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INTRODUCTION 

This repor t  i s  submitted a t  the  opening of a decade t h a t  may 

w e l l  hold the  gravest challenge t h i s  Nation has yet faced. 

It i s  pecul ia r ly  appropriate tha t ,  a t  t h e  outset  of this period,  

we should be considering and planning f o r  the  future  of t he  Atomic 

Energp Commission's laborator ies ,  f o r  on them and on the other re- 

search and development i n s t i t u t i o n s  of the country rests t:ne 

respons ib i l i ty  f o r  praviding the  increased understanding of the 

physical world and of life processes and f o r  achieving t h e  rapid 

appl icat ion of s c i e n t i f i c  knowledge t o  p r a c t i c a l  use on which our 

place among the  'nat ions depends. 

3 

Sc ien t i f i c  and technical achievement alone w i l l  no t  guarantee 

t h a t  place; it must be meri ted by the preservation and f u l l e r  rea l iza-  

t i o n  of t he  i d e a l  o f  freedom whose many manifestations have been the  

bas i c  s t rength of our society. But without continuous progress i n  the 

sciences and technology, we would soon f ind t h a t  we could not preserve 

I 

the conditions of na t iona l  securi ty  and material prosper i ty  i n  which 

t h e  ideals of freedom ankindiv idua l  fu l f i l lment  can be mos t  completely 

attained. 

With a challenging fu ture  before us, and with near ly  two decades 

of federally-sponsored research and development i n  nuclear science and 

technology behind us, the  request of the Joint  Committee on Atomic 

Energy f o r  a broad review of the present work of t he  AXC laboratories 

and future  plans f o r  them i s  welcome and timely. 



ii 

I n  the las t  decade, as removal of securi ty  r e s t r i c t i o n s  has per- 

mitted t h e  spread of knowledge of most of t he  work of the laborator ies ,  

they have become recognized wor ld  wide f o r  t h e i r  abi l i t ies  and t h e i r  

performance; t h i s  report ,  therefore, makes no attempt t o  summarize 

the  manifold contributions of these i n s t i t u t i o n s  t o  the  na t iona l  

securi ty ,  t o  t he  peaceful uses of atomic energy, and t o  thP increase 

of man's understanding of nuclear processes. 

One note of caution must be included, even 4 though it may be 

qui te  obvious. 

ten-year predict ion i s  hazardous a t  best. 

I n  any f i e l d  of human act ivi ty ,  an attempt a t  a 

I n  s c i e n t i f i c  research 

and development, and particularly i n  so new and dynamic a f i e l d  

as atomic energy, the hazards are multiplied many times mer, There- 

fore,  it must be recognized that the  forecasts  included here can only 

be project ions of what we know today; they w i l l  be c e r t a i n  t o  be 

changed i n  greater n r  l e s s e r  degree by tomorrow's f indings,  It is 

important t o  bear  i n  mind tha t  the  statments concerning the fu tu re  

are not programs or proposals, b u t  predictions. 

Plan of the  Report 

I n  order t'o fo recas t  i n t e l l i g e n t l y  what each AEC laboratory w i l l  

be doing i n  t h e  next t en  years, it i s  necessary, first, t o  arrive a t  

some conclusions a s  t o  what the agency as a whole should be doing 

\ 0 0 1 4 8 8 8  
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during t h a t  period, and second, t o  determine what types of i n s t i -  

tu t ians  should perform the needed work. 

t a t i v e  review, i n  terms of do l l a r s  and manpower, of the  current  s i z e  

and pas t  trends of research and development i n  the United S t a t e s  as 

a whole and i n  t h e  AEC, the  study examines first, the  AEC*s current  

view of its research and development objectives for t h e  next decade, 

second, t he  levels of e f f o r t  and trends of emphasis t h a t  will be re- 

quired t o  meet these objectives, and third,  the approprizte ro l e s  of 

the BEC laborator ies ,  un ivers i t ies ,  industry, other  nm-prof i t  re- 

search organizations, and other federal agencies i n  the  work t h a t  

Therefore, a f t e r  a quanti- 

l i e s  ahead. Within t h i s  frame of reference, Part Two of the study 

consis ts  of an individual  brief statement on each major laboratory, 

describing i t s  background, current  program, and swmnarizing the 

AEC's f u t u r e  plans f o r  it. 

ians  reached i n  t h e  study. 

Pa r t  Three i s  a swmnary of the conclus- 

. -  



Part I - 
THE RE:sEARCH AND DEVELOPHENT ACTIVITBS 

OF THE ATOMIC ENERGY COMMISSION 



Section One 

BACKGROUND 

(This section w i l l  consis t  of t w o  parts;  the first, s t i l l  i n  
preparation, will be made up of tables, char ts ,  and naara- 
t i ve  describing the s i z e  and trends of a l l  research and de- 
velopment i n  the U. s. as a whole, the government’s share, 
and the AEC’s share, 
the AEC’S research and development work i n  d c l l a r  and man- 
power terms, and W i l l  discuss spec i f ica l ly  the re la t ion  of 
AEC-supported basic research t o  t o t a l  basic  research i n  the 
U.S. The second pa r t ,  def in i t ions  of some tems,follows.) 

It will a l so  discuss past  trends i n  

! 0 0  I 4 9 0  t 
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Definit ions 

A t  t he  outset, it might be w e l l  t o  define for purposes of 

t h i s  study a few of the terms t h a t  Will be frequently encountered. 

The term basic research w i l l  be used, as it i s  by the National 

Science Foundation, t o  mean research which is directed toward increase 

of knowledge i n  science. 

investigator i s  a f u l l e r  knowledge or  understanding of the subject 

under s tudy r a the r  than a p r a c t i c a l  application. 

is distinguished from a l l  other  research and development work by the 

It is research where the primary aim of the 

' f  

i This type of research 

i 

f a c t  t h a t  it alone has no immediately useful  goal. It is not under- 

taken t o  answer an engineering question or t o  f ind a cure for a 

disease or  t o  i d e n t i f y  a material which will meet a specif ic  struc- 

t u ra l  requirement. Whether ult imately i t  will be of p r a c t i c a l  value 

frequently cannot be predicted by the  researcher a t  the time he i s  

working on the  problem. 

i n  1934 when, i n  attempting t o  f ind  some explanation f o r  the  peculiar 

r e su l t s  experienced i n  inducing a r t i f i c a l  radioact ivi ty  i n  s i l ve r ,  

discmered t h a t  cer ta in  substances will slow down, or moderate, 

neutrons. 

An example i s  EnrLco Fermi's work i n  I taly 

he 

This d i scwery  was la te r  t o  become an e s sen t i a l  principle 

i n  the construction of atomic reactors .  

The second aspect i s  applied research and general development.' 

This term categorizes work undertaken or  carried out because of the 

clear  probabi l i ty  t h a t  it will have a useful end resul t .  

applied t o  work of a general nature as distinguished €rom t!ia spec i f i c  

It is  

- 1 -  
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type of development encompassed i n  the next category. 

i s  the work of Argonne National Laboratory i n  the develcgment of 

t h e  f lu id ized  bed. 

a re  f requent ly  dissolved i n  order t o  r eac t  one with another. I n  

the f lu id ized  bed method, a so l id  i s  powdered, instead of being 

dissolved, and t h e  gas t o  be reacted with it bubbled through the 

bed of powder as though it were a l iquid.  

taken t o  develop a technique which offered hope of e l i m h a t i n g  

the use of l a r g e  volumes of l iqu id  i n  chemical work. 

An example 

I n  traditional.chemica1 processing, mater iSs  

This work WSS under- 

A t  the  

time it was s t a r t e d  i t  was not  directed toward the so lu t icn  of 

any specific engineering or  production problem, though i t s  general 

p o t e n t i a l i t i e s  were recognized. Subsequently the technique was 

adopted by private industry f o r  the supply of feed materials t o  

the Commission's production plants. 

The t h i r d  category i s  p ro jec t  development. It includes the 

subs tan t ia l  amount of e f f o r t  devoted t o  the so lu t ion  of specific 

problems encountered i n  producing an end product, such a s  a 

pressurized water power plant, or a recovery system f o r  a specific 

reac tor  fuel. 

water reactor. "he pro jec t  development of this p l a n t  was under- 

taken a f t e r  t h e  feasibil i ty of the construction and operation of 

pressurized water r eac to r s  f o r  power production had already been 

A good example i s  the Shippingport pressurized 

demonstrated a t  t h e  Nautilus prototype i n  Idaho. 

however, a grea t  number of d i f f i c u l t  problems t o  be solved i n  order 

There remained, 

t o  produce a l a r g e  reactor  t h a t  would meet the requiremepts of an 

0 0 1 4 8 0 3  
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operating u t i l i t y .  

cont ro l  systems, fabr ica t ion  of maximum-life fue l ,  and shutdown 

These problems included such matters a s  pumps, 

systems necessary t o  assure the safety of the la rge  population i n  

the area. 

The four th  category i s  process and product improvement. This i s  

the type of work frequent ly  encountered i n  indus t r i a l  laborator ies .  

It i s  concerned with 1o.c:ering cos ts  and increasing I t he  e f f ic iency  of 

produbts or systems which have already been developed and: p t  i n t o  

production o r  operation. I n  the AEC the effectiveness of this work 

-is evidenced by t h e  grea t  increases i n  production and reductiocc, i n  

operating c o s t  per u n i t  of product t h a t  have been achieved a t  t he  

production f a c i l i t i e s .  

It is, perhaps, unnecessary t o  emphasize that the range of 

research and development work, from the  most fundamental on the one 

hand t o  t he  most p r a c t i c a l  engineering development on t h e  other, 

is made of indistinguishable gradations. Therefore, t h e  appl icat ion 

of t he  terms j u s t  defined is subject  t o  degrees of in te rpre ta t ion ,  

and t h e i r  use will always be somewhat arbi t rary.  Nevertheless, th8y 

are helpful  i n  enabling us t a  speak generally about re la ted  kinds of 

work. 

- 3 -  
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Section Two 

The AEC laborator ies  and t h e i r  f u t u r e  role can be forecas t  e i the r  on 

the general b a s i s  t h a t  these i n s t i t u t i o n s  const i tute  important national 

assets which must be  preserved i n  order t o  maintain i n  being a substan- 

t i a l  body of technical personnel and f a c i l i t i e s  ready t-, a t t a c k  problems 

a s  they a r i s e  or  they can be considered more spec i f ica l ly  from the  stand- 

point of t h e  individual objectives which const i tute  the cument  mission 

and the projected fu ture  program f o r  each. Their importance as nat ional  

a s se t s  i s  general ly  recognized, bu t  t he  prescription of a program based on 

the  desirability of preserving them rather  than on the funct ional  needs 

which they should meet i n  t h e  fu tu re  might well lead t o  an u n c r i t i c a l  s t a t i c  

forecast .  This report proceeds on the assumption t h a t  the second type 

of analysis i s  t h e  more meaningful. 

The broad objectives of the AEC's research and development program, 

i n  the carrying out of which the laborator ies  a re  a major f ac to r ,  a r e  

stated i n  the Atomic Energy Act. They stem frm the nat ional  atomic 

energy policy: 

the development, use, and control of atomic energy s h a l l  
be directed s o  as t o  make the maximum contribution t o  the 
general welfare, subject a t  a l l  times t o  the paramount ob- 
ject ive of making the maximum contribution t o  the c m o n  
defense and security;  and 

the development, use, and control of atomic energy 
s h a l l  be directed so  as t o  promote wor ld  peace, imprme 
the general welfare, increase the standard of l i r i n g ,  and 
strengthen f r e e  competition i n  pr ivate  enterprise. 



To effectuate t h i s  policy, Section 3 of t he  Atomic Energy A c t  of 

1954 establ ishes  these general objectives among others: 

ment of m a x i m u m  s c i e n t i f i c  and i n d u s t r i a l  progress, the encouragement 

of widespread par t ic ipat ion i n  the development and u t i l i z a t i o n  of atomic 

energy f o r  peaceful purposes, promotion of the common defense and 

securi ty  and making ava i lab le ' to  cooperating nations the benef i t s  of 

peaceful applications of atomic energy. 

have been delineated t h e  following objectives f o r  research a d  develop- 

+.he encourage- 

Out of these general missions 

ment i n  each of t he  pr incipal  program areas: 

Materials Programs 

I n  the f i e l d s  of r a w  materials, source materals, and special  

nuclear materials, t he  objectives of development work can be stated 

qui te  simply: 

1. To assure adequate supplies 

2. To reduce costs by developing more e f f i c i e n t  produc- 
t ion and processing methods. 

The subs tan t ia l  research and development program formerly carried 

on i n  the r a w  materials f i e l d  has been discontinued as an adequate 

supply of ores and concentrates has been assured. 
i 

Commercial procure- 

ment has placed the responsibi l i ty  on pr ivate  industry f o r  processing 

improvements. 

5-2-2 



I n  source and spec ia l  nuclear material manufacture, imprwement 

programs w i l l  continue t o  be carried out i n  an attempt t o  continue 

the steady trend of increased production a t  lower costs  t h a t  has 

characterized the production a c t i v i t i e s  since t h e i r  start-up. 

There a r e  no requirements evident today tha t  w i l l  c a l l  f o r  the 

development of new production techniques or m a j o r  new production 

f a c i l i t i e s .  

Weapons Development 

Stated generally, the weapons work i s  aimed a t  the development 

of additional types of weapons, of improved design, and improved 

methods for weapons production, storage, and maintenance. 

Nuclear Explosives (Plowshare) 

The work on Plowshare i s  i n  i t s  early stages,  I t s  objective i s  t o  

develop methods f o r  u t i l i z i n g  nuclear explosions f o r  peaceful purposes, 

including the  design and development of nuclear devices t o  serve spec i f i c  

applications such as mining and excavation. 

Maritime Reactors 

The merchant ship program has as i t s  major AEC objective the develop- 

ment of light-weight, compact nuclear plants,  capable of remote operation, 

* t h a t  can operate i n  commercial competition with conventional vessels. 

Supporting t h i s  primary objective a r e  these subsidiary aims: 

1. To develop operating and maintenance techniques for 
the U. S..Savannah and t o  es tab l i sh  a pa t te rn  f o r  the  servicing 
of future  nuclear merchant ships. 

2. To a t t a i n  acceptance of the Savannah and fu tu re  nuclear 
merchant ships i n  unrestricted domestic and foreign commerce. 

0 0 1 4 9 0 1  1-2-3 



Mili tary Reactors 

! 

I n  t h i s  f i e l d  the AEC1s broad objective i s  t o  provide spec ia l ly  

designed and developed reac tors  t o  meet specific service uses deter-  

mined by the  Department of Defense and the National Aeronautics and 

Space Administration. 

of a v a r i e t y  of naval vessels ,  manned a i r c r a f t ,  rockets, and ram-jets; 

s ta t ionary  power plants  f o r  a wide range of s i ze s  and f i e l d  uses; 

and small auxi l ia ry  power sources. 

The f i e l d s  include reac tors  f o r  the propulsion 

1. Naval reactors .  
~ ~- 

a. 
f o r  appl icat ions ranging from small submarines t o  
large a i r c r a f t  ca r r i e r s .  

To continue the development of propulsion un i t s  

b. To invest igate  and develop improved types of pro- 
pulsjon systems, such as the natural  c i rcu la t ion  
pressurized water plant.  

C. 

plants  . To obtain longer core l i f e  f o r  p e s e n t  and fu ture  

2. Manned Ai rc ra f t  

3. 

a. 
cha rac t e r i s t i c s  of d i r e c t  cycle and ind i r ec t  cycle 
p lan ts  . 

To determine t h e  f e a s i b i l i t y  and performance 

b. 
pulsion system w i t h h ' f i v b  years: . To run a pround test of a complete a i r c r a f t  

c. 
within the next several  years. 

To achieve manned, nuclear powered f l i g h t  

PIissile Propulsion Systems. 
l imited,  i n  both the rocket propulsion and ram-jet 

Present objectives a r e  

systems, t o  a ground t e s t  demonstration of f e a s i b i l i t y  
within the next f i v e  years. 
ob jec t ives  f o r  f l i g h t  t e s t ing  w i l l  be established. 

As tha t  goa l  i s  approached, 

0 0  I 4 9 0 8  
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b. Auxiliary Power. This program is  directed toward the 
development of lightweight, long-lived nuclear auxiliary 
power sources f o r  special  applications, including iso-  
top ica l ly  fueled u n i t s  as w e l l  as reactors. 

5. A m y  Reactors. - The research and development ob jet- 
t i v e s  of the Army Nuclear Power Program are: 

a. 
the power range of about 100 KWE up t o  40,000 W 
f o r  a l l  three military services. 

To develop a family of nuclear power plants  in 

b. To increase power and core life. 

C. To develop simpler and more rugged components. 

d. 
pos$ible and reduce crew size.  

To make plant  operation as nearly automat2c as 

e. To reduce on-site construction time and costs. 

f .  To improve mobility. 

Civiliari Power React or Development 

Current planning i n  this f i e l d  is based on the  following objectives: 

1. The achievement of nuclear power generation cos t s  
t h a t . a r e  comparative with power cost  of f o s s i l  fueled 
p lan t  on an equivalent s t a t i o n  design bas is ,  i n  high 
energy cos t  areas i n  this country by 1968. 
energy cost  areas are defined as those where the cos t  
of f o s s i l  f u e l  is 35 cents per mill ion BTU's.) 

(High 

2. The achievement of nuclear ppwer generation c o s t s  
t h a t , a r e  comparative with f o s s i l  fueled p l a n t  c o s t  on 
an equivalent s t a t i o n  design basis i n  a l l  b u t  the low 
energy cost  areas  by 1975. 
def ined  as those where the cpst  of f o s s i l  f u e l  i s  
25 cents per  mill ion BTU's or less.)  

(Low energy cost, areas  are 

1 - 2 4  
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3. 
Will serve a s  a source of plutonium and uranium 233. 
type of reactor  of fe rs  the  poten t ia l  of f u l l  u t i l i z a t i o n  
of the  l a t e n t  energy i n  both uranium and thorium. 
primary objective i s  t o  develop those systems that o f f e r  
the best poten t ia l  of breeding. 
develop a breeder system tha t  w i l l  a l s o  produce competi- 
tive power. 

The successful development of breeder type reac tors  tha t  
This 

The 

A second objective i s  t o  

4. The successful development of  a reac tor  type t h a t  can 
operate independently of a continuous feed of enriched 
f u e l  from diffusion p lan ts  o r  separate breeding reactors .  
The prime objective f o r  developing t h i s  reactor  type i s  
t o  obtain low power generation cost; however, there  are 
two other basic objectives; conservation of f u e l  reserves 
byburriing na tura l  uranium; and assis tance t o  f r i e n d l y  
foreign nations who desire t o  be independent of outside 
sources of enriched fuel,  i n  the development of nuclear  
power technology. This c l a s s  of reactors  would u t i l i z e  
natural-uranium as a f u e l  or  operate on a self-sustaining 
recycle bas i s  after i n i t i a l  'fspiking" with enriched fuel .  

A fundamental ro le  of t he  AEC, i n  pursui t  of the above objectives, 

i s  t o  develop a broad technology that can be used by the  nuclear 

industry and e l e c t r i c  power producers i n  the achievement of economic 

power generation with nuclear reactor  plants. 

A t  t h i s  s tage of the technology it is  d i f f i c u l t  t o  de l inea te  the 

spec i f ic  technical  objectives or  goa l s  f o r  each reactor  type tha t ,  i f  

reached, would le-ad t o  competitive power. It i s  possible, however, t o  

s t a t e  the broad technical objectives common t o  a l l  reactor types which 

o f fe r  the po ten t i a l  of lower power generation cost. The manner i n  which 

these objectives will be approached i s  dependent upon the  unique charac- 

t e r i s t i c s  of each reactor  type. The s igni f icant  technical  objectives 

tha t  o f fe r  promise of meeting the program objectives are:  
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1. 
Higher plant  efficiency will reduce the  reactor  thermal 

To Increase the Thermal Efficiency of Nuclear Plants: 

power required and the amount of f iss ionable  material 
burnup required f o r  a given power output. 
of t h i s  objective offers the poten t ia l  of reducing capi- 
t a l  and f u e l  cycle cost .  
quire higher coolant exit  temperatures and higher opera- 
t i n g  temperatures fo r  the f u e l  elements. 
optimum temperature, beyond which additional increases 
will reduce fuel l i f e  and increase the f u e l  enrichment 
(due t o  the  use of high temperature s t r u c t u r a l  material 
i n  the clad and core) t o  the point  where these f ac to r s  
may o f f s e t  the economic gains due t o  the higher cycle 
efficiency. 
reactor type and coolant . 

Achievement 

Higher plant  e f f ic ienc ies  re- 

There i s  an 

This optimum temperature w i l l  vary with 

2. To Obtain Lower Fuel  Cycle Cost. A fundamental 
method of reducing f u e l  cycle cos t  i s  t o  increase the 
i r r a d i a t i o n  period f o r  t he  fuel. 
l a r g e  amount of excess r e a c t i v i t y  i n  the reactor a t  
beginning of core life and presents basic r e a c t i v i t y  
control  problems f o r  systems with r e l a t i v e l y  low 
average conversion r a t io s .  Long i r r a d i a t i o n  periods 
a l s o  require more enrichment i n  the i n i t i a l  f u e l  load. 
The rea l iza t ion  of t h i s  objective depends upon develop- 
ing'more effect ive control  methods and f u e l  management 
programs. 
ment of f u e l  c l a d  and material  t h a t  w i l l  maintain 
mechanical and nuclear i n t e g r i t y  over the anticipated 
f u e l  lifetime. 
f u e l  fabrication-methods and cheaper chemical repro- 
cessing will a l s o  lead t o  lwer f u e l  cycle costs.  

This requires a 
. 

Longer f u e l  exposure a l s o  demands the develop- 

Lower f u e l  inventories, lower cos t  

3. To Obtain High Specific Power i n  the Fuel and 
lnigher Power Density. The successful achievement of 
higher spec i f i c  power i n  the f u e l  and high power 
density-in the  core o f f e r  the poten t ia l  of reduction 
i n  power cos t  of nuclear plants. 
bf specif ic  power tha t  i s  economically desirable  
i s  a compromise between such factors as  f u r t h e r  sub- 
divis ion of t he  f u e l  which r e s u l t s  i n  higher fabri- 
cation cost  and the economic gain due t o  a reduced 
core volume. The optimum economic power density i s  
a function of reactor type, fuel material, core power 
dis t r ibut ion,  fabr icat ion cost ,  heat t ransfer  con- 
siderations,  and other variables.  

The optimum value 
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4. The cost  of power from 
nuclear reac tors  can be reduced by obtaining a better neutron 

To Obtain Bet te r  Nwutron Economy. 

economy i n  the coreo 
a higher conversion rat ion,  i ,e,,  an increase i n  the number of 
atoms of f issionable material consumed. 
w i l l  be the extension i n  reac t iv i ty  l i fe t ime.  

This objective centers around achieving 

The pr incipal  gain 

5. To Obtain Simplicity i n  Nuclear Plant  Design. The c a p i t a l  
cost  of nuclear plants  can be decreased i n  the following 
manner t 

a. Use of conventional o r  less expensive materials 
i n  construction wherever practicable. 

bo Simplification of p lan t  design, 

c o  Improved and less expensive methods of oontainment. 

d. 
system requirements . Reduction i n  number and complexity of auxi l ia ry  

e. 
requjre  undue r i g i d  specifications.  

Development of r e l i a b l e  components t h a t  do not 

f Improved understanding of reactor hazards. 

The successful accomplishment of the above technical objectives 

w i l l  be instruments i n  reducing power generating cos t  from nuclear 

I reactors. 
1 

I n  the f i e l d  of military reac tors  the specif ic  objectives are 

contained i n  requirements established by the Department of Defense. 

Physical Research 

The Commission's objectives i n  physical research f a l l  i n t o  two 

groups: research i n  areas  d i r e c t l y  re la ted t o  t h e  development o f  p r a c t i c a l  

u t i l i za t ion  o f  nuclear energy and the  mme long-range objective of increasing 

human knowledge of  the nature of matter and the physical universe. Work i n  

the f i rs t  ca tegory- i s  supported because of i t s  poten t ia l  contribution t o  - 

other primary missions of the AEC; work i n  the second category i s  deemed t o  

be one of t he  primary missions. 

Goals and objectives i n  d i r e c t  support of the Commission's develop- 

men t a l  r e  spon s ib i l i  ty  include : 
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1. 
with information on nuclear constants and fundamental 
dynamic da ta  f o r  a l l  nuclear reactions tha t  influence 
reac tor  design and operation; 

prwiding  the  nuclear technologist and power engineer 

2. studying the  elements and isotopes of i n t e r e s t  t o  
the atomic energy program, especially those from thorium 
and beyond i n  the  periodic table ,  t h e i r  chemical and 
physical  propert ies ,  and methods o l  separating' 'them; 

3 .  determining chemical and metallurgical f a c t s  i n  
f i e l d s  related t o  feed materials and f u e l  reprocessing, 

I!. providing fundamental information, by s tudies  i n  
the f i e l d s  of so l id  s t a t e  sciences, high temperature 
chemistry and Corrosion processes, on the proper t ies  
and behavior of matter under normal conditions as w a l l  
as under extreme conditions of temperature and radia- 
t ion,  so as t o  lay a firm foundation f o r  increased 
engineering e f f ic iency  i n  nuclear power production. 

The second major category of objectives i n  physical science.  

research i s  t h a t  of encouraging sc i en t i f i c  progress -- " to  assist i n  t h e  

acquisition of an ever-expanding fund of theore t ica l  knowledge." - I/ 

This work i n  basic physical  sciences i s  supported with t h e  recogni- 

t i o n  t h a t  t h e  grea tes t  appl icat ions of science have come from investi- 

gations undertaken with no thought of ut i l i ty .  Our aim is  t o  maintain 

the United S t a t e s  i n  t h e  foref ront  i n  nuclear science -- not j u s t  f o r  

purposes of nat ional  prest ige,  b u t  because continuous rapid expansion 

i n  technology must be fed by constant impact of new, fundamental know- 

ledge. 

The fact  tha t  economic use, i n  one form or  another and a t  one time 

or another, w i l l  ultimately come from bas ic  research i s  not su f f i c i en t  

incentive f o r  indus t ry  t o  f inance such work on a large scale, Clear ly  

. . .  1./ Atomic Xnergy Act of 1954, Sec. 31(a> 
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the  pace of appl icat ion has quickened -- years  elapsed between 

the d i scwery  of e l e c t r i c a l  induction by Faraday i n  1841 and the corn- 

p le t ion  of the first e l e c t r i c  generating s t a t ion  i n  ; l e s s  than 

twenty years  passed between the  dZscmew of uranium f i s s i o n  by Hahn 

and Strassmunn i n  1959 and the l a r g e  scale production of power a t  

Shippingport i n  195’7. 

But the l a g  i s  s t i l l  too long, and the risks too incalculable 

f o r  industry t o  be able t o  support basic research on a la rge  scale.  

It remains, then, f o r  the  gwernment t o  contribute an important 

segment of t he  funds needed t o  support bas ic  research. I n  admin- 

i s t e r i n g  this open-ended mission the  AEC: 

1. 
ing and understanding the subnuclear pa r t i c l e s  and 
a t  the  acquis i t ion  of an improved understanding of 
the nature  of the nucleus and i ts  binding forces; 

supports fundamental research aimed a t  identify- 

2. 
especially with respect  t o  fundamental par t ic les ,  
t h e i r  properties, t h e i r  interact ions,  t h e i r  trans- 
formations, and t h e i r  r o l e  i n  nature. 

supports bas i c  s tud ies  of nuclear phenomena, 

3 .  supports s tud ies  of the bas ic  propert ies  of 
mater ia ls  --_chemical, physical, metallurgical.  

I n  the  course of supporting bas ic  physical  science research, 

other important objectives sought after a re  t o  benef i t  i n  the applied 

f i e l d s  from the  current flow of ideas and the  f r e sh  point of view con- 

tr ibuted by the  b a s i c  researchers, and t o  a t t r a c t  imaginative and pro- 

ductive minds t o  t h e  f i e l d  of atomic energy problems. 
. 
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Controlled Thermonuclear Reactions 

The controlled thermonuclear program has a s  i t s  ult imate objec- 

t i v e  the development and demonstration of a system f o r  the economical 

production of power by the fusion reaction. This goal i s  a long-range 

one, and probably can not be at ta ined dur ing  the  decade of t h i s  study. 

The current, intermediate objectives of the work are, i n  sequence, 

1. reaching the ign i t ion  energy with a time of con- 
finement su f f i c i en t  f o r  proper s tudy of the thermonuclear 
plasma 

2. 
a net power producer, 

proceeding toward the development and construction of 

Biology and Medicine 

I n  t h e  f i e l d  of Biology and Medicine the  objectives toward which 

t h e  program has been directed s ince i t s  inception are: 

1. 
radioact ive mater ia ls  i n  s tud ies  of bas ic .b io logica1  
processes, with emphasis upon those recognized as 
being espec ia l ly  urgent i n  t h e  i n t e r e s t  of human 
welfare. I n  the  conduct of basic work i n  the life 
sciences, considerations iden t i ca l  t o  those outlined 
abwe f o r  t h e  physical sciences en te r  equally strongly. 

To explo i t  the  use of nuclear rad ia t ions  and of 

2. 
of radiat ion,  both from the point  of view of empirical 
re la t ionships  between rad ia t ion  dose and radiat ion 
e f f e c t  and from the point  of view of understanding 
the  mechanisms by which radiat ion in ju ry  i s  produced. 

