutonium and t o  develop a chemi- 
c a l  process for separating and purifying the 
plutonium. It was a l s o  charged with evalu- 
a t i n g  t h e  h e a l t h  hazards  a s s o c i a t e d  wi th  
p rocess ing  and handl ing l a r g e  amounts of  
highly radioact ive mater ia ls  from a uranium 
reactor  and with t r a in ing  personnel t o  oper- 
a t e  t h e  f u l l - s c a l e  plutonium p r o d u c t i o n  
plant  t o  be b u i l t  a t  Zknford, Washington. 

Construction of Facilities. - Construction 
of  t he  p i l o t  p l an t  was s t a r t e d  by E. I. du 
Pont de Nemours and Gnnpany, Inc. ,  on Febru- 
ary 1, 1943, and proceeded on a rush sched- 
ule  which enabled the p i l e  ( the f i r s t  urani-  
um reactor  with an appreciable po ten t i a l  fo r  
producing plutonium) to. be placed i n  opera- 
t i o n  on November 4,  1943. Even though it 
was t h e  largest  r e a c t o r  b u i l t  up t o  t h a t  
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ti-me-indeed, only one other  had been b u i l t  
before-and was the first cooled r eac to r ,  i t  
operated with b e t t e r  than the expected per- 
formance., 

A second major f a c i l i t y  c o n s t r u c t e d  a t  
Cl inton Laboratories was the chemical p i l o t  
p l a n t  where the process f o r  s epa ra t ing  and 
p u r i f y i n g  plutonium was t o  be developed. 
Because chemical operations involving radio- 
act ive ma te r i a l s  had never before been a t -  

~ tempted on anything even approaching t h e  
sca l e  planned in  the p i l o t  p l an t ,  the design 
and construction of these f a c i l i t i e s  was an 
engineering achievement of the f i r s t  magni- 
tude 

A l l  equipment fo r  t h e  operat ions was en- 
closed i n  “hot c e l l s ”  surrounded by 5 f e e t  
o f  conc re t e .  Remote c o n t r o l  was r equ i r ed  
fo r  even the simplest operations,  which were 
accomplished by workers who could no t  even 
see the operation they were performing. A t  
one stage of the  process,  a t e l e v i s i o n  set  
w a s  used t o  allow observation of a c r i t i c a l  
o p r a t i o n . .  For the most p a r t ,  the perform- 
ance o f  equipment w a s  de t e rmined  by t h e  
r e a d i n g s  on a bank of  i n s t r u m e n t s  which 
covered t h e  w a l l s  of t h e  “ o p e r a t i n g  g a l -  
l e r y ,  ’ .  

Other f a c i l i t i e s  constructed a t  t h e  same 
t i m e  included l a b o r a t o r i e s  for chemistry,  
phys i c s ,  and medical ( h e a l t h  physics)  re-  
s e a r c h ;  machine shops; instrument shops; and 
s e v e r a l  adminis t ra t ion bu i ld ings  and ware- 
houses. One hundred and f i f t y  b u i l d i n g s ,  
l a rge  and small ,  were constructed a t  a cos t  
o f  about $13,000,000. More than 3,000 con-. 
s t ruc t ion  workers were on the job  during the 
peak construct i& period. 

Accomplishment of the Objectives. - Con- 
s t r u c t i o n  o f  t he  chemical p i l o t  p l a n t  was 
completed i n  November 1943, about the same 
time t h a t  t he  reactor  was ready t o  operate ,  
and p rocess ing  ope ra t ions  were s t a r t e d  a t  
once. For the f i r s t  t r i a l  runs of plutonium 
separat ion,  uranium i r r a d i a t e d  i n  the Wash- 
ington University (St .  Louis) cyclotron was 
used because it contained smaller. amounts of 

the highly radioactive fissioii products, and 
t h e r e f o r e  would l e a v e  t h e  equipment less 
s e r i o u s l y  contaminated i n  case operat ional  
d i f f i c u l t i e s  were encountered and r epa i r s  or  
a l t e r a t ions  became necessary. 

From these f i r s t  runs, a few milligrams of 
purif ied plutonium were prepared and shipped 
t o  the Metal lurgical  P ro jec t  i n  Chicago f o r  
research uses. This f i r s t  shipment was made 
on December 30, 1943. Following t h i s ,  ura- 
nium i r r a d i a t e d  a t  low power i n  the Clinton 
Laborator ies  r e a c t o r  was used, and s h o r t l y  
the rea f t e r  , processing of uranium i r r ad ia t ed  
a t  f u l l  power i n  t h e  C l i n t o n  r e a c t o r  was 
s t a r t e d  and plutonium shipments became cor-  
respondingly larger .  

When t h e  r e a c t o r  a t  Cl inton Laborator ies  
was p u t  i n t o  o p e r a t i o n ,  v e r y  l i t t l e  was 
known about t h e  hazards which could be ex- 
pected. Reflect ing upon the number of known 
i n j u r i e s  which had r e s u l t e d  from a s i n g l e  
t y p e  o f  r a d i a t i o n ,  X- ray ,  and from one 
r a d i o a c t i v e  e l e m e n t ,  radium, t h e  h e a l t h  
phys i c i s t s  k n e w  t h a t  t he re  might be s e r i o u s  
hazards associated with an operation involv- 
ing hundreds of radioact ive isotopes as  w e l l  
a s  s e v e r a l  d i f f e r e n t  k i n d s  o f  r a d i a t i o n .  
Although tolerance levels fo r  r ad ia t ion  ex- 
posure had been establ ished and the  maximum 
allowable l e v e l s  o f  radium i n  t h e  body and 
i n  the  a i r  w e r e  w e l l  known, there  w a s  l i t t l e  
else t o  serve as  a guide i n  determining hu- 
man tolerances for  the plutonium and radio-  
a c t i v e  f i s s i o n  p roduc t s  which were be ing  
produced i n  large quant i t ies .  

The program i n  h e a l t h  physics  during the  
war w a s  concerned pr imari ly  with monitoring 
( t h a t  is, measuring r ad ia t ion  l eve l s  t o  a s -  
s u r e  t h a t  t h e y  were k e p t  s a t i s f a c t o r i l y  
low), determining the adequacy of sh i e ld ing  
around t h e  r e a c t o r  and ‘ ‘ h o t  l a b s ’  ’ , and 
ma in ta in ing  a s u r v e y i n g  program t o  assure 
t h a t  radioact ive mater ia ls  were confined t o  
the  proper loca t ions  and t h a t  t h e  a i r ,  wa- 
t e r ,  or environment d i d  not  become contami- 
nated a s  a r e s u l t  of leakage of r ad ioac t ive  
materials.  By developing s u i t a b l e  r a d i a -  
t ion -de t e c t ion and m e  a s  u r  i ng i n s  t r ume n t s , 
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and by working c lose ly  with the  b i o l o g i s t s  
who were s t u d y i n g  t h e  e f f e c t s  of  v a r i o u s  
r a d i o a c t i v e  s u b s t a n c e s  on a n i m a l s ,  t h e  
h e a l t h  p h y s i c i s t s  were a b l e  t o  determine 
r a d i a t i o n  l e v e l s  and t o  se t  tolerance v a l -  
ues.  The success of t h i s  program is a t t e s t -  
ed  by t h e  f a c t  t h a t ,  s i n c e  t h e  s t a r t  o f  
operat ions,  t he re  have been no known cases  
o f  i n j u r y  t o  an i n d i v i d u a l  r e s u l t i n g f r o m  
exposure t o  r a d i a t i o n  a t  the Oak Ridge Na- 
t iona 1 Labor a tor  y 

The fourth objective of the o r ig ina l  Clin- 
ton Laboratories was accomplished by an on- 
the- job t ra ining program which gave t ra inees  
ac tua l  operating experience. This included 
not  only people t o  operate the r e a c t o r s  and 
chemical p l an t s ,  but a l s o  hea l th  phys i c i s t s  
and other  du Pont employees who were t o  be 
associated with the  Hanford plant ,  

M’artime Research. - Physics research dur- 
ing the war was concerned primarily with the 
immediate and urgent problems of t he  m i l i -  
t a r y  app l i ca t ion  of atomic energy. F i r s t ,  
the  phys ic i s t s  were charged with responsi-  
b i l i t y  fo r  g e t t i n g  the  r eac to r  i n t o  opera- 
t i o n ,  determining its operat ing cha rac t e r -  
i s t i c s ,  and insuring t h a t  it would operate 
with maximum sa fe ty .  T e s t s  made by physi- 
cists using the r eac to r  determinedthe ade- 
quacy of  t h e  Hanford r e a c t o r  s h i e l d i n g .  
Other p r o j e c t s ,  bo th  fundamental and ap- 
p l i e d ,  were performed i n  c lose  cooperation 
with the Physics Division of the University 
of  Chicago Metal lurgical  P ro jec t .  Most of  
t h i s  work, because of its r e l a t i o n  t o  m i l i -  
t a r y  u s e s  o f  a t o m i c  e n e r g y ,  was i n  t h e  

s e c r e t ”  c a t e g o r y .  8 1  

Research i n  chemistry w a s  pr imari ly  con- 
cerned with the development and improvement 
of the plutonium-separation and purif icat ion 
processes. Equally important was the devel- 
opment of a n a l y t i c a l  procedures f o r  d e t e r -  
mining the elements and compounds involved 
i n  these processes. S t u d y  o f  t h e  b a s i c  
chemistry of  heavy elements,  p a r t i c u l a r l y  
the  new elements neptunium and plutonium, 
was a l s o  an important p ro jec t  fo r  the chem- 
ists. 

In addi t ion t o  plutonium, the uranium re- 
ac to r  produces f i s s i o n  products. These a r e  
r ad ioac t ive  isotopes of over t h i r t y  of the 
elements  of medium atomic weight ranging 
from zinc t o  gadolinium. The chemical re- 
search program covered the chemical separa- 
t i o n  of f i s s i o n  products from uranium and 
from each o t h e r ,  t h e  determinat ion of t he  
cha rac t e r i s t i c s  of each radioactive species,  
development of radiochemical analyses ,  and 
s t u d i e s  of f iss ion-product  y i e lds .  

I n  the  inves t iga t ion  of chemical-separa- 
t i o n  p rocesses ,  a method of s epa ra t ion  by 
ion-exchange was developed. This process  
enabled t h e  l abora to ry  t o  prepare f o r  t h e  
f i r s t  time r e l a t i v e l y  l a rge  amounts of the 
individual r a re  e a r t h  elements. These ele- 
ments a re  so  near ly  a l ike  i n  t h e i r  chemical 
p r o p e r t i e s  t h a t  t hey  were almost  unknown 
previously i n  t h e i r  pure form. While work- 
ing on t h i s  project ,  s c i e n t i s t s  a t  the labo- 
r a to ry  discovered a new element i n  the  rare 
e a r t h  group, element number 61, promethium. 
They were a l s o  able ,  by the i r  new processes, 
t o  produce the element technetium and the 
t r i t i u m  i so tope  of  hydrogenin much l a r g e r  
q u a n t i t i e s  t h a n  t h e  mic roscop ic  amounts 
which had been produced p r io r  t o  tha t  t i m e .  
Enough t r i t i um was produced t o  allow some of 
its nuclear properties t o  be studied for  the 
f i r s t  t i m e ,  

One very important quest ion which a rose  
w i t h  t h e  p r o c e s s i n g  of 1arge.amounts  of  
highly radioactive materials was, ‘What e f -  
f e c t  w i l l  the radiat ion from these materials 
have upon the various substances exposed t o  
i t ? ”  That radiat ion would have some e f f e c t  
w a s  w e l l  known from experience with X-ray 
and o t h e r  r a d i a t i o n s ,  bu t  t h e  e x t e n t  of  
radiation damage fo r  various materials was a 
c r i t i c a l  question. Fundamental research on 
r a d i a t i o n  damage w a s  necessary t o  eva lua te  
var ious m a t e r i a l s  f o r  use i n  r e a c t o r s ,  i n  
“hot  l a b s , ”  and i n  o the r  l oca t ions  where 
they would be exposed t o  intense radiation. 

During t h i s  pe r iod ,  t he .  f i r s t  r a d i o i s o -  
topes produced by the  laboratory were used 
by the Manhattan Project biologis ts  i n  t h e i r  
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s t u d i e s  of r a d i a t i o n  hazards.  Research on 
r a d i o i s o t o p e  product ion p rocesses  was s o  
successful t h a t ,  by the end of the war, some 
radioisotopes were i n  routine production. 

The Electromagnetic Plant (Y-12) 

Due t o  the urgent demand for  uranium235 i n  
t h e  e a r l y  days of t he  Manhattan Dis t r ic t ,  
t h e  c a l u t r o n ,  a development of  t h e  mass 
spectrograph, was perfected a t  the Universi- 
t y  of  C a l i f o r n i a  Radiat ion Laboratory.  A 
production plant  u t i l i z i n g  the calutron fo r  
separating U235 by the electromagnetic proc- 
ess was constructed without the usual i n t e r -  
mediate p i l o t - p l a n t  s t age .  Stone and Web- 
ster Engineering Corporation was chosen t o  
build the electromagnetic p l an t ,  and Tennes- 
see  Eastman C o r p o r a t i o n  was s e l e c t e d  t o  
o p e r a t e  t h e  equipment and t o  develop t h e  
chemical p rocesses .  

Production Plant. - The s i n g l e  aim which 
motivated the construct ion and operation of 
t h i s  $400,000,000 electromagnetic p l an t  was 
t o  achieve maximum roduction of highly con- 
cen t r a t ed  i n  t h e  l e a s t  poss ib l e  
amount of time. Construction began i n  1943, 
Successful operation e a r l y  i n  1944 r e su l t ed  
i n  an enlargement of  t h e  p l a n t ,  which was 
completed i n  1945. The achievement of t h e  
production goal is now h i s t o r y ,  

Process Improvement. - Conversion of t he  
mass spectrograph from a small-scale in s t ru -  
ment, su i t ab le  for  use i n  a univers i ty  labo- 
r a t o r y ,  t o  the ca lu t ron ,  a piece of l a rge -  
s ca l e  plant  equipment capable of the quanti-  
ty. production of U235, presented a mul t i -  
p l i c i t y  of  problems. These problems were 
not confined s o l e l y  t o  the physical separa- 
t i o n  of  t h e  i s o t o p e s ,  but  extended t o  t h e  
chemical processes necessary for  the prepa- 
r a t i o n  of feed ma te r i a l s ,  maximum recovery 
of products and by-products, f i n a l  purif ica-  
t i o n  of t he  des i r ed  i so tope ,  highly impor- 
t a n t  factors  of health and sa fe ty ,  and meth- 
ods of control,  both quan t i t a t ive  and qual i -  
t a t  ive e 

I n  t h e  absence of a p i l o t  p l a n t ,  i t  was 

n e c e s s a r y  t o  i n v e s t i g a t e  t h e s e  problems 
under ac tua l  production conditions.  Deve l -  
opment groups organized under the d i r ec t ion  
of both Tennessee Eastman Corporat ion and 
t h e  Universi ty  of C a l i f o r n i a  were d i r e c t l y  
responsible fo r  improving a l l  phases of the 
process. An a d d i t i o n a l  r e s p o n s i b i l i t y  of 
these groups was the t r a i n i n g  of s u f f i c i e n t  
personnel t o  operate  t h e  p l a n t .  There was 
very l i t t l e  oppor tun i ty  f o r  long-term re-  
sea rch .  

POSTWAR DEVELOPMENTS 
AT CLINTON LABORATORIES 

On July 1, 1945, a contract  fo r  the opera- 
t i o n  of t he  Laboratory was negot ia ted with 
the Monsanto Chemical Company by the Manhat- 
tan Engineer D i s t r i c t ,  

Because of t h e  unique f a c i l i t i e s  f o r  p i -  
l o t -p l an t  and research work a t  Clinton Labo- 
r a t o r i e s ,  t h e  success fu l  accomplishment of 
the four primary objectives did not mark the 
end of  ope ra t ions  a s  o r i g i n a l l y  expected. 
I n s t e a d ,  t h e  l abora to ry  embarked on a new 
course of fundamental research and engineer- 
ing development concerned primarily with r e -  
actor  design. 

The new program of research and develop- 
ment undertaken a f t e r  the end of the war led 
t o  the organizat ion i n  1946 of s e v e r a l  new 
r e s e a r c h  and development d i v i s i o n s  wi th in  
the  laboratory,  Experience during t h e  war 
had shown t h a t  cont inuous mon i to r ing  and 
surveying of the work areas  was necessary t o  
assure adequate protection of personnel from 
radiat ion hazards, The Health Physics D i v i -  
s i o n  was c rea t ed  t o  perform these s e r v i c e s  
and t o  carry out fundamental and applied re- 
search d i r ec t ed  toward improving r ad ia t ion -  
protection pract ices .  'Ihe Biology Division, 
which has been concerned pr imari ly  with es- 
t ab l i sh ing  tolerance l e v e l s  fo r  radioact ive 
mater ia ls ,  was enlarged a t  the same t i m e  t o  
perform broad fundamental s t u d i e s  o f  t h e  
b i o l o g i c a l  e f f e c t s  of r ad ia t ion .  A Metal- 
lurgy Division was organized i n  1946 t o  car-  
r y  out applied research primarily r e l a t ed  t o  
the reactor  program. 
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During this early postwar period, the Man- 
hattan Engineer District initiated a radio- 
isotope distribution program under which 
radioisotopes produced at the laboratory 
were made available to users outside of the 
atomic energy project. The first shipment 
under this program was made on August 2 ,  
1946. The laboratory became, and remains, 
the world's principal source of radioiso- 
topes. 

One of the most interesting activities at 
the laboratory during this period was the 
Clinton Laboratories Training School, es- 
tablished as the first nuclear-technology 
school for scientists interested in entering 
the new field of atomic energy. The origi- 
nal training school operated for only one 
year; nevertheless, it numbers among its 
alumni, as does the laboratory, several of 
the best-known figures in the American atom- 
ic energy effort. In 1950, the present Oak 
Ridge School of Reactor Technology was es- 
tablished at the laboratory. In this 
school, some sixty-five future nuclear engi- 
neers from industry and university staffs 
are trained each year. 

DEVELOPMENTS AT THE 
ELECTROMAGNETIC PLANT 

Operation of the electromagnetic plant 
continued under Tennessee Eastman Corpora- 
tion until early 1947. Emphasis on U235 
production decreased, however, as the gase- 
ous-diffusion plant assumed the ma'or re- 
sponsibility for the production of ""- As 
a consequence, facilities and experienced 
scientific personnel became available in the 
electromagnetic plant for the research and 
development program. 

Late in 1945, the adaptation of calutron 
equipment to the separation of isotopes of 
elements other than uranium was undertaken. 
With the successful separation of various 
stable isotopes and with the increasing 
importance of these purified isotopes as 
tools of research, this program was expand- 
ed, the goal being the separation of the 
isotopes of all the elements. Progress to- 

wards this goal has required extensive m o d i -  
fication and development of electromagnetic 
equipment, and research in the obscure chem- 
istry of many of the less common elements. 
Associated with the production of stable 
isotopes have been problems of spectroscopic 
analysis, leading to fundamental investiga- 
tions of nuclear properties, and development 
of new methods for using these isotopes as 
research tools. 

Calutron development continued, with em- 
phasis on its potentialities with respect to 
@35 production and the production of very 
highly purified isotopes Investigations of 
the fundamental principles involved in the 
formation and transport of ions in electric 
and magnetic fields were undertaken. New 
methods of utilizing electromagnetic equip- 
ment for isotope separation were examined, 
Experience with ion sources has been extend- 
ed to studies of other particle accelera- 
tors, with the objective of neutron sources 
other than reactors and designing improve- 
ments for the cyclotron. 

'Ihe development of uranium chemical proc- 
esses made great demands upon chemical tech- 
nology. Plant experience in this respect 
was readily applied to uranium-ore studies, 
problems of assay and analysis, the purifi- 
cation of other elements, and to the inves- 
tigation of physicochemical processes for 
isotope separation. It has frequently been 
necessary to solve special chemical problems 
of importance to various aspects of atomic 
research. 

These phases of research and development 
continued to expand after responsibility for 
the electromagnetic plant was assumed in May 
1947 by Carbide and Carbon Chemicals Compa- 
ny. As results of research became known, 
additional problems were referred by the AEC 
to the groups concerned with this phase of 
the program. In 1949, the following three 
research divisions were established in the 
e lec t romagne t i c plant : Is0 tope Chemistry 
and Production, Electromagnetic Research, 
and Materials Chemistry. 

I 
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ORGANIZATION OF THE 
OAK RIDGE NATIONAL LABORATORY 

On January 1, 1947, the newly-formed AEC, 
c rea t ed  by t h e  Atomic Energy Act of 1946, 
took r e s p o n s i b i l i t y  f o r  the  atomic-energy 
program. Clinton Laboratories continued t o  
be opera ted  by Monsanto Chemical Company 
u n t i l  March 1, 1948, a t  which time the name 
of  the  i n s t a l l a t i o n  was changed by the  AEC 
t o  Oak Ridge National Laboratory. Carbide 
and Carbon Chemicals Company then assumed 
the  operat ing r e spons ib i l i t y ,  Carbide w a s  
a t  t h a t  t ime, and s t i l l  i s ,  the  major pro- 
duction contractor for  the AEC. The company 
o p e r a t e s  t he  gaseous-d i f fus ion  p l a n t  f o r  
production of @35, and the Y-12 or e lec t ro-  
magnetic p l an t ,  and w a s  recent ly  chosen t o  
operate  the  new gaseous-diffusion p l an t  i n  
Paducah, Kentucky. Carbide is t h e  only in -  
d u s t r i a l  con t r ac to r  ope ra t ing  a major re- 
sea rch  f a c i l i t y  f o r  t he  AEC. 

During 1947 and 1948, a s  Carbide accepted 
increasing respons ib i l i t i es  for  carrying out 
various phases of the AEC research program, 
it became apparent t h a t  the w a r t i m e  f a c i l i -  
ties of the  laboratory,  o r ig ina l ly  intended 
t o  l a s t  only about two yea r s ,  were inade-  
quate for  an expanding program. Consequent- 
l y ,  i n  1949, a $20,000,000 program of perma- 
nent construction and improvement was under- 
taken. Among the  f i r s t  of the  new f a c i l i -  
t i es  t o  be completed was a r ad io i so tope -  
processing area,  consis t ing of ten buildings 
e s p e c i a l l y  designed fo r  the  chemical proc- 
e s s i n g ,  s to rage ,  packing, and sh ipping  of 
radioisotopes,  and an addi t ional  p i l o t  plant  
f a c i l i t y  fo r  chemical-process development. 

CONSOLIDATION OF RESEARCH 
IN THE Y - 1 2  AREA WITH ORNL 

Following the  te rmina t ion  o f  uranium235 
production a c t i v i t i e s  i n  the Y-12 e l e c t r o -  
magnetic p l an t ,  many la rge  permanent build- 
ings became ava i l ab le  a t  t h a t  loca t ion  fo r  
use i n  other programs. Since bothareaswere 
operated by Carbide, two la rge  buildings i n  
tfie Y-12 area were remodeled for  the Biology 
Divis ion of Oak Ridge Nat ional  Laboratory, 

providing 75,000 square f e e t  of f loor  space 
f o r  modern and well-equipped l abora to r i e s ,  
These included chemical l a b o r a t o r i e s  f o r  
preparing carbon14- labeled compounds for  b i -  
o logica l  t r ace r  experiments and f o r  d i s t r i -  
bution t o  o ther  users. S t i l l  o ther  bu i ld-  
i n g s  a f f o r d e d  space  f o r  development and 
t e s t i n g  labora tor ies  as  w e l l  as o f f i ces  fo r  
t h e  Reactor  Experimental  Engineer ing  and 
Aircraf t  Nuclear Propulsion Divisions. 

With t h i s  growing associat ion between OWvL 
and the  e l ec t romagne t i c  p l a n t ,  which a r e  
only s i x  m i l e s  apa r t ,  the  research programs 
of the  two ins t a l l a t ions  became more closely 
integrated,  As t h e  na tura l  outcome of t h i s  
increased cooperation, on February 1 ,  1950, 
the research a c t i v i t i e s  of the Y-12 electro- 
magnetic plant were made a pa r t  of the pro-  
gram of Oak Ridge National Laboratory. 

With the  expansion of f a c i l i t i e s  and the  
increase  i n  scope of the  l abora to ry ' s  pro- 
gram, the  number of employees by J u l y  1951 
was n e a r l y  double  the  wartime peak. The 
s c i e n t i f i c  and technical s t a f f  numbers about 
1,500 out of a t o t a l  of over 3,000 employ- 
ees, A s  a r e s u l t  of merging t h e  Y-12 re- 
search  group wi th  the  l abora to ry  and rea-  
l i g n i n g  the  func t ions  of some of t h e  re- 
search groups, the laboratory now has twelve 
major research uni t s :  Analyt ical  Chemistry 
Div i s ion ,  ANP Divis ion ,  Biology Divis ion ,  
Chemistry Division, Rlaterials Chemistry D i -  
v i s ion ,  Chemical Technology Divis ion,  Elec- 
tromagnetic Research Division, Health Phys- 
i cs  Divis ion,  Isotope Research and Roduc-  
t i on  Division, Metallurgy Division, Physics 
Division, and the Reactor Experimental Engi- 
neer ing  Divis ion.  A l l  of  t hese  have ou t -  
s t and ing  s c i e n t i s t s  a s  c o n s u l t a n t s .  

In  addition t o  the research d iv is ions ,  the 
laboratory has s i x  service and operating d i -  
v i s ions  which ca r ry  out v i t a l  funct ions i n  
support of the research and development pro- 
grams. These a r e  the Engineering and Main- 
tenance, General Off ice ,  Health,  I n d u s t r i a l  
Relations,  Laboratory Protect ion,  and Opera- 
t ions Divisions. 

. 
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THE LABORATORY ’ S PROGRAM 

A s  an outgrowth of its own or ig ina l  i n t e r -  
e s t s  and problems, and i n  l i n e  w i t h  t h e  
Atomic Energy Commission’s broad objectives,  
the Oak Ridge National Laboratory under C a r -  
bide’s operat ion has developed a wide pro- 
gram of research and development. Projects  
range from basic s tudies  i n  physics, chemis- 
t ry ,  and biology t o  reactor technology, m e t -  
al lurgy, pa r t i c l e  accelerators,  isotope pro- 
duction, isotope propert ies ,  heal th  protec- 
t i o n ,  and educa t ion .  I n  determining the  
actual  scope of i t s  a c t i v i t i e s ,  the labora- 
t o r y  h a s  been g u i d e d  by s e v e r a l  b a s i c  
cons ide ra t ions :  

First, a s  pa r t  of the Commission’s urgent 
program of reactor  development, the labora- 
t o ry  is  devoting intensive e f f o r t  t o  three 
r e a c t o r  p r o j e c t s :  t he  M a t e r i a l s  T e s t i n g  
Reactor ,  t h e  A i r c r a f t  Nuclear Propuls ion 
Program, and the Homogeneous Reactor.  

Second, the laboratory performs fundamen- 
t a l  research t h a t  can be accomplished only 
with the f a c i l i t i e s  and equipment avai lable  
a t  a large laboratory such a s  OWVL. Certain 
projects  require a large supply of  neutrons 
t h a t  only a nuc lea r  r e a c t o r  can produce. 
Others involve the electromagnetic separa- 
t ion u n i t s  or special-purpose laborator ies .  
Universi t ies  and other pr ivate  research in-  
s t i t u t i o n s  do not ,  and cannot, a t  l e a s t  a t  
present ,  a f fo rd  such f a c i l i t i e s .  In  addi- 
t i o n ,  t h e  A t o m i c  Energy A c t  of  1946 r e -  
s t r i c t s  ownership of many types of f a c i l i -  
t i e s  t o  the Atomic Energy Commission. 

Third, fundamental research i n  support of  
applied technology is strongly emphasized a t  
OWL. Obviously, processes and techniques 
which become a par t  of technology must f i r s t  
be e x p l o r e d  and developed through b a s i c  
s t u d i e s .  Only i n  t h i s  way can technology 
be expanded. Hence, t he  l a b o r a t o r y  has 
s t rong  basic  research programs i n  biology, 
chemistry, physics,  metallurgy, and hea l th  
physics. 

Fourth, the laboratory seeks t o  perform a 

broad educat ional  function. To t h i s  end, 
working relat ionships  with southern univer- 
s i t i e s  have been established through the Chk 
Ridge I n s t i t u t e  of Nuclear Studies t o  allow 
f a c u l t y  members and graduate  s t u d e n t s  to  
take advantage of the laboratory’s  f a c i l i -  
ties for  work on research problems of mutual 
i n t e re s t s .  Both the laboratory and the v i s -  
i t i n g  r e sea rch  workers b e n e f i t  from these 
r e s e a r c h  c o n t a c t s .  The l a b o r a t o r y  a l s o  
serves a s  a t r a in ing  center fo r  representa- 
t i v e s  from o the r  AEC agencies. A t r a i n i n g  
program i n  h e a l t h  physics has been e s t ab -  
l ished, and a program of t ra ining i n  reactor 
technology is being expanded. 

F i f t h ,  the ever-growing demand f o r  s t a b l e  
and radioactive isotopes st imulates research 
and development i n  isotope production and 
u t i l i za t ion .  “he laboratory is continuously 
seeking improved or new physical and phys- 
icochemical methods of i s o l a t i n g  these i so -  
t o p e s ,  and i s  c a r r y i n g  o u t  a v i g o r o u s  
program o f  b a s i c  s t u d i e s  t o  d e t e r m i n e  
t h e i r  p r o p e r t i e s  and app l i ca t ions .  

Coopera t i ve  Proj  ec t s 

It shou ld  be emphasized t h a t  r e s e a r c h  
projects,  for  the most pa r t ,  a r e  not aligned 
e n t i r e l y  on a d i v i s i o n a l  bas i s .  For exam- 
p l e ,  i n  f u l f i l l i n g  i t s  r e s p o n s i b i l i t i e s  i n  
reactor  technology, the Oak Ridge National 
Laboratory has s e t  up projects which include 
p h y s i c i s t s  , chemists ,  m e t a l l u r g i s t s ,  and 
engineering designers i n  nine of the twelve 
major research divis ions.  The coordinated 
a c t i v i t y  of these groups, operating i n  t h e i r  
r e spec t ive  d i v i s i o n s ,  r e s u l t s  i n  an i n t e -  
grated program of r eac to r  technology which 
approaches r e a c t o r  problems through both 
fundamental and app l i ed  research.  

The i n t e g r a t i o n  of t he  laboratory’s  re- 
search and development programs with those 
of other agencies and of other AEX i n s t a l l a -  
t i ons  has r e su l t ed  i n  the establishment of 
several  cooperative projects: ( a )  j o i n t  re- 
s p o n s i b i l i t y  with Argonne National Labora- 
tory fo r  the Materials Testing Reactor, co- 
ordinated by a three-man s t ee r ing  comnittee; 
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(b )  cooperation with southern u n i v e r s i t i e s  
through the Oak Ridge I n s t i t u t e  of Nuclear 
Studies; and (c)  j o i n t  work with the General 
E l e c t r i c  Company and the National Advisory 
Committee f o r  Aeronautics on the A i r c r a f t  
Nuclear Propuls ion P r o j e c t .  

RESEARCH PROGRESS AT ORNL 

Some of the research projects  a t  C R L  have 
been outstandingly successful  and have re- 
ceived with s c i e n t i f i c  acclaim. The follow- 
ing  h igh l igh t s  of research progress a t  the 
laboratory is concerned with u n c l a s s i f i e d  
discussion of the work, s ince about half of 
the 1aborat.ory's program remh'ns i n  the se- 
c r e t  category and cannot be described here. 

Phys ica 1 Research 

Neutron Studies. - Neutrons which a r e  so  
e s sen t i a l  t o  the operation of a uranium re -  
ac to r  a r e  the sub jec t  of i nves t iga t ions  i n  
s t rong programs of bas i c  research a t  ORNL. 

Neutron Half-Life. - From theoret ical  con- 
s i d e r a t i o n s ,  i t  has been p red ic t ed  t h a t  a 
neutron emi t t ed  by some n u c l e a r  p rocess ,  
such a s  f i s s i o n ,  should be radioactive,  and 
decay by the emission of an electron t o  form 
a proton. A t  ChWL, evidence of neutron de- 
cay is now being sought i n  a complex experi- 
m e n t  designed t o  d e t e c t  both the  emi t t ed  
e l ec t ron  and the r e s u l t a n t  proton, I t  has 
been de f in i t e ly  established tha t  the neutron 
does decay i n  the manner described, and cur- 
r e n t  e f f o r t  is d i r e c t e d  toward determining 
the h a l f - l i f e  associated with t h i s  radioac- 
t i v i t y .  E a r l y  r e s u l t s  i n d i c a t e  t h a t  t he  
h a l f - l i f e  i s  about 15 minutes. 

Neutron Absorption. - A program f o r  the 
systematic measurements of neutron absorp- 
t i on  by a l l  elements and isotopes has been 
e s s e n t i a l l y  completed. I n  t h i s  program, 
samples of a l l  a v a i l a b l e  elements and i s o -  
topes were exposed t o  neutron beams and the 
amount of neutron absorption i n  the sample 
was measured, yielding fundamental informa- 
t i on  of g rea t  value i n  nuclear  physics and 
r eac to r  technology. 

Neutron Diffraction. - The neutron-dif-  
f r a c t i o n  s t u d i e s  of c r y s t a l  s t r u c t u r e  have 
become an exceedingly powerful tool  fo r  de- 
termining how atoms a r e  arranged i n  c rys -  
t a l s .  This technique overcomes the l imita-  
t i o n s  o f  X-ray and e l e c t r o n - d i f f r a c t i o n  
s tud ie s ;  it permits the s t r u c t u r a l  analysis  
of components which cannot be studied s a t i s -  
f a c t o r i l y  by any o t h e r  method. 

Ins t rumen t Deve lopmen t 

The development of  s u i t a b l e  instruments  
for detect ing and measuring a l l  types of ra- 
d i a t i o n  is a v i t a l  p a r t  of the Health Phys- 
ics Division program. A recent ly  developed' 
instrument f o r  which there  has been a g rea t  
need is the neutron survey meter, a portable 
instrument which may. be used t o  measure neu- 
t r o n  r a d i a t i o n .  

Another instrument of great  s c i e n t i f i c  in-  
t e res t  has been developed a t  ORNL i n  t h e  
Physics Division. It is the s c i n t i l l a t i o n  
spectrometer, which measures the number and 
i n t e n s i t y  of l i g h t  f l a shes  emit ted from an 
anthracene c r y s t a l  when r a d i a t i o n  s t r i k e s  
it. Not only can t h i s  instrument  measure 
the amount of radiat ion,  but a l s o  the ener- 
gy. This is a good example of the f r u i t f u l -  
ness of pure fundamental research,  such a s  
that  which led t o  the discovery tha t  anthra- 
cene c r y s t a l s  give a f l a s h  of l i g h t  when a 
beam of radiation s t r i k e s  them, and t h a t  the 
br ightness  of the f l a s h  is proport ional  t o  
t h e  energy of  t h e  r a d i a t i o n .  