To increase our knowledge of the b io logica l  e f f e c t s  

3. To obtain information useful  i n  the cont ro l  of 
b io logica l  hazards of radiat ion,  e i t h e r  through 
minimization of exposure o r  reduction of the  bio- 
l o g i c a l  effects .  

I 

4. 
of radiat ions i n  medical therapy. 

To improve and develop techniques f o r  the use 

5. 
and of radioactive mater ia ls  i n  ag r i cu l tu ra l  re- 
search. 

To develop and encourage the use of radiat ions 



I s o t  opes Development 

The primary objectives o f t h e  isotopes Development Program are 

to: 

1. 
i n  the  public i n t e re s t .  

Accelerate t h e  uses of radioisotopes and radiation 

2. Establ ish and maintain a posit ion of world leader- 
ship i n  the United S ta t e s  i n  the peaceful applications 
of radioisotopes and radiat ion uses of atonic energy. 

3.  Encourage free enterpr ise  pursui t  of prcduct and 
technical  leadership i n  the peaceful applications of 
radioisotopes and radiation uses of atomic energy. 

The following spec i f i c  goals stem from these general objectives, 

To conduct and f o s t e r  pioneering research and develop- 1. 
ment programs t h a t  contribute t o  technical leadershgp i n  
peaceful applications 
including 

of radioisotopes and radiation, 

a. 
of radioisotopes as pure elements and as various 
compounds. 

Defining the  physical and chemical propert ies  

b. 
and chemonuclear reactors  based upon; i) radiat ion 
in te rac t ion  with matter and physical or chemical 
changes brought about i n  matter, and ii) radiation 
in te rac t ion  wi th  any form of l i v i n g  matter and the 
changes tha t  may occur. 

C. Developing act ivat ion ana ly t ica l  techniques. 

d. Establishing the technical f e a s i b i l i t y  of 
radiat ion processes u t i l i z i n g  radioisotopes and 
chemonuclear reactors  f o r  commercisl exploitation. 

Developing new uses f o r  radioisotopes, radiation, 

. - 
e. 
the requirements of high l e v e l  radiat ion processes. 

Developing the dosimetry necessary t o  satisfy 

f .  Developing an engineering handbook f o r  design 
of radiation sources and radiat ion processing 
f a c i l i i t i e s .  

g. Developing information and data cn the specif ic  
d i s t r ibu t ion  of zbsorbed energy i n  matter. 

h. 
necessary t o  apply these e f f ec t s  successfully i n  
radiat ion processes. 

DeVelGFing basic  knowledge of radiat ion e f f e c t s  
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2. To insure the a v a i l a b i l i t y  of radioisotopes and 
related byproduct services  i n  support of United S ta t e s  
needs as required f o r  research and appl icat ions i n  
agriculture,  biology, industry and medicine, including 

i a. Developing the  technology f o r  production o f  
radioisotopes i n  high f l u x  reactors. 

b. Developing process technology f o r  the recovery, 
separation, concentration, enrichment and purifica- 
t i o n  of reactor produced radioisotopes and the 
f i ss ion  products from production and power reactor 
f u e l  reprocessing 
quantity, low cost  radioisotopic sources. 

t o  supply high puri ty ,  large 

3. 
i n f  oimation. ' . 

To disseminate s c i e n t i f i c  r e s u l t s  and technical  

Although not properly a part of research and development, the 

t ra in ing  objectives are discussed briefly here because, f o r  the most 

part, they affect many of the  i n s t i t u t i o n s  engaged i n  Rgg work. 

Training objectives include: 

1, 
etudy i n  f i e l d s  within t h e  scope of AEC programs, u t i l i z i n g  
f ac i l i t i e s  not available on university campuses. 
students engaged i n  s l ch  study a t  AEC l abora tor ies  work 
under cooperative arrangements between t h e  laboratory and 
the university from which they plan t o  receive t h e i r  de- 
gree, 

Providing opportunities f o r  graduate and past-graduate 

Graduate 

2. Aiding univers i ty  facul t ies  t o  of fe r  up-to-date 
instruct ion i n  nuclear technology, by offer ing Summer 
i n s t i t u t e s  a t  which f a c u l t y  members are brought current 
on developments in '  reactor  and reactor  related technology. 

3. Examples 
include the  t ra ining of employees t o  operate new plants 
(such as Savannah River) and the In te rna t iona l  School 
of Nuclear Science and Engineering, which f i l l e d  a need 
u n t i l  the  colleges and univers i t ies  were prepared t o  
handle such training. 

Meeting special  needs on an -- ad hoc basis. 
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Probabili ty of Change 

Clearly, the mere spec i f ica l ly  tha t  objectives a r e  s ta ted the 

more probable i s  it tha t  they will be changed i n  the period under 

consideration. So f a r  a s  can be foreseen a t  present, however, the 

objectives- outlined..above appear t o  be val id  against  which t o  

evaluate the magnikude:d the Research and Development program fat- 

ing the Atomic Emrgy Commission f a r  the next 10 years and the ro les  

of the AEC laborator ies  i n  carrging out tha t  program. "here are three 

areas i n  which unforeseeable developments may have pa r t i cu la r ly  signi- 

f i c a n t  e f fec ts  on the course and volume of work projected. The first 

i s  i n  the f i e ld  of weapons development where much @f the program 

hinges upon internat ional  agreements a s  t o  t es t ing  and disarmament. 

1 -  .I 
, .  ' , .  

The e f f e c t  of these fac tors  i s  c lear ly  unpredictable. 

The program f o r  the development of peaceful applications of 

nuclear explosives is i n  so ea r ly  a stage of exploration tha t  de- 

ta i led  objectives a re  d i f f i c u l t  t o  s t a t e  a t  t h i s  t i m e .  The charac- 

ter and extent of future  development work w i l l  be determined by the 

r e su l t s  of investigations and demonstration shots i n  the ea r ly  

years of the decade. The outcome of t e s t  ban discussions i s  an 

important imponderable i n  t h i s  area a s  well. 

The fu ture  course of work i n  the controlled thermonuclear 

reactions, similarly,  w i l l  depend upon r e su l t s  obtained f rom 

experimental programs now under way. Currently unexpected 

successes o r  fa i lures  may result i n  marked modification of the 

. I  . .  
. f  

I .  
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detailed ob jactives.  For  example, unexpected success i n  the 

present experimental program might lead t o  the establishment 

as an addi t ional  objective of the development of pilot plant  

technology during this period. 

! 
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Section Three 

FORECAST OF PROGRAM TRENDS 

. -  

It is apparent from the objectives statqd i n  the preceding section 

tha t  i n  re la t ive ly  few cases i s  it possible t o  measure quant i ta t ively 

the effort  o r  cost t ha t  must be expended i n  carrying out these aims. 

I n  most cases, a judgment must be  formed a s  to the  desirable  e f fo r t  

and expenditure, re la ted wherever possible t o  present levels .  

Each program of the AEC, and of each of i t s  major laboratories,  

has been examined t o  determine what finctions a r e  expected t o  require 

more ef for t  i n  the next t en  years than a t  present,  where decreases 

might be anticipated, where the present l e v e l  appears t o  be appro- 

pr ia te ,  what tasks  will be completed, what new f ie lds  might develop, 

what functions might more appropriately be discharged by other . 

federal  agencies, which ones no longer need federa l  wppor t ,  etc. 

The r e su l t s  of t h i s  analysis follows: 

Production Process Improvement 

Over the l a s t  t en  years costs  f o r  this work have been a s  follows: 
I 

R&D Costs 
F isca l  Year ( i n  mill ions) 

1959 
1960 (Est.) 

d 

0014920 

$ 17.8 ‘ 
43.9 
zro.0 - 
33.7 
32.9 
33*3 
3 L C O  

3686 
37.8 
36*8 



The work is concerned with increasing efficiency i n  the produc- 

tion of enriched uranium, heavy water, and reactor products, and with 

improving separatfan methods f o r  reactor products. Completion of de- 

velopment work on the New Production Reactor a t  Hanford (NPR) will re- 

sult i n  a slight decline i n  the f i r s t  years ef the decade, af ter  which 

no significant change is  now fereseen. 

Weapons Develapment 

There remain many avenues ef nuclear weapon research and develop- 

meut which prwnise designs which could improve nrateriaUy our military 

capability. 

effar t  In  the field of nuclear mapmi, however, necessarily can be 

affected radically by test  cessation or limitations. 

research and development will be retarded t o  sane degree by any l h i t a -  

t i on  placed upon testing. However, I n  view of the opportunities fer 

evasion i n  aw presently known detectien scheme, it I s  believed ulsuise 

t 0  make an early assumptien that  the SoPiets w i l l  net pregress. 

thus, becomes q r a t i v e  that we, teo, make whatever progress is techni- 

cally pessible while adhering strictly t o  whatever l iadtatirn applies. 

Our weapms research and developmest shcmld be carried oat on a high 

prieri ty basis u n t i l  disarmament deliberatiens have progressed t o  a point 

where aver-all progress indicates that  effective disarmamant is an 

accepted cibjective t o  be respected by a l l  nations. 

The scape and nature of the researah and develepment 

Advancement in 

It, 

I n  order ta  esfilnate the progress which can be made between 
* 1960 and 1970, It is well t o  recall  a pas t  peried of the same length, -9 

0. the peried extending f rm 1948 te 1958. Beginning w i t h  Operation 
0 - SAI?DSTONE in the spring of 1948, the United States has conductsd 12  
5: 
-bs t e s t  Series4 
hl - the f ellewing purposes: 

These t e s t s  Were designed t o  fulfill, and have fulfi l led,  
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1. The develrpmsntc ef successive designs using less 
material and, therefore, increasing the defensive st&'wigkh 
of the United States i n  terms of the amount af material 
available , 

2, The develepment ef designs of smaller csnfiguq- 
t i s n  and lighter weight with the objective of pr&id+ng' 
weapons which can be mere readily and effectively \tsed, 

3. The develapment of high-yield thermmuolear 
weapons. .'phis Welopwnt has been sf Vital hparrthnce 
t o  our str iking faroe and t o  its capability t a  deter 
aggressim. 

4. 
signed t o  defend our populatiens and important installa- 
tions against meqy attack, 

productton sf-fissimn preduats, 
ef this ebdective will make it possible f e r  us t e  have' 
weapens with greatly reduoed radi0logical hatM (f$ll-eu%). 

In  view ef these past develqnmnts, it w q l d  be pri&,$aaq, if 

'Phe develapment @f uarheads far missiles de- 

5. The develepaaent of weapons of high field bqt IrW 
me SacoesafUl ' a t t a d m i t  

' 

net impessible, to predict the nature and extent ! m f  dqvel 

the next ten-year period. 

requirements, h m e r ,  has shewn ne signs ef slackdng.  

'Ehe dewelqmmt 'of ac?diti&$,xku 
c 

The conditims fer further progress are a v a i ~ 3 - q .  If, pt '  

present t h e ,  the prsapects far the next ten p a r a  lmmk $88 

than thmse ef the period since 1948, this probably is dne,to wr 

llndted imagination rather than t o  any & jective reason. . The 'best. one 

can de 5x1 projefiting the develmpments m f  the c d n g  pefiod 18 t e  cm- 

. .  

- 

eider carefully the dsvelopmnte on which wc) are working a t  the present 

0 0 1 4 Q 2 2  

time, During the coming period we expect: 

1, Continued reduction i n  weight of weapons t o  enhance 
dellvery capabilities and mobility t o  guard against loss or  
reduction of retaliatory power, 

2, Continued development of small nuclear explosives 

3 ,  Develapment of weapons for very gpecial tactical  

which do  not leave behind heavy radioactive contdnat ion,  , 

applicati 0x2s 0 
i 
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It 1s i n  line with the usual development of instruments of w a r  

that the first years shoald see the development of destructive pqs- 

s ib i l l t i es  on an impressive scale. 

developed a t  a l a t e r  stage and it is  t o  these t o  which we expaat t o  

turn. 

More discriminating uses are 

The consequence of our failure t o  develop these uses while 

our competitors perfect them successfallyllnight be of no smaller I .  

significance than the danger which would have arisen had . .  we stopped 

a t  the level of the 1948 wapontj while others proceeded t o  d 

tactical  weapond and the megaton weapons. 

Because of the sensitiveqess of research 

gresa $0 the degree of t e s t  llmitatfon hposed 

it i s  necrssarg t o  c o n s i d e r  what,progress c 

degrees  of --tation, 

discussed below, 7 ,  

Three aaa~mpt ims~ arbitrarily taken, 

- .  undergsouxScoald probably 50 c-d out, in-thuo, up toLsmm 
fraction of a ,megaton, This llndtatian would, 'than, perntit the 
ex@loration of &stems in  %he lower gield rauges, specs- 
i s e d  applications, and the. investilgation' of certnin theories ' 
relating t o  high-field dsvioes, Laboratory'effort could also 
be fruitful i n  such areas as the so-called clean neap&, 
@eater weapon ecanomig and safety, and radical dep&&es 
fran existing design theorgo Oator space tes ts  also Blight i n  
fiimo be used for  the proof-testing of certain @ste~&, although 
the costs fnvolved might rule oat their being undertaken. 81- 
though davelbpments would be solnawhat slower and nmch m a r e  ax- 
pGms'fve under th i s  as8mnption9 most lims of scientific develop- 
ment Could be m ~ ~ e d o  

jectftres probably could aut be ?net lht, possibly, small imprave- 
ments on present models could be made, 'Fhe develupxbnt of 
tactical  weapons and of small, clean explosions and the explora- 
tfon and fnprcmement of certain sdety-bandung aspects of 
weapons c o u l d  proceed t o  some A much greater effort 
would be needed i n  d e r  t o  prodwe a lesser amount of techni- 
cal progress and i n  a far narrower area than cald have been 
obta5ned w%th greater testing, 
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Under this assumed test Ifmitation, some part ia l  sub- 
stitutes for testing will certainly be inv&&d. 
emphasis will have t o  be given t o  imprbved crllculatianril 
procedures and other lnsthods f o r  perfecting weapon system 
for which ft is possible t o  interpolate between physical 
situations explored in earlier t es t  series, 

Great 

3, Additional Atmospheric Tests up t o  2 Mesatans Per 
Year Plus Other Nan-Atmospheric Tests. 
of being permitted t o  engage i n  limited atmospheric testing 
wJortld probably l i e  in exploration of neu phenomena such as 
has been disclosed by Teak, Orange, and Argus shots, Over- 
all progress wmld cuver the same areas as i n  the first as- 
StlDIption, but wmld be cheaper, easier, and faster  -- parti- 
ctilarly in the higher-yield areas where outer space technlqaes 
and vehicles must await further perfectiono 

The long range value 

and development can be reduced mater- i n  the o v e r 4 . l  in the 

next ten years, Depending upon the fhture of weapons testbg,-the 

emphaSf8 may well - change within the program as t o  techniques, ,gverrrres 

of, approach, and areas for investigation, Under a long t e s t  ban, 

greater -theoretical effort w i l l  have t o  be applied and greater r _  fn- 

I 

._ 

,- 

ventiveness i n  the non-nuclear field w i l l  be necessary ‘in’ ordfrr t o  

keep abreast of United Sta%es nuclear weapons requirements, 

- -  

.. I .  

’ Peaceful Nuclear Ebqplosives . 
As is  the . _  case, - with ueapbns development,. the ‘level . -  >of activity 

’ Peaceful Nuclear Ebqplosives . 
As is  the . _  case, - with ueapbns development,. the ‘level . -  >of activity 

i n  the flawshare program and indeed, its vhole fubre ,  is largely.tied 

t o  the outcome of t e s t  limitation negotiations. Although the use of 

nuclear explosives f o r  peacef’ul purposes has been considered seriously 

f o r  only a few years and the t o t a l  mount of effort so far has been 

relatively small, it is believed that the potentialities of this 
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C b s t s  since i t s  inception have been: 
R&D Costs 

F i sca l  Year ~ ( i n  XLU-ens) 

Nuclear explesions might a f f ec t  water t ranspertat ien by the  

digging of harbors and canals and great ly  increase the usefulness 

of water resources by such means a s  the  establishment of dams, i n -  

creasing the permeability .sf undergreund formations, o r  by  the 

diversten ef water f e r  i r r i g a t i o n  purposese Saeeral  a t tacks  have I 

been discussed en the problem ef petroleum supplies and, while the 

d i f f i c u l t i e s  seem great,  the  possible  reward i n  the exploitation of 

tarsands, shales, and other present ly  unexploitable formations could 

have great consequences. 

undergrmnd chemical reactions,  the creation of underground heat 

supplies, and other re la ted proposals indicate  the s ign i f icant  bene- 

The fu r the r  poss ib i l i t i e s  of l a rge  scale  

f i t s  tha t  might be anticipated.  

It i s  ne t  t o  be expected t h a t  a l l  of these p o s s i b i l i t i e s  can be 

realized and, even less ,  t h a t  they w i l l  come t o  f r u i t i o n  before 1970. 

On the other hand, very subs tan t ia l  successes can be achieved i n  the 

coming decade. 

The role  of the AEC i n  t h i s  program should consis t  primarily i n  the 

development of new tools  and appraaches. New t o o l s  include the inven- 

t i o n  of nuclear explosives which can be used for earth-moving purposes 

without disseminating dangerous radioactivity,  the development of 

, 
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. .  

nuclear explosives of small y i e l d  a t  small cost, and the development 

of nuclear explesives designed f a r  specialized applications. 

present the estimated c a s t  ef a nuclear explosion canpetes favorably 

with other methods of b l a s t ing  only f o r  the larger  yields. 

portion of the AEC effor t  might be the development of a nuclear ex- 

plosive which would not revea l  r e s t r i c t ed  daha and would, thus 

f a c i l i t a t e  usage. 

A t  

Ansther 

The investigations of new uses of nuclear explosives a re  can- 

cerned with centainment of nuclear explosions, d i s t r ibu t ion  of the  

rad ieac t iv i ty  produced, changes i n  the  rock adjacent t o  the explesion, 

and, generally, e f f ec t s  of the intense heat and pressure produced by 

the explosim. 

Unless barred or  l imi t ed  by internat ional  agreements, the amount ~- 

of AEC research and development a c t i v i t y  i n  the mewshare pregram Over 

the next decade i s  expected te increase somewhat a s  the problems becQIlie 

be t t e r  defined and the program better understoed. 

Maritime Reactors 

C m t s  f e r  the AEC's research and development under this program 

have been : 

Fisca l  Year 

1956 ' 
1957 
1958 
1959 
1960. (Est  ) 

R&D Casts 
( i n  millions) 

As the program i s  present ly  conceived, the cost  of the AEC'S share 

i n  RJiD a c t i v i t i e s  i s  not expected t o  r i s e  substant ia l ly  f rom the current 

level. 
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Mil i ta ry  Reactors 

The following table  shows the trend of cos ts  i n  these programs: m costs 
F isca l  Year 

1951 
1952 
1953 
1954 
1955 
19% 
19 57 
1958 
1959 
1960 Es t .  

( i n  mi l l i ons )  

$ 27.9 
37*1 
;50.0 
39.9 
50.0 
91.1 
157.5 
173.3 
189 .O 
20699 

React o r  development work f o r  t he  Department of Defense and f o r  

the N a k n a l  Aeronautics and Space Administratian i s  conducted i n  

Fespanse to requests from these agencies f o r  the development of nuclear 

power sources f o r  specif ic  applications.  I n  the absence o f  f i r m  require- 

ments from these agencies f o r  power sources over a period w e l l  beysnd t h a t  

covered by t h i s  report, 8ur  a b i l i t y  to predic t  re la ted  research and de- 

velopment programs aver the  coming ten years  is severely l imi t ed .  The 

forecas ts  tha t  f o l l o w  are  based on the  b e s t  judgment ef the AFX staff. 

Naval Reactors 

AEC development 

. .  . 

cas t s  i n  this f i e l d  i n  the l a s t  ten years have been: 

Casts 
F i sca l  Year 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 (Est.) 

( i n  mill ions) 

$ 22.0 
26.2 
32.7 

71.8 
90.2 
83.4 
86.9 ' 



It has been l e s s  than five years since the  NAUTILUS first went t o  

sea. The successful completion of the  NAUTILUS opened a whole new 

technical f i e l d  f o r  development and exploitation. This f i e l d  w i l l  

continue t o  reveal new p o s s i b i l i t i e s  for the foreseeable future  i n  

nuclear ship propulsion. 

ted t o  continue a t  approximately current  l eve l s  over the next ten years. 

Accordingly, naval reac tor  work i s  now expec- 

Manned Aircraf -1 . , ’ .., 

Costs incurred i n  AEC research and development over the l a s t  ten 

years have been: 

F isca l  Year 

1951 
1952 
1953 
1954 
1955 

1959 
1960 (est.) 

RPCD Costs 
( i n  mill ions) 

’* $” -5.5 
- 10.6 
17.3 
a.6 
22.6 
45.0 
69.0 
62.2 
65.8 

‘ &bit .  

Present levels of a c t i v i t y  are expected t o  continue f o r  the next 

thrsel-.t;o four years with an increase of about 20 percent being required 

as the ground t e s t  program en te r s  t h e  heavy hardware phase. 

success i n  the ground t e s t ,  continued increase i n  a c t i v i t y  will be re@ired 

Assuming 

i n  preparation f o r  f l i g h t  test. 

advanced concepts f o r  manned f l i g h t  w i l l  be maintained throughout t he  

period. 

I n  addition, continuing investigation of 

1-3-9 

0 0  f 4928 



Wiss i l e  Propulsion 

Costs s ince the  inception of t h i s  work have been: 
..--- 

F i s c a l  Year 

19% 
1957 
1958 
3.959 
1960 (Est.) 

. 

Rgg c o s t s  
( i n  mil l ions)  

$ 4*4 
12.5 
12.1 
22,l 
29 s 2, 

feasibil i ty ground tes ts  which are scheduled f o r  accomplishment during 

the next 3 t o  5 years. It would appear t h a t  t he  second f ive  year phase 

Will be required t o  demonstrate a prototype on the  ground. Costs f o r  

the missile programs may be  expected t o  increase subs tan t ia l ly  when 

f u l l  sca le  grou.nd tes t  prototypes en te r  the procurement stage.  

I ,. . 1  

. .  . .  , 
. .  Auxilial-v --VI Power Systems 

The rapid expansion in t h i s  work i s  indicated by the  fol1or:ing 

tabulation : 

Fisca l  Year 

'. . ~ 

1-9 56 
1957 
1958 
1959 
1960 (Est.) 

RSD Costs 
( i n  mi11i ons ) 

$ -3 
1*5 
3.4 
7.7 

12Ji 

The A X  s ro le  i n  the development of radioiso 'cope powered u n i t s  

i s  expected t o  decrease s ince devices of t h i s  nature, being r e l a t ive ly  

sinalf and cheap, should b e  of such in te res t  t o  industry t h a t  

product improvement w i l l  be p r iva t e ly  supported. I n  the case of small 
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vi11 be a la rge  number of requirements placed upon the AEC f o r  develop- 

ment of u n i t s  of increased power l e v e l  f o r  a v a r i e t y  of applications. 

AccordinFly, 5.t j s an"cicipa.te$ tha t  i;he A X ' S  ro1.e w i l l  increase during 

the next ten years both f rom the standpoint of va r i e ty  of applications 

and cost  of developmental work. Although a nunber of reac tors  will un- 

doubtedly be brought t o  the point where industry will become interested 

in t h e i r  fsurfhgr development, manufacture, and marketing, the var ie ty  of 

p o s s i b i l i t i e s  i n  t h i s  area w i l l  probably require the  AEC t o  continue an 

expanding program i n  the development of power sources t o  meet new re- 

quirements. 

A r m y  Reactors 

Rcsearch and developnent cos ts  i n  t h i s  program have been: 

F i s c a l  Year 

19% 
1956 
1957 
1958 
1959 
1960 ( E s t , )  

R&D c o s t s  5 i n  millions) 

$ .6 
' 9  

2.9 s*4 
9 .o 
12 .o 

The expansion t h a t  has been taking place i n  t h i s  program i s  expected 

t o  continue i n  response t o  additonal Department of Defense requirements. 

- CI, I , o  . . . .  
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Civi l ;  a n  Powctr ;i;o~.c ioi.:; -.. ---*..._ ._._ -. .. ....-_ .-*...-- 

The substant ia l  and conLinuous growth oi' research and development 

costs  f o r  the c iv i l ian  power reactor program, including fcner'al nuc lear  

technology costs,  i s  brought out  i n  the following: 

Fisca l  Year 

1951 
1952 
1953 
1954 
1955 
19% 
1957 
1958 
1959 
1960 (Est . )  

K&D C o s t s  
' ( i n  IidlIions 1 

$ 12.9 , 

22,6 
l o o  2 
u.3 - 
h5.4 
5000 
79.9 

3l593 
15590. ' 
Ib8,o . 

The achievement of th@ ten-year ob'jectivbs' of the c i v i l h n  power reactor 

program w i l l  require an intensive development e f f o r t  on a broad f ron t ,  neces- 

s i t a t i  ng a significant expansion over-all i n  the  reactor  development program. 

Reactor systems now under development i n  the c i v i l i a n  program can be 

divided i n t o  three general groups: 

1. Thermal Converter Reactors 

2. Breeder Reactors 

3. Natural Uranium and Plutonium Recycle Reactors 

Within these groups, ten separate concepts a re  current ly  i n  varying 

stages of development. .Detailed research and development programs which 

w i l l  be needed t o  prove out  each of these concepts a r e  now being formulated. L1 
These will encompass specific technical objectives and a chronological ten- 

year program f o r  achieving them. 

detailed forecast  f o r  each system cannot be presented. 

Unti l  these programs a re  formulated, a 

Generally, though, 

I/ - It i s  anticipated that ,  before preparation of the f i n a l  d r a f t  of t h i s  
study, these detai led plana w i l l  have been completed and can be ref lected 
here. 

9 3  1 DOE A R C H m .  
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work i n  laborator ies  w i l l  be directed toward l imit ing the number of 

concepts under development. A concept w i l l  be eliminated from the 

AEC's development program e i ther  because it shows l i t t l e  or no poten- 

t i a l  for  meeting the goals of the c iv i l i an  program or by reaching the 

point  a t  which i t s  a b i l i t y  t o  compete with conventional power sources 

is established. In  the  first instance, fh r the r  development work would 

be curtai led or e l imhated.  I n  the l a t t e r  instance, industry would be 

expected t o  assume fu r the r  development. 

Even though ten year programs for each reac tor  system have not 

been completed, the following general assumptions with respect t o  the 

level of effort by AEC on each .of the three reac tor  groups would 

appear val id  : 

Thermal Converter Reactors 

This category includes pressurized water, bo i l i ng  water, organic 

cooled and moderated, ,sodium graphite, and gas cooled enriched.reactors. 

The program for each of these reactor systems will continue a t  approxi- 

mately the present l e v e l  f o r  the next two o r  three years. After  t ha t  

t h e  the worth of each system i n  meeting the goal  of, competitive nuclear 

power by 1968 should become clear. Those systems which do not give 

promise of meeting the goal w i l l  be eliminated from the program. AEC 

supported work on t he  remaining systems would be continued a t  a l e v e l  

consistent with attainment of 

gradually reduced Over the period through 1968 with increases i n  

pr iva te ly  supported development work a s  economic goals a re  approached. 

the goal, bu t  could be expected t o  be 

. 
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Breeder Reactors 

Both f a s t  (U 238-PU 239) and thermal (Th 2 3 2 4  233) breeders a re  

being developed t o  provide maximum u t i l i z a t i o n  of nuclear f u e l  reserves. 

These a re  longer range programs and w i l l  require e f f o r t  a t  l e a s t  

a t  current levels  and possibly a t  higher levels f o r  the next six or 

seven years. 

increased. 

After t h a t  time work on the most promising systems w i l l  be - 

Natural Uranium and Plutonium Recycle Reactors 

Included i n  t h i s  category of reactors  are the  D20 moderated reactors, 

the gas-cooled graphite moderated reactors  and t h e  Pu recycle -program, 

These are a l s o  longer range programs, and much research and development 

i s  yet required t o  es tab l i sh  the poten t ia l  of these systems f o r  meeting 

longer-range db jectives.  Accordingly, i t  appears probable t h a t  develop- 

mental e f f o r t  will be a t  l e a s t  equal t o  present l e v e l s  Ff not samewhat 

higher. 

Nuclear Technolow 

This term includes the'work, ,common t o  all reactor  types, i n  the 

following f i e l d s :  

1. Increasing thermal effioiency. 
2. Reducing f u e l  cycle costs.  - 
3. 

4. Improving neutron econcmly. 
5. Simplifying plant  design. 
6. 

7. 

Obtaining higher specific power i n  the f u e l  and higher power 
density. 

Impraving u t i l i z a t i o n  or disposal of radioactive by-product 
material. 
Improving the provisions f o r  heal th  and safety of the 
general public i n  reactor  design and operation. 

Research and development i n  nuclear technology is s o  broad i n  scope, 

and there a re  s o  many problem areas which require resolution that no re- 

duction i n  the overall  l e v e l  of effort i s  expected within the next ten 



pars .  On the  contrary, it i s  t o  expected t h a t  a s ign i f i can t ly  

expanded e f for t  will be required. 