Spectroscopy Research 

A s  an outgrowth of t he  wartime need f o r  
precision quant i ta t ive and qua l i t a t ive  proc- 
ess c o n t r o l  i n  the  electromagnet ic  p l a n t ,  
and present s imi l a r  demands of the plutonium 
research program and the isotope-production 
and research program, a very well-equipped 
spectroscopy laboratoryhasbeen established. 
In this laboratory, investigations of funda- 
mental p r o p e r t i e s  of i so topes  a r e  c a r r i e d  
out by X-ray, op t i ca l ,  i n f r a red ,  microwave, 
n u c l e a r - i n d u c t i o n ,  and mass-spectrometer 
techniques.  
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Particle Accelerators 

Both the electromagnetic equipment and ex- 
perience i n  the  development of ion sources 
a r e  now being u t i l i z e d  i n  the  cons t ruc t ion  
and operation of pa r t i c l e  accelerators .  The 
ava i l ab i l i t y  of these accelerators  is essen- 
t i a l  t o  a nuc lear - research  program. Such 
instruments a re  used i n  the study of nuclear 
f o r c e s  and nuc lea r  r e a c t i o n s ,  and i n  t h e  
production of cer ta in  isotopes obtainable i n  
no other way. 

A small ,  2-million-volt cyclotron and a 2- 
mil l ion-vol t  Van de Graaff accelerator  have 
been i n  o p e r a t i o n  f o r  s e v e r a l  y e a r s .  A 
la rger ,  86-inch cyclotron recent ly  placed i n  
operation is the only such instrument i n  the  
southeas t .  A 5-mil l ion-vol t  Van de Graaff 
acce le ra tor  has a l s o  been placed i n  opera- 
t i o n  recent ly .  

The use of a low-voltage ion source f o r  
the deuteron-deuteron react ion now makes it 
possible t o  produce neutrons without the ex- 
penditure of f iss ionable  materials.  

CHEMICAL RESEARCH 

The elements technet ium and promethium 
were f i r s t  i so la ted  and pur i f ied  i n  measur- 
a b l e  q u a n t i t i e s  a t  the  Oak Ridge Nat ional  
Laboratory by means of a new chemical proc- 
e s s .  S c i e n t i s t s  a t  t h e  l a b o r a t o r y  were 
credi ted with discovery of the element pro- 
methium. 

Roduction of pure compounds of these e le -  
ments is now on a more-or-less routine bas i s  
a t  the laboratory. 

Ptrr i f icat ion Methods 

Promethium, a member of the  r a r e - e a r t h  
group of  e lements ,  w a s  f i r s t  i s o l a t e d  by 
means of a process developed a t  the labora- 
tory f o r  the separation of the ra re  ear ths .  

This process has enabled the routine prep- 
a r a t i o n  of exceedingly pure (99.9 per cent  
or be t t e r )  rare-ear th  elements for  the f i r s t  
t ime.  

Synthesis of Carboni4-Labeled Compounds 

The usefulness of carbon14 a s  a t r ace r  i n  
b i o l o g i c a l  s t u d i e s  was recognized i n  the  
ear ly  days of radiochemistry. Consequently, 
an e f f o r t  t o  s y n t h e s i z e  carbon14-labeled 
canpounds was s t a r t ed  a t  the laboratory sev- 
e r a l  years ago. Since that time, s c i e n t i s t s  
a t  (YWL have successfully produced more than 
50 d i f f e r e n t  carbon14-labeled organic com- 
pounds ranging  from t h e  s imples t  o rganic  
acid,  known as  formic ac id ,  t o  such complex 
chemical compounds a s  syn the t i c  vitamin K. 
Many of t h e s e  compounds a r e  d i s t r i b u t e d  
through the AE Isotopes Division for  scien- 
t i f i c  invest igat ions impossible by any other 
means 

Studies in Basic Chemistry 

Since the (BNL reactor  was the f i r s t  cap- 
ab le  of producing l a rge  amounts of f i s s i o n  
products and plutonium, chemical studies of 
these new substances occupied the  a t t en t ion  
of many chemists from the  earliest days of 
the laboratory.  

The c h a r a c t e r i s t i c s  of f i s s i o n  products,  
the i r  radiat ions,  half- l ives ,  abundance, and 
radioact ive decay schemes were f o r  the most 
p a r t  unknown. Methods of radiochemical a- 
nalysis  were needed i n  the study of the f i s -  
s i o n  products .  Research and development 
work along these  l i n e s ,  s t a r t e d  during the  
war, have been very success fu l ,  supplying 
information which enables the r a t e  of forma- 
t ion  of m o s t  f i s s ion  products i n  the reactor  
t o  be predicted and the i r  charac te r i s t ics  t o  
be determined. 

The chemical behavior of the  new elements 
neptunium and plutonium and the  other  heavy 
elements is now be t t e r  known as  a r e s u l t  of 
t h i s  research. 

Raw Mater ia 1 s 

From the  point  of view of the  long-range 
atomic-energy program, the  se l f - suf f ic iency  
o f  t h i s  n a t i o n  w i t h  r e g a r d  t o  uran ium 
sources may be real ized only by exploi ta t ion 
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of  the enormous deposi ts  of extremely low- 
grade m a t e r i a l s .  With t h i s  r e g a r d ,  t h e  
s t a f f  of  the Oak Ridge National Laboratory 
has been act ively cooperating with other in-  
s t a l l a t i o n s  i n  the  development of  methods 
f o r  purifying uranium from these low-grade 
ma te r i a l s .  

Chenii ca 1 Techno 1 ogy 

In any reactor,  the f iss ion products u l t i -  
mately build up t o  such a high concentration 
t h a t  they i n t e r f e r e  with the  ope ra t ion  of 
t he  r e a c t o r ,  and i t  becomes necessary t o  
take the uranium from the reactor and remove 
the  contaminants.  I n  r e a c t o r s  where t h e  
production of plutonium or new f i s s ion  mate- 
r i a l  is an objective,  chemical processes fo r  
t h e  s e p a r a t i o n  and p u r i f i c a t i o n  of  t hese  
products a s  w e l l  a s  the uranium a r e  required. 
ORNL, w i t h  i t s  p i l o t - p l a n t  f a c i l i t i e s ,  
has been outstandingly successful i n  the de- 
velopment of chemical processes fo r  carrying 
out these operations. 

REACTOR DEVELOPMENT 

The design and development of a new reac- 
t o r  or a new type of reactor  cannot be hur- 
r i e d  or haphazard. I t  is a process  which 
takes years of painstaking effort-checking, 
t e s t i n g ,  a l t e r i n g ,  and improving-until the 
f i n a l  design r ep resen t s  the b e s t  and most 
up-to-date r eac to r  of  its type t h a t  s c i en -  
tists and engineers know how t o  bui ld .  

Materials Testing Reactor 

Oak Ridge National Laboratory’s s t a f f  has 
long been in t e re s t ed  i n  the design and con- 
s t ruc t ion  of a reactor which would produce a 
h igh  c o n c e n t r a t i o n  o f  neutrons- the type  
known a s  a high-neutron-f lux r eac to r .  I n  
1947, a f e a s i b i l i t y  r epor t  w r i t t e n  by O€U’iL 
s c i e n t i s t s  i n d i c a t e d  t h a t  t he  design and 
c o n s t r u c t i o n  o f  such  a r e a c t o r  was q u i t e  
possible .  Although the p a r t i c u l a r  design 
which they suggested was not  used, i t  has 
served a s  a guide f o r  a Mate r i a l s  Tes t ing  
Reactor p r e s e n t l y  being cons t ruc t ed .  I n  
carrying out its responsibi l i t ies  i n  the de- 

s i g n  o f  t h e  MTR, t h e  l a b o r a t o r y  has  con- 
s t r u c t e d  a f u l l - s c a l e  model of  the r eac to r  
t o  tes t  c e r t a i n  phases of  the design. This 
experimental work has v e r i f i e d  some aspects  
of design and indicated changes i n  others.  

Homogeneous Reactor 

One of the e a r l i e s t  types of reactors  i n -  
v e s t i g a t e d  was t h e  homogeneous r e a c t o r ,  
given a great  deal of a t t en t ion  i n  the e a r l y  
war years. Fundamental d i f f i c u l t i e s  caused 
t h i s  work t o  be d i scon t inued  i n  f avor  o f  
o t h e r  p r o j e c t s .  

Recently, i n t e r e s t  i n  the homogeneous re- 
a c t o r ,  i n  which t h e  f u e l ,  moderator,  and 
possibly other elements a re  mixed intimately 
toge the r ,  has been revived. This  type of  
reactor makes it  possible t o  incorporate in-  
t o  the system a chemical reprocessing p l an t  
f o r  t r e a t i n g  the nuclear  f u e l  so  t h a t  pro- 
duction of  f i s s ionab le  mater ia l ,  f o r  exam- 
p l e ,  can be c a r r i e d  o u t  i n  continuous i n -  
s t e a d  o f  “ b a t c h ”  o p e r a t i o n s .  I n  A p r i l  
1950, the Oak Ridge National Laboratory was 
authorized t o  construct a p i l o t  model reac- 
t o r  of the homogeneous type. 

Reactor Materials 

I n  the  cons t ruc t ion  of r e a c t o r s  c e r t a i n  
metals ,  d e s i r a b l e  from the  nuclear  s t and-  
p o i n t ,  a r e  put  t o  uses i n  which they have 
never been t r i e d ,  and frequent ly  subjected 
to  unusual conditions when the reactor is i n  
ope ra t ion .  For example, i n  r e a c t o r s  f o r  
producing power, m a t e r i a l s  must n o t  on ly  
withstand the damaging e f f e c t s  of radiation, 
bu t  must a l s o  have s t r e n g t h  and co r ros ion  
resistance a t  the high temperatures a t  which 
these reactors m u s t  operate. To insure tha t  
s u i t a b l e  metals and a l loys  can be made f o r  
these conditions, a strong program of metal- 
lurgical  and chemical research is carr ied on 
a t  the laboratory.  

The e f f e c t  o f  r a d i a t i o n  upon m a t e r i a l s  
used inside reactors is not w e l l  understood. 
As r eac to r s  a r e  b u i l t  t o  operate  a t  higher 
power l eve l s ,  t h i s  problem becomes more se- 
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vere. Fbdiation-damage s tudies  a t  (33% have 
successfully explained the e f f ec t s  of radia- 
t ion  on cer ta in  types of materials.  A Phys- 
i c s  of Sol ids  I n s t i t u t e  has been established 
and housed i n  a new building which contains 
e l a b o r a t e  “ h o t  l a b o r a t o r y ”  f a c i l i t i e s .  
“his special  laboratory w i l l  give impetus t o  
the rapidly expanding program. 

f 

RADIATION PROTECTION 

Perhaps the most prevalent cha rac t e r i s t i c  
of the work of the nuclear s c i e n t i s t  is h i s  
dependence upon n u d e a r  r a d i a t i o n s .  Not 
only does he genera l ly  depend upon one or 
another of these r ad ia t ions  t o  produce and 
cont ro l  the  nuclear changes i n  which he is 
interested,  but it is by means of radiat ions 
or iginat ing i n ,  or a l te red  by the  nuclei  o f ,  
atoms tha t  he is most frequently informed of 
n u c l e a r  changes.  H i s  work f r e q u e n t l y  is 
made much more d i f f i c u l t  by the  f a c t  t h a t  
the same rad ia t ions  which a re  indispensable 
t o o l s  of  h i s  t r a d e  cou ld ,  i f  a l lowed t o  
pene t ra te  the  t i s s u e s  of  h i s  body, produce 
harmful or even l e t h a l  b io log ica l  e f f e c t s  
t h a t  are  dependent upon the  extent and per i -  
od of exposure. 

Radiation Effects on Living Cells 

Although the damaging e f f e c t  of rad ia t ion  
on l i v i n g  c e l l s  has long been known, t he re  
a r e  very few fac tua l  da ta  on how the  damage 
i s  caused, or why c e r t a i n  t i s s u e s  a r e  more 
s e n s i t i v e  t o  r ad ia t ion  than o the r s ,  or why 
heredi tary abnormalit ies are  caused i n  some 
cases  but  no t  i n  o the r s .  These and o the r  
fundamental problems concerning the na ture  
of radiat ion e f f ec t s  must be studied t o  make 
possible more e f fec t ive  diagnosis and t r ea t -  
ment of  abnormali t ies  caused by r ad ia t ion .  
Research programs a t  CHWL have been par t icu-  
l a r l y  s u c c e s s f u l  i n  improving the  under- 
s t a n d i n g  of  r a d i a t i o n  e f f e c t s  on l i v i n g  
c e l l s  and t i s sues .  

Shielding Against Radiation 

The problem of p r o t e c t i n g  workers from 
radiat ion a r i s e s ’  i n  any project  dealing with 

rad ioac t ive  mater ia l s .  With the advent of 
l a r g e - s c a l e  ope ra t ions  us ing  r a d i o a c t i v e  
mater ia ls ,  it has been necessary t o  develop 
more e f f i c i e n t  shields .  

I n  any mobile r e a c t o r ,  such a s  might be 
used i n  an airplane or naval vessel ,  shield-  
ing becomes c r i t i c a l .  (RVL is conducting an 
ex tens  ive  inves t iga t ion  of the the  ore t i c  a1 
aspects  of shielding.  Accompanying t h i s  is 
an applied research program for  the develop- 
ment of more e f f i c i e n t  shields  and shielding 
mater ia ls .  These two programs have already 
shed new l i g h t  on sh ie ld ing  phenomena and, 
on the  immediate p r a c t i c a l  s i d e ,  have r e -  
su l t ed  i n  new and more e f f e c t i v e  sh ie ld ing  
mater ia l s .  

Control of Radioactive Wastes 

(TWL was the f i r s t  atomic-energy in s t a l l a -  
t ion  t o  encounter the problem of control l ing 
rad ioac t ive  wastes on a l a rge  sca l e ,  This  
problem has been solved by the  l abora to ry  
wi th  varying degrees  of success ,  

Radioact ive wastes a r e  c h i e f l y  a i rbo rne  
and waterborne. An extensive program of re -  
s e a r c h  and development has  demonst ra ted  
methods of control l ing both types. Airborne 
wastes are removed i n  two ways: mechanical- 
ly ,  by f i l t e r i n g ;  and chemically, by passing 
a i r  through a chemical “scrubber ’  ’ which 
l i t e r a l l y  washes it. Liquid wastes, due t o  
t h e i r  excess ive  volume and r a d i o a c t i v i t y ,  
present  a problem of s torage ,  Radioactive 
ma te r i a l s  p re sen t ly  a r e  concentrated i n t o  
small volumes by prec ip i ta t ing  the radioac- 
t i v e  mater ia ls  as  so l id s  and by evaporating 
the  pure water from the waste solut ion.  

Active research programs are  now develop- 
ing newer and still  be t te r  methods and equip- 
ment for  the control  of a l l  types of radio- 
ac t ive  wastes. 

ISOTOPE PRODUCTION 

As the  center  of production and d i s t r i b u -  
t i o n  f o r  both r ad ioac t ive  and s t a b l e  i s o -  
topes i n  the  United S t a t e s ,  the  Oak Ridge 
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National Laboratory has continued t o  develop 
methods f o r  t h e  p r o d u c t i o n  and chemical 
processing of these isotopes. ?he number of 
s t a b l e  isotopes ava i l ab le  f o r  d i s t r i b u t i o n  
has  increased from less than t e n  when t h e  
program was s t a r t e d  t o  about 200 which a r e  
currently available. When the radioisotope- 
d i s t r i b u t i o n  program s t a r t e d ,  t h r e e  major 
r a d i o i s o t o p e s  were a v a i l a b l e  i n  p u r i f i e d  
form; t h i s  number has been expanded t o  about 
f o r t y  p u r i f i e d  r ad io i so topes  which are i n  
routine production. In addition t o  increas- 
i n g  the  va r i e ty  of i so topes  ava i l ab le ,  t he  
l abora to ry  has a l s o  g r e a t l y  increased i t s  
product ion c ap ac i t y . 

By the end of 1951, the isotope production 
program had resul ted i n  nearly 30,000 s h i p  
ments o f  r a d i o a c t i v e  i s o t o p e s  and 1 ,400  
s t a b l e  isotope shipments. The average r a t e  
of production of radioisotopes is  now greater 
than twice the  r a t e  i n  1948, and production 
of  s t a b l e  i so topes  has increased over 300 
pe r  cen t  i n  t h e  same period.  

S t  ab 1 e I so topes  

Electromagnetically enriched isotopes of 
about f o r t y  elements have been supplied fo r  
research purposes t o  AM: contractors  s ince  
January 1946, and t o  numerous university and 
i n d u s t r i a l  laborator ies  s ince January 1948. 
Some of these have been used fo r  the deter-  
mination of t he i r  various physical and chem- 
i c a l  propert ies ;  others  have been converted 
by the users in to  radioisotopes fo r  study of 
t h e i r  p r o p e r t i e s .  Many r e sea rch  p r o j e c t s  
throughout the nat ion have been made possi-  
ble by these isotopes,  and inc reas ing  num- 
be r s  o f  s c i e n t i f i c  papers  a r e  being pub- 
l i shed  a s  a r e s u l t  of such research. 

The electromagnetic process for  separation 
of isotopes has been developed t o  the point 
that, potent ia l ly ,  any desired concentration 
of an isotope can be obtained; many isotopes 
have been p u r i f i e d  t o  b e t t e r  than 99 pe r  
cent and one to over 99.999 per cent. 
High enrichments obtained fo r  s eve ra l  r a r e  
isotopes,  such a s  berylliurnlo ( a r t i f i c a l l y  
produced) ,  irons8, and potassium40, have 

been’essent ia l  t o  the completion of funda- 
mental nuclear-research p ro jec t s .  The de- 
termination of the i s a t o p i c  composition of 
enr iched i so topes  has been accompanied by 
p r e c i s e  measurements of  n a t u r a l  i s o t o p i c  
abundances w h i c h - h a v e  been a c c e p t e d  a s  
s t anda rd  values .  

Radioact ive  I so topes  

The r a p i d  i n c r e a s e  i n  t h e  demand f o r  
r a d i o i s o t o p e s  made i t  e s s e n t i a l  f o r  ORNL 
t o  expand i t s  p r o d u c t i o n  f a c i l i t i e s .  A 
new rad io i so tope -p rocess ing  area was de- 
s i g n e d  t o  meet t h e  s p e c i a l  r equ i r emen t s  
a r i s i n g  from t h e  hand l ing  and p rocess ing  
of radioactive materials.  This special ized 
chemical p l a n t  f o r  radioisotope production 
embodies a l l  the most recent  equipment and 
f a c i l i t i e s  which have been developed a s  a 
r e s u l t  of eight years’ experience i n  working 
with radioactive materials. 

Because i t  is unique, most of the equip- 
ment used i n  t h i s  a r e a  could n o t  be pur-  
chased from manufacturers and had t o  be de- 
signed and cons t ruc t ed  by t h e  l abora to ry .  
The success fu l  operat ion of t h i s  equipment 
has placed the production of radioisotopes 
on an “assembly-line’ ’ basis.  The “assem- 
bly l i n e , ”  i t  should be pointed ou t ,  must 
be ope ra t ed  by remote c o n t r o l  because of 
radiation hazards. The production of radio- 
isotopes w i l l  be described i n  d e t a i l  i n  the 
following sect ions of t h i s  book. 

HISTORY OF RADIOISOTOPE 
PRODUCTION AT O W L  

Although primarily a research organization, 
CdWL is the cen te r  of radioisotope produc- 
t i o n  fo r  the Atomic Energy Commission. I t  
should be pointed out,  however, the relat ion-  
sh ip  t o  the overal l  laboratory program, t h a t  
actual ly  less than 15 per cent of the scien- 
t i f i c  s t a f f  of the laboratory-about 5 per  
cent  of the t o t a l  laboratory personnel-are 
concerned with radioisotope production. 

t 

War t ime Deve 1 opmen t s 

As a pa r t  of the or iginal  research program 
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i n  1943 for  thedevelopment of new processes, 
radioisotopes were produced from the e a r l i e s t  
days of the reactor’s  operation. 

J 

Since the  Oak Ridge reactor  could produce 
radioactive materials i n  much larger quanti- 
t i e s  than any other f a c i l i t y  then available,  
i t  became necessary t o  develop a completely 
new s o r t  of chemical technology-the handling 
of la rge  amounts of rad ioac t ive  mater ia ls .  
It is d i f f i c u l t  now t o  r ea l i ze  the magnitude 
and mul t ip l ic i ty  of problems which presented 
themselves in  1943 and 1944. No one had ex- 
perience i n  handling large quant i t ies  of ra -  
d i o a c t i v e  m a t e r i a l s  and t h e r e  was l i t t l e  
e a r l i e r  experience with remote-control oper- 
a t ion;  indeed, many radioisotopes c m o n  to-  
day were ihen completely unknown. Much re- 
search was done t o  develop ways and means of 
performing tasks never before attempted. 

3 

Out of t h i s  program came the  experience,  
the new techniques, and the discoveries which 
made possible the successful accomplishment 
of the i n i t i a l  four objec t ives .  So unique 
were the  f a c i l i t i e s  designed and b u i l t  and 
so unusual the  techniques developed i n  the  
f i e l d  of radiochemistry and nuclear physics 
tha t  , upon the accomplishment of the or iginal  
objectives,  they were imnediately put t o  use 
i n  an expanding program of research and de- 
velopment. 

Many radioisotopes were produced i n  war- 
time f o r  Manhattan P r o j e c t  i n s t a l l a t i o n s  
over  the  country; i n  these  e a r l y  days many 
of the  basic processes for  radioisotope pro- 
duc t ion  were developed. During t h e  same 
period, many new radioisotopes were discov- 
ered and new techniques found for  separating 
and pur i fy ing  them. Perhaps the most out-  
standing of these was the ion-exchange proc- 
ess for  separation and purif icat ion of var i -  
ous elements from gross mixtures of f i s s ion  
products. The ion-exchange process had long 
been known-it is used in  tank-type household 
water softeners-but the appl icat ion of t h i s  
process t o  the  separat ion and pu r i f i ca t ion  
of  elements was completely new. 

Postwar Deve lopments 

As research  workers developed processes  
f o r  the  sepa ra t ion  and p u r i f i c a t i o n  of an 
increasing number of radioisotopes,  the lab- 
ora tory  was ab le  t o  supply a wider v a r i e t y  
f o r  use by i n s t a l l a t i o n s  within the Atomic 
Energy Commission. Radioisotope production 
techniques and equipment design were s teadi -  
l y  improved t o  give increased production, 
g r e a t e r  s a f e t y ,  and higher q u a l i t y .  

Although there  could be no s ingle  rout ine 
process f o r  producing a l l  radioisotopes,  a 
general scheme of operations applied t o  a l l .  

From the preparation of the ta rge t  materi- 
a l  for  neutran bombardment in  the reactor t o  
the  f i n a l  shipment of the product, the pro- 
duc t ion  of  r ad io i so topes  demands s k i l l e d  
personnel and spec ia l  equipment. When the 
reactor  is shut  down for  the removal of i r -  
radiated samples, each member of the team of 
workers must know h i s  assignment p rec i se ly  
and car ry  it  out quickly and without e r ror .  
Geiger counters and other radiat ion-detec-  
t i o n  equipment must be used cons t an t ly  t o  
check r a d i a t i o n .  I n  subsequent chemical 
t rea tment  of m a t e r i a l s ,  s p e c i a l  remotely 
con t ro l l ed  equipment loca ted  i n s i d e  “ h o t  
c e l l s ”  must be operated by a sk i l l ed  opera- 
t o r  who, i n  many cases ,  can see  what he is 
doing only by looking in  a mirror, through a 
periscope, or through a t ransparent  sh ie ld .  
Each radioisotope,  moreover, is a separa te  
production problem, involving its own combi- 
nation of requirements-for t a rge t  mater ia l ,  
i r rad ia t ion  time, chemical treatment , safe ty  
precaut ions,  and the  r i g i d  t i m e  l i m i t s  as- 
soc ia ted  with its in f l ex ib l e  h a l f - l i f e .  

An Industry is Born 

A t  the war’s end, Oak Ridge National Labo- 
ra tory was actual ly  producing some radioiso- 
topes rout ine ly .  So when the decis ion was 
reached i n  June 1946, t o  make radioisotopes 
ava i lab le  t o  off-project  s c i e n t i s t s  and re- 
sea rch  workers a l l  over t he  count ry ,  Oak 
Ridge National Laboratory immediately became 
the  center  of radioisotope production-first  
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f o r  t h e  Manhattan P r o j e c t ,  then f o r  t h e  
Atomic Energy Commission. 

The f i r s t  radioisotope shipment to  general 
users  made under the new Radioisotope D i s -  
t r i bu t ion  Program was on August 2 ,  1946, to  
the Barnard Free Skin and Cancer Hospital i n  
St. Louis, Missouri. The shipment was one 

14  m i l l i c u r i e  of carbon . 
A t  f i r s t ,  radioisotopes were a l lo t t ed  only 

for  research and medical use. Although the 
reactor  had s u f f i c i e n t  capaci ty  t o  produce 
isotopes fo r  a l l  purposes, time was needed 
to  develop still  more new processes, s k i l l s ,  
and apparatus required f o r  production. By 
l a t e  1947, the increased supply of radioiso- 
topes permitted l i b e r a l  a l locat ions for  re- 
search i n  a l l  f ie lds .  The demand seemed a l -  
ways t o  keep j u s t  a l i t t l e  ahead of produc- 
t ion capacity,  and by ea r ly  1948 it  was ap- 
parent that  production f a c i l i t i e s  would soon 
be s t ra ined t o  the i r  l i m i t .  

When r ad io i so topes  production was f i r s t  
undertaken on a large sca l e ,  processing fa- 
c i l i t i e s  'were i n s t a l l e d  i n  e x i s t i n g  # ' h o t  
labs" and cells which could be changed over 
from t h e i r  previous uses .  A s  the v a r i e t y  
and quantity of radioisotopes being produced 
increased,  a d d i t i o n a l  space was u t i l i z e d .  
This resul ted i n  a series of production fa-  
c i l i t i e s  so  sca t t e red  i n  odd nooks and cor- 
ners  t h a t  e f f i c i e n t ,  i n t eg ra t ed  operat ions 
w e r e  v i r tua l ly  impossible. The need for  ex- 
panded f a c i l i t i e s  increased, and by midyear 
1948 a decision had been made to  construct a 
new radioisotope-processing area. 

I n  the f i v e  years between the s t a r t u p  of 
t he  uranium chain-reactor i n  November, 1943, 
and the s t a r t  of design work on the radio- 
isotope-processing area i n  the  l a t t e r  p a r t  
of  1948, ORNL personnel had gained a v a s t  
amount of experience. The bene f i t  of t h i s  
experience,  p l u s  the  experiences of o the r  
AEC i n s t a l l a t i o n s ,  was t o  a l low a group 
of bu i ld ings  t o  be designed and b u i l t  f o r  
t he  express purpose of processing radioiso- 
topes. These bui ldings represent  the most 
advanced design which could be attained, and 
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incorporate every reasonable safety feature,  
such a s  the remote-control equipment of i n -  
t r i c a t e  d e s i g n  which p u t s  r a d i o i s o t o p e  
p r o c e s s i n g ,  pack ing ,  and shipment on an 
assembly-line b a s i s .  

Because t h i s  unique remote-control equip- 
ment f o r  radioisotope handling and packing 
could not be obtained from commercial forms, 
design of a l l  equipment i n  the new process- 
i n g  a rea  had t o  be done by the  Operations 
and Engineering Divisions of the laboratory; 
the equipment was fabricated i n  the research 
and c e n t r a l  shops of the laboratory.  

The modern remote-control equipment cu t s  
down t o  a g r e a t  ex ten t  the time-consuming 
method o f  handl ing r a d i o i s o t o p e s  by hand 
and enables more shipments t o  be sent  out i n  
a s h o r t e r  time and w i t h  g r e a t e r  s a f e t y .  
From t h i s  ' 'Atomic Apothecary" go the thou- 
sands of shipments t o  various users  i n  the 
United S t a t e s  and abroad. 

A NEW RADIOISOTOPE-PROCESSING PLANT 

General  Area  Layout  

The Isotope-Processing Area consis ts  of a 
group of bui ldings containing about 20,000 
square f e e t  of f l o o r  space,  designed espe- 
c i a l l y  t o  be used f o r  the processing, han- 
d l ing ,  and shipping of radioisotopes.  The 
f a c i l i t i e s  aredivided in to  several  subareas. 

The Of f i ce  Building con ta ins  Operations 
&vision o f f i ces ,  i n  p a r t i c u l a r  those deal-  
i n g  with radioisotope work, on the  second 
f l o o r ,  and l o c k e r s ,  a r e a  s t o r e s ,  and t h e  
bu i ld ing  u t i l i t y  room on the f i r s t  f l o o r .  

The work of  analyzing, s t o r i n g ,  packing, 
and sh ipp ing  of  radioisotope p repa ra t ions  
through u s e  o f  i n t r i c a t e  r emote -con t ro l  
equipment is housed i n  an Analytical  Build- 
ing. S ix  small buildings a re  used for var i -  
ous types of radioisotope production and de- 
velopment. Another s i m i l a r  bu i ld ing ,  the 
Service Building, is used a s  supply and con- 
t ro l  point for the various specialized serv- 
ices f o r  the area.  Another l a rge  bui lding 
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with garage-type doors, b ig  enough t o  accom- 
modate the  l a r g e s t  t r a i l e r  t rucks ,  is pro- 
vided f o r  washing and decontaminat ion o f  
heavy equipment. 

A br ick  s t ack  250 f e e t  high is  provided, 
together with associated fans,  blowers, j e t s ,  
f i l t e r ,  p rec ip i t a to r s ,  and ductwork, t o  de- 
contaminate and discharge the  v e n t i l a t i n g  
a i r  and exhaust gases from the Isotope Area, 
a s  w e l l  a s  t h a t  from other  chemical opera- 
t i o n s  c lose  by. 

The use of separated small process bui ld-  
ings  t o  minimize the  e f f e c t s  of f i r e ,  ex-  
plosion,  and poisonous gases r e su l t i ng  from 
chemical processing is not new i n  industry; 
va r ious  forms o f  t h i s  b a s i c  p a t t e r n  have 
been used f o r  many years  i n  processing ex- 
plosives ,  organic chemicals, and tox ic  bio- 
log ica l  preparations. While s i tua t ions  a r i s -  
i n g  from f i r e ,  explosion, or contamination 
with pathogenic bacter ia  a re  quite d i f f e ren t  
from radioac t iv i ty  hazards, they a re  compa- 
r ab le  i n  some respects .  Experience gained 
i n  processing large and small amounts of ra-  
diochemicals ind ica tes  t h a t  the  new labora- 
to ry  area possesses the following advantages: 

1. Iso la t ion  of work helps prevent cross-  
contamination by use of unclean equipment 
from neighboring processes. In some ases ,  
such as  the production of phosphorus’2 and 
carbon14,  t h e  volume o f  p roduc t ion  i s  
large enough t o  j u s t i f y  a separate  bui ld-  
ing for each: 

2. Separation of work a t  various radiat ion 
l e v e l s  is advantageous; it is w e l l  known 
t h a t  radiochemical work a t  various leve ls  
of radiat ion in tens i ty  should not be mixed 
t o g e t h e r .  Sma l l ,  s p e c i a l i z e d  p r o c e s s  
buildings provide an ef fec t ive  way of sep- 
a ra t ing  processes involving only beta  ra -  
d ia t ion ,  low-level gamna radiat ion,  i n t e r -  
mediate-level beta-gamma, and high-level  
gama  work. 

3. Maintenance work is easier, f a s t e r ,  and 
s a f e r .  Equipment may be t o r n  down and 
worked on with any possible  contamination 

conf ined  t o  a s m a l l ,  c o n t r o l l e d  a r e a .  
Workers on other processes =in other build- 
ings  are not  subjec ted  t o  r a d i a t i o n  and 
airborne contamination which of ten accom- 
panies such operations.  

4. Control of v e n t i l a t i n g  a i r  is s impl i -  
f ied.  In  a simple one-room s t ruc tu re ,  it 
is  easy t o  be sure which way the  a i r  i s  
moving a t  a l l  times. Interconnected rooms 
i n  a s i n g l e  b u i l d i n g  r e q u i r e  a complex 
balancing of a i r  flows and pressures .  

5. It is eas i e r  t o  avoid contamination of 
a i r  over a large area. I f  a “ s p i l l ”  oc- 
curs  i n  one bui lding,  which gross ly  con- 
taminates the  a i r ,  the bui lding can be e -  
vacuated and the  t rouble  local ized.  Work 
can cont inue without i n t e r rup t ion  i n  the  
o the r  bui ldings 

6. I s o l a t i o n  i n  case of f i r e ,  explosion,  
o r  s imi l a r  d i s a s t e r  minimizes these  haz- 
a r d s .  The b u i l d i n g s  a r e  l o c a t e d  f a r  
enough apart  so thateven ser ious f i r e s  and 
damage from explosions could be eas i ly  con- 
f ined.  It is extremely important t o  lo -  
c a l i z e  rad ioac t ive  contamination i n  case 
of such d i s a s t e r s ,  

7. Use of distance instead of heavy sh ie lds  
fo r  the  reduct ion of r ad ia t ion  i n t e n s i t y  
lessens  construct ion cos ts .  Barr icades,  
hot hoods, anu c e l l s  located aga ins t  the  
s ide  walls have no rooms on the other s ide  
and consequently require  no heavy sh ie ld-  
ing  on t h a t  s i d e  t o  prevent  exposure tp 
p e n e t r a t i n g  g a m a  rad ia t ion .  

8. Dispersa l  of contaminated f l o o r  wash 
water and t racking by shoes is minimized. 
A grea t  deal  of scrubbing, hosing, steam- 
ing,  e t c , ,  is required a f t e r  s p i l l s .  It 
is d i f f i c u l t  t o  keep wash water confined 
t o  a small  a rea  i n  a la rge  bui ld ing  with 
many rooms; the  contamination i-s ca r r i ed  
about on shoes of persons i n  the bui lding 
and is often tracked around a big building 
i n  a short  t i m e .  

9. It i s - e a s i e r  t o  c o n t r o l  unauthorized 
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congregation of personnel. Any persons i n  
a process building must have a legi t imate  
reason f o r  being the re .  Since only t h e  
minimuni required personnel a r e  allowed i n  
each process building, fewer persons would 
be exposed t o  r a d i o a c t i v i t y  hazards  i n  
case of;accident, 

RAGIOISOTOPES 

khat is an Isotope? 

The i d e n t i t y  and chemical c h a r a c t e r i s t i c s  
of an atom are determined by the number of 
protons i n  i t s  nucleus. An atom having one 
proton i n  i t s  nucleus is  c a l l e d  hydrogen; 
all atoms having only one proton i n  the  nu- 
cleus are  hydrogen atoms. There are 92 ele- 
ments from hydrogen t o  uranium, and each suc- 
ces s ive  element has one more proton i n  i ts  
nucleus than the ’one  preceding i t ;  uranium 
has 92 protons.. 

Thus, the number of protons i n  the nucleus 
o f  an atom determines what element i t  is. 
But atomic nuc le i  contain neutrons a s  w e l l  
a s  p r o t o n s ,  and a l t h o u g h  t h e  number of  
neutrons i n  a nucleus has no e f f e c t  upon the 
i d e n t i t y  o f  t h e  atom, i t  does e f f e c t  t h e  
weight .  Hydrogen wi th  one p ro ton  i n  i ts  
nucleus has a mass number of 1 t o  i n d i c a t e  
its atomic weight; however, an atom with one 
p ro ton  and one neut ron  i n  i t s  n u c l e u s  is  
also hydrogen-its mass number is 2. Simi- 
l a r l y  a n  atom w i t h  one p r o t o n  and two 
n e u t r o n s  i n  t h e  nucleiis  is  hydrogen wi th  
mass number 3, cal led hydrogen3, or tritium. 