A s  reac tor  systems reach a s tage of economic competition with con- 

vent ional  systems, pr iva te  industry maybe expected t o  assume responsi- 

b i l i t y  f o r  a t  l e a s t  portions of present development programs. Thus, 

work i n  the  l a t t e r  p a r t  of this period maybe expected t o  s h i f t  t o  

new areas  with new dbjectives. 

cos ts  

below: 

Contrblled Thermonuclear Research 

the  controlled thermonuclear program are summarized 

F i s c a l  Year 
R&D costs 

'(in d1Uons) 

195g 
195 
1959 
1960 (Est.) 

As pointed out abme, the work on fusion power has three succes- 

sive goals: 

1. To reach the igni t ion  energy with a time of confinement suf- 
f i c i en t  f o r  proper study of the  thermonuclear plasma. 

2. 

3. 

Effor t s  toward the -first goal are  supported by computations 

indicat ing t h a t  t he  devices under development can be used, s ingly o r  

i n  combination, as the bas i s  f o r  designing p i l o t  plants .  

value f o r  the ign i t ion  energy is  4,600 vo l t s ,  s o  a f igu re  somewhat 

To proceed toward a ne t  power producer. 

To produce economical, thermonuclear power. 

The theore t ica l  
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superior t o  t h a t  value -- say 5,000 vo l t s  -- i s  desired. 

years 1958 and 1959, the level of ion energy attained went up by a 

fac tor  of 10 from 100 t o  1,000 vol t s ,  or i n  a few cases, somewhat 

more. 

i n  which ions are  injected with a f i n a l  energy of the order 300,000 

vol t s ,  but where the densi ty  of the confined material  i s  very low. 

I n  the f i s c a l  

This statement overlooks the approach pursued a t  Oak Ridge, 

There i s  general confidence tha t  the ign i t ion  energy can be 

attained probably by a var ie ty  of methods. 

the i gn i t i on  energy maybe reached i n  a r e l a t ive ly  s h w t  time, perhaps 

i n  one or two years, such a hope has been entertained ea r l i e r ,  only 

While it i s  hoped tha t  

t o  run i n t o  new technical d i f f icu l t ies  after some of the more apparent 

ones had been overcome. Therefore, it is  safer t o  say t h a t  t h e  time 

f o r  attainment of Goal 1 may be five years. 

When and if the  igni-tion energy is reached the  emphasis would 

shift t o  engineering and chemical studies, such as intensive work 

on wal lmater ia l s ,  shielding, and'magnetic c o i l  design, preceded by 

a thorough-going f e a s i b i l i t y  study t h a t  will averlag the f irst  f ive-  

year period. 

No estimate can be made of the duration of an engineering phase 

leading t o  the first power producer. 

tor f i e l d  suggests tha t  t h i s  phase might l a s t  f o r  1s or 20 years. 

any case, it i s  p rac t i ca l ly  cer ta in  t h a t  it would extend beyond the 

ten year projection considered i n  this report. 

Experience i n  the f i s s i o n  reac- 

I n  

It i s  anticipated that  the scale  of e f f o r t  i n  the first f i v e  

years of 

continue 

existing 

i n  which 

the decade, or u n t i l  the  igni t ion energy i s  achieved, w i l l  

a t  approximately the current level, unless any of the 

programs should meet with apparently insuperable obstacles, 

case the level would be somewhat reduced. Once the  igni t ion 
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energy i s  reached, work toward goal two would involve a major s t ep  upward 

i n  financing, whose magnitude cannot be estimated a t  present, 

High Energy Pby sics 

Costs  f o r  research and development i n  t h i s  rapidly expanding 

f i e l d  have grown i n  the l a s t  ten years as follows: 
R&D Cos t s  

F i sca l  Year 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 (Est ) 

( i n  millions) 

c I 

L&ge 'accelsrators under construction a t  Argonne, Brdokhaven, > -  
Harvard, and Princeton will. be cnmpleted during the  early 1960'~~ and 

the i r  operation, p lus  the cost  of supporting experiments conducted by 

on-site and off-s i te  researchers w i l l  lead inevi tably t o  a continuation 

of this upward trend. 

f o r  b e t t e r  u t i l i z a t i o n  of t h e i r  capabi-lities, a d  development of complex 

I n  addition, ex is t ing  machines will be improved 

and expensive experimental apparatus will be required f o r  observation 

and interpretat ion of experimental data. 

signs will continue a t  a moderate level .  

i s  expected t o  be nearly trebled by 1965 Over the 1960 e s t b & e .  . 

Studies of new machine de- 

All together, the e f f o r t  

Other Physical Research 

Because of the  very nature of basic  research, it is  d i f f i c u l t  

t o  outl ine a ten-year program, 

current and past  experience; no plans ban take i n t o  account the e f f ec t  

of new discuveries and t h e i r  exploitation. 

The projections a re  based la rge ly  on 
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Costs  of the physical research program, excluding controlled 

thermonuclear and high energy physics work, are summarized below f o r  

t he  last ten years: 

F isca l  Pear 

1951 
1952 
1953 
1954 
1955 
19% 
1957 
1958 
1959 
1960 (Est.) 

R&D c o s t s  
( i n  mill ions) 

physics. 
r 

Research i n  this area is related t o  low energy nuclear processes 

and the study of nuclear structure.  

of nuclear cross sect ions measurements, which is important t o  reactor  

technology and weapon design. 

One of the  important fields is t h a t  

, 
. I  

Low energy physics research centers  around use of high flux re- 

search reactors and low and intermediate energy p a r t i c l e  accelerators, 

0 0 1 4 9 3 1  
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such as cyclotrons, Van de Graaffs and linacs. 

reactars  a re  being designed and are expected t o  be b u i l t  a t  three of 

the laboratories, and a number of addi t ional  low and medium energy 

accelerators will come i n t o  operation a t  laboratory as w e l l  as 

university sites over the next few years. 

High flux research 

A thorough examination of Commission-sponsored work i n  physical 

research a t  other Government agencies i s  under way t o  determine whether 

any research projects  i n  areas l e s s  germane t o  AEC's mission, o r  of 

equal imgortance t o  the mission of other agencies, can be dropped 



by the AEC. The l a rges t  item under consideration is  the  AEC-ONFl J o i n t  

Program i n  nuclear physics. 

fu tu re  - whether one o r  the  other agency should take it aver a t  i t s  

current  o r  a t  a reduced level .  Also, i t  is  anticipated that  physics 

research a t  the National Bureau of Standards, currently sponsored by 

the AEC, w i l l  be transferred f’rom AEC support. 

It i s  being reviewed t o  determine i t s  

With the completion of additonal high energy physics research 

f a c i l i t i e s  i n  the 1960’s, it i s  expected tha t  AEC support of some of 

the older. lower energy machines will cease. 

synchrotron a t  the Lawrence Radiation Laboratory (Berkeley) Will 

probably be the f irst  t o  cease operation under AEC sponsorship. 

The 300 MeV electron 

Despite reductions i n  some of thbse aspects, the  AEC-supported 

e f f o r t  i n  low-energy physics a s  a whole i s  expected t o  grow.steadfly 

during the  decade. The glamour t h a t  attaches t o  high energy physics 

a t  the moment, and the magnitude of the  cos ts  involved, must not be 

permitted t o  obscure the  importance of and, a s  a matter of fact ,  the 

close re la t ion  t o  law energy work. 

reason: 

and of the forces within the atom. 

Both are pursued f o r  the same 

t o  increase our understanding of the s t ructure  of matter 

It i s  j u s t  as important t h a t  

we continue t o  u t i l i z e  our sc ien t i f ic  resources t o  the f u l l e s t  i n  

low-energy work as i n  the more spectacular h5gh-energy f ie ld .  

Chemistry. 

Under the programs i n  chemistry research, it i s  expected tha t  

isotope separation s t u d i e s  will be reduced a s  methods are  developed 

f o r  the currently difficult-to-separate isotopes. It i s  a l s o  

anticipated tha t  uranium f u e l  processing by v o l a t i l i t y  and aqueous 



methods will  be reduced ?r terminated. 

r a re  ear th  separations and pur i f ica t ions  will eventually be transferred 

t o  pr iva te  indus t ry .  

Survey t o  support i n  f i s c a l  year 1961 work previously supported by AEC 

on the geochemistry investigations of uranium. 

tha t  responsibi l i ty  fo r  financing work i n  electrochemistry and labeled 

organic compounds being conducted by the National Bureau of Standards 

will be transferred t o  t ha t  agency. 

Certain phases of research on 

Steps have been taken f o r  the U. S. Geological 

Also, it i s  expected 

Increased e f fo r t  is anticipated with respect  t o  ( a )  t h e  chemistry 

of the actinide elements (the elements following actinium i n  the periodic 

table),  especially plutonium and the transplutonium elements, (b) separa- 

t ions  of the heavy actinides from the l i g h t e r  ac t in ides  and rare ear th 

f i s s ion  products, (c)  the chemistry and thermochemistrg of high tempera- 

ture materials, (d) corrosion chemistry, and (e) analyt ic  chemistry 

and hot laboratory techniques, t o  work with higher leve ls  of radio- 

actfvi ty .  

- 

The synthesis of la rger  quant i t ies  of the very heaviest of the  

transplutonium elements i n  high f lux  reactors,  and the synthesis of 

heretofore unknown isotopes beyond element 102 i n  heavy ion accelera- 

t o r s  w i l l  open up new f i e l d s  of chemistry and physics research. New 

problems i n  the separation, handling, and ana lys i s  of these highly 

active,  generally spontaneously f iss ioning,  and probably shortlived 

nuclides are  anticipated. 

as californium 252 w i l l  enable these nuclides t o  serve as  intense, 

portable sources of neutrons. 

The spontaneous f i ss ioning  of such nuclides 

Also, the  operation of additional high 
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energy p a r t i c l e  accelerators i n  the 1960's w i l l  open new f i e l d s  f o r  

invest igat ion i n  nuclear chemistry. 

Metallurgy and Materials. 

Fundamental studies i n  the f i e l d  of metallurgy and materials 

a re  recognized a s  requiring an immediate expansion of e f for t .  

Materials research i s  of the utmost importance across the board with 

respect t o  the AEGIS development programs, a s  wel l  as  the nation's 

effort i n  outer space research. Some of the f a c i l i t i e s  needed f o r  

t h i s  expanded work are  already under way or planned, including the 

metallurgical f a c i l i t y b e i n g b u i l t  a t  Argonne and the high flux re- 

search reactors  referred t o above. I n  planning additional f a c i l i t i e s ,  

carefu l  consideration uill be given ' to  arrangements, both location and 

operation, which w i l l  enable them t o  contribute to,  ra ther  than de- 

t r a c t  from, the country's a b i l i t y  t o  t r a i n  the additional qualified 

personnel -$a w i t i c a l l y  short  i n  t h i s  f i e l d  a t  present. 

rn  the ear ly  years of the decade, some of the e f f o r t  t ha t  has 

previously been concentrated 'on the basic  metallurgy of uranium will 

be reduced t o  permit expanded work on plutonium, and a similar re- 

duction i n  plutonium work can be anticipated f o r  some years l a t e r .  

Considering the his tory of uranium research, and the large voids i n  

plutonium knowledge tha t  remain t o  be f i l l e d ,  it is doubtful if a 

downward trend i n  plutonium work can be expected during the decade 

of the 60's, however. Dislocation s tudies  and investigations of 

fundamental radiation e f f ec t s  i n  elemental semiconductors and i n  

face  centered metals a l so  maybe reduced, i n  some cases terminated, 

over the next ten  years. No t ransfer  of AEC a c t i v i t i e s  i n  metallurgy 

and materials to private industry o r  un ivers i t ies  f o r  pr ivate  support 

I=3=21 
a r e  envisioned. 
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The current  l eve l  of support under the r ad ia t ion  e f f ec t s  pro- 

I 

gram appears about adequate, although some new low temperature fac i -  

l i t i e s  a r e  needed. Increased e f f o r t  i n  c r y s t a l  s t ruc tu re  research 

other than cubic l a t t i c e s ,  heavy ion bombardment of surfaces,  sur- 

f ace  physics i n  general, high temperature and high pressure research, 

and high flux neutron radiat ion s tudies  are ant ic ipated.  

of study a r e  foreseen on metastable phases i n  so l ids ,  u l t r a  high 

New areas  

temperature research and extremely high flux rad ia t ion  e f f e c t s  other 

than neutrons. 

Biology and Medicine 
4 J 

During the last ten\years,  the trend of research  and development 

c o s t s - i n  the f i e l d  of biology and medicine has been: 

Rgg c o s t s  
F isca l  Year ( i n  millions) 

195'1 $ 20-0 
1952 ' . 23.2 

1954 2&-7 
1955 26 -6 
19% 21.8 

~ 

1953 &oh 

1957 30.7 
1958 39.7 
1959 40 02 
1960 (Est.) 47 00 

There follows a consideration of prospective chsan$es'iu'the individual 

compotbnts of the  biomedical program, 

Radiation Effects  

Studies  of the molecular and c e l l u l a r  

a r e  bas i c  t o  an understanding of radiat ion 

f i e l d ,  much of the work on the a l t e r a t ions  

e f f ec t s  of i r r a d i a t i o n  

e f f e c t s  on man, I n  t h i s  

produced by rad ia t ion  i n  
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isolated biochemicals i s  ei ther  being curtailed o r  reoriented. 

Instead, t h e  emphasis i s  now being placed on (1) biophysical s tudies  

t o  determine the actual  mechanisms which lead t o  the  inac t iva t ion  of 

c r i t i c a l  c e l l u l a r  components, and ( 2 )  biochemical s tudies  of the 
1 

radiat ion e f fec ts  on the large, organized s t ruc tures  found'in c e l l s  

(such a s  mitochondria, microsomes, chloroplasts, etc.). 

The po ten t i a l  hazards resul t ing from detonation of atomic 

devices, from reactor operations, and from the  bene f i c i a l  applica- 

t ions of atomic energy create an increasing need f o r  da ta  concerning 

effects on organs and organ systems resul t ing from continuous and in-  

termit tent  low-level intake of f i ss ion  products and reac tor  e f f l u e n t  

radioisotopes. 
. . .  

The program on whole body i r rad ia t ion  e f f e c t s  has been a con- 

tinu%& one t h a t  progressively changes emphasis t o  meet demands f o r  

new information pertinent t o  AEC operations and problems. The 

emphasis has i n  pas t  years shifted more toward the evaluation of long- 

term or  chronic radiation hazards, and an expansion of program is . 

underway t o  study the e f fec ts  of very l ow doses. 

sive f a c i l i t i e s  f o r  this program and has always p rwided  the p r h -  

c i p a l  s c ren t i f i c  knowledge required f o r  the s e t t i n g  of rad ia t ion  

health standards. 

The AEC has exten- 

Since i r rad ia t ion  effect  decreases with decreas- 

i n g  dose, the exis t ing extensive f a c i l i t i e s  must be fu r the r  expanded 

t o  permit s tudies  on the scale required and t e s t i n g  of t heo re t i ca l  

concepts t h a t  have arisen. 
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Genetics 

The, AEC genetics program is  the only f ede ra l ly  supported genetics :,: > 

research program spec i f ica l ly  directed toward the analysis  and i n t e r -  

p re ta t ion  of the genetic hazards of rad ia t ion  exposure. 

the program i s  a t  a s table  level, t ha t  port ion concerned with the d i r e c t  

estimtitm of mutation r a t e s  i n  animals needs t o  be expanded t o  exploi t  

While much of 

recent f indings on the  dose-rate dependence of nutation induction, 

Studies of radiat ion genetic effects and mechnisms must be continued 

since ult imately it may emerge t h a t  damage t o  the  genetic apparatus 

of somatic cells  i s  the basic  r ad ia t ion  damage responsible f o r  many 

somatPc effects.  

genetics of man, a type of invest igat ion su i ted  t o  ,the BC1s i n s t a l l a -  

t ions  - - -  where a variety of s c i e n t i f i c  d i sc ip l ines  are closely integrated.  

:% research programs i n  population and biometr ical  genetics will a l s o  

be expanded. 

New programs a r e  ant ic ipated on the biochemical 

~ .. 
The major s tudies  i n  the genet ics  program continue'to 

serve as sources of data  f o r  the whole s c i e n t i f i c  community. 
,. _ - _  ._ - - - 1  

'Environmental Radiation 

This program i s  one i n  which the  AEC laboratories shoulc? play an 

expanding r o l e  i n  t h e  future.  

Reports of world-wide radioact ive contamination from nuclear weapons 

.. tests have created a strong i n t e r e s t  throughout the world i n  more de ta i led  

information on the  d is t r ibu t ion  and vafifation of na tura l  and a r t i f i c i a l  

radioact ivi ty  i n  the environment, on the ac tua l  range of radiat ion doses 

received by man from these sources, and on the e f f e c t s  of these d o s e s  

on the human population as a whole and i n  spec i f ic  l o c a l i t i e s .  
I . ,  

A s  a 
,, - 

r e s u l t  of the l ack  of ,  clear- evidence regarding the e f fec ts<  of .IOU doeas 
-,I, -. 
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on the health of large populations, and a l s o  as  a r e s u l t  of recent 

changes i n  recommended occupational exposure limits, t h e  d i s t r i b u -  

t i on  and effects  of environmental radiat ion a t  l eve l s  which were 

formerly thmght  t o  be insignif icant  have become mandatory subjects 

of careful  study i n  connection with a l l  atomic energy ac t iv i t i e s .  

A minor pa r t  of the responsibi l i ty  f o r  food and milk monitoring 

now carried on by the Health and Safety Laboratory and the Los Alamos 

Sc ien t i f i c  Laboratory may ultimately be transferred t o  the Department 

of Health, $ducation and Welfare. 

. - >  - Both f o r  the AEC program and i n  cooperation with other agencies 

which will gradually be building up the i r  own analy t ica l  f a c i l i t i e s ,  

it w i l l  be important t h a t  the unique t a l e n t  and varied ana ly t ica l  

f a c i l i t i e s  exis t ing a t  the AEC laborator ies  be more fully exploited. 

buring an interim period support should be expanded even f o r  such 

routine a c t i v i t i e s  as food monitoring i n  order t o  speed up the 

development of an adequate nat ional  capacity fm invest igat ing 

loca l  anomalies and the e f fec ts  of regional climatic and d ie ta ry  

character is t ics .  

processes affecting the d is t r ibu t ion  of contaminants dispersed on a 

Thus, both the  physical and b io logica l  transport 

world-wide scale by high-energy sources, such as bonibs o r  rocket 

propulsion systems, w i l l  require more intensive study. 

along these l i n e s  should be i n i t i a t e d  i n  some of the AEC laboratories.  

New projects  

. 

atmospheric transport of contaminants from low-altitude, low-energy 

On the other hand, the pa r t  of the program dealing with the 

sources such as land-based power p lan ts  and chemical procesaing 

f a c i l i t i e s  c&n continue a t  about the  present level.  However, 

during the next decade, a t tent ion must be sh i f ted  more toward 



the  interact ions of airborne contaminants with the  earth '  6 sbrface 

and i ts  vegetative c w e r  and t o  mechanisms by whieh d i f fe ren t  nuclides 

enter  the food chain. 

The t e r r e s t r i a l  ecology, marine biology, and oceanography programs 

a re  s t i l l  undergoing development, being of recent  origin compared w i t h  

other b io logica l  researches supported by the  AEC. 

of the e n v i r - m e n t a l  aspects of these d ic ip l ines  i s  anticipated t o  re- 

Continued development 

quire  6-8 years  before continuing, long-time programs can be i n  effec- 

t i v e  productivity, I 

Radiation Protection 

Studies on- the  means of combating radiat ion in3ury have been a t  a 

f a i r l y  steady l e v e l  for several  years. 

cipated. As present studies on protection against  acute e f fec ts  

reach completion, an increased effort should be placed on combating 

long-term injury and ameliorating genetic damage. 

this di rec t ion  w i l l  require cooperative a c t i v i t y  with the AEC labora- 

to ry  programs i n  genetics and radiat ion toxici ty ,  

No major expansions are an t i -  

Any e f f o r t s  i n  

The development of prophylactic and therapeutic procedures t o  

combat the deleterious e f f ec t s  of radiat ion has been recognized a s  

a responsibi l i ty  of the Division of Biology and Medicine f o r  many 

years. Although the number of workers accidental ly  exposed t o  l e t h a l  

doses of ionizing radiation has been small, the need f o r  r a t iona l  pro- 

cedures of evaluation and therapy is, nevertheless, important. 

G i I I  I C  
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The blood-forming cells of the bone marrow a re  pa r t i cu la r ly  

susceptible t o  damage by penetrating radiat ion,  and destruct ion of 

these cel ls  i s  the underlying cause of death f o l l d n g  both acute 

and chronic over-exposure. 

investigated many therapeutic schemes during the past decade. 

of these continue t o  hold promise and w i l l  receive continued support 

a s  long as the  C d s s i o n  r e t a ins  the r e spons ib i l i t y  of insuring the  

hea l th  and safe ty  of i t s  workers. A nuniber of drugs and na tu ra l  

Commission-supported labora tor ies  have 

Some 

products have been evaluated i n  Commission laborator ies ,  f o r  example, 

an t ib io t ics ,  flavonoids, properdin and var ious blood f rac t ions .  

These invest igat ions have been,. i n  general, unproductive and t h e  

present level of e f fo r t  i s  not high. 

new ideas  are forthconring. 

No increase i s  planned unless  

A second method of t rea t ing  acute r ad ia t ion  sickness may be 

the  t ransplantat ion of new marrow i n  the patient t o  replace t h a t  de- 

stroyed by radiation. 

The appl icat ion of bone marrow treatment t o  l a r g e r  animals and 

t o  man has been c a r d e d  out pr inc ipa l ly  by of f -s i te  contractors,  

because the  technique seems t o  work best i n  the  hands of surgeons. 

It is  ant ic ipated tha t  t he  c l i n i c a l  evaluation of the bone marrow 

%reatmen% ~ 1 1  recetve increased sipport i n  tliose Commission- 

supported 1ab.oratories aff i l ia ted with univers i ty  medical schools. 

With pa r t i cu la r  reference t o  burns and blast as a program 

category, it appears that t h i s  subject has more d i r e c t  re la t ionship  

. to the traumatic medical e f f ec t s  on man associated with ac tua l  

warfare. Accordingly, s tudles  on burns and b l a s t  are being phased 

out or  w i l l  be transferred t o  the appropriate group within t h e  

Department of Defense . 
14-27 



For reasons of p rac t i ca l  necessity, m c h  pas t  e f fo r t  has been 

concerned with two very c r i t i c a l  problems i n  radiobiology: 

proving the physical measurements of the dose absorbed from both 

external  radiat ion sources and in t e rna l ly  deposited radioisotopes; 

(1) im-- 

and ( 2 )  quant i ta t ively determining the biological  changes (such a s  

mutations, tumor formation, cataract  formation, -death, etc.) which 

appear hours, days, weeks, months, or even years l a t e r .  

the accumulating knowledge from these s t u d i e s  has demonstrated 

However, 

t h a t  even i n  cases where there a r e  good measurements of the dose 

ne i ther  the extent of the resu l t ing  b io logica l  change nor the exact 

time of its onset can be precisely predicted. 

not  surprising because individual biological  changes a re  undoubtedly 

i n i t i a t e d  by d i f fe ren t  biochemical events. Many of our detection 

This is, of course, 

and measurement procedures a r e  rap id ly  nearing the poin t  where they 

are e n t i r e l y  adequate for our hea l th  physics,needs, Thus, we need 

t o  reor ien t  much of our effort toward u t i l i z i n g  the physical measure- 

ments more e f f i c i e n t l y  i n  predictdng the radiobiological damage which 

will r e s u l t  from a glven exposure. 

t i on  of many physical and biological  f ac to r s  i n t o  complex mathematical 

To do this requires  the incorpora- 

equations. The development of such prediction equations w l l l  require 

the coordinated t a l en t s  of men competent i n  a t  least six disciplines.  

Expansion of these e f fo r t s  i s  planned f o r  the immediate future.  

Radiation detection instrumentation is  keyed d i r e c t l y  t o  both 

the biomedical research and the radiat ion safe ty  control programs. 

Certain specif ic  areas of instrumentation will be reduced or termina- 

ted by the natural  completion of the e f for t .  Of i n t e r e s t  t o  note here 
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i s  that  the production engineering and fabricat ion of developed in-  

strumentation has already been turned mer t o  indus t ry  f o r  support. 

The only exceptions t o  t h i s  a re  found where urgency requires  the 

fabr ica t ion  of a small number of instlyments \ f o r  t h e  laborator ies '  

, . .. 

immediate use. 

me proportional level of support of rad ia t ion  instrumentation 

a s  re la ted t o  t he  biomedical research and radiat ion control  programs 

is considered t o  be adequate. 

such a s  bio-energetics or low-level e f fec ts  of radiat ion,  w i l l  re- 

quire intensif ied supporting i n s t v e n t a t i o n ,  but it is  not an t ic i -  

pated that t h e  proportionate cost  should exceed the  ,current ra t io .  

The opening of new areas  of research, 

. 

Moratoria on nuclear weapons tes t ing,  as a by-product, cu t  off 

field experiments on the c iv i l  effects  of nuclear weapons. Increased 

laboratory s tudies  and theo re t i ca l  work must, therefore,  be substi tuted.  

Toxicological Re search 

Inherently, atomic energy operations are not  only faced with 

. hazards from externa l  radiat ion sources b u t  with numerous other 

po ten t t a l ly  haza rdod  agents which maybe deposited within the body 

and must be regarded as e i t h e r  chemically toxic, radio-toxic, or both. 

Many O f  these hazards are associated with the  mining, mi l l ing  and 

concentrating operation i n  the procurement of raw mater ia ls  and ores 

and i n  the  purif icat ion,  fabr ica t ion  and reprocessing operations 

found i n  the  manufacture of nuclear weapons and fue ls .  Researbh 

must continue,. t o  evaluate these hazards, t o  s e t  tolerance U t s ,  

and t o  develop protect ive or corrective methods t o  control  o r  

neutral ize  these hazards. 
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Cancer Research 

! 

This program i s  expected t o  remain a t  a b o u t ' i t s  present level, 

I n  a l l  probabili ty,  it w i l l  take another three t o  f i v e  years t o  

accumulate suf f ic ien t  information t o  determine accurately the effec- 

tiveness of the various radiotherapeutic devices current ly  be ing  in-  

vestigated i n  the program. 

Plant Sciences 

The AEC should maintain i t s  present leve l  of a c t i v i t y  i n  foster ing 

the application of radiation techniques f o r  the improvement of economic 

crops. This, a t  present, i s  la rge ly  a cooperative program involving 

many State A p i c u l t u r a l  Experiment Staliions. The AEC i n s t a l l a t ions  

perf o& p i l o t  s tudies  and provide radiation f a c i l i t i e s  and radiobio- 

log ica l  back-up f o r  the college and university sc i en t i s t s .  

Plant  scienoe program as re la ted  t o  radiat ion e f f e c t s  dl1 be expanded, 

* 

The basic 

especial ly  a t  the  organism leve l ,  a s  recommended by an ad hoc cammittee 

of botanical  sc ien t i s t s .  
. .  

Jsotopa s Development 

Isotopes development cos ts  a r e  summarized 

Fisca l  Year 

i n  the t a b l e  below: 
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Increases are required i n  the development of chemical processes 

techniques for the recovery of f i s s ion  products f r o m  reactor  fuels .  

Greater knowledge of the physical and chemical properties of sol id  

radioactive compounds is mandatory t o  insure safe and e f f i c i en t  

u t i l i z a t i o n  of radioisotopic sources. More r e l i ab le  and rugged 

equipment must be developed f o r  use i n  environmental t es t ing  

operations and process control. 

Development of the use of high level radiat ion a s  a process 

too l  and a s  a usefu l  form of energy similar t o  heat and pressure 

has only recent ly  been i t t t i a t e d  a t  a very modest l e v e l  of e f for t .  

However, t he  po ten t i a l  applicaeions i n  such f i e l d s  as pasteurization, 

medical supply s t e r i l i za t ion ,  and indus t r i a l  processing a re  so broad 

tha t  e a r l y  success w i l l  lead t o  a subs tan t ia l  expansion of t h i s  work. 

The new programs t o  be entered i n t o  and requiring increased support 
. -* 

are  : 

1. Fundamental mechanisms of radiation interact ion with 
matter. This f i e ld  is concerned with the characteriza- 
t i on  of specific primary products of the interact ion of 
radiat ion with matter which lead t o  chemical changes, 
and development of a theory of radiat ion interact ion 
with matter which w i l l  permit the prediction of specif ic  
radiat ion processes meriting research and development 
e f f o r t s  . 
2. Techniques f o r  controll ing radiat ion react ionso This 
inclvdes e f f o r t s  directed towards continually improving 
knowledge about the e f fec ts  of conveniently contolled 
parameters (Le . ,  temperature, pressure and phase) on 
knvwn radiat ion reactions. 

3.  Radiation as an engineering operation. Information . 
concerning the specif ic  d i s t r ibu t ion  of absorbed energy 
i n  ha t t e r  and radiat ion physics will be developed. 
w i l l  p e p i t  development of a useful radiat ion engineering 
handbook t o  a l l o w  engineer.: t o  design, wi th  minimum re-  
search and development work, demonstration and p i l o t  
plant f a c i l i t i e s  f o r  radiat ion processes tha t  have been 
found to  be technically sound and appear economically 
feasible. 

This 
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4. High l e v e l  dosimetry. Development of dosimetric systems 
t ha t  w i l l  s a t i s f y  the requirements Df high l e v e l  radiat ion 
processes i s  a major s tep  necessarybefore high l e v e l  radia- 
t i on  can become-’a processing tool for industry. No t r u l y  
acceptable technique for high level radiat ion process con- 
t r o l  ex i s t s  today. 