The name hydrogen a p p l i e s  t o  a l l  atoms 
having one proton i n  the nucleus, regardless 
of  t h e  number of  neutrons.  The d i f f e r e n t  
hydrogen atoms a r e  c a l l e d  isotopes (Greek: 
iso-same; tope-place) t o  indicate  t h a t  while 
t hey  a r e  atoms of  t h e  same element,  t h e i r  
nuc le i  are d i f f e r e n t ,  An isotope is one of 
two or more kinds of atoms which a r e  of the  
same element but have d i f f e ren t  weights, and 
a pa r t i cu la r  isotope is iden t i f i ed  by giving 
the nameof the element and its weight. Thus 
t h e  hydrogen isotopes a r e  ca l l ed  hydrogenl, 
hydrogen2, and hydrogen3 

A radioisotope is any isotope which is r a -  
d i o a c t i v e .  A l l  elements have one or more 
isotopes which can be made radioact ive.  

Radioisotopes have been ca l l ed  ‘ t h e  most 
useful  research t o o l  s ince the invention of 
the microscope”; i n  1948, the Atomic Energy 
Comiss ion ’ s  Advisory Committee on Biology 
and Medicine s t a t e d  t h a t  “ t h e  a v a i l a b i l i t y  
of radioisotopes is c o n t r i b u t i n g  more than 
any other factor  today to the advancement of 
medicine and biology.’’  The s t o r y  of how 
radioisotopes a re  made avai lable  t o  doctors  
and s c i e n t i s t s  c e n t e r s  on a new i n d u s t r y  
which today takes its place on the American 
scene; thecompletion of a highly specialized 
radioisotope-processing p l an t  marks radio- 
isotope production as a permanent new indus- 
try-an industry which even now is growing a t  
a rapid r a t e ,  

A New Industry 

Radioisotope production is not only a new 
industry but a completely new type of indus- 
t r y .  Imagine a manufacturer  whose t o t a l  
product ion for 1950 weighs less than one- 
t e n t h  of an ounce, an indus t ry  which makes 
approximately 9,000 product shipments a year 
with the net  weight of product i n  each s h i p  
ment being less than  t h e  weight of  p e n c i l  
l e a d  used i n  wr i t i ng  your name. But these 
s m a l l  weights are deceiving; i n  t h e  amount 
of  r ad ia t ion  given o f f ,  a yea r ’ s  production 
of  radioisotopes is the  equivalent of about 
5 pounds of radium. 

. 

. 

This r a d i a t i o n  i s ,  of  course,  t he  source 
of t h e  u s e f u l n e s s  of r a d i o i s o t o p e s ,  The 
s h i e l d i n g  r equ i r ed  to  keep r a d i a t i o n  from 
pene t r a t ing  the  s i d e s  of t he  shipping con- 
t a i n e r  must be reasonably t h i c k  and heavy, 
consequently, an average shipping container  
weighs about one billion times a s  much a s  
t h e  r a d i o a c t i v e  m a t e r i a l  it con ta ins .  

Usefulness of Radiation 

Many isotopes are no t  r ad ioac t ive ,  and a 
l a rge  number of these a re  separated i n  pure 
form a t  t h e  Oak Ridge Na t iona l  Laboratory 
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f a c i l i t i e s i n t h e  electromagnetic plant  area. 

Since the  r ad ia t ion  emitted by radioiso-  
topes  makes them use fu l ,  i t  is  reasonable  
t h a t  they be sold t o  consumers on the bas i s  
of  t h e  amount of r a d i a t i o n  they g ive  o f f  
r a the r  than on the ’bas i s  of weight commonly 
used i n  chemical industry elsewhere. 

“he uni t s  of radioact ivi ty  used in  comput- 
ing radioisotope costs  were or ig ina l ly  based 
on the radioact ivi ty  of radium. It has been 
found t h a t  i n  one gram of radium about 37 
b i l l i on  atoms d is in tegra te  every second, and 
i n  honor of the discoverer of radium t h i s  a- 
mount of r ad ioac t iv i ty ,  37 b i l l i o n  d i s in t e -  
grat ions per second, is cal led one curie. 
Orig ina l ly ,  one cu r i e  was defined as  the a- 
mount of radioactive material needed t o  give 
the  same number of d i s in tegra t ions  per  sec-  
ond a s  one gram of radium; however, the re- 
cent trend is t o  define one cur ie  as t ha t  a- 
mount of material  i n  which there a re  37 b i l -  
l i o n  d i s i n t e g r a t i o n s  per  second, without  
r e fe rence  t o  radium. 

A cur ie  is  qui te  a large uni t ,  being equiv- 
a l e n t  t o  one gram of  radium, s o  t h e  u n i t  
most commonly used in  radioisotope production 
is the millicurie, one-thousandthofa cur ie ,  
or 37 million d i s i n t e g r a t i o n s  per second. 
Since each atom, a s  it d i s in t eg ra t e s ,  gives  
off  one or more rays which a re  somewhat s i m -  
i l a r  t o  X-rays, one mi l l icur ie  of any radio- 
isotope gives  of f  a t  l e a s t  37 mi l l ion  rays  
per second. Radioisotope costs are  given i n  
terms of do l l a r s  per  mi l l i cu r i e  ra ther  than 
d o l l a r s  per u n i t  of weight. No customer is 
much concerned with the weight of h i s  ship-  
ment of radioisotopes;  i n  f a c t ,  ne t  weight 
is  not  even determined f o r  t he  shipments. 
What he is in te res ted  i n  is how many d i s in -  
tegrat ions per second-how many rays of atom- 
i c  energy-it w i l l  supply. 

Kinds of Radiation 

Each radioisotope has a c e r t a i n  d e f i n i t e  
energy assoc ia ted  with the  rays  it emits. 
These rays  range i n  energy from very weak 
(low energy) t o  very s t rong ,  and f a l l  i n t o  

three  categories .  
diat ion a re  cal led alpha, beta,  and gamna. 

These three  kinds of ra -  

An alpha ray is a nuclear b u l l e t  composed 
of two protons and two neutrons shot  from 
the nucleus of a radioactive atom. Although 
i t  may have a very high energy,  an a lpha  
pa r t i c l e  (or ray) ,  because of its re l a t ive ly  
large s i ze ,  w i l l  not penetrate so l id  materi- 
a l s  very f a r .  Most alpha p a r t i c l e s  can be 
stopped by a few sheets of paper or j u s t  the 
human skin. Because of t he i r  low penetrating 
power, alpha p a r t i c l e s  requi re  very l i t t l e  
s h i e l d i n g  and present  no r a d i a t i o n  hazard 
unless  they come from a source in s ide  the  
body. When alpha p a r t i c l e s  a re  emitted i n -  
s ide  the body, even though they a re  not ca- 
pable of t rave l ing  very f a r  through t i s s u e ,  
they may damage a v i t a l  organ simply because 
they come from rad ioac t ive  mater ia l  which 
has been absorbedinthe organ i t s e l f .  Thus, 
the major precaution t o  be taken with alpha- 
emi t t ing  radioisotopes is t o  keep them out 
of the  body. 

A be t a  r ay  is a much smaller  b u l l e t  (an 
e lec t ron)  shot  from the nucleus of a radio- 
ac t ive  atom. Because they a re  much smaller 
than alpha particles-about 7,000 e l ec t rons  
weigh a s  much a s  an alpha p a r t i c l e - t h e i r  
p e n e t r a t i o n  through m a t t e r  is  somewhat 
grea te r ,  although still not very great .  Most 
be t a  r a d i a t i o n  can be stopped by a f a i r l y  
t h i n  s h e e t  o f  m e t a l ;  a t  ORNL s h e e t s  of  
t ransparent  p l a s t i c  a r e  f requent ly  used t o  
sh i e ld  beta  rad ia t ion .  Most rad io iso topes  
a re  beta  emit ters  and many of them e m i t  gam- 
ma rays a s  w e l l .  

Gamma rad ia t ion  is not  associated with a 
p a r t i c l e ;  t h e r e  is no gamna “ b u l l e t ”  a s  
such. Gamma rays a re  s imilar  t o  l i g h t  rays  
i n  t h a t  there  is no p a r t i c l e  involved, s i m -  
ply a beam of radiation. Gamna rays,  essen- 
t i a l l y  i d e n t i c a l  with X-rays, a r e  the  most 
penetrating of the three forms of radiation. 
They require  th ick ,  heavy shielding.  Gamma 
r a d i a t i o n  r equ i r e s  t h a t  “ h o t ”  cel ls  and 
other equipment used i n  radioisotope produc- 
t ion  have several  f ee t  of concrete or sever- 
a l  inches of lead around them. - 

17 



The Hand1 ing of Radio- 
active MaterialsShielding 

Since most radioisotopes e m i t  beta and gam- 
ma radiat ion,  any process involving r e l a t ive -  
l y  l a r g e  amounts o f  r ad io i so topes  must be 
shielded i n  order t o  protect the workers. A 
s h i e l d  is nothing more than a physical bar- 
rier between the  worker and the source of 
radiat ion,  but i t  imposes severe l imitat ions 
upon the number of operations the worker can 
perform, The presence of a sh i e ld  requires  
t h a t  a l l  operations be performed by remote- 
con t ro l  devices  and i n  many cases  r equ i r e s  
the worker t o  look through a periscope, m i r -  
ror arrangement, or t ransparent  sh i e ld ing ,  
t o  see what he i s  doing. Remote-handling 
devices  have been developed f o r  performing 
p rac t i ca l ly  a l l  operations which can be per- 
formed manually. 

Waste-Disposal and Contamination Problems 

The rate a t  which r ad ia t ion  is  emitted by 
a radioisotope depends upon its h a l f - l i f e ,  
and n o t h i n g  can change t h i s  h a l f - l i f e  by 
even t h e  s m a l l e s t  amount. Consequently,  
once an isotope is  made radioact ive it con- 
t i n u e s  t o  e m i t  r a d i a t i o n  u n t i l  f i n a l l y  a l l  
o f  i t s  atoms have d i s i n t e g r a t e d .  Nothing 
can s t o p  t h i s  radiation-decay process, neu- 
t r a l i z e  i t ,  or even delay it. While t h i s  is 
of  prime i n t e r e s t  t o  t h e  s c i e n t i s t s  u s i n g  
r a d i o i s o t o p e s  f o r  r e s e a r c h ,  i t  poses two 
problems i n  t h e  product ion phase.  

Ord ina ry  i n d u s t r i a l  was tes  can be neu- 
t r a l i z e d  by v a r i o u s  p rocedures  and t h e n  
disposed of i n  the usual ways-but not radio- 
ac t ive  wastes. Because there is no possible 
way of  neu t r a l i z ing ,  stopping, or delaying 
t h e  r a d i a t i o n  from r a d i o a c t i v e  m a t e r i a l s ,  
t he re  is only one way t o  handle large-scale  
r ad ioac t ive  wastes,  and t h a t  is t o  i s o l a t e  
and s t o r e  them u n t i l  t h e  r a d i o a c t i v i t y  
decays natural ly ,  About the only processing 
t h a t  can be done i s  t o  reduce t h e  was te  
volume t o  s i m p l i f y  t h e  s t o r a g e  problem. 
This is  done by means of  var ious processes 
designed t o  s e p a r a t e  the  r a d i o a c t i v e  con- 
s t i t u e n t s  o f  t h e  w a s t e s  from t h e  w a t e r ,  

chemicals,  ‘and o t h e r  nonradioact ive mate- 
r i a l s  with which they a r e  mixed. The most 
common procedure used a t  ORNL involves the  
c o n c e n t r a t i o n  o f  r a d i o a c t i v e  w a s t e s  by 
evaporating the water from them. This  has 
proved’ h e l p f u l  i n  a l l e v i a t i n g  t h e  s to rage  
problem. 

Nevertheless, the s torage capaci ty  of the 
ORNL tank farm, which contains eleven under- 
ground storage tanks having a t o t a l  capacity 
of  a l i t t l e  over a mil l ion gal lons,  is usu- 
a l l y  i n  use t o  t h e  f u l l e s t  e x t e n t ,  d e s p i t e  
t h e  f a c t  t h a t  a s t e a d y  s t r e a m  o f  w a t e r ,  
s t r i p p e d  of  most of  i t s  r a d i o a c t i v i t y  by 
evaporation or p r e c i p i t a t i o n  processes,  is 
being pumped out of the tanks.  In  an average 
week, about 50,000 gal lons of highly radio- 
act ive wastes a r e  concentrated t o  the small- 
e s t  p o s s i b l e  volume and s t o r e d  i n  t h e s e  
t anks .  T h i s  i s  c a l l e d  t h e  “ h o t ”  waste 
system. 

A ” w a r m ”  waste system is used to  handle 
wastes containing only small amounts of r a -  
d i o a c t i v e  m a t e r i a l s .  T h i s  system handles 
the water from the “hot”  waste system, the 
water used i n  washing f loo r s  and water from 
the p l an t  laundry and s i m i l a r  sources where 
the  l eve l  of radioact ive mater ia ls  is q u i t e  
low. A l a r g e  p o r t i o n  o f  t h e  water going 
through t h i s  system is water used i n  cooling 
tanks andvarious equipment for  radioisotopes 
work a t  the plant. 

. 

* 

Cooling water normally contains  no radio- 
a c t i v e  m a t e r i a l ,  b u t  i s  run through t h e  

warm” system j u s t  i n  case a tank t h a t  is 
being cooled might develop a leak and allow 
some rad ioac t ive  ma te r i a l  t o  leak i n t o  the  
cool ing pa te r .  A l l  t h i s  water runs i n t o  a 
1,600,000-gallon “ s e t t l i n g  bas in ,  ” whose 
purpose is twofold: f i r s t  it allows s o l i d s  
t o  set t le  out,  carrying some of the radioac- 
t i v e  mater ia l  with them, and second, it de- 
l a y s  or ho lds  up t h e  water  u n t i l  a l a r g e  
pa r t  of the r ad ioac t iv i ty  has decayed away. 

8 1  

The s e t t l i n g  basin is ingeniously arranged 
with ba f f l e s  so  tha t  the flow of water takes 
a s  long a s  possible  and has e s s e n t i a l l y  no 

. 
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turbulence t o  i n t e r f e r e  with the  s e t t l i n g  
process. The o u t l e t s  a r e  so arranged t h a t  
only water from within 1 inch of the top  of  
the 6-foot-deep s e t t l i n g  basin can d ra in  out 
i n t o  the small natural  stream running nearby. 
About a mile and a h a l f  fu r the r  down, t h i s  
l i t t l e  stream has been dammed t o  form a 50- 
acre  lake which serves  a s  addi t ional  holdup 
t o  allow f u r t h e r  decay of any r a d i o a c t i v e  
m a t e r i a l s  remaining, T h i s  system, which 
handles about 7,000,000 gallons of water per 
week, is so  e f f ec t ive  t h a t  the l eve l  of ra-  
d i o a c t i v i t y  i n  t h e  w a t e r s  of t h e  C l i n c h  
R i v e r ,  i n t o  which t h e  system u l t i m a t e l y  
d r a i n s ,  is lower than t h a t  of many n a t u r a l  
mineral waters. 

A second problem a r i s ing  from the handling 
of radioactive materials is surface contami- 
n a t i o n .  This  r e s u l t s  from t h e  f a c t  t h a t ,  
a f t e r  a l l  radioact ive material  has been re- 
moved frdm equipment, some radioactive atoms 
still c l ing  t o  the w a l l s ,  Before maintenance 
work can be done on t h i s  equipment, i t  must 
be decontaminated- Only i n  rare  cases i s  
washing w i t h  soap  and water s u f f i c i e n t ,  
A f t e r  t h a t  h a s  been t r i e d ,  more d r a s t i c  
chemical treatments are supplied u n t i l  con- 
tamination is reduced t o  the desired level .  
Unfo r tuna te ly ,  even with the  most modern 
equipment and h i g h l y  s k i l l e d  o p e r a t o r s ,  
s p i l l s  of r a d i o a c t i v e  m a t e r i a l s  do occur ,  
And when a s p i l l  occurs, q u i t e  a large area 
is ap t  t o  become contaminated through splash-  
i n g  or t r ack ing  of the mater ia l .  This re- 
q u i r e s  ex tens ive  cleanup work which o f t e n  
t akes  days when the s p i l l  is se r ious .  

Every reasonable  precaut ion is taken t o  
avoid leakage or s p i l l s  of radioactive mate-- 
r i a l s ;  b u t ,  r e a l i z i n g  t h a t  a c c i d e n t s  may 
happen, t h e  eng inee r s  t r y  t o  des ign  work 
areas tha t  can be e a s i l y  cleaned. This means 
avoiding porous surfaces which absorb radio- 
ac t ive  mater ia ls ,  avoiding cracks and inac- 
c e s s i b l e  spots  where they might accumulate, 
and using chemical-resistant materials which 
w i l l  s tand up under chemicals used f o r  de- 
contamination s 

Radio is0 tope Decay 

Because the i r  atoms are  constantly d i s in -  
t e g r a t i n g ,  most r ad io i so topes  l a s t  only a 
r e l a t i v e l y  s h o r t  time. The r a t e  a t  which 
the  atoms of a radioisotope d i s in t eg ra t e  is 
determined by a physical constant, the  half-  
l i f e ,  which is c h a r a c t e r i s t i c  of  t h a t  a r -  
t i c u l a r  radioisotope. Radioactive iodine 531 , 
one of  t he  major radioisotopes produced by 
Carbide a t  Oak Ridge Nat ional  Daboratory, 
has a h a l f - l i f e  of e i g h t  days, This  means 
t h a t ,  i n  e ight  days, half  of the radioactive 
atoms w i l l  d i s i n t e g r a t e ;  i n  t he  fol lowing 
e i g h t  days,  h a l f  of t hose  remaining w i l l  
d i s in t eg ra t e ,  leaving one- fourth the or iginal  
number of atoms; and so the process goes on- 

13 1 every e i g h t  days t h e  number of  i od ine  
atoms remaining w i l l  decrease by one-half ,  
leaving one- eightl., then one- s ix t een th ,  and 
so on. 