5. Nuclear reactors  as sources of ionizing radiation. Such 
reactors, so-called Chemonuclear Reactors, appear t o  be  a 
promising area for long range research and develapment. 

\ 
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Section Four _ _  

The accomplishment of so large and varied a program as that  j u s t  

described requires the n t i lha t ion  o f 4  available t a l e n t s  and facili- 

t58sj it frekenfily enuoanters the need P6r tratning new talent and 

constructing additional faci l l t iea,  Consequently, the work i s  carried 

on a t  universities and $0 iadnstrial laboratories, by privately endowed 

research Institutes and bospi$ab and in the laboratories of other 

gererrunent .agemcies, as ;ell a s ‘ b  institrttions cneatM apecific- 

for the purpose. 

Although the aim of this study i s  t o  reexambe the role t o  be 
‘ played by the latter i a s t i k r f i p a ,  bQ%h as 8 group and individually, 

it w3.U be necessary t o  consider 88 w e l l  the fields of work that are 

apprqrtate for the other types _. 0.5 research and development organiza- 

tims as wella Although there are ne b;nrd and f a s t  distinctions that ’ 

can be drawn i n  &l cases betrssen’.the qas -o f ’work  appropriate t o  each 

clam, .it should be clear frm this ana&qis that  there are log ica l  

and ,adequate guidelines u&ch ,we applied in determining where work 

- shcald be accomplished and ahiqh should serve far the future as 

ourrentQ f meseeno 

At the antset, the meaning of the term WAEC LabaratorJrn as used 

hero should be defined, and the insfitatiens’ t o  be discussed indivi- 

dua l ly  should be determined, There is no clear distfnction betwoen 

an AEC laboratory and a non-AEC installatien at which research and 

UU14952 





1, 'phe wopk is conducted i n  gmerameat-med faclU- 
t ies %he value of which (completed or authorized) exceeds 
$3,0009000a A l l  of the 21 AEC'laboratorisa considered 
are housed in f ac i l i t i e s  that have been provided by the 
AEC with the exeeption:of the two aircraft nuclear pro- 
pulsion activit ies (CANEL and Lockland) which are housed 
in A i r  Force fac i l i t i es ,  

2, The a c t b i t y  is recognized as a research and de- 
velupmnt hs t i tu t fon  as distinguished from an Investment 
In a spscfa~. piece of,appqra$u8 or an experimental facil- 
i ty  fanning a pact of a Ihrgsr, non-AEC CU@OX. 
criterion exclndes the small submarine reactor p r o t a t p  
and the sodfrrmn reactor expuPiment, both of which met 
the first criterfon, 

!Phis 

3* It mmastbe 6ngaged in raseoroh and dsvelopxnent 
work as its major mission, rather than training, plant 
supportp qual%* control, or special. production assign- 
ments, 

The institutions meeting thsae criteria, and treated individually 
i n  this study arm 

dmes Laboratory 
Aims, Iowa 

Argohe Canasr Research Hospital ( A m )  
Chicago, I l l lno is  

Arganne Nitfond. Laboratary (ANL) 

B e t t i 8  Laboratory 
Pittsburgh, Pemssylvmia 

Brookhaven Natfanal Laboratory (BNL) 
Long Island, New York 

Canbkdge Electron Accelerator (CEA) 
Canbridgep Massachusetts 

Cuuneeticat Aircraft ~ u c l e a r  Engine Laboratory (CANEL) 
Middletown, Connecticut 

Hanford Lab asat ory 
Richland , Washingt OTI 

Luuont, n m l o i s  

Knolls Atomfe Patar Laboratmy (KAPL) 
Schenmeetsdy, New York 
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Lawrence h d f a t i m  Laboratory (E - Berkeley) 
B erkeleryp CalfPornia 

Lawrenee Radiation Laboa9tOl.g (LRL - Livemore) 
Livermore, California,* 

Lockland Ahxrafi Nuclear Propulsion Laboratory 
Cincinnati, Ohio 

Las Bliinxos scfentific Laboratory (LBSL) 

National Reaetor Testing Station (ETRTS) 
Idaho Falls, Idaho 

Oak Ridge Insti tute af Nuclear Science (ORRJS) 
Oak Ftidge, Tennessee 

Oak B i d e  National Laboratory ((XU&) 
Oak Zuage, _ _  Tennessee 

Princetan-Peansylvat$nia Proton ,Accelerator ( P A )  
Prfneetm, New Jersey 

Princeton Stelhratol? 
PrizIceto~l~ New Jersfly 

Sandla Laboratory 
Albuquerque, New Xexico 

Savaimah Rive5 Laboratory 

Unhersit;JP of Rochester A t d c  Energy Prajqct 
Reeheste~, Eaw York 

Among the organbations excluded- from defailed consideration 

Los Alamas, Neu Mexico 
, 

- 

Atlgrrst;a, 

are the Health and Safety Laboratory in Hew York City; the Rxertw- 

Rico Nuclear Center; the Biemedfoal project at fhe University of 

C a l i f d a ,  Lo8 Augelets; the A t d c  Bomb Casualty C d s s l m  a t  

Hiroshisaa; Mounds Laboratory near Dayton; the  accelerators at  such 

universities as Yale,, Mfnnesota, Carnegie Insti tute of Technology, 

and Col&ia; and many others, They have been excluded, on the 



.__ 

basis of the cr i ter ia  listed abme, t o  keep the s tudy  in manageable 

pruportions within the time allotted fer it, and with the thatght i n  

mind that  the 21 institntibhs which are covered are representative 

of the programs and problems tbt will be encauntsred by the others. 

Despite the fact  that the 21 institutiena t@ be studied a l l  

f a l l  &.thin the critegia oIx+ned, t h y  stlll represent a wide range 

from the standpoint of type of work performed, sim, relation t o  

other institutiens, etc. In ctqsidelrlng their roles, therefore, it 

will-be _. usef"a1 t o  recqpise several categories witbin the AEC labors- 

tories.  _ _  

35nlti-A.ogram Laberateries - -  
, -  

--  -. This g r a q  . "  consists c. - -  of Argonno, BroolQaven, Oak Bidge, m a , .  

Laurence .t. Radhtim Laboratsry (Berkeley and Lirarmsre), and Los . 
-. 

h e s .  . u - 2  Because - - _  of-the close relationships. botywn . _  the Oak W g e  

l a t i sna l  - ._ e- -Laberate, _. and the Oak Ridge Insti tute of l'?uclsar Studies, 

ORINS -. - -. is  &msidsred dlsng - .  with (EHL & this group ef dti-pragrcun 

lsboratarieso Each of- these i n s t i k t % s a s  i s  engaged in a wide range 

sf research and dsvdrpmbnt activities, beth as t0 the fields of 

science and tbchnelsgy invmlved and the type af' wsrk canductad -- 

r 

basic - _  researchp applied reaoarch and general dsvelepnmnt, eta. 

All are -.- -rated by university coatractms except Oak Ridge, where 

ORINS -provides a mechanism for interaction with the university 

- UOlOct ' jb  



l h i s  group ceuld be mther subdivided i n t o  three so-oalled 

Wationalw labaratsries, Arganns, Oak Ridge, q d  Broekhavenj: the 

weapens laboratories, since weapons develepmt is the largoat 

raspmsibilitg of both Los Alamos and IBL - Livermore; and the an- 

campus l abmtor ies ,  Ames and X€U - Berkeleyo 
4 

i r e  ject  Enffinsering Laberatieries 

In this categery are included Bettis, CANEL, UPL, Lockland, 

and Sandia. 

stiti&iens ha's - -  me = a M t e d  nunher at specific dsvel.pmsat 

ebjectives. All are operated by Industrial cmtractms, all are 

cmductfng work s x c l u s i v e ~  (or in the case nf Bottis) 

directed t o  meting d.%tary-requirements, and nene 1s engaged &I 

In  centrast t o  the first categery, eaoh of these in- 

basic research, 

Preducticm Plant Labmter ios  

This categary emnslsts ef twa laberaterlea, those a t  Hanfnd 

and Savannah Rivere 

erientation t e  the develepmnt problem8 & the prodactien p h t s  

which they were built t o  serveo 

Their ca1m8n charucterlstic is  thee- 

* t  

University LaberatSries 

Included here are the Argonae Cancer Besearch Hospital, the 

Can&dge Electron .. Accelerator, the Princeton-Pennsylvania 

Proton Accelerator, the Stellarator, and the Uaivergity of Rechtaster 

Biomedical Project, They are distinguished from the on-c~p~~pps, 

nulti-progrb l a b m a t k e s  by the fact that the prsgram of each 

is limited t o  a specific f i e l d  ef work, A U  are research-oriented, 

and all provide research eppartunities f o r  graduate students, 
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National Reactor Testing Station 

NRTS does not fit neatly into any of the categories described, 

since it consists ef a nutfjber ef qerations, sane of which are inter- 

related, and athers of m c h  hqve l i t t l e  more tban geography in 

camnan. Much of the fac lHt ies  and wsrk consists af test fnstalla- 

tions cmnected with project develgpment carried en elsewbere, 

althaugh subsfhntial programs i n  preJect develapment an? process 

ixprmemat are based at I?R!L'S. 

-  he foUQwing 'tale eu;mnariees &e categories of hberateries 

'research and develrpwnt uork in  which they are 

engaged. Tbe column ~Blologlcal  and Medical Research" includes ' 

beth basic and applied research. 
.. 
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AEC Iabwatoriea by Type and by Character of HissIan 

Hission 
Physical Saiences and Engin e e r i n n  

A~ol l sd  R e- FTwess & 
&kwh and Projeot Produot Biological 

Basic General Develop- Imprwe- C Medical 
Research Development meat mnt Research 

klulti-progrom Laboratories ‘i 

Argetme National Laboratery 
Brookhavm National Laborat- 
Oak Ridge National Laboratsry 

and Oak Ridge Institute of 
Htlolear Stadlea 

Amas Laboratory 
Lanwoe Radiation Iabmatarg (Berkeley) 

Loa Alamoa S o i e a f i i i c  LabOratoq 
Lawrsaae Radiation Laboratory (Livemare) 

Projeot Bagrmring Labnrtmrles 

Bettla Laboratory 
Cmnaaticttt Aimraft malear Engine 

KnoUm Atcdc Power Laboratol.~r 
Loclcland Aircraft Huclear ProforsiOn 

Sandia Laboratory 

taboratory 

Laboratorg 

Production Plant Laboratories 

X X 
X X 
X X 

X 

X 

X 
X 

X 

X 
X X 
X 
X X 
f X 

X 

x 
X X 

X X X 

X 
X x X 

X X 

X X 

X 
X 

X 
X 

X 
X 

Eanford Laboratory 
Savannah River Laboratory 

University Labrratorles 

Argonno Cnnoer Researoh Hoapltal 
Cadwidgo Ebotran Acoelerater 
PrinoetmSme~ylvada Prmtfm Aooolmatw 
Prlnoetm Stellarator 
U n i r e r d t y  of R.chs6tsr B1amdio.l 

Prrjeot 

Natianal Reaotor Testing Stat im 

X 
X 
x X 

X X X 

0 0 1  4959 



Respective Roles i n  Development and Applied Research 

.. .. . I 

I n  determining the assignment of work in this aategory as between 

the laboratories and pdvate i n d u s t r i a l  establishments the AEC I s  can- 

cerned w i t h  the f ollowlng principal considerations: 

of prospective performers of the work, the effect of additional large 

projects on the alee and stability of its labaratories and the impact 

on the statutory policy of St~~ngth8ning free coxpetition I n  private 

the qualifications 

enterprise. 

The functions that private indnatrial eatabllshmsnts are expected 

t o  perform are t110se most akin t o  n d  iudtratrid. t+tivitids. 

profit motive I s  Industry's primary goal. 

indnstry's best technical and managerial skillrs nm8t be placed On 

work which prdses a normal comnercial return in a reastmabw short 

period of th. A further factor inflaemlng the deteradnation t o  

seek a private indus t r i a l  establishment as a development con%ra<xtor 

is the extent of special facilities needed for tihe inrrtant task, 

Uhsre these are substantial, Industry carmot be expected t o  qmpply 

The 

This fact dictates that 

AEX, therefore, views as  one class of work appropriate for 

asslgment t o  private i n d a s t r i a l  establlsbments that which I s  wel l  

advanced toward comnerclal attk&ivmess. In the reactar develop- 

ment field, such projects would be those irrvolving a cyole for 

which feasibiUty has been established, and in which no major 

technical breakthroughs are required t o  make the system eoonolsi- 

c a y  competitive. 
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Substantial  partions of the f u e l  cycle development work 

s imi la r i ly  f a l l  i n t o  this class.  

volume of commercial fuel processing business provides an incen- 

The prospect f o r  an eventual 

t i v e  t o  a number of companies t o  devote t a l e n t  t o  development work 

._ 
f o r  the AEC. 

The AT reactor program is a good example of a c lass  of de- 

velapmant work being successf'ully conducted in large part i n  p r i -  

vate  f a c i l i t i e s .  The prospects for repeat business and the 

l im5ted amount of heavy sxpsrimsntal work (which also mean8 lid- 

ted spec ia l  f a c i l i t y  _ _  requireansats aside irom prototypes canatructed 

a t  BEG s i t e s )  heme cmnbind t o  laake this program appruprlate far 

handling i n  pr iva t e  sbtablisbmetats. 

In seeking the beit qualif'ied uontractor for d o v e l e n t  wmk, 

the - AEC __. looks t o  industry, 

nuclear components t o  meet 'special  appl icat ions o r  unusual service 

conditions. 

her than t o  i t s  

Often, these are subs tan t ia l  and challeagirig assign- 

ments. Wherever industry is prepared with the  f a c i l i t i e s  fad skills 

t o  carry them out, the diversion of the gavermasnt laboratories 

fram their main tasks is avoided. 

The AEC laboratories,  on t h e  other band, have the function of 

performing work in areas t o o  far from commercial application t o  

provide a normal incentive t o  industrial managementr 

which a re  long range, or  rehere the probabf l l t i es  of a succsssfal  

autcorne are  r i s w b e l b n g  in this class.  m l e s ,  of *e projec t  

developt&ent type a m  the  thermal and f a s t  breeder reactor systems. 

b m p l e s  drawn from applied research and general develapmbnt are: 

Projects 
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1. More cmple te  measurentsnt of the  nuclear cross 

Studies needad t o  gain a better .understanding O f  

sections needed f o r  reactor  design. 

2. 
the mechanism of reactor f n e l p e r f o r m a n ~ e ~  

3. Heat t ransfer  studies needed t o  e s t ab l i sh  parameters 

4. c r i t i c a l  (zero-power reac tor )  expariments. 

for the reactor  engineer. 

5. Studies O f  shielding desi- and S h i e l d h g m t e r l a l S .  

6. I n  the isotopes f i e l d ,  developmnt of the technology 
necessary for isotope production, 8epara t im,  and sa fe  handling, 
leaving t o  pr ivate  industry the  dsvslupment wmk involved in the  
application of isotopes t o  spec i f ic  uses. 

A second function bf the AEC l a b m a t o r i e s  is the investigation of 
.- 

new reactor  concepts. This type of work is appraprigte t o  fhe laborator ies  

not  only because of its long-range nature, but  bsoause it c a l l s  for the 

conibination of pioneeripg lngenulty and broad, ia te r -d isc ip l inary  teamark  

which is found in the  multi-program laburatories.  Clearly, private  indus- 

%rial -. 
establishments shollld not be  excluded from AEC support in investigating 

ideas which they generate ard which fit both t h e i r  capab i l i t i e s  and the AEC's 

objectives, bu t  fo r  the most p a r t  the laborator ies  will continue t o  be looked 

t o  a s  the principal  source of new concept work. A f ac to r  millfating in this 

directfun is the des i r ab i l i t y  of making gavemment-sponsored work i n i t i a l l y  

available t o  industry on an equal basis.  

by performing the pioneering wark -- establ ishing f e a s i b i l i t y  -- in tb 

llEc laboratories 

This d m  can bes t  be accomplished 

A primary reason for  the establishment of the major laboratories as 

permanent i n s t i t u t ions  at the end of World War I1 was to assure the availa- 

b i l i t y  of organized research a nd development in s t a l l a t ions  capable of 

turn ing  t o  a var ie ty  of problems if an3 when the need arose. 

e 3  
h - 
-E 

"his require- 

ment is as real today as it was in 1947. There have been many occasions 
,, 

cr3 on which the AEC has t u n e d  t o  the labora tor ies  with such assignments. 

A few of them are: 14-11 



1, Conceptual design and early development work on the 
submarine thermal reactor  a t  Argonne w h i l e  faci l i t ies  and 
equipment were being assembled and personnel were being 
acquired and trained by Wbstinghouse. 

2. The undertaking of controlled thermonuclear research 
a t  Los Alamos, IJ2.L - Livermore, and ORNL, i n  addi t ion t o  the 
pro jec t  established for t h i s  specif ic  purpose a t  b ince ton .  

3. Long-range detection of nuclear events. 

I n  these types of assignments, the breadth of t a l e n t s  available 

a t  these in s t a l l a t ions  has been pa r t i cu la r ly  important i n  permitting 

work t o  be undertaken without delay and i n  coutr ibut ing t o  the 

approaches available toward solut ions of the problem. The t a l en t s  of 

outstanding basic researchers have been brought t o  bear on important 

applied problems when the need arose. 

However, t h e i r  importance as available reservoi rs  of knowledge 

and t a l e n t  does  nat imply that a pr inc ipa l  reasm for t h e i r  existence 

is a standby one. mir availability as reservoi rs  is simply a by- 

product of the specific missions which each of the laboratorigm has 

as an individual  ins t i tu t ion .  

ing 'opportuni t ies  i n  t h e i r  usual work, they wil l  lose the people 

Unless they continue t o  o f f e r  crballeng- 

needed t o  enable them t o  undertake the unusual when the occasion demands. 

I n  the f i e l d  of mapons development, primeJ r e spons ib i l i t y  is assigned 

t o  AEC laborator ieso Special  f a c i l i t y  ueeds, s t r i ngen t  security require- 

ments, the lack  of commercial po ten t i a l i t i e s ,  and the need -- ar is ing from 

the urgency of the work and the relat ionships  with the Departmant of 

Defense -- f o r  keeping the program i n  a liraited number of large,  integrated 

organizations co&ine t o  make it impractical  t o  look t o  private indus t r i a l  

establishments for  weapons development . However a subs t an t i a l  portion of 

FT 
CI) 

J= 
9 
CT 
w 

the development work i n  non-nuclear components of weapons i s  subcontracted 

t o  industry. 

The p ~ o c e s s  bpravement function, as related t o  AEC manufacturing ac- 

t ivi t ies  a t  ts3g gsseoas diffusion plants ,  p roduct im reactors and chemical 
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Processing f a c i l t t i e s  mst, O f  nacess i tybe  carried on i n  c lose 

proximity and continuous contact with the production p l an t s  themselves. 

These in te r re la t ionships  d i c t a t e  t h a t  such process and product improve- 

ment continue t o  be conducted i n  BEC laboratories.  

The laboratories a re  coming t o  play an increasingly important ro l e  

as unbiased technical evaluator advisors both t o  the AEC and t o  

industry i n  the  reactor  f ie ld .  

opportunities fo r  t ra in ing  on the job and i n  formal courses i n  f i e l d s  

where such t ra in ing  i s  not  otherwise available. 

Finally,  they w l l l  continue t o  furnish 

The laborator ies  of other federal agencies are u t i l i zed  i n  the 

development and applied research wherever they have faci l i t ies  or 

capab i l i t i e s  that can be -effectively brarght  t o  bear. 

Mines, Public Health Service, Geological Survey, Coast and Geodetic 

Survey, Weather Bureau, Fish  and wil.dlif+ Service, National Academy 

The Bureau of 

I of Sciences, and National Bureau of Standards are all a s s i s t i n g  the  

AEC i n  research a d  development matters. 

t a l e n t s  and fac i l i t i es  of other agencies is expected t o  continue and 

grow, especially - i n  the area of Sani tary and Environmental Engineering. 

This u t i l i z a t i o n  of the  

The non-profit research i n s t i t u t e s  are the remaining class of 

Organizations with a ro l e  i n  applied research and development. 

both t h e i r  p r iva te  and governmental c l i en t s ,  these i n s t i t u t i o n s  

ord inar i ly  work on the solut ion of specific problems, or a t  the 

development of information and understanding about a pa r t i cu la r  

material, phenomenan, etc., as distinguished from complete systems 

development. The AEC has turned t o  the research i n s t i t u t e s  since 

i t s  creation, f o r  help on a wide var i e ty  of tasks  including 

For 
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materials,  components, metal refining, and fabricat ing techniques. 

It i s  anticipated that  these organizations will continue t o  carry 

on s imilar  functions. 

Roles i n  Basic Physical Science Research 

There i s  no unanimity, even among those i n  academic life, a s  t o  the 

ex ten t  t o  which government research programs should be conducted on 

univers i ty  campuses. The extreme posi t ions may be stated as follows: 

On the one hand it is  argued tha t  the function of the univers i t ies  

is t o  i n s t r u c t  the young, and that  extensive research &ograms d i s t r a c t  

from that main objective. A t  the opposite pole a re  those who fear t h a t  

the growth of strong basic  research programs a t  centers away from uni- 

v e r s i t y  campuses will lure t o  these non-teaching establishments able 

people who should remain on the campus t o  devote a por%ion of their time 

t o  t ra ining new generations of sc ien t i s t s .  

--The AEC's-v$ew of the ro l e  of the  univers i t ies  as performers of 

research, and of the related ro l e  of i t a  laboratories,  has attempted 

'- t o  avoid both extreme positions. With ra ther  ins igni f icant  exceptions 

i n  the physical sciences, AEC-supported research a t  the univers i t ies  has 

been quite bas ic  i n  nature, there has been no attempt t o  persuade universi- 

t ies  t o  take on major applied research or developmnt,programs. A singb 

major exception t o  this statement might be the controlled thermonuclear 

research pro jec t  a t  Princeton University, bu t  t h i s  almost becomes a 

matter of-def ini t ion,  since so much of the e f f o r t  is directed a t  a 

fundamental understanding of the phenomena involved (and theref pro, one 

might argue, wi th in  the t rad i t iona l  scope of univers i ty  research). 



The t ra in ing  function of the univers i t ies  is c l ea r ly  recognized i n  

determining the types of work and the specif ic  pro jec ts  t o  be carried on 

a t  univers i ty  campuses. 

a guiding pr inciple  i n  i t s  administration has been t h a t  "the project should 

be a .proper t ra ining ground f o r  graduate students."- 

From the outset  of the off-s i te  research program 

I/ 

As the apparatus ue2essax-y f o r  basic  research i n  some f i e l d s  has be- 

come l a rge r  and more complex, high energy physics being the prime example, 

the question of whether the in s t a l l a t ions  required would, i n  fac t ,  

threaten t o  overwhelm theluntvers i t ies  as teaching i n s t i t u t i o n s  has had 

t o  be faced, I n  the three or four instances i n  uhich really large experi- 

msntaL devices m e  been undertaken a t  or near the campus, the conclusion 

was reached that, despite the f a c i l i t y  cost, the  construction and opera- 

t i o n  of the devices would not d i s rupt  the academic in s t i t u t ion .  

On the other hand, the acquisit ion and utiY-$eation of large f a c i l i -  

ties, expensive both t o  build and t o  operats has a l w a y s  been recognized as a 

principle function of the mlti-program laboratories.  Even if the  resources 

were available t o  provide such devices f o r  numbers of univers i t ies ,  there 

are only a handful of academic c o m n i t i e s  which possess the nunbers of 

qualified s c i e n t i s t s  required t o  make f u l l  u t i l i z a t i o n  of them. The AEC 

laboratory, then, is a mechanism f o r  making expensive apparatus available 

t o  qualified researchers nationally. 

versity sc i en t i s t ,  gains from these par t ic ipa t ing  programs, since it is  

assured of access t o  f resh ideas  tha t  help t o  provide the stirmlus needed 

The laboratory, a s  wel l  a s  the uni- 

t o  maintain an a l e r t  and imaginative staff. 

A second function t o  be performed by the  AEC laborator ies  i n  bas i c  

research is the conduct of s tudies  i n  f i e l d s  fundamental t o  the agency's 

immediate development goals, I n  terms of current problems, such work 
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would include studies i n  the mechanism of corrosion, high temperature 

chemistry, and the solid s t a t e  sciences, i n  a l l  of which additional data 

is needed as a basis  for  development of fue ls  and components t o  extend 

the limits on reactor operating conditions. 

Multi-program laboratories are  special ly  qual i f ied t o  undertake 

research which requires an inper-discipl inary approach; The abifiky 

to undertake work requiring experts i n  several  fields i s  not confined 

t o  the laboratories,  but t he i r  administrative organization, t he i r  

equipment and f a c i l i t y  resources, and t h e i r  a b i l i t y  t o  c a l l  upon de- 

velopment engineers t o  help on basic problems conibine t o  provide a s e t  

of conditions contributing t o  rapid progress i n  important f i e lds .  The 

creation and investigation of the elements beyond plutonium is a clear 

* 

example. 

A Umited amount of basic  research is  most appropriately done in 

the AEC laborator ies  because of the need f o r  spec ia l  precautions a r i s ing  

from health hazards or secur i ty  res t r ic t ions .  

Lastly, the multi-progratp laborator ies  must continue t o  conduct a 

s ign i f icant  amount of research, i n  areas relevant  t o  the a c t s  objectives, 

i n  order t o  acquire and re ta iq  first r a t e  s c i en t i s t s .  

can be expected to f u l f i l l  t h e i r  ro l e s  of pioneering leadership and of 

meeting urgent needs i n  an outstanding fashion only s o  long as they have 

The laboratories 

on the i r  s t a f f s  s c i en t i s t s  with a l e r t ,  vigorous, and imaginative minds. 

The laborator ies  must continue t o  be a t t r ac t ive  t o  a reasonable nurnber 

of able men with these qual i t ies .  

i n  government, has shown tha t  such a nucleus of t a l e n t  can be retained 

only if i t  is provided with opportunities t o  seek new knowledge through 

basic  research. 

Experience, i n  industry as well a s  
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Provision of such opportunities i n  the l abora tor ies  means tha t  

they will continue t o  conduct research and t o  employ scientiSts which 

might otherwise be supported i n  univers i ty  research. 

magnitude of such laboratory-conducted research is kept within bounds 

that do not threaten t o  deplete the univers i t ies  of teaching and re- 

search strength,  it w i l l  strengthen rather than uhdermine our 8 C f k I f t % f i C  

resources as a whole. 

So long .as the 

Some indication of the a x t e n t  t o  which the growth of AEC-supported 

physical  research programs (excluding controlled thermonuclear nuclear 

research and high energy physics) has affected the re la t ionship  between 

unlverdty-centered research and the off-campus laborataries can be gained 

by looking a t  comparative cost  figures far  the last decade. 

period the  AEC supported work a t  the campuses has increased 3.8 times, while 

t h e  work a t  the off-canrpus laborator ies  has doubled. 

are excluded-h-am -the university-centered research, the increase i s  5.7 

During t h i s  

If Ames and Berkeley 

times. 

Looked a t  i n  another way, 27 percent of the physical  research dol la rs  

I( again excluding controlled thermonuclear=~.-hlghf.e~ergg physi.bs~~were spent on 

univers i ty  campuses i n  1951; this year about 40 percent of a much larger  

t o t a l  will go t o  campus research. 

It is apparent, then t h a t  support of univers i ty  research i n  basic  

physics  has grown muchmore rapidly than have the  programs a t  the off- 

campus laboratories.  This trend is  expected t o  continue. 

Industry, the non-profit research foundations, and the  laboratories 

of other federa l  agencies play much more l imi t ed  roles in the performance 

of ~ C - s u p p o r b d  basic  physical research. I n  each case, the work is  
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supported on an individual project basis because of the availability of 

special competence, or, in the case of the government laboratories, be- 

cause the work is closely related to main missions of the performing 

agency. Thus, the U.S. Geological Survey has carried on AEC-financed 

work on the geochemistry of uranium, starting in 1952 when expanding 

needs for raw materials in the AEC's current program required this 

fundamental knowledge. 

fied the AEC's current requirements, further investigation in this 

area is more pertinent to the ultimate national need for uranium as 

a replacement for fossil fuel; therefore, future funding of the pro- 

The success of ore explorations having satis- 

gram will be the responsibility of the Geological Survey, 

Roles in Biomedical Research 

The respective roles of the classes of institutions performing 

biomedical research, both basic and applieq, do not differ markedly from 

their roles in basic physical research. 

passing is that much of the research work of university medical schools, 

regardless of the source of funds, is applied rather than basic; this 

situation differs from the physcial sciences, in which universities 

do only limited amounts of applied work. 

A fact that might be noted in 

4 

The factors making it necessary for the AEC to conduct a substantial 

portion of its biomedical program in the laboratories are similar to those 

already stated in discussing basic physical research. 

pensive facilities holds true in this area -- in addition to irradiation 
devices such as reactors, accelerators and high-level cobalt sources, 

large colonies of experimental animals must be kept under controlled con- 

ditions for long range investigations. 