Need for Speed in Processing and Shipping 

The f a c t  t h a t  the number of  r a d i o a c t i v e  
atoms of any radioisotope decreases by ha l f  
with every ha l f - . l i f e  t ha t  elapses means t h t  
radioisotopes w i t h  s h o r t  h a l f - l i v e s  cannot 
be s tock-pi led,  They must be produced cur-. 
r e n t l y  a s  orders  come i n .  For example, i n  
the case of iodine131 (eight.-day h a l f - l i f e ) ,  
i f  chemical processing t i m e  is f ive  days and 
shipping time i s ’ t h r e e  days, one h a l f - l i f e  
w i l l  have elapsed by the time the  shipment 
reaches its ult imate user..  This means t h a t  
i f  theconsumer is  to  receive one mi l l i cu r i e ,  
two m i  l l icur ies- twice the amount sold-must 
be prpduced t o  f i l l  t h e  o r d e r ,  because 
h a l f  t h i s  amount w i l l  d i s i n t e g r a t e  i n  t h e  
f i r s t  eight-day period durin processing and 
shippirig- ‘Ihus, for iodine13f, phosphorus 32 , 
and other short- l ived -radioisotopes,  chemi- 
c a l  processing time and shipping t i m e  must 
be held t o  a minimum. 

High Pur i ty  and Quality Essen t i a l  

Radioisotopes are used i n  exact s c i e n t i f i c  
invest igat ions and i n  medical ‘therapy where 
the  presence of  impuri t ies  i s  highly unde- 
s i r a b l e ,  Therefore, a l l  radioisotopes must 
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meet r i g i d  spec i f i ca t ions  a s  t o  p u r i t y  and 
q u a l i t y  before  they can be shipped. 

IodinelS1, f o r  example, is produced from 
uranium which has been bombarded with neu- 
t r o n s  i n  the  ORNL r e a c t o r ,  and is  always 
associated with about a hundred radioact ive 
f i s s i o n  p r o d u c t s  p l u s  l a r g e  amounts o f  
uranium. Among t h e  f i s s i o n  products  a r e  
severa l  , such a s  te l lur ium ( t h e  radioact ive 
p a r e n t  which decays  t o  form iodine131), 
which a r e  tox ic  and cannot be to l e ra t ed  i n  
s o l u t i o n s  o f  r ad ioac t ive  iod ine  which a r e  
o f t e n  used i n  medica l  t he rapy .  And, of 
course ,  the  f i n a l  product shipment cannot 
contain any uranium because , besides  being 
toxic  i n i t s e l f ,  uranium is  an alpha emitter. 
It has a l ready been pointed out  t h a t  alpha 
rad ia t ion  is dangerous when it comes from a 
source ins ide  the body.. So, iodine131 must 
be highly pur i f ied  before it can be sen t  t o  
a consumer. High p u r i t y  and q u a l i t y  a r e  
e s s e n t i a l  f o r  a l l  r ad io i so topes .  

Although every e f f o r t  is made t o  assure a 
high degree of pur i ty ,  radioisotopes shipped 
from Oak Ridge National Laboratory cannot be 
guaranteed t o  meet pharmaceutical standards. 
The f i n a l  r e spons ib i l i t y  fo r  assur ing t h e i r  
p u r i t y  and s t r e n g t h  must r e s t  w i t h  t h e  
doctor or s c i e n t i s t  who uses them. 

THE PRODUCTION AND 
PROCESSING OF RADIOISOTOPES 

The a r t i f i c i a l  production of radioisotopes 
f o r  s c i e n t i f i c  use d a t e s  back on ly  about  
seventeen years ,  However, the  rad ioac t ive  
elements t h a t  occur i n  na ture  were used a s  
sources of rad ia t ion  and even as  t r ace r s  ( t o  

t race ,  ” by the i r  rad ioac t iv i ty ,  mater ia ls  
which could no t  be d e t e c t e d  i n  any o t h e r  
way) ,  v i r t u a l l y  from t h e  time o f  t h e i r  
d i s c o v e r y  d u r i n g  t h e  e a r l y  y e a r s  o f  t h e  
century .  I n  f a c t ,  Hevesy, t he  Danish i n -  
v e s t i g a t o r  who demonstrated t h a t  radium-D 
was chemically the same as lead ( thus help- 
ing t o  prove t h a t  isotopes e x i s t ) ,  used the  
r a d i a t i o n s  of the  radium-D lead  i so tope  t o  
l e a r n  about the  chemical behavior of lead. 
T h i s  w a s  t h e  first t r a c e r  experiment;  t he  

c n  

year, 1912. 

The modern e r a  of t h e  u t i l i z a t i o n  of  
r a d i o i s o t o p e s  a s  s c i e n t i f i c  t o o l s  began 
about  seventeen yea r s  agc.  I n  1934, t he  
J o l i o t - C u r i e s  i n  France  d i scove red  t h a t  
r a d i o a c t i v e  i s o t o p e s  of n a t u r a l l y  s t a b l e  
elements could be produced by nuclear  bom- 
bardment. Within a few yea r s ,  cyc lo t rons  
and other pa r t i c l e  accelerators  had produced 
r a d i o i s o t o p e s  of  a l l  of  t he  e i g h t y - t h r e e  
s t a b l e  elements. By 1940, some 370 va r i e -  
ties were known. 

The c o s t  and s c a r c i t y  of cyc lo t ron-pro-  
duced r a d i o i s o t o p e s ,  however , would long  
have prevented t h e i r  use  i n  most laborato-  
r ies had it no t  been f o r  the  wartime de-  
velopment of the nuclear reactor-the uranium 
pi le .  ‘Ihese reactors  can manufacture radio- 
isotopes i n h i t h e r t o  undreamed-of quant i t ies .  

Pile Production of Radioisotopes 

In  a normal manufactur ing p rocess ,  f o r  
example, the manufacturing of furn i ture  , the 
producer s t a r t s  wi th  h i s  raw ma te r i a l - in  
t h i s  case, w e  might say  mahogany lumber-and 
through a s e r i e s  of processing s t e p s  manu- 
f a c t u r e s  a mahogany t a b l e ,  Note t h a t  he 
s t a r t e d  wi th  mahogany lumber and f i n i s h e d  
w i t h  a mahogany t a b l e .  To c o n t i n u e  the  
analogy, we might say t h a t  a radioisotope 
producer s t a r t s  with pine lumber and manu- 
fac tures  a mahogany t a b l e .  

The point is: Normal manufacturing proc- 
esses  involve changing the physical form and 
shape, perhaps even the chemical corr.position 
of the raw mater ia ls ;  but radioisotope manu- 
f ac tu re  involves  more than t h a t ,  i t  incor -  
porates  a change in  the bas ic  nature of the  
raw material .  This is what is meant when it 
is s a i d  t h a t  the rad io iso tope  manufacturer 
produces a mahogany t ab le  from pine lumber- 
he changes the  very na tu re  of t he  p ine  so  
t h a t  it not  only resembles mahogany, it is 
mahogany e 

Radioisotope production w i l l  never reach 
t h e  s t a g e  where mahogany can be made from 
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p i n e  , b u t  t h e  t r a n s m u t a t i o n s  which t a k e  
place i n  many of the radioisotope-production 
processes  a r e  perhaps even more s t a r t l i n g  
t h a n  t h a t .  Under n e u t r o n  bombardment, 
s u l f u r  , f o r  example , forms phosphorus , 
metal l ic  te l lur ium becomes iodine,  nitrogen 
forms carbon, and i n  a l l  of these cases the 
e n d  p roduc t  has  a comple t e ly  d i f f e r e n t  
na ture ;  i n  no way does i t  resemble the raw 
mater ia l .  

Broadly speaking, there  a re  three  ways i n  
which neutrons i n  the p i l e  produce rad io-  
i so topes :  (1) by s p l i t t i n g  atoms of f i s -  
sionable uranium i n t o  new atoms of e n t i r e l y  
d i f f e r e n t  e l emen t s  , c a l l e d  t h e  f i s s i o n  
products , which a re  radioact ive themselves; 
(2)  by being captured i n  the nuclei  of atoms 
of  special  t a rge t  material’  ’ inser ted i n t o  
the  p i l e ,  turning them i n t o  heavier isotopes 
o f  the  same element;  (3 )  by a l t e r i n g  the  
e l e c t r i c a l  cha rge  o f  t h e  n u c l e i  of  t h e  
t a r g e t  mater ia l  , thereby transmuting them 
i n t o  isotopes of a d i f f e r e n t  element. 

Uranium f i s s ion  products removed from the 
p i l e  contain a grea t  va r i e ty  of radioact ive 
mater ia ls ,  which were produced by method(1) 
above, and which can be extracted and puri-  
f ied by chemical means. However, the radio- 
isotopes obtained i n  t h i s  way are  a l l  those 
o f  elements near the  cen te r  of the  atomic 
s c a l e  between z inc  (number 30) and gado- 
l inium (number 64) .  

With t h e  e x c e p t i o n  of i o d i n e 1 3 1  and 
s t ront ium90,  t hese  do not  e n t e r  s i g n i f i -  
c a n t l y  i n t o  many medical ,  b i o l o g i c a l ,  or 
a g r i c u l t u r a l  uses  a t  present .  Therefore ,  
most of the  rad io iso topes  suppl ied  by Oak 
Ridge National Laboratory must be prepared 
by methods (2) and (3). These require  the 
preparation and p i l e  i r r a d i a t i o n  of spec ia l  
t a rge t  mater ia ls .  Phosphorus32 , one of the 
most widely used radioisotopes,  can be pro- 
duced by both  methods and may be used t o  
i l l u s t r a t e  the production processes.  

Typ i ca 1 Process -Pho s pho rus 2 

I n  t h e  p r o d u c t i o n  of phosphorus32 by 

neutron capture (method (211, phosphorus 3 1  , 
contained i n  chemically pure phosphate, is 
pu t  i n t o  aluminum cans  which a r e  se t  i n  
holes  i n  a g raph i t e  block and pushed i n t o  
the p i l e .  Each atom of the s t a b l e  element, 
p h o s p h ~ r u s ~ ~  , t h a t  cap tures  a neutron be- 
comes r a d i o a c t i v e  p h o ~ p h o r u s ~ ~ .  But t he  
neutrons present  i n  the Oak Ridge p i l e  a r e  
i n s u f f i c i e n t  to convert  more than a small  
p ropor t ion  of the  phosphorus atoms t o  the  
radioact ive s t a t e .  Hence , the phosphorus 32 
is s t i l lverymuch di luted with phosphorus 31 , 
with which i t  is chemically i d e n t i c a l ,  and 
the  t r ea t ed  phosphate is not  h i  h ly  radio-  
ac t ive .  Nor can the phosphorusg2 be sepa- 
r a t ed  by chemical means from i ts  nonradio- 
ac t ive  brother ,  p h o s p h ~ r u s ~ ~ .  Phosphorus 32 

produced i n  t h i s  way is sa id  t o  have a low 
s p e c i f i c  a c t i v i t y ;  t h a t  i s ,  the  r a t i o  of 
r ad ioac t ive  phosphorus atoms t o  the  t o t a l  
number of  phosphorus atoms is  s m a l l ,  t he  
average being about seventeen mil l ionths  of 
1 per cent.  

Phosphorus is Produced from Sulfur 

I n  p rac t ive  , therefore  , phosphorus32 is 
usual ly  produced by method (3 ) ,  the  t r ans -  
mutation of su l fu r .  I n  t h i s  process,  s u l -  
f u r ,  which has s ix t een  protons and s ix t een  
neutrons i n  its nucleus,  absorbs a neutron 
and ejects a proton,  g iv ing  an atom which 
has  seven teen  neu t rons  and only  f i f t e e n  
protons i n  the nucleus. This atom cannot be 
s u l f u r ,  because s u l f u r ,  element number 16, 
must have s i x t e e n  protons i n  its nucleus;  
s ince  t h i s  atom has f i f t e e n  protons i n  its 
nucleus, it is element number 15, phosphorus. 
Neutrons and protons.  each c o n t r i b u t e  one 
mass u n i t  t o  the weight of the  atom, so the  
mass number is 15 (p ro tons )  . p lus  17 (neu- 
t rons) -32;  t h e  new atom is c a l l e d  phos- 
p h o r ~ ~ ~ ~  t o  d i s t i n g u i s h  i t  from phosphor- 
us3’, which has f i f t e e n  pro tons  but only 
s ix t een  neutrons i n  its nucleus. 

The process begins with the  prepara t ion  
of the ta rge t  material ,  which, i n  t h i s  case,  
is su l fur .  Highly purified su l fur  is melted 
i n  an oven and poured i n t o  an aluminum can, 
which .is then sea led  with an a i r t i g h t  cap. 
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These cans a r e  i n s e r t e d  i n t o  the  p i l e  f o r  
neutron bombardment. "he length of time the 
t a r g e t  mater ia l  must be exposed t o  neutron 
bombardment depends upon the  h a l f - l i f e  of  
t he  rad io iso tope  being formed. 

A t  f i r s t ,  the  phosphorus32 content of each 
can of su l fur  bui lds  up ra ther  rapidly,  but 
a f t e r  a f a i r l y  la rge  number of rad ioac t ive  
atoms have been formed, t h e  number which 
decays becomes q u i t e  s i g n i f i c a n t .  U l t i -  
mately the s tage is reached where the radio- 
i so tope  is decaying a s  f a s t  a s  it i s  being 
formed and fur ther  neutron bombardment w i l l  
not increase the amount of the radioisotope. 
I t  t u r n s  ou t  t h a t  a f t e r  a per iod of t i m e  
equa l  t o  t h r e e  h a l f - l i v e s ,  almost 90 pe r  
c e n t  o f  t h e  maximum p o s s i b l e  number o f  
r a d i o a c t i v e  atoms has  been formed; i n  a 
period of f ive ha l f - l ives  97 per cent of the 
maximum possible amount has been formed. So 
i t  is customary t o  expose t a r g e t  mater ia l s  
t o  neutron bombardment usual ly  fo r  a period 
of time equal t o  about th ree  ha l f - l i ves .  

I n  the  case of p h o ~ p h o r u s ~ ~ ,  which has a 
14-day h a l f - l i f e ,  t h e  cans  of s u l f u r  a r e  
usua l ly  bombarded i n  the  p i l e  f o r  about 30 
days,  In t h i s  length of t i m e ,  over 75 per 
c e n t  of  t h e  maximum p o s s i b l e  amount of  
phosphorus32 w i l l  be produced. The maximum 
p o s s i b l e  p r o d u c t i o n  o f  phosphorus32  i s  
s m a l l ,  however, and each can conta in ing  5 
pounds of su l fu r  w i l l  y ie ld  only about cone 
ten-mi l l ion th  of an ounce of phosphorus 32 - 
The process of recovering t h i s  small amount 
o f  phosphorus  from 5 pounds o f  s u l f u r  
r e q u i r e s  s p e c i a l  a p p a r a t u s  and c a r e f u l  
o p e r a t i n g  techniques 

While the  s u l f u r  is being bombarded, the  
aluminum can i n  which it is  contained be- 
comes ex t r erne l y rad ioac  t ive Fort  una t e 1 y, 
the rad ia t ion  from aluminum has a very shor t  
l i f e ,  so  a f t e r  e ight  hours' cooling outs ide 
t h e  p i l e ,  t h i s  r a d i a t i o n  has  v i r t u a l l y  
completely disappeared and only t h a t  from 
the phosphorus remains. &t t h i s  rad ia t ion  
from aluminum does c rea t e  problems; because 
i t  is most i n t e n s e  when t h e  can is be ing  
removed from the p i l e ,  the workers who per- 

form t h i s  opera t ion  must be sh i e lded  from 
the radiat ion.  "his is done by using a long 
rod t o  ca t ch  the  can and p u l l  it from the  
p i l e  i n t o  a portable  lead tunnel which a c t s  
a s  a s h i e l d .  The aluminum can is l e f t  i n  
t h i s  l e a d  t u n n e l ,  which is moved t o  t h e  
s t o r a g e  a r e a  f o r  t h e  e i g h t - h o u r  c o o l i n g  
p e r i o d  , 

Phosphorus32 emits only  be t a  r a d i a t i o n ,  
and because of t h i s  has  f a i r l y  low pene- 
t r a t i n g  power. After the radiat ion from the 
aluminum has died ou t ,  a worker can s a f e l y  
c a r r y  the can by holding it a t  theend of an 
8 - foo t  ca r ry ing  rod. The 8 - foo t  d i s t a n c e  
between the  worker and the  can allows su f -  
f i c i e n t  reduction i n  in t ens i ty  of the radia- 
t i on  so t h a t  the amount reaching the  man is 
not dangerous. "his carrying rod is used i n  
tak ing  the  i r r a d i a t e d  s u l f u r  from the  p i l e  
building t o  the chemical processing area. 