The need for ex- 

1-4-18 



As research complexity increases,  the need fo r  pos-graduate 

t ra in ing  grows; the unusual f a c i l i t i e s  of the AEC laborator ies ,  both 

on univers i ty  campuses and o f f ,  o f f e r  unusual opportuni t ies  fo r  post- 

graduate research t ra ining.  

the biomedical work a t  the University of Rochester, Argonne Cancer 

Such t ra ining i s  an important function of 

Research Hospital, Lawresce Radiation Laboratory - Berkeley, and the 

University of Cal i fornia  (Los Angeles). It should become increasingly 

important a t  the off-campus laborator ies  a s  w e l l .  
r 

Much of the work on understanding and cont ro l l ing  heal th  hazards 

i s  conducted i n  the 1 boratorieg. I n  this environment ' i t  is c loses t  ? .  
t o  the problems and consequently receives contlfnned. d h c t i m  ,. 
and a t ten t ion .  

fo r  about three-fourths of the t o t a l  bio-medical program, 

The research programs f a l l i n g  under t h i s  head account 

&€though 

i n  theory borne of t h i s  work could be done under other  sponsorship o r  

by other  i n s t i t d t ions ,  nowhere else could the sustained i n t e r e s t  i n  

i t s  performance a d  r e s u l t s  be found. 

The s t a f f s  and f a c i l i t i e s  of other government labora tor ies  

conduct s tud ies  for  the AEC i n  t h e i r  f i e lds  of spec ia l iza t ion ,  as ,  

fo r  example, the Department of Agriculture 's  Agricultural  Research 

Center a t  Be l t sv i l l e ,  Maryland. During the course of the period under 

review consideration w i l l  be given t o  the d e s i r a b i l i t y  of turning over 

funding respons ib i l i ty  t o  the agency conducting the research. 

A l imited amount of biomedical research i s  performed for  AEC by 

indus t r i a l  organizations and non-profit research i n s t i t u t e s ,  i n  

special ized f i e lds .  Industry, for  example does development i n  in-  

strumentation f i e lds .  

o o \  4970 



The share of total  research expenditures at the major of f -  

campus labo2atories has tended to be more stable i n  the biomedical 

program than i n  physical research. In 1951 i t  accounted for 42.5% of 

the tota l ,  declining only s l ight ly ,  to 38% in  the current.year. 
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mte on Tables aad Charts: 

AB used thraughout the tables and charts in Part 11, the term " A l l  other" 

applies to plant facilities in the total  exclusive of reactors and accelerators. 

!&e term "Other physical research" l e  the total exclusive of h Q h  energy physics 

and controlled themomclear research. 
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Argonne National Isborntory is the direct 8ucce8sor of the wartime 

Mctal.lurgicaL Isborstory of the Manhattan Engineer District. 

objeetives of that Iaboratory were t o  demonstrate the feasibil i ty of a self- 

sustaining nuclear chain reaction, to develop the relevant technology to  the 

point where nuclear reactors for the production of plutonium could be con- 

The primary 

structed, and t o  develop 8 ~Z-OCCBS for the separation and isolation of 

plutonium. A very important ancillary responsibility wae t o  develop information 

ooncupiag the hazards involved in the use of radiation and radioactivity. To 

at ta in  these major objectives within the time schedule, it waa necessary to 

carry out, essentially simulta.neoualy, engineering design and developansnt, 

and applied research i n  the fields of physics, chemistry, melallulgy, blology, 

and medicine. 

On July 1, 1946 h o m e  was established as a permanent laboratory asd The 

As orj.ginally University of (911eago was selected as the operating contractor. 

conceive& the laboratory's primary responeibihty was lthat of barsic r e s k c h  

i n  the many areas  of science pertinent to  the long range development of atomic 

energy. 

responeibilities i n  the f i e l d  of reactor developnent i n  addition to the rese&r&- 

activit iee in which it m8 already engaged. W e  two-fold responsibility of bmic 

re8earch on the'one hand and applied research and aevelopnent on the other has 

continued to  the present. 

However, on January 1, 1948, the AEC aseigned the laboratory major 

Since the early f i f t i e s  the work of the laboratory has been almost equally 

divided ( i n  staff man years) b e t k e n  basic research and the applied an8 de- 

velopmental work, 

Ihe major effort  in development work since 1948 has been on water moderated 

reactors Fasic design for the prototype of the Nautilus reactor (STR), the 
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physics design of tbe Savannah Wver reactors, the CP-3 and CP-5 research 

reactors at Argonne, the series of BoiU;ng Reactor Experiments in Idaho a e d  

BORAX, the JBpxdmental Boi l ing  Water Reactor (m), and the Argonne U w  

Power Reactor (AISR) J9 on fast reactors ror power and breeding (EZwperimental 

Breeder Reactors - EBR I and 11), on the development of chemical processes for 

irradiated fuel, and on the developent and experimental fabrication of fuel 

element 8 , 

The laboratoryts physical research program was initially in the following 

broad areas of research: 

of the many new isotopes dlscovered during the Metallurgical Project or made 

avaflable as a result of the Project; (3) Ghennical and phy13ical pmpertlea of 

(1) l o w  energy neutron physics; (2) nuclear properties 

elements either newly discovered or available i n  sfpifieant Qusntity and 

purity for the first time3 (4) effects of mi~iation on a o ~ i a s ,  l i q y i d s  and 

gases; and ( 5 )  appucation of the special techniques developed during the 

MetallurgicsL Project to physical research in other meas. A.cna t h i a  has 

grown the present extensive program of research in pbysicd science which 

involves a wide vsrfety of bvestigations in the fields of physiee, chexdstry 

ana metallurgy, 

!&e present physics research is primarUy in the field or  l o w  energy 

nuclear Investigationst in preparation for utillting the Zero W e n t  

Synchroton (m), a multi-billion electron volt accelerator now under con- 

struction, increased &hasis is being placed on problems i n  high energy 

physfes. 

inmgariic and physical chemistry of the heavy elements, to nuclear chemistry 

and radiation chemistry, 

study of the properties of uranium, plutonium,and thorium with growing 

emphasis on plutonium. 

Ihe current basic chemistry program gives major emphasis to the 

The program in phyaid metallurgy empheeiree the 

Although this work is basic Pn nature, much of it 
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, is concernea wish problems t m t  must be solved before plutonium ctan became 

a practical fuel for  power reactors. 

state research are carried out at present on a relatively slaall scale. 

High temperature research and solid 

Work i n  the l i f e  sciencea is directed toward achieving an understanding 

. -  

of the action of radiation on l i v i n g  systems, with emphasis on the effects of 

neutron radiation. Studies of the effects of external and internal radiattons 

are carried out on animals and, where appropriate, on humens.who have been ex- 

posed to  particular environmental conditions or who bear significant body 

burdens of radioactivity. 

The laboratoryfs International SchodL.of Nuclear Science and Ebgineering, 

established as a part  of the A t &  for  peaeeprogram, has given training t o  

same scientists and engineers from other countries who are now taking 

prominent parts i n  tbe development of atomic energy i n  the i r  own.countries 

Su. over the world. 

Argonne occlxpies a t ract  of 3700 acres about 25 milets from Chicago, SB 

well aa two  sites at the Mational Beactor *sting Station i n  Idaho. 

the many speci&l faci l l t lee  of the laboratory &re the ( 2 - 5  research reactor, 

the merimental  Boiling Water Reactor (EBWR), the Argonaut t ra ining reactor, 

exponential and arit ical  assemblies, hot laboratories and many other facilities 

for handling radioactive materia8, 8 new fac i l i ty  for developing fabrication 

Among 

techniques for plutonium, many specialized engineering test facil i t ies,  a 

60-inch cyclotron, Van de G r a f f  generators, mass and optical spectrographs, 

several gamma irradiation facil i t ies,  counting equipment for all levels-of 

radioactivity and facilities for animal eqeriments. 'Ibe construction Of the 

ZGS accelerator began i n  June 1959. 

Experimental Breeder Reactor I and a fast c r i t i ca l  experiment faci l i ty  (ZER 111) 

and is  constructing a prototype size fast breeder (EBR 11). lfLe tables snd charts 

on the following pages give a s u m m ~ ~ y  of dollax and manpower levels of the 

laboratory's operations for the last ten years, and a detailed tabulation of 

A t  the IWTS the laboratory operates the 

Q 
v 
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am 
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0- the current budget, 
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ARGONNE NATIONAL LABORATORY 
Lemont, Illinois 

Ten Year Trend Costs, Staff and Facilities 
(dollar amounts are in millions) 

Fiscal Year 1960 1959 1958 1957 1956 1955 
b/ 

Research and Development Costs:g/ 

954 - 953 19 - -  1951 - -  

Production Program $ -  $ -  $ -  $ -  $ -  $ -  $ . 1 $ 1 . 9 $ 3 . 9 $ 1 . 8  

Weapons Program - - - - - - .2 .2 .4 .4 

Reactor Development Program: 
Civilian Power reactors 16.1 11.8 10.6 9.6 8.4 7.5 5.1 3.1 1.2 .8 
Army Power .4 .4 .3  -1 .1 - - - 
Naval propulsion - - . . 2  .2 .5 2.1 4.7 6.6 
General reactor research and development 7.9 7.4 6.9 4.5 3.3 2.7 2.9 2.9 2.1 1.6 

Total Reactor Development 24.0 19.6 17.9 14.4 12.0 10.5 8.5 8.1 8.0 9.0 

Physical Research Program: 
H i g h  energy physics 2.9 2.3 1.0 .9 .4 - - - - 
Controlled thermonuclear research .1 .1 .2 - - - - - - - 
All other physical research - ------ 10.1 9.2 8.0 7.5 6.4 6.1 6.2 6.1 5.5 4.8 

Total Physical Research 13.1 11.6 9.2 8.4 6.8 6.1 6.2 6.1 5.5 4.8 

Biology and Medicine Program: 
Radiation effects on biological Systems 2.5 2.1 1.6 1.5 1 - 2  1.3 C/ ' 

Combating radiation detrimental effects .6 .5 .6 .6 .8 .5 

Biomedical problems in atomic energy 
Beneficial applications of atomic energy -5  .4 .4 .4 .4 - 4  

Dosimetry and instrumentation --.1.1.2.2---- .1 -1 
.2 .2 .2 .2 .2 .3 operations 

Total Biology and medicine 3.9 3.3 2.9 2.8 2.8 2.7 2.6 2.4 2.8 2.6 

.1 Training, education and information , .9 .6 -8  - 4  *7 -4 - - - - 
$- $= $= $22.3 $= $&& $l&L $=&& $=&@d Total Research and Development Costs 

Personnel at June 30: 
BY Type 

Scientific and engineering 
Other 

Total employees 

844 800 698 577 531 488 519 521 513 
2735 2499 2216 1911 1820 1828 2190 2462 2314 ------- - - -  

2914 2488 2351 2316 a 2827 - -------- 
By Location 

3480 3248 2872 2453 2315 2289 2682 2957 2800 
99 51 42 35 36 27 27 26 27 

Lemont, Illinois 
National Reactor Testing Station, Idaho 

Completed Plant and Equipmant at June 30:  

$ 3.3 $ 3.2 $ 3.0 $ 3.0 $ 3.0 $ 3.0 $ 2.9 $ 2.9 $ .4 Accelerators 
React or s 11.5 9.6 9.6 4.2 4.1 4.1 .8 .8 .8 

$107.5 $94 .0  $89.9 $81.7 $73.9 $71 .0  $71 .4  $53 .1  $13.0 

BY TJrpe 

All other 92.7 81.2 77.3 74.5 66.8 63.9 67.7 49.4 11.8 

-=====---- Total 

By Location 
Lemont, Illinois 103.6 92.3 88.2 80.6 72.8 69.9 70.3 52.0 11.9 
National Reactor Testing Station, Idaho 3.9 1.7 1.7 1.1 1.1 1.1 1.1 1.1 1.1 

- a/ - b /  Estimated 
- c/ - d/ Plant projects authorized but not completed at June 3, 1959, total $103.5. 

Excludes depreciation on AEC facilities and the cost of source and nuclear materials consumed in research 

Detail not available for this and prior years. 
Of this amount $71.7 is tO be 

built at the Lwont site and $31.8 will be at the NRTS. 



ARGONNE NATIONAL LABORATORY 

Current Budget and Recent Costs by Categories of Work 
(In thousands) 

F. Y. 1958 F. Y. 1959 F.Y. 1960 
costs costs Budget 

$30,795 $35,050 $41,878 TOTAL, - 

24,005 17,918 19,599 

10,644 11,784 16,153 

Reactor Development - Total 
Civilian Power Reactors - Total 

3,495 3,721 4,700 
Research and Development 2,585 3,121 2,900 
Fuel Fabrication 

610 575 800 Test Operations 
Reactor Experiment Fabrication 299 14 - 

,6,627 7,594 11,300 
Research and Development 6,007 6-, 723 7,600 

388 619 2,600 Fuel Fabrication 
Test Operations, 

Boiling Water Reactor - Total 
- 11 1 , 000 

Fast Power Breeder Reactor - Total 

185 252 ' 1,100 
Reactor Experiment Fabrication 47 - - 

163 94 Liquid Metal Fuel Reactor - Total - 
Research and Development 16 3 94 - 

Studies and Evaluation - 182 153 

Assistance under Power Demonstration Program 360 193 - 
PRDC - 

7,451 7,852 Nuclear Technology of and General Support - Total 6,881 
1,455 2,005 Engineering Physics and Advanced Reactor Dev. 1,482 

Reactor Fuels and Materials Development 962 894 965 

Reactor Components Development 9 34 1,147 1,290 

Separations Development - Total 1,552 1,409 1,695 

229 315 427 Aqueous Chem. Process Development 
Volatility Processing Development 8 36 607 6 35 
Clospd Cycle Process Development 487 486 633 

Reactor Safety - Total 1,765 2,372 1,670 

Thermal Reactor Safety 
Fast Reactor Safety 

305 503 570 
1,460 1,869 1, LOO 

17 5 227 Radioactive Residues Process and Control - Total 186 
Treatment Development 186 175 227 

393 364 Army Power BenctQrs - Total - 
Stationary Low Power - Total 393 364 - 

Research and Development 284 225 - 
Fuel Fabrication 101 17 - 
Test Operations 8 122 - 



ARGONNE NATIONAL LABORATORY - Cont'd 

I 

F.Y. 1958 F.Y. 1959 F.Y. 1960 
costs costs Budget 

$9,203 $11,568 $13,120 Physical Research Program - Total 
Physics Research -Total 3,752 5,234 5,997 

High Energy Physics 994 2,313 2,865 
Nuclear Structure and Neutron Physics 2,172 2 , 3 3 -  2,512 

340 336 365 Extra Nuclear Properties of Matter 
Physical Methods of Isotope Separations 
Computer Research and Development 245 259 255 

- - - 

Chemistry Research - Total 4,336 5,042 4,897 

Process Chemistry 7 32 935, -- 1,012 

Special Projects 520 480 465 
Chemi'cal Properties and Reactions 3 , 084 3 , 626 3,420 

Metallurgy and Materials Research - Total 946 1,184 2.166 . 
Production, Treatment, and Properties 

of Material 652 807 963 

Effects of Irradiations on Materials 112 174 194 

Controlled Thermonuclear Research - Total 169 108 60 

General Research and Development 169 208 60 

Biology and Medicine Program --Total 2,918 3,257 3,900 

Radiation Effects on Biological Systems - Total 1,581 2,055 2,547 

Medical Research 82 41 128 
Biological Research 1,463 2,014 2,419 
Biophysics Research 36 - - 

Alloy Theory and the Nature of Solids 182 203 1,009 

~ 

Combating Radiation Detrimental Effects - Total 557 496 599 

Medical Research 312 339 415 
Biological Research 245 157 184 

Beneficial Applications of Atomic Enerpy - Total 431 388 47 4 

Cancer Research 
Biological Research 

64 103 111 
367 285 363 

Biomedical Problems in Atomic Energy Operations - 
Total 226 187 170 - 

Medical Research 5 - - 
Biological Research 67 - .. 
Biophysical Research 154 187 170 

Dosimetry and Instrumentation - Total 123 131 110 

Dosimetry 
Instrumentation 

92 131 110 
31 - - 

Training, Education and Information Program - Total 7 56 626 853 

Operation of Schools 583 510 728 
Assistance to Schools 93 79 75 
International Cunfs., Exhibits, Studies 

and Other Assis. 80 27 - 
Publications and Libraries - 10 - 
Other Training, Education and Information - - 50 
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Current planning for Argrznne Nebtiond. Iaboratory eontempht@e stabilization 

of the growth of the LebomtoPy perasomel at or  below about 4,000 employees i n -  

cluding about 1,000 professionally trained scientist8 and eq3ine@ra, 8pprOldmately 

ten percent above the present ofree. 

period under consideration there w i l l  be emlfieernt cknanges i n  program emphaeis. 

It fs anticipated, however, that during the 

Physical Resear&: !Die most readily foressesble change in bmfc research 

will occur i n  With the construetion of the ZGS, the laboratc 

sill be i n  a position to carry on one of the Xatisn's maj0r programs i n  this field 

energy physicks. 

(mi6 facil i ty,  however, is intended tQ s@m@ not just as a piece of e r ,pe rben ta l  

appa;ratuS for  tb staff of the rSborstx3ry but as a device available to the high 

energy pby8ieista of t M  %tion and of the free world. Iheref'ore, the lsborstory 

manragement and the AJE intend to lmt the staff expanf5ion a t  AloL in the high 

energy physics 'field to  a point at w b i &  only a fraction 

avrrfleble time on tbe machine is taken by permanent staff of the LBboratoky. 

balance of the u ~ e r s  or the frseility are expected t o  be visit ing faculty members 

and gradsate students fram univemities and ather research institutions. 

half or less - of the 

Ihe 

In the low energy phyeics program, the present level of effort is not ex- - 

pected to change markedly, although them will be significant changes in the 

direction of sane si the work, partieulrs;ply as fac i l i t i es  preeently authorized 

or contemplated become avaihble. 

the 10 Mev !Bandem Tan de Gz-zm.fr (alresdy authorleed) and 6p Mgh flux research 

reactor t o  alleviate tbe m n t  krge backlog of work on CP-5 ana t o  make avail- 

able bigher neutron fluxah &c3 an add.it3.onal reactor would a3.80 permit greater 

Principal new ferciUties now foreseen include 

u8@ of the rersemcb reaetos f'aeiUties of the laboratory by faculty and graduate 

students of mfd-western mPvers$tfes that c&n now be accommodated. 

I n  the? eh@mistPg. program fnemasfng attention will be devoted to  the 

!Be s h d e t r y  of plutonium w i l l  also receive increased transplutonilsm elements, 
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I '  attention. Counterbalancing these expansions, that part of the laboratory's 

work on inorganic chemistry which has been pursued because of intereat stemming 

from separations process interests w i l l  be phased Out &s it8 productivity diminishe 

Because oithe limitations on technology now--Lmposed by our knowledge of the 

behavior of materials under the new conditions met  vi't8iri reactor operations, bot1 

the chemistry and metallurgy programs will devote increased attention to studies 

of the behavior of materials at high temperatures aqd to corrosion phenomena. %e 

expansions in these field w i l l  also be accomplished by the transfer of effort from 

other areas. 

Expansion is anticipated in solid state studies; considerable expansion is 

expected in ceramics research and in theoretical metaLlurgy studies. 

mere w i l l  be only minfmsl activities in plasma physics, and no activity in 

large scsle controlled thermonuclear research I s  envieliged. 

With the growing need to develop our 8biUty to use plutonium as a reactor 

fuel, the basio propertlee of plutonium as a m e w  and an alloy material must be 

intensively investigated. 

its emphasis away from uranium to plutonium. 

"be metallurgy program is already in process or shiftin( 

Although the basic properties of 

Uranium will continue to receive come attention, it llow appears that as the decade 

advances, more and more of the Metallurgy Division's basic research effort w i l l  

be concerned wTtb plutonium. 

Reactor Development: Ihe reactor developent work of the labomtory over the 

last several year8 has occupied about haLf of the laborstory's professio~~al 

scientific and engfneering staff. 

study, thia appro-te division of effort w i ~  continue. 

responsibility In the boiling water reactor field Will be gradually phased out 

So far as can be foreseen in the period under 

!LIE laboratory's d o r  

as the pioneering types of questions on the boiling cycle are answered and industr 

takes over the probl@u~s of engineering development and process refinement wbich 

w i l l  remain. zhe fast breeder reactor a3 8 source of power and fissionable mater! 
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I '  
continue t o  occupy a significant part of the laboratory's development effort 

through the decade. 

Investigations will be continued on advanced concepts as they appear fruitful. 

Such investigations are expected t o  culminate i n  simple reactor erperi~nents of the 

BORAX type, intended t o  determine feaeibil i ty of advanced concepts and the desirpr- 

b i l i t y  of f'urther, more ehborate engineering development. 

investigated might include the boiling slurry reactor or particle meled reactore. 

Such conaepts t o  be 

Fuel cycle work on both the boiling water reactor and fast breeder type8 are 

expected t o  continue tbmughout the period. 

In  the field of general rsrrctor tecbnolOgy, work WflJ. be expanded on the heat 

engineeriag problems artsing from the use of sodium as a coolant. Hetcl3lurgicd 

investigations 'of high teaperatme fie1 materie3e w i l l  receive increased attention. 

Work on the M a z e d  be8 technique for fuel reprocessing w i 3 l  continue tlmngl 

the next f e w  years but is erpected to drop out i n  the lstter half of the decade. 

It 5s also probable that there a be a glodest increase bn the chem%cal 

sepaxations program o f f a e t  by 8 modeat decrease in the reactor physics program, 

Biology and Metlicine: As knowledge of the acute effects of radiation has in- 

creased, greater &phsis ha6 been placed on the chronic effects of lmr-level 

exposure t o  mdistions, i n  anticipation of the'incressingly important problem which 

wlll result from widespread use of nuclear reactions for power production. Con- 

sequently, a major program erprmsion on long-term biological effectr of low-do8e 

radiation is  unde&. . Because of the low doses and dose rates involved, such 

studies require a considerable expaneion of apw3.rnentsl animsl faell i t iea.  

addition t o  studying the effects of fission neutrons, high-energy gamma radiation, 

and strontium-90 deposition, the program wil l .  undertuke to evaluate the effects 

of a variety of mixed fission products, both short and long lived. 

In 

E@hsfs w i l l .  b 
/ 

on the l i f e  shortening and carcinogenic effects, 
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In addition t o  the Urge-scale laboratory anbd S t u d i e s  With dog8 and mice, 

a detailed epidemlologicsl study on humpn papulstiom is mpiruY gdning impetus, 

Between 500,oOO and 700,000 persons i n  Illinois are routinely drinlring well water 

that contains above-sverage levels of radium: some waters aontain levels ne= the 

maYJmrlm permissible content. Body radium burdens will be measured and correlated 

vith estimates of the incidence of bone pathoUgY and bone tumor mortality. 

studies are integrated with the continuing follow-up of radium dial painters and 

other persons known to be carrying significant body burdens of radium, 

biochemical. and cell structure research progrsms could be shifted to universities 

o r  reduced I n  ecqpc4 a8 the above programs expand. Studies on humon biochemical - 

'Ihese 

€&sic 

geneties will increase. Certain proJecta in the plant eciences concerned wlth 

radioisotope l a b e l i n g  of c c m p o w  involved in bioeyntheais w i l l  be brought t o  com- 

pletion. Studies of the biochemical factors which account for  differences- i n  the 

radiosensltplties or idlvidual cells within a papulation will be expa&d as 

they are required by the Unprange neutron and gam18 ray t o d c i t y  project. A 

cwiprehensive pkgmm of the biological effects of fi8sion neutrons at dose rates 

varying irom about .OOO1 t o  10,OOO rad per hour will be initiated upon the com- 

pletion of a special biological research reactor fac i l i ty  i n  1960. 
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Brookhaven IVationaL Iaboratory was established i n  19G i n  recognition of 

the need f o r  large and expensive empent and cpncentratiom of sc i en t i f i c  man. 

power i n  conducting nuclear research, 'Ihe Lsboratory i s  operated by h38QCiated 

Universities, Inc. (AUI), a non-profit corporation form@d f o r  the puqose under 

the 8ponsorship of nine leading northeastern universities. me Brookhaven program 

is characterized by emphmis on basic research and by large scale p a r t i c i p t i o n  of 

sc ien t i s t s  and ebgineers from other insti tutions,  

Ihe laboratory o c q i e e  the former Csmp Upton i n  central  Long Island. Some 

150 Amy buildings are still  i n  use; although same axef~ulmanent,  a Large number 

are of tempo& bmxacks type constmction snd are &rcrduauy being r€@laced. mar 
construction to date includes centers containing the major technical facilities, 

part of the Biology Iaboratory, a new Medical Center, snd P feu nmn'tl, special. pur- 

pose buildings. 

Ruclear Engineering Wlding. 

Under aesign a e  a Fhysics Isboratory and the first phase of a 

A comprehensive Bllaeter Elan oontemplotes an orderly 

procese of replacing tcsnm>orarv structures, relieving overcrowded conditions and pro- 

viding f o r  future requimzments, 

The research is centered my though not confined to, the use of sew2ral 

large machines and other special facilities, including: a large research reactor; 

a 3 b i l l i on  electron vol t  proton synchrotron (this "Cosmotron, " completed i n  1952, 

was the first accelerator t o  deliver particles of energies above one bf l l ion vol ts) /  

8 60" cyclotron, and several nmnler accelerators; a hot ahemistry laboratory3 and 

several high level radiation facilities including a g&?unma field and a ganana green- 

-house for the i r radiat ion of growing plants, 

a gmall research hospital and its own nuclear reactor e s p e c i 4 l y  designed for  

c l in ica l  neutron irradiations and other special prpose8. 

volt (BEV) protron synchrotron, t o  be completed i n  1960, w i l l  keep the laboratory 

me new medical. center incorporatee . 

A 30 b i l l i on  electron 
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in the forefront of research in high energy physics, A high flux reaearch mactor 

now under design will provide much higher intensity external neutron beams for use 

in m y  facets of the program. 

m e  scientific progran covers a wide range of subjects in the physical and 

It can be b m a y  described under five biological rsciences and in engineering, 

major headings, 

1. 

2, 

3. 

4, 

5. 

Fundamental studies of atomic nuclei, the particles which constitute 
them, and the forces involved in their structure. 
is the laboratory's largest single effort, uses all the major machines, 
Especially significant results b v e  been achieved in high energy particle 
physics, i n  neutron physics  ani^ in certain important aspects of nuclear 
structure. 

'Ihis mrk, which 

!Be physical, dhemical, and biological effects of nucleer;l: particles 
and m?lations, 
chemical structures and the more camplex properties of L i v i n g  systems 
and the changes which they undergo in their life and reproductim cycles, 
Of dArect practical interest are deleterious effects of neutrons and 
other radiation upon biological systems and upon structural and other 
materials involve&, for exumple, in reactor aonstruction, 
importance &re the potentidly bencficiaL effects in the tma-nt of 
disease, in inducing userul genetic changes in plants or anhals,  and 
in assisting manufacturing proteases. 
the use of neutrons in much of this wrk. 

Sueh effects are utilized to study mi& an& 

Of eQual 

Special emphasis is placed on 

!he use of nuclear tools, such a8 radioisotopes and neutrons, to 
study phyaimJ., chemical, and biological systems in an undisturbed 
state. 
physical, chemical and b'iological eystems &nd processeIs, thibs category 
includes the use of neutrons and other particles as probes to study the 
microscopic details of physical and chemical structures by observing 
their penetration and reflection, 

Research and development, not necessarily itself involving nuclear 
phenomena, directed at the problems of atomic energy developent, In 
its mom basic aspects this category includes the chemistry and 
metalgy of substances of special interest and the neutron scatter- 
ing and absorbing properties of materials used i n  reactors sand atomic 
we&pomo In its immediate application it includes the develpent of 
reactor components such as fuels, structures and shields; of components 
and processes for the &emicaJ. processing and ueerul recovery of reactor 
products; and theoretical and experimental. studies in the field of 
reactor physics, 

In addition to applications of isotopic tracers in stndying 

I ,  

The development of specific devlces, 'Ibis: includes both the design 
and the construction of special research tools such as accelerators, 
reactors and other technical equipment, and the development of 
radiation soinces and other devices utilizing a t d c  energyo 
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' me scientific staff presently includes alightly more than 300 scientists 

and engineers on the Brookhaven staff proper, approximately 70 Research Associates, 

and some 300 visitors frcnn other institutions who average eanewh& more than one- 

third of their time at fhe laboratory. 

on temprary appointments as research associates or visiting scientists, 

Abaut 60 foreign nationals are in residence 

'Islbles apd charts on COS~S, budget, facilities, and staff follow. 
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BROOKHAVEN NATIONAL IABORATORY 
Upton, Long Island, New York 

Ten Year Trend - Costs, Staff, and Facilities 
(dollar amounts are in millions) 

Research and Development 

Reactor Development Program: 
Civilian power reactors 
General reactor research and development 

Total Reactor Development 

Physical Research Program: 
High energy physics 
Other physical research 

Total physical research 

Biology and Medicine Program: 
Radiation effects on biological syatema 
Combating radiation detrimental effects 
Beneficial applications of ltOC8iC energy 
Biomedical problems in 

Doshetry and instrumentation 

Total Biology and Medicine 

atomic energy operations 

Isotope Development 

Training, Education and Information 

Total Research and Development Costs 

Fiscal Year 1960 1959 1958 1957 1956 195s 1954 1953 1952 1951 

Personnel at June 30: 
Scientific and engineering 
Other 

Total employees 

Completed Plant and Equipment at June 30:&’ 
Accelerators 
Reactors 
Other 

Total 

$ .9 $ 3.5 $ 4.2 $ 2.8 $ 1.6 $ 1.1 $ 1.1 $ 1.1 $ -7 $ - 
2.0 .9 .9 .9 1.0 . 8  .6 .6 .5 .5 ------ 
2.9 4.4 5.1 3.7 2.6 1.9 1.7 1.7 1.2 . 5  

5.6 3.8 3.0 2.6 2.1 1.7 1.5 1.3 - 
3.9 7.2 5.6 5.3 4.3 4.1 4.1 4.2 5.3 5.1 

12.8 9.4 8.3 6.9 6.0 5.8 5.6 5.S 5.3 5.1 

2.2 2.3 2.0 1.6 1.4 .7 f/ 
. 2  

1.9 1.6 1.4 1.2 1.1 1.5 

.2 .2 .1 .1 .1 .l 

.1 .I - 1  , 1.1.1---- 

4.4 4.2 3.6 3.0 2.7 2.6 2.4 . 2.2 2.2 1.8 

. 3  .1 - .1 .2 - .1 

.1---:----: 
~ ~ u ~ ~ $ Q 2 Q J ~ $ A L L ~  

.1 - 

440 408 379 368 366 342 331 319 285 
1,395 1,268 1.206 1,135 1,092 1,045 1,092 1,096 1.092 

1835 1.676 1.585 1.503 1.452 1.387 1.423 1.415 1.377 --L- 

$19.3 $ 7.5 $ 7.5 $ 6.8 $ 6.2 $ 6.1 $ 5.4 $ 2.8 $ 1.5 
17.0 17.0 16.9 16.9 16.9 16.9 16.8 16.8 16.5 
38.4 35.8 34.2 34.1 34.8 34.1 34.4 31.4 30.3 ---- 

aJ Excludes depreciation on AEC facilitles and the cost of source and special nuclear materials consumed in research. 

- b/ Estimated. 
2/ Detail not available in this and prior years. 

- d/ Plant projects authorized but not  completed at June 30, 1959 totaled $55.4 million. 
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BROOKHAVEN NATIONAL LABORATORY 

! 

Current Budget and Recent Costs by Categories of Work 
(in thousands) 

F.Y. 1958 Fey. 1959 F*y- 1960 
Budget Costs Costs 

TOTAL $ 17.019 $ 18,019 8 20,365 

Reactor Dmelapmbnt Program - Total 5,m &,rn 2,951 

Civiliaa Power Reactor - Total Ir, 239 3 , w  877 
Liquid Metal Fuel Reactor 

Research and Ihvelapnent 4,ss 3,360 750 
Studies and Evaluation 74 115 127 

Nuclear Technology and General Snpport - Total 875 9% 2,080 

8.velopmsnt 447 L33 995 
Fn heeriag F’hyslcs and advanced Reactor 

71 us - - 100 
Reactor Fuels and Materials I)evelopment 50 
Reactor Cmponents 
Separations T)eoelopmnt - Total 378 &32 &50 

Aqueous Chemical Process Development 158 
Residue Treatment flevslopment 10s 110 100 
k i d u s  Disposal Developnmnt 385 164 200 

Reactor Safety - - 110 

Physical Research Program - Total 8,282 9,396 U,?9 

Physics Research Program - Total 5,138 6,089 8,470 
High Energy Phyaies 2,w 3,771 5,580 

Research 272 266 305 
C o m p l t e r  Research and Development b6 l44 270 

Nuclear Structure and Neutron phorsics 1,85L 1,907 2,315 
Design and Develaplmmt P d c e s  for Physics 

Cheadstrg Research - Total 2,339 2,427 3,032 
Process Chemistrg 327 321 &48 
Chemical Properties and Reactions 1,916 2 , 019 2,450 

Research Materials 96 88 115 
Metallurgl and Materials Research - Total 805 880 1 9 2% 

Alloy Theory and Nature of Solids 6k8 7h1 1,025 
Effects of Irradiations on Materials 157 139 230 

Preparation and Purification of Special 
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BR-VEN NATIONAL UBmMRY - (Cmt'd.) 

F.Y. 1958 F.Y. 1959 F.X. 1960 
C o s t s  costs Budget 

Biology and Mdicine Program - Tota l  $ 3,609 8 4,173 $ b,U5 

Radiation Effects on Biological mtem - Total 1,992 2,273 2,170 

802 720 
Medical Research 1,275 1,471 1,450 

Biophydcs Researoh ll0 

Cancer Researah 9 7  598 700 
Hedlcal  Reaearch 373 424 1125 
Biological Reswch !m 593 780 
Distribatlon Isotopes 20 24 30 

Blopbpics Researah 88 - - 

- - Blological Research 607 

Bsneflcill Appllcatioaa of A t d c  Ern= - Total 1,U9 1,639 1,935 

Biaediaal Frobloma l a  Atondc Emrgy - Total  88 133 170 

Emiromnental Research 133 170 

D o s h t r g  and Instruasntatlm - Total 100 128 l.40 

Dwbtry 80 89 100 
I w t m m n h t l m  20 39 40 

- - C i v i l  Effeats Test Program - Total 10 

- 
2;s 

Radioisotope frodpction and Prooeas Dtwelapasnt 
Industrial Process Etrdlatlm 17 lo4 

105 

Assistrace to Schmb 
rntarnatloaiL Conferences, Exhibits, Studies 

Other TraMng, Education and Iniorwtioa 
a d  other Aadsknce 

A e t i r l f i e s  

24 

L3 

113 

5 

5 
29 

5 

55 
30 
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Measured in terms of scientific and 

half of the work at Brookhaven is in the 

: .  

technicaL effort, considerably more than 

physical sciences; the reminder is about 

eqpslly divided between nuclear technology and life eciences research. 

coming ten years, an expansion of 50 percent of m o r e  in the total BrooBchaven effort 

Over the 

i8 anticipated w i t h  a substantial portion of this increase occurring during the first 

five years. 

Phyaical Sciences: Of the gruwth i n  basic research in the pbyaical fmienees, 

nearly half is erpected to be in the high energy physics ..PrograM BB a result of 

the new 30 Ber a3.temk.ng gradient proton synchrotron, scheduled for initial test 

operations i n  1960, and of improves research facilities at the &mnotron. additional 

€aphasia also I s  envfsaged with respect to the solid state physics and metallurgy 

programs and in raaiation chemistry. 

me Brooulaven scientific stdfs in high energy physics,- melieas structure 

and neutron phyrpfcs ‘are expcte8 to increase signtficantly. me nuclear structure 

and neutron phyriics pmgran is expected to move into new rehtivelyunqbmxd 

fields throw the acquisition of (1) the high flux beam research r&ctor and (2) 

a planned high intensity, intermediate energy cyclotron. 
- 

Research in basic chemietry currently represents approximately one-fourth of 

research effort in the physical sciences program. Rsdiation chemistry w i l l  be 

given relatively more emphasis, and the overall chemistry effort is erpectcd td 

In metallurgy and s o l i d  state physics, some increases and diversification are 

anticipated. 

not expeetea to allm substantial expansion in this field, and only minor erpan8iOn 

is envisioned in solid state tltudies. 

m e  currently contemplated expaneion in metallurgy facilities is 

0 0  f u990 
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(L Biology Program: In the Biology Department which constitutes about 4.0 per- 

cent of the t o t a l  research effort i n  the l i f e  sciences at Brookhaven, there me 

at present about 20 staff scientists, 10 research as80ciates, and an average of 

15 visiting scientists engaged i n  the research program. 

that the research program will continue to  expand un t i l  an equilibrium level of 

30-35 staff scientists, 25 research associates, and an average of 30 visitors is 

attained, 

It is m n t l y  anticipated 

!&e biology research program emphgLsizes reeeardh i n  genetics, radiation biology, 

molecuLar biology, mammalian physiology, and cellular physio2ogy. 

shis laboratory provides our principal faciUty for the cooperative programs 

i n  the application of radiation for crop improvement. 

this effort  is anticipated. 

No further expansion i n  

!?Be research program i n  plant radiobiology Vi= be 

expmded folloXiDg the recommendation of an ad hoc committee of botanical scientists 

who recent ly  d n e d  cr i t i ca l ly  the e n t i r e  plant science research program of the 

ATE. 

studies, the expansion UiU emphasize effect8 on tissues, whole plants, and plant 

Since the existing program at Brookhaven is already strong in molecular level 

mdtie8.  

It is ant ic ip ted  that the general prog~pn i n  genetics w i l l  remain at abbut 
its present level of activity, 

of kadioieotopes incorporated into the genetic materials. 

sent a specisl  problem i n  this regard since it can pertially replace calcium i n  

Pasticubr emphaais will be given t o  the effects 

Strontium-90 may pre- 

the molecular structure of dhromosomes. 

9be radiation biology program has emphized mammalian studies. Although the 

mmber8 of animals employed i n  radiation toxicity studies will not be greatly in- 

creased, there w i l l  be an expansion of the basic studies at the molecular and cellular 

levels necessary for understanding whole body radiobiological effectsr Estimates 

of ce l l  renewal and turnover times are important i n  predicting radiation effects 

on specific’ tissues of importance i n  maintaining the physiological levels of activity 
. 
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consistent with survi&, 

expanded to aid in the prediction of radiobiological damage, 

Efforts i n  theoretical biology will be considerably 

lfie molecular biology program w i l l  be strengthened by erpansion of studies 

in free radical chemistry, of protein and nucleic acid biosynthesis and their 

interrelationsMps, of protein structure, and of the mechanism of enzyme action. 

Medical Program: ?be program of nuclear medicine includes application of 

atomic components in the treatment and diagnosis of disease and in the elucidation 

of f'undsmental biological processes. 

designed for m e d i c a l  use only,) was brought into operation. 

Wing 1959 a medical reactor (the first 

Rapidly, the research 

and service activities are being oriented around this special faciUty, 

In viev of the uniqye facilities, the special competence, and the un- 

associations available at Brookhaven, every effort w i l l  be made to determine, 

utilize, and test thrapeutic advantages proviaed by a medical reactor. 

muclear !kchnology: Brookbven mational laboratory contributes in all of the 

nuclear technology program, though the Overau level of effort is of moderate 

size, Significant increases expected i n  reactor components and chemical 

sepmatione progrrtma, moderate. increases are qpected in fuels an& materials ani3 

reactor physics pzwgrams, and the current lwel of support is erpccted to be con- 

tinued i n  the sanitary ana environmental engineering progrsm and the reactor safety 

pmgram. 

the ten year period. 

An overall increase of upproximately 70 percent is to be erpected over 

Isotopes Development: Current planning contemplatee -ion of the high- 

level radiation research and development program to about three fold the current 

level of effort over the next five years, 'Ihe hlgh-level maation program w i l l  

experience significant changes in program emphasis during the next ten years. 

me8e changes will, of course, depend on the results of reeearch and development 

of large radiation source designs, radiation physics, chemonuclear reactors, 
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high-level dosirnet- and engineering designs of high-level irradistors. 

Brookhaven program w i l l  be mncerned primaruS with the more fundamental aspects 

of applied radiation chemistry, physics, and englIIeefing necessary t o  EWpl-nt 

and accelerate an industrial radiation program, 

%e 
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OAK RIDGE RATIONAL LABoRAmm 

O m  developed around the f ac i l i t i e s  established to scale up the p3utonium 

project work started at the Metallurgical. rsboratory i n  Chicago. 

laboratory facilities at Oak Wage were the reactor for  productlon of gram 

quantities of plutonium and a pi lo t  chemical plant for separation of plumum 

from Trradiated Uranium. Virtually from the start, this work was supplemented 

by basic physical research and by development assignment& 

me first 

Hology and medicine 

programs were also undertaken early, t o  begin to explore the hazards associated 

with these new materids and with radiation. 

chemical technology and process develxrpment which began with i t a  original mission 

llhe basic orientation of OBBL toward I 

has perai8ted Likewise, the @Iuphasis O n  neutron phyt3ic8, research and test re- 

actor@ as well as power reactor tievelopent rrnd isotope production was a natursl 

cm8e for the poat=War program, centered ae it w ( ~ 8  around the graph2te reactor, 

the oldest aperating nuclear reactor i n  the world. 

Ibe laboratory haa grown by expansion of its projects in these hiatokcal  

fields of reeearch, by absorption of the wartime electromagnetic development 

laboratory, and by assignment of major project responsibilities, such a8 the 

Aircraft Nuclear Propulsion Project, 88 well as by gradual strengthening of existing 

basic reeearch programs. A8 8 remlt, the laboratoryts interester and ski l ls  have 

continually widened until  O R N L i s  now involved i n  research ana develqment 

i n  most fields of Commission activity. 

9be lal~oratory~s mission is  weighted on the side of applied remarch, de= 

velopment, and isotope preparation, Xith about 75 percent of the budget going into 
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these activities, 'Ihe laboratory is the cauntryls central establishment for 

producing both stable and radioisotopes, the la t te r  both i n  a wide variety for 

reaearch and m e d i c a l  therapy and a l e 0  i n  large quantities for  industrial. use. 

Ihe two largest areas of applied work are reactor development and chemical pro- 

cessing. 

Ihe applied program of the laboratory involves the following major efforts: 

Thermal Breeding, In  accord with the COmmission'8 over-all reactor program 

i n  which breeding is a major long-range objective, ORmL has been assigned the 

responsibility for developing the thermal breeder Sy8t-o 

Gas-cOoLed Reaetos. 'fbe laborcztory ha8 the responsibility for technical 
I *  

aspect8 of the gss-&led reactor program, including tedhnical Pt%&ur@S sf the 

85 Mw reactor t o  be built i n  Oak Ridge and the continuing research program t o  

improve the performance of gas-cooled reactors. 'Ibis is an example of a role 

vbich the major AEZ Laboratories may be erpecteCl to play t o  an increasing &en%; 

Le., to  serve as the Cammission's center of know-how and research on the ms;lor 
I 

types of power reactors, 

-2kchnieS3 Assfstance. B e  laboratory provides to the Commission technical 

aseistance on specific reactor problems, ranging from conceptual design of the 

Army Belrrge Bwer Reactor, now operating at Fort  Belvoir, to  general responsibility 

for the shielding portion of the Aircraft Iiuclear Propulsion program, 

esaiatance is now being provided on the Maritime Reactor Program (I?S Savannah), 

the Puerto Hean reactor, the AEC-ts mall  power plant progm, and the Enrico 

I n  addition, 

&mi reactor, 

General Reactor Development, 5b provide the bases for continued growth and 

improvement i n  the power reactor field the laboratory carries on researeh or de- 

velopment i n  metallurgy, chemistry and solid state physics aimed at improving 

! reactor fuel elements and construction materials, i n  electronics to  impmve reactor 

.- . 
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control and safety systema, i n  engineering (a) t o  increase the knowledge of 

heat transfer and hydrodynamics and thus reactor performance, (b) to -rove 

e<lmrponents, and ( c )  to evaluate the  corrosive behavior of materials under reactor 

conditions, 

test reactors for wfiich the  laboratory ha6 been WhoUy o r  partially re8Ponsible; the 

LIm, the Mm, the  swimning FOOL Reactor, the lbner Shield &actor, and the Om, 

Contributing t o  general reactor development has been the  gueceaeion of 

chemical Processing. Beginning ,just after the War with the  d e v e l p e n t  of a 

solvent-extraction process f o r  recovery of uranium from the  Hanford waste tanks, 

the laboratory ha8 pbyed 8 major role i n  development of processes for extraction 

of plutonium, recaves of uranium f r o m  production reactors, and the enriched 

recovery process used at Idaho, 

development has now turned t o  procesees for power reactor fuels, ,A--pilot plant complex 

uti l iz ing existing structures, supplemented by a new head-end treatment plant, will 

permit the laboratory t o  process fue ls  from several of the power reactors i n  the  

court?@ of the developmenta;l, program. 

- ~ 

Most of the laboratory's e f for t  i n  chem5cal prO-ceSs-- 

Waste Disposal, A8 an outgrowth of the neceesity for providing safe m e a n s  of 

aispo8al of it8 own radioactive wastes, the laboratory is engaged i n  a broad study 

of safe and econcaaicsl lnethod.8 f o r  disposal of garseaus, l iquid  and solid wasters. 

Controlled mermonucleaz Program. The approach taken at Oak Ridge t o  this 

problem involves the iqjection, at high energy, of molecular ions through a carbon 

a r c  in a magnetic bottle, 

the arc are confined and, vhen proper conditions are achieved, may produce a con- 

Ihe a t c d c  ions pmdhced by break-up of the molecules i n  

tinuous thermonuclear reaction, !Be attainment of these proper conditions i n  the 

Dcx d H c e  is the  focus of a sizeable program at the laboratory. ~ 

!&e basic research work of ORNL, thou@ representing not more than 25 percent 

of the whole budget, is actual ly  very Large, involving over 600 sc i en t i f i c  man 

years of efrort aut  of a t o t a l  of 1,420, me fields covered range, for example f r o m  

radio-biology to mathematics, f r o m  plasma physics to sol id  state physicfb 

.l 

DOE ARCHIVES 



Physics. A large fraction of the physics research is concerned with 

the reactions of neutrons, especially those pertinent to reactor deve-ent, 

or the utflization of neutrons as too18 for research, %us, the laboratory has 

brosd programs to determine nuclear cross sections, to investigate the mechanisms 

of reactions with materials and to determine the etructure of crystals as dis- 

closed by the diffraction of neutrons. 

Chmietry. me laboratory ie concerned with the chemistry of the fission 

process, fission products, chemical effect8 of radiation, and chemical properties 

and reactions in aqueous and non-aqueous m e d i a  at high temperatures, 

Metallurgy and &lid State Pnys 3x8. I h i 8  work is concentrated on the fundamental 

properties and reactions of metals, ceramics, semi-conductors and organic materials, 

primarfly under waditiom encountered In nuclear reactors. 

Biological Sciences. Ibe major problem studied in this field are ~hoSe 

centr8l to the u e  of nuclear en&, the irmestigation of the biological effects 

of radiation and the dmelopent of means  to alleviate or counteract such effecte. 

An extens%= program is concerned with elucidating the genetic consequences of - 

A - . ,  .. ~ 

eqprJsure to rad28tion. 

Ihe 0a)C Ridge mationa;l Iaboratory is operated by the Union garb2de Nuclear 

Campany under contraet to the Commission. A good example of the laboratory's 

capability to perform functions of 8 se3ni-induStrlal character was the coosdinatbn 

of the United States' Sherwood exhibit at Geneva in 1958. 

me laboratory is in the midst of a $45,000,000 building program which, upon 

ccmpletion,will provide outstanding facilities for advanced work and adequate space 

for the staff. !Phe Zaboratory is equippea wfth several research reactors, chemical 

pllot plants, cyclotrons, and Van de Graaff accelerators, and plans are now under- 

way fo r  construction of an ultra-high performance isotope-producing reactor trhich 

w i l l  be used for manufacturing very heavy isotopes in Large Quantities for research 

11-5119 
d 

DOE ARCHIVES 



Research and Development C O S C S : ~ '  

Product ion Program 

Weapons Program 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 

Ten Year Trend - Costs, S ta f f  and F a c i l i t i e s  
(dol la r  amounts a r e  in mil l ions)  

F isca l  Year 1960 1959 1959 1957 1956 1955 1954 1953 1952 1951 
a1 

$ 2 . 5  $ 2 . 9  $ 1 . 8  $ 1 . 3  $ 1 . 2  $ 1 . 3  $ 6 . 4  $ 6 . 7  $ 3 . 1  $ 1 . 6  

. 2  .3 .3 .4 .4 .3 .9 .8 

Reactor Development Program: 
Civ i l ian  p o w e r  reac tors  
Merchant s h i p  
Army power 
Manned a i r c r a f t  propulsion 
Satellite mer sources 
General reac tor  research and development 

Total Reactor Development 

Physical Research Program: 
High energy physics 
Control led thermonuclear research 
Other physical  research 

Tota l  physical  Research 

Biology and Medicine Program: 
Radiation e f f e c t s  on b io logica l  systems 
Combating r a d i a t i o n  detr imental  e f f e c t s  
Beneficial  appl ica t ions  of  atomic energy 
Biomedical problems i n  

Dosimetry and instrumentat ion 
C i v i l  e f f e c t s  

atomic energy operat ions 

Total Biology and Medicine 

Isotope Developent  

Training, Education and Information 

Total  Research and Development Costs 

Personnel a t  June 30: 
S c i e n t i f i c  and engineering 
Other 

Total  employees 

16.7 19.0 15.3 10.2 9.2 7.6 3.8 3.4 4.1 2.3 
.8 1 . 2  .3 - 
.2 .2 .6 .S .4 .4 - 
-4  .5  - 3.0 3.6 7.0 20.6 15.9 10.0 6.7 7.1 6.5 4.8 

2.7 7.6 5.6 4.3 4.0 1.4 .9 .5 .6 .9 

28.7 29.1 27.5 35.3 28.2 19.4 11.4 11.0 11.2 8.0 

.1 - 
5.6 4.0 3.4 .9  .6 .4 ,1 - 

12.7 10.9 8.1 9.7 8.7 8.0 7.7 7.5 - 6.0 4.8 

18.4 14.9 13.1 9.6 8.6 8.5 7.8 7.5 6.0 4.6 
- -- 

3.2 2.8 2.5 1.9 1.7 1.5 51 

- 3  . 2  .2 .2  - .6  .6  .3 .3 .3 .z 

.8 .5  .4 .4 .3  . 3  

. 2  .I. .1 .4 .4 .4 

.4 .3 .2 .1 - - _ _ _ _ -  
5.2 4.6 3.7 3.3 2.9 2.4 2.3 2.3 2.2 1.9 

.6 .5 .3 .2 .2 -3  - 3  .5 - 5  - 8  

2.3 .>A 2.4 2 2 2 2, 
s56.1S52.2g&g$50,4$41.9s32.7$29.0$28.7$24.4$18.2 

1,457 1,398 1,350 1,223 1,143 1,028 1,011- 884 763 
3,566 3,330 3,413 3.191 3,035 2,943 2.974 2.952 2.494 

5,023 4.728 4.763 4.414 4.178 3.971 ----- 

d/  Completed Plant  and Equipment a t  June 30:- 
Accelerators  $ 6.2 $ 7.1 $ 7.0 .$ 3.9 $ 2.5 
Reactors 15.7 14.8 9.3 8.4 6.9 

117.9 118.7 106.8 97.6 113.5 Other 

$= $139.8 $135.0 $119.1 $107.0 $10?.8 $ 99.0 $ 62.9 $ 33.3 Total 

E/ Excludes depreciat ion on AEC f a c i l i t i e s  and the cos t  of source and nuclear  meter ia l s  consumed in research. 

- b l  Estimated. 

- c l  Detail not  ava i lab le  in t h i s  and p r i o r  years. 

- d/  Plant  pro jec ts  authorized but not completed a t  June 30, 1959 t o t a l e d  $45.0. 
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aBK RIDGE NATIONAL LBBORATORY 

Current Budget and Recent Costs by Categories of Work 
(in thousands) 

i 

F . Y .  1958 F.Y. 1959 F.Y. 1960 
costs costs Budget 

$ 47,010 $ 52,142 $ 56,037 

1,772 2,797 2,500 

TOTAL 

Production Process Development - Total 
258 5 5 Weapons Development - Total 

27,548 29,048 28,696 

15,308 17,964 16,700 

Reactor Development - Total 

Civilian Parer Reactors - Total 

Pressurized Water Reactor - 
Research and Development - - 250 

Gas Cooled Reactor - 
Research and Development 

Fluid Fuel Reactors - Total 
1,139 5,331 9,250 
13,880 12,554 6,900 
11,397 9,663 4,900 
9,416 7,813 2,900 

Homogeneous Reactor - Total 
Research and Development 
Operat ions 1,981 1,850 2,000 

Fused Salt Reactor - 
Research and Development 

Studies and Evaluation 

2,483 2,891 2,000 

289 79 300 

4,315 5,632 7,621 

’ 172 327 380 

5 7a 1,188 1,867 
571 1,075 1,779 - 60 240 

1,666 1,685 1,500 
462 432 805 

806 865 1,050 

Nuclear Technolopy and General Support - Total 
Thermal Reactor Safety 
Engineering Physics and Advanced Reactor 

Reactor Fuels and Materials Development 
Beactor Components Developrnt 
Aqueous Chemical Processing Development 
Volatility Processing Development 
Low Decontamination Studies 60 - - 
Residue Disposal Development 

Development 

273 1,235 775 

612 161 200 

Maritime Pressurized Water Reactor - Total 
@ m y  Power Reactors - Total 

Stationary Medium Power 161 - - 
Gas Cooled Reactor Systems 451 - - 
General Support - 161 200 

7,040 3,582 3,000 

Indirect Cycle 2,227 - - 
General Support 4,813 3,582 3,000 

Airplane Propulsion Reactors - Total 

Auxiliary Power Sources, SNAP I - 474 400 

14,919 18,363 

Physical Research - Total 3,082 3,924 4,649 
Physical Research Program - Total 13,076 

High Energy Physics - 56 100 
Nuclear Structure and Neutron Physics 2,273 2,416 2,591 
Extra-Nuclear Properties of Matter 193 192 160 

0 0 1  4984 r 
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Oak Ridge National Laboratory - Cont'd F.Y. 1958 F.Y.  1959 F.Y.  1960 

Design and Development of Devices for 
Physics Research 

Physical Methods of Isotope Separation 
Computer Research and Development 

290 550 945 
289 676 813 
37 32 40 

5,510 5.711 6,315 Chemistry Research - Total 
2,719 2,471 2,321 Process Chemistry 
2,230 2,417 2,705 Chemical Properties and Reactions 

Chemical Isotope Separation Studies 
Special Projects 176 333 505 
Preparation and Purification of Special 

130 17 1 305 

255 3 18 479 

Research Haterials 

1,146 1,304 1,829 Metallurgy and Materials Research - Total 
Production, Treatment and Properties 

Alloy Theory and the Nature of Solids 
Effects of Irradiations on Materials 

of Materials - - 69 
713 762 865 
433 541 895 

Controlled Thermonucl&r Research - Total 3.338 3,980 5.570 

and Medicine - Total 3,660 4,588 5,203 

2,824 3,195 Radiation Effects on Biological Systems - Total 2,453 

Biological Research 
Biophysics Research 

2,782 
413 

2,063 2,408 
390 416 

328 600 618 Combating radiation Detrimental Effects - Total 
Biomedical Problems In Atomic Energy Operations - 

420 503 827 Total 

Biophysics Research 
Environmental Resear'ch 

251 305 571 
169 198 256 

64 102 22 5 Dosimetry and Instrumentation - Total 
Dosimetry 
Instrumentation 

64 56 90 - 46 135 

Civil Effects Test Program - Total 161 279 338 

Beneficial Applications of Atomic Energy 234 280 - 
Isotope Development Program - Total 263 455 57 0 

Radioisotope and Process Development 263 382 570 
In FY 1959, ORNL included Start-up Costa in 

Isotope Program - 73 - 
Training, Education and Infonnation Program - Total 433 335 700 

Operation of Schools 284 198 - 1/ 
Assistance to Schools 47 33 

and Other Assistance 33 43 
International Conferences, Exhibits, Studies 

Other training, Education and Information 
Activities 69 61 

Detail not available 
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Nture Plans 

It f a  anticipatedthat personnel growth at the oak Ridge I'?at€onal Iaborat~ry 

wi l l  be minimal during the next ten years. 

Reactor Program: lche civilian nuclear power reactor program presently includes 

work at 8even of the AM: labora?ioriesy including the Oak wage National Laborstory. 

Since the ten yeen program for civilian reactors 18 UnbOW% 8, detailed program 

forecast for ea& Laboratory c m t  be presented. 

reactor syfstesns, there will be new systems which may be added t o  a la;boratory's 

mrk in the future - the number of these new systems, the magnitude of effort, or 

the location where the work w i l l .  be done is not known at this time. 

In addition to the present 

%e eivillan resctor work at OBmL is presently i n  the area8 of gas cooled 

reactors and t h d  breeder reactors. 

the t h e m  converter reactors, the research and devebpnent w i l l .  be continued at 

the present level  for  the next twlo or thre year& A t  that time the  pm&wn w l l l  

be terminated or wllL probably be reduced gradually each year so tbat by 1968 there 

Beau8e the gas cool&l reactor is one of 

will be no program 

rangeprogram, the 

y-8. If 8% that 

pramise of meeting 

be inoreased 

expenditures. Since the thermal breeder react& program is a long 

present level or expenditures wil l  be maintained ra r  8ix or seven 

time the system or s y t a  under development show the most 

the breeding program objectives, the work on the systems w i l l  

me field of ~ ~ c ~ . e a r  !P&UIO~~~Y (manic& separation and -pent ,  mels 

and Materiale, Re&ctor  Componenta, Reactor phyics, ana Ganitary and Environmental 

Engineerlag) is so broad in scope and the problem areal which re@re resolution 

are so IluHlerous that o m  an expanded prognm e m  be envisioned for the next t en  

year80 'Ihe national laboratories are the beat W i f i e d  an8 ewippd locations 

at which t o  conduct the -or part of this work. 
0 
I 

cn 

O R m L i s  8 large contributor i n  all areas of Nuclear Tkehnology. The current 
.II 

level of support is relatively high, and it is eqected t o  increase by a~roxfmtely 

25 pereent during the ten yem period, 
LJ 
a Minor changes i n  emphasis will occur within - 
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the over-all program, with the largest increase i n  the Reactor Camponents 

developerit program, 

%e A W  program at ORNL has carried a substantie~l shielung program which 

is expected to  continue. 