Chemical ProcessingSeparat ion of Phosphorus 

The chemical processing of phosphorus is 
performed by remote cont ro l  behind s u i t a b l e  
shielding i n  the "low-level-beta" process- 
ing building. I n  t h i s  bui lding,  the can is 
opened and placed i n  an oven where chemical 
process ing  begins  wi th  the  mel t ing  out  of 
t he  s u l f u r .  Phosphorus is e x t r a c t e d  from 
t h e  mol ten  s u l f u r  i n t o  a weakly a c i d i c  
so lu t ion ,  which is separated by l e t t i n g  the 
s u l f u r  s o l i d i f y  and then d r a i n i n g  o f f  t he  
s o lu  t ion 

The phosphorus -con ta in ing  s o l u t i o n  i s  
g iven  a series of  chemical  t r ea tmen t s  t o  
remove a l l  impuri t ies .  Following the pur i -  
f i c a t i o n  s t e p s ,  t h e  s o l u t i o n  is evaporated 
t o  t h e  proper  c o n c e n t r a t i o n ,  sampled f o r  
radiochemical ana lys i s  and drawn of f  i n t o  a 
g lass  bo t t l e  for  temporary s torage while the 
a n a l y s i s  is  be ing  performed.  The f i n a l  
volume of concentrated s o l u t i o n  r e s u l t i n g  
from the processing of 20 pounds of s u l f u r  
( four  cans? is about 1 p i n t ,  which contains  
approximately 4 t en-mi l l ion ths  of an ounce 
of  phosphorus 32 

The only phosphorus pmsent  i n  t h i s  so lu-  
t i o n  is  the  r ad ioac t ive  phosphorus formed 

. 
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from neutron bombardment of s u l f u r ,  so  t h e  
s p e c i f i c  a c t i v i t y  is 100 pe r  c e n t ;  t h i s  
a c t u a l l y  i s  h i g h e r  t han  is  n e c e s s a r y  or 
des i r ab le  fo r  most uses, so  i n  rout ine pro- 
duc t ion  a small  amount o f  s t a b l e  phospho- 
rus3 l  is added a s  a “ c a r r i e r ”  t o  s implify 
t h e  processing. However, ‘ c a r r i e r - f r e e ’  
phosphorus32 , t o  which no s t a b l e  phosphorus 
has been added, is available upon request. 

The s t o r a g e  b o t t l e  con ta in ing  the  phos- 
p h o r ~ ~ ~ *  so lu t ion  is placed i n t o  a l i g h t l y  
shielded wooden carrying case ( l i g h t  shield-  
i n g  is  a l l  t h a t  is  necessary f o r  t he  b e t a  
r ad ia t ion  from rad ioac t ive  phosphorus) and 
taken t o  the s torage barricade i n  the pack- 
ing  and shipping room. When t h e  b o t t l e  is 
p l a c e d  i n  t h e  s t o r a g e  r a c k s  beh ind  t h e  
barr icade,  t he  code number of its pos i t i on  
i s  recorded i n  a log book so  the  b o t t l e  can 
b e  l o c a t e d  e a s i l y  when i t  i s  needed fo r  
f i l l i n g  o r d e r s .  

The b o t t l e  remains i n  s t o r a g e  u n t i l  a 
complete chemical ana lys i s  of  its contents  
has  been performed -and it  has been d e t e r -  
mined t h a t  the product s a t i s f a c t o r i l y  meets 
r i g i d  specif icat ions.  

Packing and Shipping-Beta Emitters 

The packing and s h i p p i n g  p rocess  t a k e s  
place i n  a well-ventilated hood, so arranged 
tha t  a i r  always moves from the room i n t o  the 
hood, never from t h e  hood i n t o  t h e  room. 
The s torage b o t t l e  is placed i n  t h i s  hood, 
where it is opened by remote control ,  using 
a n  ingenious b o t t l e - c a p  remover which un- 
screws the cap and l i f ts  it o f f .  Two sheets  
of transparent p l a s t i c  sh i e ld ing  enable the 
ope ra to r  t o  see what he is doing,  but  re- 
q u i r e  t h a t  he perform a l l  o p e r a t i o n s  by 
remote c o n t r o l ,  

A f t e r  t h e  s to rage  b o t t l e  i s  opened, t h e  
amount of so lu t ion  needed t o  f i l l  an order  
is drawn up i n t o  a pipet te .  The p ipe t t e  is 
l i f t e d  from the s torage b o t t l e ,  a f t e r  which 
t h e  b o t t l e  c a r r i a g e  moves t h e  s h i p p i n g  
b o t t l e  under t h e  p i p e t t e  t o  r e c e i v e  t h e  
s o l u t i o n .  The s h i p p i n g  b o t t l e  i s  s e a l e d  

with a p l a s t i c  screw-cap and moved over t o  
an instrument which measures the r a d i a t i o n  
from the radiophosphorus in s ide  the bo t t l e .  
The sh ipp ing  b o t t l e  is then placed i n t o  a 
concrete  cyl inder  which serves  as a s h i e l d  
i n s i d e  the  shipping con ta ine r .  This  con- 
crete cyl inder  is placed inside an ordinary 
t i n  can which is sealed t o  avoid any possi-  
b i l i t y  of leakage i n  case the b o t t l e  breaks 
d u r i n g  sh ipp ing .  The t i n  can,  packed i n  
absorbent paper t o  cushion shocks and a l s o  
t o  give added insurance against  leakage, is 
then sealed i n t o  a heavy cardboard shipping 
box. 

HeaBth physicis ts  survey the box t o  insure 
t h a t  the shielding is adequate and there  is 
no poss ib i l i t y  of radiation overexposure fo r  
express handlers during shipping or even for  
photographic f i lm  which may be s tored close 
by. The shipping box is labeled a s  t o  con- 
t e n t s  and in s t ruc t ions  f o r  handling. 

Experience has shown t h a t  when more than 
375 m i l l i c u r i e s  of phosphorus32 a re  shipped 
i n  one c o n t a i n e r ,  heav ie r  s h i e l d i n g  than 
t h a t  desc r ibed  above is r equ i r ed .  Conse- 
quently, shipments containing more than t h i s  
amount a r e  rou t ine ly  packed i n  a d i f f e r e n t  
way. The g l a s s  b o t t l e  i s  p laced  i n t o  a 
s t a i n l e s s  s t e e l  cup, which is s e a l e d  t o  
prevent leakage i n  case the b o t t  1 e breaks 
The s t a i n l e s s  steel  cup is placed in s ide  a 
1/8- inch l e a d  s h i e l d ,  which i s  b o l t e d  i n  
p l ace  i n s i d e  a wooden sh ipp ing  box. Th i s  
wooden box is then surveyed and prepared for  
sh ipp ing  i n  t h e  same way a s  t h e  cardboard 
boxes a 

Packing and Shipping+a Emitters 

The packing and sh ipp ing  procedure f o r  
i o d i n e l 3 1 ,  coba l t60 ,  and other gamma e m i t -  
ters d i f f e r s  somewhat. Most of t he  gamma 
emitters s tored behind the barricade i n  the 
shipping room a r e  too radioact ive t o  permit 
handling, even with long tongs, unless  some 
shielding can be kept between the worker and 
the radioact ive material .  For t h i s  reason, 
iodinel31, cobalt6*, and the others  a r e  not  
c a r r i e d  t o  s e p a r a t e  l o c a t i o n s ,  b u t  a r e  
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packed f o r  shipping behind the  same b a r r i -  
cade which s h i e l d s  the s to rage  area.  

This barricade has r a i l s  along its top t o  
allow the remote-control storage tongs t o  be 
moved i n t o  p o s i t i o n  f o r  p i c k i n g  up any 
b o t t l e  i n  the s torage area., The tongs con- 
s i s t  o f  a s e t  o f  c l amps  o p e r a t e d  by a 
mechanical gea r  arrangement which can be 
manipulated with s u f f i c i e n t  f l e x i b i l i t y  t o  
allow a b o t t l e  t o  be picked up or deposited 
anywhere i n  the storage area.  The tongs a re  
r o l l e d  along t h e  r a i l s  t o  a p o i n t  i n  l i n e  
with the sample t o  be picked up. They can 
a l s o  be moved back and f o r t h  a c r o s s  t h e  
e n t i r e  width of the barricade. After reach- 
i n g  t h e i r  pos i t i on  over the co r rec t  row of  
b o t t l e s ,  the tongs move across the width of 
t h e  b a r r i c a d e  t o  a p o i n t  ove r  t h e  e x a c t  
b o t t l e  and a d j u s t  t o  t h e  proper he igh t  t o  
g ra sp  the  b o t t l e .  The jaws of  t he  tongs,  
previously opened, can now be closed around 
t h e  b o t t l e  t o  g r i p  it secu re ly .  Thus  t h e  
b o t t l e  can be l i f t e d  out of its place i n  the 
rack and moved t o  any desired location. 

For packing and s h i p p i n g  purposes ,  t h e  
tongs c a r r y  the b o t t l e  out pas t  the end of  
the storage area and place it  i n  a c i r c u l a r ,  
aluminum storage-transfer  table, adapted for 
holding b o t t l e s ,  This t ab le  can be ro t a t ed  
around its center  or swung i n  an a r c  around 
t h e  corner of t h e  I>-shaped ba r r i cade  from 
the storage area t o  the packing and shipping 
area. The b o t t l e  is placed i n  t h i s  table on 
t h e  s to rage  s i d e .  Then i t  is  r o l l e d  along 
t h e  r a i l  around the corner t o  t h e  shipping 
s i d e .  A t  t h e  end o f  t h e  r a i l  t h e  t a b l e  
efigages a set  of gears  which al low it t o  be 
turned on i t s  ax i s .  

The t r a n s f e r  t a b l e  is r o t a t e d  u n t i l  t h e  
b o t t l e  is i n  posit ion under the “decapper” 
which is used t o  remove the  b o t t l e  cap and 
l i f t  i t  ou t  of t he  way. Then the  t a b l e  is 
r o t a t e d ,  moving the open b o t t l e  t o  a posi-  
t i o n  under the remote-control p i p e t t e  which 
is used t o  measure and d e l i v e r  t he  c o r r e c t  
amount of t he  radioisotope s o l u t i o n  needed 
t o  f i l l  t h e  o r d e r .  A f t e r  t h i s  amount o f  
solut ion has been drawn up i n t o  the p ipe t t e ,  

the pipet t ing assembly can be moved t o  a new 
posit ion over the shipping b o t t l e  i n t o  which 
t h e  s o l u t i o n  is d r a i n e d -  Another b o t t l e  
c a p p e r  is  used  t o  p l a c e  t h e  c a p  on t h e  
sh ipp ing  b o t t l e  and t i g h t e n  it .  

Here t h e  pack ing  t o n g s ,  a l s o  r emote ly  
c o n t r o l l e d ,  a r e  p u t  t o  use ,  T h i s  d e v i c e  
again is a set of tongs e s s e n t i a l l y  s imi l a r  
t o  the o the r s  i n  purpose but more f l e x i b l e .  
I n  addition t o  moving t o  the l e f t  and r i g h t ,  
forward and backward, and up and down, these 
tongs a l s o  swing about i n  an a r c  from any 
p o s i t i o n ,  They a r e  used t o  p i c k  up t h e  
f i l l e d  s h i p p i n g  b o t t l e  and c a r r y  i t  t o  a 
pos i t i on  i n  f r o n t  of a r ad ia t ion -de tec t ion  
instrument where t h e  unshielded r a d i a t i o n  
coming through t h e  b o t t l e  is measured. 

A t  t he  end of the shipping area,  t he re  is 
a h y d r a u l i c a l l y  operated l ead  door i n  t h e  
barricade., By opening t h i s  door,  an opera- 
t o r  can r o l l  the heavy shipping boxes (which 
o f t e n  weigh s e v e r a l  hundred pounds,  i n -  
c luding shielding)  on r o l l e r s  t o  a pos i t i on  
inside the barricade, With the shipping box 
i n  p o s i t i o n ,  t h e  worker, a f t e r  t a k i n g  t h e  
r ad ia t ion  measurement of the shipment, uses 
the tongs t o  place the  b o t t l e  i n t o  a s t a i n -  
less steel cup inside the shipping box. The 
cup, r e s t i n g  i n s i d e a  lead sh ie ld ,  is sealed 
with a screw cap and then the heavy lead top 
is placed on t h e  sh i e ld -a l l  by remote con- 
t r o l .  After t h i s  is done, t h e  r ad ia t ion  is  
shielded and the  con ta ine r  r o l l e d  out from 
behind the  barr icade t o  allow the  l ead  top  
t o  be bol ted i n  place and the  wooden sh ip -  
p i n g  box t o  be sea l ed  by hand. 

A f t e r  s e a l i n g ,  t h e  box moves a l o n g  on 
r o l l e r s ,  now out i n  the open, t o  a point  i n  
f r o n t  of a r ad ia t ion  d e t e c t i o n  instrument  
which is used t o  check the r ad ia t ion  on a l l  
s ides  of the box. Also, a “smear tes t ’  ’ is 
performed t o  determine whether t he  o u t s i d e  
of  t h e  box has become contaminated du r ing  
the packing process. I f  the shipment passes 
i ts  r a d i a t i o n  and smear t e s t s ,  i t  r o l l s  on 
t h e  s c a l e s  f o r  weighing. A f t e r  weighing, 
t h e  box is r e i n f o r c e d  by b i n d i n g  i t  w i t h  
steel tape,  and it  is then labeled w i t h  t he  
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shipping l abe l ,  handling in s t ruc t ions ,  and 
caution signs.  “he box n w  moves t o  the end 
o f  t h e  “assembly  l i n e ”  where a power- 
driven b e l t  c a r r i e r  takes it up t o  the  bed 
of a waiting truck. ”he shipment now is on 
its way t o  the customer. 

Packing and ShippingSol id Materials 

A t  p r e s e n t ,  carbon14 is the  only sepa-  
r a t e d  r a d i o i s o t o p e  which is cus tomar i ly  
sh ipped  i n  s o l i d  form. The carbon14 is  
shipped e i the r  a s  barium carbonate powder or 
i n  the form of a carbon14-labeled compound. 
However, i t  is a n t i c i p a t e d  t h a t  s e v e r a l  
o thers  can a l s o  be made ava i lab le  i n  s o l i d  

14 form soon. For the  packing of carbon , 
t h e r e  is  a “dry-box”  s e r v i n g  two major 
purposes: (1) it eliminates any poss ib i l i ty  
t h a t  rad ioac t ive  dus t  w i l l  escape i n t o  the 
atmosphere of the room; and (2)  i t  suppl ies  
shielding and remote-control packing devices. 

The “dry-box’ ’ is v e n t i l a t e d  i n  such a 
way tha t  the movement of a i r  is always from 
the  room through the  box i n t o  the  exhaust 
system so there  is no p o s s i b i l i t y  t h a t  r a -  
dioact ive mater ia l  from inside the box w i l l  
escape i n t o  the room. To allow the operator 
t o  reach in s ide  the box and manipulate the  
equipment without  l eav ing  a hole  through 
which mater ia l  might escape i n t o  the room, 
the w r i s t  bands of two sets of rubber gloves 
have been sea l ed  t o  the edges of holes  i n  
the  f ron t  of the  “dry-box.”  

These g loves  a r e  a r ranged  so t h a t  t h e  
operator simply slips h i s  hands through the 
holes  and i n t o  the gloves. Then, with h i s  
hands i n  the gloves, the operator is able t o  
work i n s i d e  the  dry-box without  a c t u a l l y  
coming i n  contact with the a i r  or any of the 
material .  The equipment inside the box con- 
s ists  o f  tongs  f o r  handl ing  b o t t l e s  and 
other  ob jec t s ,  various small  t oo l s  used i n  
measuring and t ransferr ing the material  , and 
a r e m o t e - c o n t r o l  b a l a n c e  which weighs  
accurately t o  1 three hundred-thousandth of 
an ounce. Barium carbonate ( ca rbon l l )  or 
other so l ids  can be measured out accurately,  
placed in  the shipping container,  and sealed,  

a l l  i n s ide  the  dry-box. .The processing of 
the  sh ipping  conta iner  is the  same as  f o r  
o ther  i so topes  a l ready  descr ibed.  

‘ I r rad ia t ion  un i t s ,  materials contained 
i n  aluminum capsules  which a r e  exposed t o  
neutron bombardment but  a r e  not  given any 
chemical processing,  form another  type of 
product handled -in the packing and shipping 
room. When the aluminum cans a r e  removed 
from the  p i l e ,  they a r e  placed i n  a l ead  
“casket’-’  which gives  adequate s h i e l d i n g  
and can accommodate twenty-eight  cans i n  
ind iv idua l  ho les .  This  c a s k e t ,  upon its 
a r r iva l  i n  the packing and shipping area,  is 
car r ied  i n  by the e l e c t r i c  ho i s t  and placed 
behind the  packing ba r r i cade .  Here,  the  
packing tongs a re  used t o  l i f t  the  aluminum 
can out of the “ c o f f i n ”  and place it i n t o  
the lead shielding of the shipping container. 
The top t o  the lead s h i e l d  is put i n  place 
and b o l t e d  down by t h e  same method d e -  
s c r i b e d  ear l ie r .  The complet ion of t h e  
packing and shipping operation is the same. 

Research Pays Off 

The processes  and f a c i l i t i e s  descr ibed  
could not  have come i n t o  being without the  
fundamental s tudies-the bas i c  foundation- 
supp l i ed  by s c i e n t i s t s  i n  t h e i r  r e sea rch  
labora tor ies .  I n  1943, when the Oak Ridge 
Nat iona l  Laboratory came i n t o  being a s  a 
wartime p r o j e c t ,  many r a d i o i s o t o p e s  now 
rout ine ly  produced were unknown; the  tech- 
niques of handling la rge  amounts of radio-  
ac t ive  mater ia ls  had not been developed and 
much of t he  remote-cont ro l  equipment now 
comnonly used had not even been dreamed of ,  
much l e s s  designed. 

I n  e i g h t  yea r s ,  rad io iso tope  production 
has grown from a s c i e n t i f i c  experiment f o r  
determining the e f f e c t  of neutron bombard- 
ment i n t o  the nat ion’s  newest industry. ’Ihe 
f ru i t i on  of t h i s  research is i n  the expanded 
program of r ad io i so tope  product ion  which 
makes available t o  science “ the  most useful 
r e sea rch  t o o l  s i n c e  the  invent ion  of the  
microscope,” and i n  the new radioisotope-  
process ing  p l a n t  which embodies the  most 
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e f f e c t i v e  improvements and designs.  

As s c i e n t i s t s  report  the r e su l t s  of exper- 
imental  work made p o s s i b l e  by the a v a i l -  
a b i l i t y  o f  r a d i o i s o t o p e s  i n  i n c r e a s i n g  
amounts ,  t h e  v a l u e  o f  r e s e a r c h  becomes 
i n c r e a s i n g l y  a p p a r e n t .  

USES OF RADIOISOTOPES 

The uranium c h a i n - r e a c t o r  o p e r a t e d  by 
Carbide a t  Oak Ridge National Laboratory is 
t h e  s o u r c e  o f  most o f  t h e  r a d i o a c t i v e  
elements ( r a d i o i s o t o p e s )  which a r e  being 
made a v a i l a b l e  f o r  medical ,  b i o l o g i c a l ,  
i n d u s t r i a l ,  and a g r i c u l t u r a l  research,  and 
f o r  t reatment  of  c e r t a i n  d i s e a s e s  i n  t h e  
United S t a t e s  and over  t w o  s c o r e  f o r e i g n  
c o u n t r i e s .  Among t h e  elements which a r e  
m a d e . r a d i o a c t i v e  and sh ipped  t o  v a r i o u s  
u s e r s .  a r e  i o d i n e ,  ca rbon ,  s u l f u r ,  phos- 
phorus, sodium, calcium, chlor ine,  copper, 
c o b a l t ,  gold,  i r o n ,  mercury, s i l v e r ,  t i n ,  
and zinc.  

Since August 2, 1946, nearly 30,000 ship- 
ments. of r ad io i so topes  have gone out  from 
t h e  l abora to ry .  Orders fo r  radioisotopes 
a r e  p rocessed  by t h e  I s o t o p e s  D i v i s i o n ,  
Atomic Energy Commission, Oak Ridge. 

I n  t h e  p a s t  y e a r ,  t h e  number of groups 
u s i n g  r a d i o i s o t o p e s  i n  t h i s  coun t ry  has 
increased over  35 per cent.  Actual ly ,  the 
number o f  i n d i v i d u a l  p r o j e c t s  i n  which 
r ad io i so topes  a r e  used has increased more 
than t h i s ,  s ince  many groups have s imulta-  
neous p ro jec t s .  

Uses of  radioisotopes t o  d a t e  have been 
based upon two basic  phenomena: (1) t h e i r  
r a d i a t i o n  enables r ad ioac t ive  atoms t o  be 
detected and “counted” i n  the presence of 
o t h e r  atoms o f  any v a r i e t y  i n  l o c a t i o n s  
where they could not  be detected with com- 
parable accuracy by other means; (2)  radia- 
t ion has a pronounced e f f e c t  upon many types 
o f  m a t t e r .  These a re  the  two phenomena 
which make possible the numerous t racer!  ’ 
experiments and the rapeu t i c  a p p l i c a t i o n s ,  
res pec ti  v e  1 y . 

Biology  and Medicine 

Perhaps the most widely publicized uses of 
radioisotopes have been those i n  the f i e l d s  
of biology and medicine. Almost half  of the 
technical reports  published describing work 
with radioisotopes have been concerned with 
a c t i v i t i e s  i n  these f i e lds .  

A s  “ t r a c e r ”  atoms, r a d i o i s o t o p e s  a r e  
being used t o  t a g  a l a r g e  number of  body 
consti tuents and other re la ted substances i n  
a va r i e ty  of research invest igat ions.  They 
a l s o  a r e  being used to  develop an e n t i r e l y  
new technique f o r  studying body metabolism 
and fo r  studying the syn thes i s ,  t r anspor t ,  
u t i l i z a t i o n ,  and breakdown of  various body 
components . 

To date,  only a few applications have been 
found f o r  r ad io i so topes  a s  t o o l s  o f  d i ag -  
nosis  and therapy. An increase may be ex- 
pec ted  a s  r e s u l t s  of  i n v e s t i g a t i o n s  now 
under way become firmly establ ished,  and as 
a g r e a t e r  v a r i e t y  of  i so tope - l abe led  com- 
pounds becomes available.  Table 1 (page 27) 
lists some o f  t he  b e t t e r  known d i a g n o s t i c  
and therapeutic applications which have been 
made to  date. 

Plant  Phys io logy  and Animal Husbandry 

Applicat ions of radioisotopes made thus  
f a r  i n  the f i e l d  of  p l a n t  physiology f a l l  
pr imari ly  i n t o  two categories:  s t u d i e s  of 
pho tosyn thes i s  and s t u d i e s  of f e r t i l i z e r  
u t i l i z a t i o n .  Most of these inves t iga t ions  
employ radiocarbon or radiophosphor,us. 

The most fundamental p l a n t  s t u d i e s  are 
t hose  designed t o  l e a r n  the mechanism of  
photosynthesis by which green p l a n t s ,  with 
t h e  a i d  o,f s u n l i g h t ,  c o n v e r t  w a t e r  and 
carbon dioxide i n t o  complex sugars and other 
organic  compounds. I n v e s t i g a t o r s  hope t o  
learn the d e t a i l s  of the mechanism of photo- 
s y n t h e s i s  by i d e n t i f y i n g  the  intermediate  
compounds formed p r i o r  t o  the formation of  
sugars. It is generally agreed t h a t  photo- 
s y n t h e s i s  proceeds i n  s t e p s ;  s e v e r a l  com- 
pounds a r e  formed during the conversion of 

a 
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Table 1 
i 

Isotope . 

sodium24 , 

~0dium24 

S o d i d 4  

Phosphorus 32 

Iodinel3l (diiodo- 
fluorescein) 

~ o d  inel31 

Phosphorus 32 

i 

. 

Cobalt6' 

Strontium 89,90 

Gold1'* (col loidal  1 

Type of Application 

. Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Diagnosis 

Treatment 

Treatment 

Treatment 

Treatment 

Treatment 

simple carbon d ioxide  t o  a complex sugar .  
Finding out what these compounds a re  and how 
rapid ly  they a r e  formed may give a c lue  a s  
t o  how and why they a re  formed. 

In  these s tudies ,"  simple p l an t s ,  such a s  
algae, a re  grown i n  an atmosphere containing 
t racer  amountsofradioactive carbon dioxide. 
A f t e r  the  process  has been under way f o r  
c e r t a i n  l e n g t h s  of t ime ,  i n v e s t i g a t o r s  
search f o r  rad ioac t ive  carbon-labeled com- 
pounds produced i n  the  p l an t s .  Five com- 

Use 

Correlation of sodium turnover with con- 
gestive heart  f a i lu re .  

Different ia t ion of normal and r e s t r i c t ed  
blood flow. 

Radiocardography (determining pumping 
qua l i t i e s  of the hear t ) .  

Determination of the extent of tumor 
mass i n  brain-tumor surgery. 

Location of cer ta in  brain tumors. 

Detection of hyperthyroidism and l o c a -  
t ion  of thyroid-cancer offshoots or 
metastases. 

Treatment of polycythemia vera and 
chronic leukemia. 

I n t e r s t i t i a l  sources for  t rea t ing  acces- 
s i b l e  tumors and teletherapy uni t s  for  
deepseated tumors. 

Beta-ray source for  t rea t ing  surface 
lesions.  

Treatment of hyperthyroidism thyroid 
cancer and metastases. 

Treatment of subsurface tumors of the 
lymphoid sys  tem and chronic leukemia. 

pounds have been i d e n t i f i e d  a s  having been 
formed within 5 seconds. Within 90 seconds, 
a t  l e a s t  f i f t e e n  labeled compounds a re  pro- 
duced, inc luding  simple sugars  conta in ing  
6 carbon atoms. 

Al though p r e s e n t  i n v e s t i g a t i o n s  a r e  
p r imar i ly  of academic i n t e r e s t ,  they a r e  
potent ia l ly  of imneasurable economic s ign i f -  
i c a n c e .  Not o n l y  does  p h o t o s y n t h e s i s  
account for  the production of plant  nourish- 
ment, but d s o ,  i nd i r ec t ly ,  for  the produc- 
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t i o n  of  a l l  food. I f  n a t u r e ' s  method of 
food production can be f u l l y  revealed, the 
p o s s i b i l i t y  a r i s e s  t h a t  the process may be 
duplicated,  a t  l e a s t  t o  some ex ten t ,  i n  the 
laboratory. 

' 

Field s tud ie s  using phosphate f e r t i l i z e r s  
' l a b e l e d  wi th  r a d i o a c t i v e  phosphorus a r e  
being carr ied out i n  about f i f t e e n  s t a t e s  on 
such crops a s  corn, potatoes, tobacco, sugar 
b e e t s ,  a l f a l f a ,  o a t s ,  c love r ,  rye ,  g r a s s ,  
cotton, and peanuts. By t r ac ing  the radio- 
phosphorus, s c i e n t i s t s  can c o r r e l a t e  p l an t  
growth with quantity and placement of f e r t i -  
l i z e r  under varying cond i t ions  of c l imate  
and s o i l .  Sc i en t iS t s  a r e  learning not only 
when is  the b e s t  time t o  apply f e r t i l i z e r  
but a l s o  where is  the b e s t  p l ace  t o  apply 
i t  on the su r face  of the ground, plowed i n  
near the roots ,  away from the roots ,  and so 
on .  V a r i a t i o n s  i n  t h e s e  f a c t o r s  have 
a l r e a d y  been found f o r  s e v e r a l  t ypes  of  
c r o p s  . 

Most r a d i o i s o t o p e  a p p l i c a t i o n s  i n  t h e  
f i e l d  of animal husbandry have been con-4 
cerned with metabolism s t u d i e s  i n  poul t ry ,  
c a t t l e ,  and sheep .  R a d i o i s o t o p e s  have 
proved extremely useful i n  studying mineral 
metabolism because of the t r a c e  q u a n t i t i e s  
of the elemen'ts involved. For example, i t  
had been o b s e r v e d ,  p r i o r  t o  t h e  u s e  of  
i s o t o p e s ,  t h a t  c a t t l e  and s h e e p  r e q u i r e  
between 0.04 and 0.07 p a r t s  per  m i l l i o n  of 
c o b a l t  i n  t h e i r  d i e t ,  whereas  s i m p l e -  
stomached animals such a s  horses, r a t s ,  and 
r a b b i t s  do n o t  r e q u i r e  c o b a l t .  Chemical 
s t u d i e s  of s u c h  low c o n c e n t r a t i o n s  a r e  
extremely d i f f i c u l t .  On t h e  o t h e r  hand, 
t h i s  problem e a s i l y  l e n d s  i t s e l f  t o  t h e  

t racer '  ' technique, which a l s o  permits the 
i n v e s t i g a t o r  t o  follow the  metabolic pa th  
of the element. 

1 1  

Findings obtained t o  date with radiocobalt 
i n d i c a t e  t h a t  when c a t t l e  a c q u i r e  c o b a l t  
from p a s t u r e  f eed ing ,  an extremely sma l l  
amount of it is absorbed from the in t e s t ines  
f o r  use within the body. The same r e s u l t s  
a r e  found i n  animals having only one stom- 
ach, such a s  horses  and r a b b i t s .  

From these experiments and other consider- 
a t i o n s ,  it seem t h a t  the coba l t  i s  needed 
i n  the rumen, or f i r s t  stomach, of c a t t l e .  
It was a l s o  found w i t h  r a d i o c o b a l t  t h a t ,  
when cobalt  is injected by vein i n t o  c a t t l e ,  
l i t t l e  of i t  reaches the f i r s t  stomach, and 
deficiency symptoms a r e  not  re l ieved.  This 
a l s o  s u p p o r t s  t h e  b e l i e f  t h a t  c o b a l t  is  
needed i n  the f i r s t  of vitamin B-12 complex, 
which has been shown t o  be impor t an t  i n  
p r e v e n t i n g ' a n d  c u r i n g  c e r t a i n  t y p e s  o f  
anemia.  

Chemistry and Physics 

Radio i so topes  have given t h e  chemist  a 
t oo l  which goes f a r  beyond the s e n s i t i v i t y  
of other ana ly t i ca l  techniques previously a t  
d i sposa l .  When an i so tope  such a s  r ad io -  
a c t i v e  sodium is  used ,  f o r  example, i t s  
s h o r t  h a l f - l i f e  and high-energy r a d i a t i o n  
enab le  i n s t r u m e v t s  t o  d e t e c t  amounts a s  
s m a l l  a s  10 ,000  atoms, a q u a n t i t y  which 
would weigh less than 1 mill ion mill ionth of 
a gram Even f o r  a r a d i o i s o t o p e  l i k e  
carbon", which has a 5,100-year half  - l i f e  
and e m i t s  very weak radiation, the sens i t i v -  
i t y  o f  d e t e c t i o n  is  over a m i l l i o n  t imes 
t h a t  of  chemical methods. 

The a b i l i t y  t o  d e t e c t  minute amounts of  
radioisotopes helps great ly  i n  understanding 
the mechanisms of chemical react ions and i n  
learning about such phenomena a s  d i f fus ion ,  
c r y s t a l l i z a t i o n ,  s o l u b i l i t y ,  and ca t a lys i s .  

A radioisotope, gold198, has been prepared 
i n  r a the r  large quan t i t i e s  f o r  the National 
Bureau o f  S tanda rds .  Gold198 forms mer- 

a s  a r e su l t  of i ts  radioactive decay 
and t h i s  pure mercury-pure i n  the sense that 
being made from gold,  i t  contains  no t r a c e  
of o the r  mercury isotopes-when placed i n  a 
mercury-vapor l i g h t  bulb, emits a very sharp 
and c l e a r  green l i g h t  whose wavelength can 
be measured very accu ra t e ly .  I t  has been 
suggested t h a t  t h i s  wavelength of the green 
l i g h t  from mercury198 be adopted a s  a new 
s t a n d a r d  o f  l e n g t h  b e c a u s e  i t  c a n  be 
measured very a c c u r a t e l y ,  because i t  does 
not  change with temperature ( a s  the length 
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of a ru l e r  does), and because it can be made 
ava i l ab le  anywhere. (The present  standard 
o f  l e n g t h ,  one meter ,  marked o f f  on a 
platinum b a r ,  is located i n  P a r i s .  1 

Indus t r ia 1 Uses 

Industry has already found several  ways t o  
use the radiation from radioisotopes. These 
include unique devices  f o r  gauging l i q u i d  
l e v e l s  and fo r  determining th i cknesses  o f  
s h e e t s  o f  m a t e r i a l ,  and t e c h n i q u e s  f o r  
making r a d i o g r a p h i c  i n s p e c t i o n s ,  a l l  of  
which a r e  g e n e r a l l y  adap tab le  f o r  p l a n t -  
s ca l e  use, I n  these uses,  the radioisotope 
is  not incorporated i n t o  process ma te r i a l ,  
and there is no poss ib i l i t y  of its remaining 
i n  the f i n a l  market product. Furthermore, 
a f t e r  t he i r  i n s t a l l a t i o n  has been completed, 
t h e s e  dev ices  can u s u a l l y  be ope ra t ed  by 
people of limited training. 

One research group has investigated engine 
wear with piston rings made radioactive in  a 
nuc lea r  r e a c t o r .  It has been poss ib l e  t o  
test  engine wear with g rea t  accuracy and i n  
a s h o r t  period of t i m e  while the engine is 
running continuously. Radioactive pa r t i c l e s  
worn off  the r ings drop i n t o  the lubricat ing 
o i l  which can be sampled and measured f o r  
r a d i o a c t i v i t y  c o n t e n t .  T h i s  method o f  
t e s t i n g  eng ine  wear i s  q u i c k e r  and more 
accurate  than any o the r ,  and the technique 
does not require repeated disassembly of the 
engine 

Although radioactive thickness gauges were 
developed shor t ly  a f t e r  the i so tope -d i s t r i -  
bution program began, these gauges have been 
rou t ine ly  employed by industry only during 
the l a s t  year. Two firms are now o f f e r i n g  
the gauges commercially for use i n  measuring 
t h e  thickness  of paper,  rubber ,  and s t ee l  
s h e e t s .  

One company is using a radioactive height 
gauge t o  measure the amount of l i qu id  s teel  
i n  a furnace or “cupola.  ’ The gauge is 
p a r t i c u l a r l y  w e l l  s u i t e d  f o r  t h i s  purpose, 
because it  can be operated from outside the 
cupola and not be affected by the surround- 
ing heat. 

C e r t a i n  manzmade r a d i o a c t i v e  m a t e r i a l s  
such a s  radiocobalt  can be used l i k e  radium 
i n  making radiographic  tests of welds and 
castings.  Radiocobalt is more v e r s a t i l e  i n  
i t s  u s e  t h a n  r ad ium b e c a u s e  i t  c a n  be 
machined t o  any desired shape before being 
made radioact ive.  

These a r e  only a few of the uses of radio- 
isotopes. A bibliography of over 1,850 pub- 
l i s h e d  papers  on experimental  work u s i n g  
radioisotopes is published i n  the booklet ,  

I so topes  a A Three-Year Summary of 
U. S. D i s t r i b u t i o n .  ’ ‘ 
1 1  

Table 2 ,  ‘Radioisotope Distribution, ’ is 
given on the following page, 

? 
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Table 2 

RADIOISOTOPE DISTRIBUTION 

Period 

August through December 1946 

1947 

1948 

1949 

1950 

Grand Total 

Iodine131 

PhosphorusS2 

Carbon14 

Sodium24 

Sul fur35 

ald198, 199 

Calcium 45 

1 ~ ~ ~ 5 5 ,  59 

Cobalt6' 

195 1 

Number of 
Shipments 
(from OWL) 

270 

1,945 

3,540 

5,597 

8 , 075 

9 , 491 

RADIOISOTOPE 

28,918 

42 Pot ass ium 

~trontium89, 90 

Others 

Monthly Average 

23 

162 

295 

466 

673 

791 

Increase Over 
Previous Period 

(per cent) 

620 

80 . 

58 

44 

18 

NUMBER OF SHIPMENTS 

8,039 

5,717 

848 

922 

494 

675 

308 

290 

278 

376 

390 

10,581 

Total August 1946 through December 1951 28,918 
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