Physical Science Program: I n  basic physics, OENL over the next t en  yeara will 

continue to  supply much of the nuelear data fundamental t o  the *le technology; 

this task will be'made easier by the new aaL Ridge Relativistic I8ochronous Cyclotron 

(ORIC), and by the acqyisition of a 10 Mev Van de Gra8ff accelerator, Ihe Laboratory 

w i l l .  venture s@newbat further in to  high energy physics, though theae steps w i l l  be 

taken earacrully 8o that the demand8 In thi8 field do not reduce ORI?L's capacity to 

perfonn precision work i n  the binding enorgy region. 

Basic chemistry, solid state phy~ics, andmathematic8 W i l l  continue much as 

they have been with shift8 i n  emphatlis ~ L I  needed t0 shore up the applied programs. 

%e addition of the ORIC and the proposed Bigh Plux ISOtope Reactor (HFIR) w i l l  

stimulate research i n  heavy element che?nlstrY, and in this f ie ld  some -ion is 

anticipated. 

eerepnics research. 

~n metallurgy, expand& effort is erpected i n  metal p'hysics and 

Space Umitatione w i l l  pmbably keep solid state utuMes at 

their present size. 

progrm, making use primarily of existing personnel and fac i l i t i es .  

A Jsz-ge erpansion is anticipated in the research materials 

Controlled thermonuclear seaearch shauld develqp naturally over the n& decade 

along the l ines  alreaay established - high energy injection in to  a mirror geomtry. 

It m8y take f i 6  years to bring the science of plaama physics t o  a point wb€T& it 

w t l l  be possible to assess r e8 l i s t i ca l ly  the outlook for fusion power. The pro- 

jections must, therefore, be considered very tentative and almost Sure t o -be  

modified a s  more information is acquired. 

c a l l  on ORmL for  direct coUaborstion with other controlled thermonuclear laboratorier 

For example, i f  it becomes necessary t o  inject iona i n t o  a stel larator ,  a jo in t  

It appears probable that the AEC m y  

effort on the part of Princeton and O R m L m i g h t  be desirable. 
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Biomedical' program: 'Ibe large proJect in cytology and genetics ~mphasizes 

basic studies of cellular structure and function,and of the action of radiation 

on the cell and especially on the genetfc apparatus. 

at the present level. 

m8 p r o m  will continue 

OIWL is the site of the E ' s  major program in mammalian genetics. Work here 

&E recently ahown that the induction of gene mutations OCcur8 at a lower rate when 

the radiation expome is protracted over 8 Long period 8 k  a b w  do8e mte. This 

is extremely significant to consideration of the genetic hazards of fallout and 

occupational e ~ s u r e 8 .  

pmjecta Will be initiated as major studies are completed. 

me preaent level of activity w i l l  continue although new 

~n the reemery w o k ,  Laborstory studies of protection by chcnnim 

and by bone m8s~oto transplantation in the mrruse ham been qph8aized. %e program 

hss developed into a broader one eoncerned wlth tissue tramplantation in general, 

w-ith q h a s i a  upon related 3,nnumologieal problems. Na eqpamion of effort is 

pl#m.nea. 

!&e pathology-phyeioh3gy studies have been concerned xlth the pat'hiagenesicr of 

early and delayed somatic radia;tion efrects in mammal8 with ePlrphasis on the in- 

duotion of leukemia and neoplasia. 

the life shortening and carcinogenic effects in mfce of chronic low=Wel mdistion. 

a3e major objective of the work in cell phySi010gY is the determination of 

fIbis program wiU be eqanded to eneompsss 

the molecular basis of cell function. 

to facilitate determination of the effects of radiation and other insults on 

cellular function, 

%e finding6 will pmvlde a baclEgrouna 

No major increase in this program ia anticipated. 

The biophysics reaerarch is concerned with the Understanding of the basic 

prirnary physical and chemical events which underlie and govern the action of 

radiation in biological systems. Significant advances have been made by the 

application of electron spin re8onance method8 to biological materisls, It 16 

anticipated that these studies w i l l  be eqpanded in conjunction with an overall 
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I '  
increase in AI33 supported 

Radiation inmuno u3Y 

effort in biophysics and bioenergetics. 

investigations are concerned with the fundamental 

hnunological aspects of bone marrow and other tissue transplantation, and with 

rundamentaL immunological investigations, 

emphaais on the immunogenetic aspects of the problem. 

A modest expansion is planned, with 

!Be biochemistry projects at ORNL have been concerned nfth three major probla 

intennedl8ry metaboU8m in bacteris and plants, nucleic acid biochemistry, and 

protein sptheais. 

relationships and genetic control of nucleic acid and protein biosynthesis, bio- 

chemical studies of gene action, and studies of cellular differentiation at the 

molecular level. 

Considerable erpansion is planned with em2hasis on the inter- 

Isotopes Program: Current planning contemplstes expm8ion to approxim%tely 

double the current level of effort during the next five years, It is anticiptd, 

however, that this level of effort Kill diminish gradut%lly during the Latter part 

of the next decade, 

information about the physical and chemical properties of radioisotope products. 

An accelerated procese developnent program is also required to make new radio- 

isotopes available & to increase the purity, yield, and quantity of radio- 

feotopes currently available, 

or information to stimulate applied research in induetrial laboratories. 

An inereased effort during the early years is needed to d m l  

B e  long range program is directed toward develqf 
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OAK FUDGE INSTITUTE OF NUCLEAR STUDIES 

The Oak Ridge I n s t i t u t e  of Nuclear Studies i s  a non-profit cor- 

pora t ion  of 37 Southern u n i v e r s i t i e s  and colleges.  

se rves  as a device f o r  f a c i l i t a t i n g  research  and t r a i n i n g  r e l a t i o n -  

ships between Oak Ridge National Laboratory and the  un ive r s i t i e s ,  i n  

add i t ion  t o  conducting programs of i t s  own. Though not  a multi-program 

l abora to ry  (its research a c t i v i t i e s  being l i m i t e d  t o  t h e  medical f i e l d )  

it is  included here because of i t s  d o s e  t ies t o  ORNL. The I n s t i t u t e  

c o n s i s t s  of f o u r  d iv is ions :  Medical, Spec ia l  Training, ITnTversity 

The I n s t i t u t e  

Rela t ions  and Museum. 

The Medical Division was formqm organized i n  January 1949 as a 

research  un i t ,  t he  broad i n t e r e s t s  qf which are d i r ec t ed  toward t h e  

preliminary ipves t iga t ion  of promising p o s s i b i l i t i e s  i n  the appUca- 

tion of radioactive-substanges t o  t4e study of cancer and r e l a t e d  

disease.  It was l eca ted  i n  Oak Ridp with  the  i n t e n t  of developing a 

medical cen ter  which would e x p l o i t  the s p e c i a l  r e sea rch  oppor tuni t ies  

of that loca t ion .  The presence*and personal  i n t e r e s t  of a l a rge  staff 

of outstanding electronic, quc lear  instrumentation and i so tope  produc- 

t i e n  specialists of the Oak Ridge Nqtional Laboratpry has contributed 

greatly t o  t h e  successfu l  pioneer work i n  rad io iso tope  therapy, tele- 

therapy design and p a t i e n t  treatmen$. 

A p r i v  reason for es t ab l i sh ing  a clinical  rese-arch program a t  

Oak Ridge was t he  availability of short-lived isotopes from the reactors.  

The extensive c l i n i c a l  evaluation of galHum-72 wi th  a h a l f - l i f e  of 

fourteen hours i s  an example of a study carried out a t  ORINS t h a t  would 

II-S-23a 
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have been impossible t o  undertake a t  a mure d i s t a n t  l oca t ion  f rm an 

i so tope  producing reactar. Curren t ly  the  e f f o r t s  i n  the  c l i n i c a l  

program are di rec ted  toward t h e  i n t e r n a l  use of new I so topes  plus 

s t u d i e s  involving external i r r a d i a t i o n  f o l l m d  by bone marrow 

t ransplan ta t ion .  

pursued i n  an e f fmt  t o  l e a r n  more about the  d i s t r i b u t i o n  and metabol- 

i s m  of man i n  the  diseased state. 

been admitted f o r  treatment. 

Extensive basic and pre-clinical s t u d i e s  are being 

Thus far, mer 1,000 p a t i e n t s  have 

An a c c t m p a n b n t  0f this program 58 the  t r a i n i n g  of physicians 

and s c i e n t i s t s  from the Uni t ed  States and fo re ign  countries.  

hundred and forty-four American physicians and twenty-seven from other  

na t ions  have spent from three months t o  two years i n  t h e  Medical 

D i v i s i ~ n ,  i n  addi t ion  t o  thirty-slx s c i e n t i s t s  i n  tfie W e  sciences. 

One 

It 5s contemplated that the  Medical Div is ion  w i l l  continue t o  

operate a t  about t he -p resen t  level of e f f o r t  f o r  t he  coming decade. 

The c q l e t i e n  of t he  ~ o l e - B o d y  I r r a d i a t i o n  fgc i l l ty  will undoubtedly 

lead  t o  an expanded fundamental s tudy  an the effects of whole body 

i r r a d i a t i o n  with perhaps less emphasis on the  use of new isotopes.  .The 

new fac i l i t i es  w i l l  permit r a d i a t i o n  t o  be d i rec t ed  a t  p a t i e n t s  from 

several d i r ec t ions  with a r e s u l t i n g  more uniform dose d i s t r ibu t ion .  

E f f o r t s  w i l l  be continued t o  develop b i o l o g i c a l  tes ts  t h a t  w i l l  he lp  

i n  determining doses so t ha t  persons exposed t o  known or unknown 

amounts of r ad ia t ion  can be proper ly  evaluated and t r ea t ed .  

It is expected that t h e  leukemia and bone-marrow t r ansp lan ta t ion  

will separate i n t o  two p a t h s  of inves t iga t ion :  One will be the  evalua- 

t i o n  ef the  treatment of acute  leukemia by wt.lole-body i r r a d i a t i o n  
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without the additien of bone marrow; the second will be further efferts 

t o  transplant bone marrw. Greater emphasis will be given t o  qnestiens 

of d i s t r ibu t ion  and metabolism of isotopes. Training sf physicians a d  

s c i e n t i s t s  i n  the medical use of radieisotopes and teletherapy metheds 

wi l l  be continued. 

The Special Training Division was organized to  t r a i n  doctors, 

s c i e n t i s t s  and ether technically trained people is the  use of radio- 

isotopes, The first class  was given i n  the summer of 1948 and since 

that time three thousand par t ic ipants  from the United States and 54 

foreign countries have cempleted the one-month course of basic iaeteps 
, training. 

The Univarsity Relatiops Divieien f a c i l l t a t o s  p a r t i c i p a t i m  i n  

In addi-  
I 

ORNL research by university f acu l ty  members and students. 

tim, manibsrs of the ORmL t r a v e l  under ORINS auspices t e  the scboels 

t o  give l ec tums  and seminars, During the academic year of 1958-59, 

I a t o t a l  of 1,701 student fe'uowships were handled by this Divisien. 

These inclqded 987 pre- and post- dacteral  fellmahips, 

biological science, 46 i n  ipdus t r ia l  hygiene and 216 i n  nuclear science 

and engineering. 

452 i n  radie- 

The American Museum of Atomic EnergV opened i n  Oak Ridge i n  March, 

Since that time three quarters of a million people have visited 19h9. 

this musdum. 

bring portions of the mseup1 t o  people throughout the United States. 

It is estimated that 27 million people have seen these exhibits. 

i 
A traveling eghibit  program was i n i t i a t ed  i n  order t o  

- .  
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OAK RIDGE INSTITUTE OF NUCLEAR STUDIES 
Oak Ridge, Tennessee 

Ten Year Trend - Costs, Staff and Facilities 
(dollar amounts are in millions) 

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951 
- b/ 

Completed Plant and Equip- 
ment at June 30: s/ 
All other 

3 $ 2.8 $ 2.4 $ 2.3 $ 2.1 $ 1.9 $ 1.6 $ 1.5 $ 1.7 $ 1.3 

Total Completed Plant 2.8 2.4 2.3 2.1 1.9 1.6 1.5 1.7 1.3 

Research and Development: a/ 
d /  Biology and Medicine Program: 

Beneficial applications of atomic -1.1 1.0 .8 .8 .8 -7 - 
energy 

Total Biology and Medicine 1.1 1.0 .8 .8 .8 .7 .7 .7 .6 .6 

Isotope developaent .1 .1 
Training, education and development .7 1.9 1.6 1.4 1.0 .5 .5 .9 1,2 .4 

Total Research and Development Costs $ 3.1 $ 2.7 $ 2.2 $ 1.8 $ 1.5 $ 1.2 $ 1.2 $1.6 $ 1.8 $ 1.0 

Personnel at June 30: 
Scientific and engineering 104 98 80 69 63 62 61 60 60 

140 139 143 136 121 127 111 86 69 Other 

Total employees 245 237 223 205 184 189 172 146 129 

---------- 

- b/ Estimated 
- a/ 
- c/ Plant projects authorized but not completed at June 30, 1959, totaled $0.3. 

- d/ 

Excludes depreciation on AEC facilities and the cost of source and special nuclear materials consumed in 
research. 

Detail not available in this and prior years. 
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OAK RIDGE INSTITUTE OF NUCLEAR STUDIES 

Current Budget and Recent Costs by Categories of Work 
(in thousands) 

F. Y. 1958 F. Y. 1959 F. Y. 1960 
costs cos tS Budget 

$2,249 $2,654 $3,120 

1,055 

1,055 Beneficial Applications of Atomic Energy - Total 871 746 784 
Cancer Research - 216 27 1 
Medical Research 

TOTAL 

Biology and Medicine Program - Total 871 962 

871 962 

73 116 Isotope Development Program - Total 
- 73 116 

Training, Educatipn and Information Program - Total 1,378 1,619 1,949 

Operation of Schools 
1,080 Fellowships 4 - 30 

Assistance to Schools 
International Conferences, Exhibh, Studies 8 17 25 
and other Assistance 613 602 

Museums and Exhibits 

Radioisotope Technology Training 

231 19 6 21 2 
534 79 3 

601 
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The Ames Labratory ha8 grown from contract work underkken by Iowa State 

University for the Manhattan Engineer D i s t r i c t  i n  February, 1942. 

mission was conduct of basic research and development mrk i n  gietallurgp and 

chemistry, with special emphasis on the lesser known el ' sents  and m e t a l s .  

Its principal 

Besides obtaining baaie informaxion needed in the design of the first 

reactors, the laboratory was successful i n  devel5ping inexpensive methods f o r  

producing very pur@ d u m  m e t a l ,  

and are e t l l l  in use today. 

Sbese processes were turned over t o  industry 

While the industria producers were being established, 

Ames produced over 2,000,000 pounda of atstallic uranium f o r  OrperhenW use and 

for the early reactors. 

Other pro jbde  on w h k h  the laboratory has vorked include development of 

technology concerning srranium and its d..loys, incLndiW a v c q  much cheaper 

m e t h o d  of casting the metal; develogaent of a pmccss, now used Industridly, 

for producing aeta l l i c  thorium; and processes for separating the rare e&he 

and for productng the pure rarc earth m e t a l s .  !fBesc proeossea, too, art now 

in industria production, 

Ihe h e s  Iabratory maintains strong ~l;roups i n  basic Inorgaaic chemiitrg, 

solid state physies, physical and chemical metaUurgg, surilace chemistry, 

kenetics (rates of reactions), ion exchemge, structural &anistry, etc., and 

it is froaa these basic studies that the applications mentioned abon deralaped, 

Work is also carried on i n  nuclear physics and nuclear chemistry. 

B e  I,abora%ory maintains a r i g o m  program i n  high temperature metd1Urg;Y 

and ha8 strong analytical groups to develop methods 'for -si8 of the IlnU8Ud. 

mterials dealt with i n  the program. 

4 

!Be laboratory is  housed i n  two AEc-butlt structures on campus land leased 

from Iowa State College. A third building, the M e t &  Development Building, is 

11-5-24 
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under construction at present, and at research reactor facility is in design. 

'Ibc laboratory i s  close to the campus more than by reason of location alone; 

its rcscareh staff is made up, to a subsmtial e&ent, of peFs~@l-ppho spend 

part time at the laboratory and part t h e  in academic pursuits. 

from senior professors to graduate students. 

significant training role, and benefits from close interrelation with academic 

research. 

on the basis, in part, of work &ne at the Ames Uboratory. 

!they range 

'Ibus, the laboratory plays a 

Over 240 PhD's and nearly 220 M.S. ' 8  have beon grented by Iowa State 

t 
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AMES LABORATORY 
Ames, Iowa 

(dollar awunts are in millions) 
Ten Year Trend - Costs, Staff and Facilities 

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951 
- bJ 

Research and Development Costs:a--/ 

Production Program $ - $ .1 $ .2  $ - $ .1 $ . 2  $ .1 $ .6 $ .6 $ - 
Reactor Development Program: 
General reactor research and development .b  . b  .4 .3 .2 .2 . 2  - 

Physical Research Program: 
High energy physics 
Other physical research 

Total Physlcal Research 

83.8 83,4 $ 3.0 $ 2.6 $ 2.3 $ 2.4 $2.1 %Ll $L.l --------- Total Research and Development Costs 

Personnel at June 30: 
Scientific and engineering 
Other 

Total employees 

Plant and Equipment at June 30:s1 $ 7.6 $ 7.2 $ 6.7 $ 6.5 $ 6.3 $ 4.0 $ 3.1 $ 2.8 $ 2.3 

51 Excludes depreciation on AEC facilities and the cost of source and special nuclear materials consumed in research. 

- b/ Estimated. 
- c/ Plant projects authorized but not completed at June 30, 1959 totaled $6.4 million. 



M S  LABORATORY 

, ..I 

Current Budget and Recent Costs by Categories of Uork 
(in thousands) 

F . Y .  1958 F.P. 1959 F.Y. 1960 
Costs costs Budget 

TOTAL $2,993 $3,418 $3,836 

139 80 Production Process Development - 
388 615 645 Reactor Development - Total 
388 615 645 

318 536 575 
70 79 70 

Nuclear Technology and General Support - Total 
Reactor Fuels and Materials Development 
Seperations - Development Program 

2,445 2,716 3.191 Physical Research Program - Total 
Physics Research - Total 233 236 288 

H i g h  Energy Physics 41 39 65 
192 197 223 Nuclear Structure and Neutron Physics 

1,315 1,445 1,690 

177 202 223 
1 , 056 1,119 1 , 326 

82 125 141 

Chemiatry Research - Total 
Process Chemistry 
Chemical Properties and Reactions 
Chemical Isotope Separation Studies . 

897 1,034 1.213 

Production Treatmen$f%dt$gygfgties 246 352 419 

Effects of Radiations on Materials - - - 

Metallurgy and Materials Research - Total 

Alloy Theory and the nature of Solids 651 682 7 94 

21 7 

21 7 

Training. Education and Information Programs - Total - 
Slnmner Institute for Engineering Faculty - 
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Fhture Plans 

'Ihe fxm&&etion of the Metals Developent Building ernd the Ames Laboratory 

Research Reactor w i l l  round aut f8ci l i t ies  needB as Currently foreseen, Com- 

pletion of these facilities will not mean a corrospnding increase in personnel, 

'Ibe t o t a l  increase now anticipated over the coming ten years is quite m d e ~ t ,  

possibly about 10 percent above the present level. 

While no major changes i n  the over-all. obJeetives of Ames arc enliisioned 

for the fomseeablc future, the availability of the M e t a l 8  Development Building 

in late 1960 will greatly enhance its abil i ty to produee quantities of highly 

pur0 metale and a l l a y s  and w l u i  also froe Prpaee for more basic research. In 

addition, the availability of the Amcs Research R e 8 C t ~ r  will remove a aeriops 

Research programs i n  the field of reactor d e r e h m n t  will-consist of 

work on m e t a l s ,  aXLoys, 8nd ceru~nie~. 

such as thorium and i ts  alloys, yttrium ant3 its -8, rareearth m e t a b  and 

%heir UQ~S, properties of m e t a s  ana eeraaics at tuuperaturcs a m  l ~ o c ,  

affect o r  non-actalllc lapurities on m e a  properties, the measurement of 

engineering properties such as fatigue and cormraion rate at relatively high 

Bnphasis S t i l l  be concentrated on m e t a b  

temperatures, new pyrogr~oeasing techniques, and the aewurcment of physikl 

gropertics at high temperatarea, 

R.mbnentul reaearch i n  the physical sciences w i l l .  continue i n  pbysical 

ohemistry and metallurgy. 

nyelear mulsions, although it amy be supplemented by the uae of solid luminescence 

chambers. 

advantage of the unique eharaeteristics of the Iowa State Synchrotron. 

Work i n  High Rnergy ph3saics w i l l  continue t o  use 

Work i n  mUclear Structure and Mrtrnn Physics will continue to take 

Chemistry researeh W i l l  consist of fundaanental studies on the m e c b n i s m  of 

V8riou8 separation processes such as ion exchange, solvent ertrsction, and 
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sublimation as well as the development of ana;lyticd. and 6pectrochemicaJ 

analytical methods. 

mtum work in m e t d l u r g y  and materials research and 8oUd state pbysics 

w i l l  take advantage of new t e C h n i q W 8  such 68 de Base;-Van Alphen offeet m e a m -  

mcntls on single erystals, the use of ionic CrySt#Llt3,  the measurement of magneto- 

acaustlc effects on metallic crystals at cryogenic temperature, high-pressure 

work, and the measurement of fundamental pmpcr%iee that w i l l  help determine 

the real nature of the solid state. 

'Ihe laboratory will continue to develop fundmentaL pgroraetallurgieal. data 

in support of low-deeontsmination, cloeed cycle scpsrationsl systems. 

metallurgical. studies wllJ. be contbuecl in %he development of SLltOye for nuclear 

energy applicat2onrr. %e &vel of effort w i l l  WdudUy be exganw by approd- 

mate* 25 percent in materials denlopmen%, h% the prograa trill remain relatively 

small  in the arar4Uamterials dcvelogmcnt prodrcpa, 

Advanced 
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!&e Iawrence Radiation Ubratory  (LRL) at Berkeley has developed, with 

the support first of the Manhattan minea r  Mstrict and later of the AEC, 

from the Radiation Iaboratory eatablished by Professor Ernest Uwrenee at 

the University of California in 1936. 

laboratory derives from this historical hckground. 

connection8 with the a c a d d c  departments of the University, and is oriented 

to& basic research, with a strong interest in  gmduste and post-doctoral 

Mu& of the present character of the 

It still msintaina eloae 

training. 

l3wly in the Wu+attan project the Uboratorg devised and derel.q?ed the 

Calutron for separation of isotopes, and assisted i n  the design an8 construction 

of the electromagnetic separation plant at Oak RIQe which used the calntron 

techniwe for the first separation of uranium 235 from no& uranium. me 

laboratow u h o  discovered the element plutonium, and undertook work on i t a  

ehemistrJr prior t o  transfer or  plutonium ahemistry reaponsibilitice to  the 

M e m w i c a l  Giwratorg at chicago. 

- 

!Be laboratory aturted with the cyclotron fdea, and its actiritiee are 

etill largely een%end sroundthe development of and research wi%h psl-tiele 

acaeleratore and their products. 

radio-chemistry, a d  radio-biom are obviow applfcstions. 

naturally into broaer fields i n  physica, &&stry, biology and aedicine. 

IXL is partieuls;;ry noted for its high energy nuclear pwsies and for its 

work in the transacranie elements, many of which were d i s e m r e d  there. 

%e accelerators now bpcrating at the laboratory are the Bevatron 

Nuclear phy8ie~l at l o w  and high energy, 

llhese Zed 

(6.2 BEV), the synchrocyclotron (740 M E V ) ,  the electron synehrotmn (500 HEX), 

the 60-inch eyelotron, and the heavy ion linear accelerator (HILAC). 

constmetion is a high-cusrent spiral rise cyclotron, vhich w i l l  replace the 

60-in~h cyebtron,  

Under 



EScperhental. pbysics is the largest division of the laboratory, It is 

engaged almost entirely i n  high energy physics, which inrestlgate the e3.e- 

mentary particles, and is an ertzwdy active and growing rield, In addition 

t o  large accelerators, it needs large and elaborate observing equipment, such 

as bubble chambers, 

B e  lheoreticsl group covers a wide range of activities3 ELementary 

particle theory, nuclear structure, accehrator theory, mag;neto hydroaynSmfcs, 

etc. Part of this  work is in s u p p o r t  of Livermore activities. 

B e  Chemistry Division is concerned with transuranic elements, nud,e&r 

spectroscopy, systematics of nuclear reactions and radioactivity, and acme 

general chemistry. 

%e Bio-Medical Mvlsion is concerned with radiation biology, use of 

radioactive tracers, therapeutic use of radiation, and related fields. 

13io-orglsnic Division started vfth the use of radiocarbon in studies of photo- 

synthesis; now it eovers a w5Bw raag;e in the field of molecular biology., 

me 
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LAWRENCE RADIATION LABORATORY - BERKELEY 
Berkeley, California 

Ten Year Trend - Costs ,  Staff, and Facilities 
(dollar amounts are in millions) 

i 

Research and Development 

Production Program 

Weapons Program 

Physical Research Program: 
High energy physics 
Controlled thermonuclear research 
Other physical research 

Total Physical Research 

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951 
- b l  

$ -  $ -  $ -  $ -  $ -  $ -  $ -  $ -  $ 2 . 9 $ -  

.5 . 2  

11.8 9.6 7.2 5.8 3.6 2.8 2.8 3.0 2.5 2.8 
1.3 1.0 .8 .5 - 
4 . 4  4.1 3.6 2.2 1.8 1.7 2.3 1.9 3.3 3.3 -- 
17.5 14.1 11.3 9.6 7.2 5.0 4.6 4.7 4.8 4.1 

Biology and Medicine Program: 
Radiation effects on biological systems 
Combating radiation detrimental effects 
Beneficial applications of atomic energy 
Biomedical problems in 

Dosimetry and instrumentation 

Total Biology and Medicine 

Total Research and Development Costs 

atomic energy operations 

Personnel at June 30: 
Scientific and engineering 
Other 

Total Employees 

.5 , .4 .2 .2 . 2  - 2  51 

.1 .1 . 2  .1 .1 .1 
1.2 1.4 1.4 1.2 1.4 1.3 

693 624 588 536 495 493 519 556 546 
1,501 1.283 1.177 1,173 1,029 1.048 1.149 1.024 1.035 

u3 L 9 0 7  L.765 1.709 1.524 1.541 1.668 1.580 1.581 

Completed Plant and Equipment at June 30:d/ 
13.2 12.6 13.0 10.9 10.9 10.8 2.3 2.3 1.8 Accelerators 

Other 18.5 15.0 12.7 12.1 11.6 9.2 10.4 8.8 7.4 

Total $27.6 $25.7 $23.0 $22.5 s Z P 2  sL2.7 $UA %L? 

51 Excludes depreciation on AEC facilities and the cost of source and special nuclear materials consumed in research. 

Estimated. 

- c/ Detail not available in this and prior years. 
Plant projects authorized but not completed at June 30, 1959 totaled $16.4 million. 
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LAWRENCE RADIATION WLBORATORY - BERKELEY 
Current Budget and Recent Costs by Categories of Work 

(In thousands ) 

F.Y. 1958 F.Y. 1959 F . Y .  1960 
costs costs Budget 

$13,263 $16,687 $19,660 TOTAL 

11,379 14,631 17,534 Physical Research Program - Total 
7,698 10,023 12,200 Physics Research - Total 
7 , 266 9,471 11,810 High Energy Physics 293 320 

Nuclear Structure and Neutron Physics 
Design and Development of Devices for - 260 70 

432 

Physics Research 

2,887 3,538 4.034 
Chemical Properties and Reactions - Total 2,887 3,538 4,034 

Chemistry Research - Total 

794 1,070 1,300 Controlled Thermonuclear Research 

I, 855 2,040 2,126 Biology and Medicine Program -Total - 
204 400 575 
130 150 435 

Radiation Effects on Biological Systems - Total 
Medical Research 121 140 
Biological Research 129 
Biophysics Research 

37 
37 - 
148 150 49 

89 49 

Combating Radiation Detrhental Effects - Total 
Medical Research . 55 

93 61 Biophysics Research - 
Beneficial Application of Atomic Energy - Total 1,447 1,392 1,217 

Cancer Research 791 634 
Medical Research 507 474 
Biological Research 

Biomedical Problems in Atomic Energy Operations - - - 286 
Total 130 

- 76 

193 94 109 
864 
390 

Medical Research 
Biophysics Research 

- - - 
56 98 79 

56 98 79 

Dosimetry and Instmentation - Total 
Instrumentation 

2 16 Training, Education and Information - Total - 
International Conferences, Exhibits, Studies 

16 . 2 and Other Assistance -.Total - 



- Future Plans 
% . .  

Current planning f o r  the Lawrence Radiation Laboratory, Berkeley, 

a m i s i o n s  a personnel strength of about 3,300 of which apprradmately 

50 percent will be direct ly  associated with the sc i en t i f i c  work of the 

laboratory. 

t o  be somewhat greater than 2,300; thus, cu r ren t  plans based upon the 

research program, would c a l l  f o r  an increase of somewhat more than 

40 percent Over the ten year period. 

Laboratory strength as of the end of IT 1960 i s  expected 

Manpower: The rider -of employees a t  Berkeley has increased from 

1200 t o  2200 i n  the last ten years. There are a number of reasons f o r  
: 

projecting an increase similar i n  s ize ,  though a t  half  the rate, during 

the next ten years, 

especially i n  high energy physics, have become more complex. 

experiments have been done. 

t i e s  and people have increased with the s ize  of the accelerators. 

addition, the n u d e r  of experimental areas has increased, resul t ing i n  

T h i s  i s  par t ly  due t o  the f a c t  that the experiments, 

The simpler 

The equipment requirements and support f a c i l l -  

I n  

be t t e r  u t i l i za t ion  of the Gcwnes.  
_. 

New or enlarged areas of research, such a s  the mcent ly  proposed 

Inorganic R i t e r i a l s  Program, will add t o  the s ize  of the laboratory. 

ten years, this program would add 400 people t o  the staff. 

the University of California at Berkeley i s  expected t o  increase from 20,000 

I n  

The size of 

t o  40,000 i n  the next ten years. 

doctorals who wish t o  work i n  and can contribute t o  the work of the labora- 

t o r y  W i l l  probably a l so  double, 

must keep pace with the resea7ch program and the sizg of the s t a f f .  

The number of gradpate students and post 

+, 

Requiremnts for equipment and f a c i l i t i e s  

Physics: The immediate program i n  the area of physics i s  based upon 

increasing the effectiveness and u t i l i za t ion  of the Bevatron, 184-inch 

0 0  I5020 
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cyclotron, and related experimental equipment (such as the 72-inch 

l iquid hydrogen bubble chamber) by increasing the  experiment a1 and 

support facilities and by accelerating the development of detection 

apparatus and data handling; techniques. 

electron synchrotron w i l l  be closed down and the-high energy programwill be con- 

I n  the very near future, the 
- 

,concentrated on the major machines, 
will continue t o  u t i l i z e  the 60-inch cyclotron (and i t s  successor, the @-inch 
cyclotron) and the Hilac. 

A low-energy program of modest proportions 

, -  . ,  
I ,. . .  n 

For the next period of approximately two t o  f ive Y e a s ,  three 

programs must take place concurrently* These are: the continued utilization 

and improvement of techniques and apparatus, the  development of accelerator 

improvements f o r t h e  short range future, and the study of new accel&rator 

possibil i t ies.  Ihe accelerator development program, which is to 

open up higher energy and higher current ranges presently unavailable t o  

high energy physics investigations, will take a perioa of five t o  seven 

year8 f o r  development and construction. 

Chemistry: 'flhe laboratory bas a unique standing I n  the field of nuclear 

chemistry. 

the principal machines being utilized. 

Bevatron are also being used but t o  a somewhat lesser extent. 

chemistry prograa will util ize the accelerators t o  an increasing extent. 

Ihe 88-inch cyclotron w i l l  replace the 60-inch cyclotron as the  najor tool. 

'Ibe 60-1nch cyclotron and the heavy ion l i nea r  accelerator are 

The 184-inch cyclotron ana the  

The-f'uture 

The Hilac and the 88-inch cycfotron w i l l  have a unfq?-%e partnership arrange- 

ment. 

of particular in te res t  are now being made at the  Hilac. 

W i l l  then produce the isotopes i n  sufficient quantity to  permit intensive 

Fbr example, the discovery and @loneering studies of aome isotopes 

'Ibe 88-inch cyclotron 

studies. 

beam intensi ty  improvements, w i l l  find increased u t i l i za t ion  fo r  nuclear 

reaction studies. 

T&e 184-inch cyclotron and the  Bevatron, particularly after the 

0 0 1 5 0 2 1  
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All of the chemistry programs depend on the contimrour, development 

of techniques and apparatus a8 a means of refining and extending the work. 

mew techniques in chd8try, electronic instrumentation, maation detection, 

the handling of radioactive material6 (with special problens i n  the trans- 

uranium region), cryogenics, and in computer data processing ana m u a t i o n  

axe under eonstant, vigorous development. Increasing &ppUCat%OnS of these 

techniques and apparatus are being made t0 problems far removed from those 

for wbieh they were origin- developed. lhese practical developments, as 

well as the bwie reaearch findings and training of scientists, constitute 

a major eontribution by this laboratory to the nation's nede.  

BiOlogJr  and Medicine: In tenas of size, this program vu1 rema3n fsirly 

stable during; the next deeade, though there w i l l  be a nwiber of changes within 

it. 

It is an%icipated thut greater emphasis w i l l  be pbced on the use of 

the particle-accelerators available at fiaL to study the effects of heavy- 

particle radiation on cells and cell ecmponents. 

win be baste but, no doubt, w i l l .  have practical therapeutic rzpplic&tiona. 

!lbem is the possibility that a particle aceelemtor specifically destgned 

for deep X-ray therapy may be designed and built. 

Sese studies at first 

Research on the biological 

effeets of deuterium xill d s o  be expanded. 

Tl~e experimenta eoneerned with photoeyntheois and basic molecular 

radiation chemistry w i l l  continue to provide the major stimulus for many 

of the ideas responsible for  the progress i n  understanding the effects of 

radiation on l iving tieeue. 

the next ten years a major breakthrough in this field on photosyathesi8 and 

energy actzumulation fn living; tissues Whieb wwuld have major effects on the 

It would not be impmper t o  anticipate within 
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me studies on the distribution of radioactive materials in the 

mammal w i l l  gradually be terminated as the leiboratory animals involved 

die off. 

colony of pathogen-free animals which will be particularly userul for  

analyzing the role o r  stress f r o m  infectious diseases in the acute and 

chronic radiation syndrome. 

a breakthrough develops are concerned dth: 

obtained from urine; the pinhole camera technique of scanning; the re- 

lation of fatty materials and foods to disease of the arteries and to the 

aging PrOCSSsj and the u8e of labeled hormones and biological etmtpounds t o  

study biologfcral. paromsees and diseases. 

Ihe space used for this program w i l l .  be employed to develop a 

Other studies which may expand abruptly if 

the erythmpietie princfple 

9he training effort at the Ikmer 

Research Iabor&tory shatld probably expand i n  a gradual, well-controlled 

fashion to about 50 percent greater than its present size and activities. 

We roh of the Iawrence Radiation Laboratory may also fnelude increased 

attention and expansion of theoretical. and laboratory stniliee of weapons 

effects, phencunenologs of blast, thermal, pmnpt radiation, asd f&1Lout, 

Inorganic Materials: Within the cfiemical Division, there has been a 

contiming program of modest proportions concerned with the basic pbysieal 

chemistry of matter, with some emphasis on high-temperature thermodynamics. 

A proposrpfor the establishment of a mjor Inorganic Materiale Research 

Program is now being considered by the AM=. l h i s  wurk would be directed 

toward inereasing the knowledge of the properties of materials, with 

Special emphasis on the high temperature regions. The immediate phn, 

Le., through the next five years, is  to establish and to start the work 

i n  the four &.reas of primary interest: 
. .  

high temperature chemistry; physical 

chemistry of the s o l i d  state; netallurgy and ceramics; and general inorganic 

and physical &&strye 'Be longer range plan fs to expand the areas of 

11-5-32 
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primary interest and to Intensify the work on particular subjects whieh 

become of major Smportanee, 

lhis program is currently staffed by personnel within the chemistry 

program, 

it by the end of the ten year period. 

It is possible that upvards of 400-500 persons might be engaged in 
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LAmm RADIATION I;ABoRAToxy - IJmFMom 

Livermore was established in 1950 as a site f o r  the classif ied M W  

project being carried on jo in t ly  by the  Radiat$on mboratory and the  

California Reseasch and Development Corporation. 

Radiation Iaboratory, with the principal function of awpenting the nuclear 

weapons development program, was established there, and the  MTA pro~ram was 

coneluded i n  the  next few years. 

I n  1952 a branch of the 

Wvemore has approximately 3,600 employees. 'Ibe main function or the 

laboratory continues t o  be the  development of nuclear weapons. 

the laboratory has been assisting the Sandla Corporation i n  the engineering 

of proven nuclear weapons. 

equlpuent i n  the theo re t i ed  prediction of nuclear explosions, i n  experiments 

More reeently 

'Ibe laboratory possesses extensive s k i l l s  and 

involving components of nuelear erplosives, and i n  performlng and observing 

nuclear tests, Con- 9he major portion of this pork proceeds in Wvermore, 

ventional high explosives facilities-am located at S i t e  xx) i n  t he  vicinity 

of Livemore. A small, permanent group, stationed in Nevada, is concerned 

wtth preparation of tests. 

!€be in te res t  i n  thermonuclear mlosions has been extended t o  the study 

of eontrolled thermonucleax reactions, 

LRL - Berkeley, where I smaller fraction of the  faciUties are located, 

Tbis work is  carried on jo in t ly  with 

!&e 

Uvemrefs  work i n  this field involves: 

1. 

2. 

Escploration of containment of ionized gases i n  the mirror arrangement. 

Exploration of the pin& effect. 

3. Conetruction of equipment leading t o  the  establishment of a C i r -  
culating luyer of electrons with the  p u p a s  of containing ionized 
gases. 

!Be laboratory i s  also investigating high tempera,ture, air cooled nuclear 

reactors with the  ultimate purpose of achieving unmanned, nuelear-propelled 

W h t .  A part of t h i s  work consists of t e s t s  on uneonventional reactors; these 
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t e a t s  take place at the Nevada site. 3% scope of this prodect at LLvermom 

eneolapssses : 

1. sheoretiearl and systenm study of a nuelear propelled ram-jet. 

2. Materiala investigation of posaible components of a high tem- 
perature air-cooled reactor. 

3. Assembly of eritieal masse8 of model reaetors at vurious temperatures, 

4. Bunning of an air-cooled full-scale reaetor prototype on the grouna. 

In the last year inerewing attention has been paid to the peacefuluses 

of nuelear explosives. The program 8s now visucrllzed inclu8eo: 

1. IheoreticaJ. investigation of possible peaceful u ~ e s .  

2. Executbon of excamtion shots uimed at the establi8hment of harbor8 
and other iaeilities. 

3. Execution of shots &ed at novel methods of oil produetion, 

40 Execution of shots i n  vecpious meaia (salt, granite, limestone), 
aimed at the -&ration of speaia& erfeets and proeeoses. 

All these activities are supported by a modest pograrn of basic research 
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LAWRENCE RADIATION LABORATORY - LIVEWORE 
Livermore, C a l i f o r n i a  

( d o l l a r  amounts a r e  i n  m i l l i o n s )  
Eight  Year Trend - Cos t s ,  S t a f f ,  and F a c i l i t i e s  

Fiscal Year 1960 1959 1958 1957 
- b /  

Research and Development Costs :a' 
Weapons Program $44.7 $40.6 $35.0 $26.3 

Reactor  Development Program: 
Missile p r o p u l s i o n  11.5 6.9 2.9 3 . 3  
General  reactor re sea rch  and development .1 - ---- 

T o t a l  Reactor  Development 11.6 6.9 2.9 3 . 3  

Phys ica l  Research Program: 
C o n t r o l l e d  thermonuclear r e sea rch  5.5 5.3 5.6 4 .1  

C i v i l i a n  a p p l i c a t i o n s  o f  nuc lea r  explosives  
4 . 0  1.3 .3  - ---- (Plowshare) 

Total Research and Development Costs 

1956 1955 1954 1953 ~ - - -  

$20.5 $13.5 $12 .8  $ 6.0 

1.5 - 
- 2.5 1.5 1 .2  

1.5 2.5 1.5 1.2 

---- 

3.2 2.2 .7 .3 

Personnel  a t  June 30: 
S c i e n t i f i c  and eng inee r ing  
0 t h e r  

T o t a l  Employees 

931 885 778 654 535 428 275 
2,711 2.141 1,883 1,418 969 611' 350 

3.642 2.661 2.072 1,504 1.039 625 

Completed P l a n t  and  Equipment a t  June 30:c/ 
Accelerators $ 3.0 $ 4.1 $ 3.9 $ 3.8 $ .5 $ .2 $ - 
Reactors  1.5 .8 .3  . 3  .3 .3 - 
Other 25.1 4 5 . 0  34.4 28.0 22.7 5.1 1 .6  

T o t a l  549.5 $39.3 229.2 $23.5 2 2  $1.6 

E/ Excludes d e p r e c i a t i o n  on AEC f a c i l i t i e s  and t h e  c o s t  of sou rce  and s p e c i a l  n u c l e a r  m a t e r i a l s  consumed i n  research.  

- b/ Est imated.  

c/ P l a n t  p r o j e c t s  a u t h o r i z e d  bu t  no t  completed a t  June 3 0 ,  1959 t o t a l e d  $6.4 m i l l i o n .  



r 

LAWRENCE 

Current  Budget 

RADIATION LABORATORY - LIVERMORE 

and Recent Costs by Categories  of Work 
( i n  thousands) 

59 F. Y. - -  F. Y. 1958 F. Y. 1 60 
c o s t s  c o s t s  Budget 

TOTAL $43,750 $54,110 $65,800 

Weapons Development - Tota l  34,955 40,540 44,700 

2,867 6,939 11,600 

2,867 6,939 11,500 

Reactor Development - Tota l  

Missile Propuls ion  Reactors A l l  o t h e r  r e a c t o r  research  and development - - 100 

Phys ica l  Research Program - Control led Thermonuclear 
5,602 5,292 5,500 

1,339 4,000 

Research - Tota l  

C i v i l i a n  Applicat ion of Nuclear Explosives Program-Total 326 

Design, Development and T e s t  Di rec t ion  
Demonstration Tasks 
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Future Plans 

D e  personnel strength of I;RL - Livermore, as of the end of r i s e  year 

1960 is e q e c t t d  t o  be appmxbately 4,000, Livermore has expanded rapidly 

i n  recent years, with a large part of the effort going into weapon m S W C h 0  

In the Long run, however, greater effort will be devoted t o  the n o n d l i t a r y  

fields, 

very gradually for two or  three years  (at about 200 per year). 

With or wl-khuut a test moratorium, the laboratory should inerease 

mereafter, 

Pollowing that, iti is erpected that Livemore's weapom devebpent aetivi- 

will stabilize, 

parrer reduction among the weapons group might  then begin. 

In the absente of f'ull-scale nuelear test-, a Qradual man- 

However, any 

- .  _ _  - - shrinkage probably would be slow. 
v 

Nuelear met  propuls ion% 9bo present work is area.t;cd DUu8rU m n % W  EsKnrnc 

tests of m i l i t a r y  htgh-temperatm propnl~ion reactors, Projeet ELuto. 

at that etsge raay lead t o  labratory participation i n  the devebp8nt  of a f l s l n a ;  

prototype. 

h b o m % o ~  W i l l  ahif% its esnphasisl somewbat fram the mil i tary to broader cidlian 

applieations. 

smal l  prototype reactors t o  pursue feasibil i ty of %his system Rrrther. 

seen now, the Laboratory's level of effort, i n  this ana, should inerease slfghtly 

over the ten-year period. 

Success 

If the Pluto concept appears feasible, it is also lUely that the 

?he l abra tory  would, i n  this cast, plan to construet and uperate 

As fore- 

Controlled @.5er!monuelear Research: 

b e i q  pursued vigorously at the laboratory, 

technical, are d i r e e t l ~  involved. 

ing this project, it is difficult t o  foresee any generaP lessening of scientific 

lbis is  another non-weaponf? r e s d  prog;. 

Approrlmately 270 personnel, primaril; 

Considering the teehnieal difficulties surround 
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effor t  i n  this area. 

the control of this tJrpe of energy release, we ean expect it to lead into 

further studies of the behavior of hot ionized gases and to result i n  newteehniwes 

for the handling o r  electrical discharges and related phenomena. 

Indeed, as Shemood progress identifiers new problems in 

Peaeeiul Uses of Nuclear Explosions: A t  present, some 100 professional 

personnel are assigned to the effort. 

150 by 1961 and ahauld remain relatively constant thereafter. 

This number will increase t o  approximately 

Other Aetivities: In the event any cessation or limitation on nuelear testing 

affeets the U r n o r e  level of activity, consideration will bo given to cmghasizing 

one or more basic or applied scientific program in a c h  the laboratory has 

unusual eompc%enee ana in vhieh it is  presently eondueting a limited amount of 

% 

reseas& activity. Ine3nded among these might bet geophysies, partieubr~ as 

related to m e t e o K I l o g i c a l  p d e t i o n ,  aeiamololgy, and high atmosphere*pbysicsf 

Low energy pwsics; stellar eonstitution; and behgvior. of elementary partielee, 

w e e  basic resear& program also would serve to  broaden the eseientific 

base of the laboratory, tend to maintain its standing i n  the sc icnt i f ie  carmmulity, 

an8 thus, be of extreme importance i n  attracting; and retaining outstanding people, 
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Los ALAMOS S C r n I F I C  LABORAmm 

Tbc IDS Alamos Scientific Uboratory was established under a contract with 

the University of California i n  the early part of 1945 t o  provide R focal point 

f o r  the previously diversified reeearch directed towards the feasibility of an 

atamie bomb. . 

8Lthcmgh the major teehnieal dlreetion was primarily the latter,  

Its init ial  staffing was partly mil i tary and partly- c ivi l ian.  

It attained its 

wartime peak strength during the liluIIpllcr of 1945 with about 1500 civilian8 and 2OOO 

militazy personnel more or less d i r e c t l y  involved i n  laboratory aetivitiee, 

l'be laboratory condueted the first nuelear weapons test at Almgordo on 

July 16, L945, an& provided the a&tual weapons and the tcchnieal ere= assoeiated 

vi%h them for the bomb drops the following month, 

the time of the adoption of the Atomic Energy Act of 1946, the tcehnicsl 

military staff of the labora%ory had essentially vanished and the ciViUan staff 

had aeercaeed t o  about 1xx7, Ikvcrtheless, the laboratory succeesrullJr pmvlded 

%he nuclear dcvicea for use in qperstion Crossrosds at Bikfni i n  1946 and participsted 

in other teebnicsl aspeds of thi8 operation. 

FolloVing.the 8ceision by the AEX to eontime the laborstory as 8 permanent 

institution, 'the laboratory began t o  increase i n  size, as s h m  on the aecmpany3ng 

ehart. 

T)uring the f i r e t  half dozen years after the PI&I the laboratory concentrated 

almost all of its applied reeeareh and developnent on pmblema of atomic weapons 

darelupucnt, elirnnnrd by the sueccssfbl development of the themnueleas fusion 

principle for weapons i n  19s. Since then the laboratow has broadened the base 

of its aotivitics by applying t o  other areas of riational interest v&rfou~ of the 

&ills and teehnologies developed i n  connectlon with weapon aetiVltieB. 

9hc current missions of LASL inelude general conduct of basic and applied 

reeearch i n  the fieldfl of nuclear weapons, thermonuelear and fission power programs, 
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and nuclear rocket propulsion systems. 'ihe laboratory contains research facilities 

and eqyipment appropriate to fundamental research i n  nuclear physics, chemistry, 

metallurgy and cryogenics; computational techniques, biophysics, and diodhemistrg. 1 
-r- 5 

Research is conducted in all these fields, 

!ibe primarg mission of the laboratory is weapons development, In the weapons 

field the laboratory is specifically responsible for: 

1, Erperimental, theoretical, and applied research in the various sciences 
related to the use of atomic energy in weapon systems. 

2, Design end developent of all components for assigned weapon programs 
which specifically relate to the production of a nuclear explosion. 

3, Participation in weapon SYStem stuilles with other laboratories analor 
military agencies, 

4, Devdopent of suitable production techniques, engineering evaluation, 
ana'maintenance of aesign intent in production, and as6urance of w i t y  
of weapon nucleax components, 

5. Participation in the scientific and diagnostic aspects of nudeur test 
operations including certain operational support activities, 

Investigation of the feasibility of nuclear m&et propulsion is another 

important mission, In this f ie ld  the laboratory is responsible for theoretical 

design and system studies of 8dFio-w types of potential we8 of nuclear energy 

for rocket propulsion, materials, studies, construction and operatioral test of 

-prototype and preliminary models, p&iclpation with National Aeronautics and 

Space Administration and other agencies tn system studies potentially utilizing 

mclear rocket propulsion, a d  participation in the nuclear aspects of rull scale 

nuclear motor or nuclear flight tests in collaboration with NASA. 

Another major mission of the hboratory is the study of the production of 

power from the fissionpmcess. In this field the laboratory primarily concerns 

itself uith homogeneous or mbilq fuels; systems which burn pplutonium; very high 

tempe'rature gas cooled systems whose character, in part, may be related to 

technologies developed in the nuclear rocket systems, and systems in which there 

is a Hrect conversion of thermal to electrical energy such as the pla- thermocouple. 

o o i  5 0 3 2  11-5-39 



i 
I '  * Another mission of the h b r a t o r y  is the study of the possible production 

of power from the thermonuclear fusion process. I n  this f ie ld  the laboratory 

primSrily concerns itself with the theory and qpeq3mental characteristics of 

the pinch effect and with the construction, study, and undemtmdin8 of VBSlous 

laboratory-size devices exploring the contaiment, stability, temperature, and 

neutron pmduction of differently generated and contained PhSmaS. 

Sbe biomedical activities g r e w  up i n  recognition of the UniQue and d i f f i d t  

health problems that Ins Alamos workers would face &I a reault of handling plutonium. 

Most of the biomedical pork has continued t o  be directly related t o  v&apons-seseurch, 

development, and testing, butmany of the problems encountered have necessitated 

- 

basic research on radiation biology, biochemistry, biop&Wics, rsdiochdrrtrg, 

and inrrtnrmentstlon. 

A final miseton of the laboratory is participation in the scient i f ic  life 

of the United States through basic research and its publication in those are- 

which are peripheral t o  and stimulstG the more lrpecrifieally progrsmmstic missions 

of the laborstory, and through cooperation with education and induatsial research 

institutions. 
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Research and Development Costs:" 

Weapons Program 

M S  A M O S  SCIENTIFIC M O R A T O R Y  
Lo6 Alamos, New Mexico 

Ten Year Trend - Costs, S t a f f ,  and F a c i l i t i e s  
(dol la r  amounts a r e  i n  mi l l ions)  

Reactor Development Program: 
Missile propulsion 
General reac tor  research and d e v e l o p e n t  

Total  Reactor Development 

Physical Research Program: 
Control led thermonuclear research 

Biology and Medicine Program: 
Biomedical problems i n  

atomic energy operat ions 

Total  Research and Development 

F isca l  Year 1960 1959 1958 1957 1956 ?955 1954 1953 1952 1951 
- b/ 

$35.6 $35.6 $36.9 $35.4 $35.7 $36.6 $39.9 $40.6 $38.2 $27.6 

Personnel a t  June 30: 
S c i e n t i f i c  and engineering 
Other ' 

Total  Employees 

Completed Plant  and Equipment a t  June 30:cl 
Accelerators  
Reactors 
Other 

Total  

15.8 12.1 7.9 5.9 2.8 - - 
5.5 1.6 3.3 3.0 2.2 - - - - - - 

21.3 15.4 10.9 8.1 4.4 - 

3.3 3.0 2.3 1.8 1.1 1.0 . 3  .i -1 -1 

979 934 857 778  725 679 .. 602 529 464 
2.322 2,301 2.320 2.218 2,220 2,317 ?,290 2.233 2,176 

3.301 3.235 3.177 2.996 2.945 2.996 2.892 2.762 2.640 - 

$ 2.0 $ 2.0 $ 2.0 $ 2.0 $ $ $ $ $  
.6 .6 .6 .6 

138.0 125.2 120.4 119.4 117.4 119.9 95.3 63.4 49:4 

$140.6 $127.8 $123.0 $122.0 $117.4 $119.9 595.3 s63.4 a 

- a /  Excludes depreciat ion on AEC f a c i l i t i e s  and the c o s t  of source and s p e c i a l  nuclear  materials consumed In research. 

- b/ Estimated. 

- c/ Plant  pro jec ts  authorized but not completed at  June 30, 1959 to ta led  $22.8 mil l ion.  

. 
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IDS ALA?4OS SCIENTIFIC LABORATORY 

Current Budget and Recent Costs by Categories of Work 
(In thousands) 

F . Y .  1958 F . Y .  1959 F.Y. 1960 
costs costs Budget 

$51,076 $54,940 $61.210 TOTAL 

Weapons Development - Total 
Reactor Development - Total 

36,918 35,572 35,599 

10,868 15,420 21,270 
Nuclear Technology and General Support 7 Total 2,999 3,242 5,470 

Deve lopen t 2,999 3,242 5,450 
- 20 

7,869 12,178 15,800 

Engineering Physics and Advanced Reactor 

Residue Disposal Developmar: - 
Missile Propulsion Reactor -Rover - Total 

Research and Developent 6,791 ' 7,956 
97 600 Fuel Fabrication Operations 446 3,177 

535 445 Reactor Experiment 

- - - - 
2,355 2,989 3,350 .Controlled Thermonuclear Research 

Biology and Medicine - Biomedical Problems in 959 991 
# 

CrnS 935 
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c m- Plant3 

Current plans for LASL contemplate continued operation of the laboratory 

at near its present strength of about 3,400 employees, including about 1,ooO 

scientists and engineers. Over the decade, a slow growth (of the order of 10 

or 15 percent of the present strength) may occur i f  the weapons development 

effort  remains strong and other programs develcq a8 anticipated, 

The relative s t sb i l i t y  i n  size anticipated for  the future is the result of 

two factors: (1) the deeire t o  maintain the capubilitiea of the hboratorg 

intact during any weapon8 testing moratorium, and (2) the Urnitation on growth 

imp0Sedby the site and the dwelling epace i n  the community. 

9be erperience of LASL i n  the m e r  project, i n  controlled thermonuclear 

research, a d  advanced rekctor concept. indicates that etaif  can ?x transferred 

to other assignments ir freed f r om weapons 8evebpnent. Such transfer8 would 
- 

not Be in the nature of make-*rkj to the &en% that it can be made awLib%bh, 

the U0 Alamos ataff c&n be ergected t o  mrtlre first rate uontriktions i n  msng of 

the research and devehpnent m a s  i n  pphich increased effort  is req~f-red. 

Weaponar pbr the next few years, the task of weaponizing nexly-develaped 

devices and continuing the development of new device8 -sed upon prerrent test 

data should absorb the major portion of LASL's manpower. 

%eating on some basis occurs, this workload probabu w i l l  decrease ulowW but 

significantly, oyer the nert ten yeare, 

staff is present- engaged i n  LASL'S weapons program or on basic research re: 

h t e d  directly, o r  indirectly t o  the weapon effort, 

However, unless nnclear 

AppmrimsteQ two-thirds of the technical 

A long-term severe test 

, Urnitation or  ban would result i n  a very sizable .I.Etduetion in thi8 number by 

Rover: A l i t t l e  over 300 persons (primarily technical) me nov directly - 
engaged i n  wurk on nuclear rocket propulrsion, with employment expected t o  level 

off at 400a500 by 1963. Depending upon the sueeesad of the prototypes, by the 
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rnid-l960a, the effort w i l l  shift from feasibility demonstrations o r  the initial 

reactor concept to a greater emphasis upon advanced concepts and technical support 

for the rising agency or agencies. Additional related laboratory work is expected 

to be assigned as a result of NASA activities. 

Civilian Reactors: 'Ihe advanced concept work on mobile fuels, high temperature 

systems, and plutonium burners  is expected t o  remain fair- stable in size un~ess 
' weupom activity pemits the assignment of additional staff. 

Controlled themnuclear research: No major cbange in the level of effort 

tn this area is currently foreseen. 

Mntct Contrersion: -6 progrsm, the ellmhation of the thennal cyeh in 

comerttng nuclear energy to electricity, engages abaut bo people at preaent. 

It is expected to grow to a staff of 70 to 100 if weapons work pemits. Con- 

riderably greater qhasis may be placed upon this activity in the event of a 

BiQmedical Resear&: 'Ihe total program w i l l  remain guite stable in the 

coming years. 

techniques for monitoring and #hole body counting purpOSecl0 

create under laboratory conditions the expomre rates of a fresh fallout gamma 

field w i l l  expand sltghtly along with measms of changes in recovery mechanisms 

and 3328iStrulCe to StZ'&!sSo 

Continued emphasis w i l l  be placed on scintillation eaunting 
- 

Attempt8 to re- 

Snaller studies in cell injury and metabolism w i l l  

provide data pertinent to the whole body effects of rediatfon under investigation. 
,' Same -ion in studiea on the toxicity of tritium and tritiated canrpoundr is 

anticipated, offset by the campletion of other sltudiosr of fission product 

metabolism and effects, 

and whole body irradiation win continue, 

Scientific Laboratory grogram to the programmatic needs of the Conmlission will 

continue . 

9he program on the l o x  term effects of partial boay 

B e  close adherence of the IDS Alamos 
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Ihe execution of a contract bettreen the AM: and the Weatinghouee 

Electric Corporation on December 29, 1948 for  the development of a nuclear 

pmpulsion plant f o r  rmbmarine application mark8 the origin of the Bettis 

Planto 'Ihe Bettis Plant is wholly owned by the government and is operated 

for the 83#: by t he  Weatinghouae Electric Corporation, 

The Submarine 'Bmmal Reactor MI the first large-scale development 

project assigned t o  the Bettis Plant, 'Ibia project resulted i n  the  development, 

construction, and t e s t  of the land prototype ( S l W )  of the water-cooled re- 

actor plant f o r  the USS lUautilus, followed by ins ta l la t ion  of the f i rs t  sub- 

marine reactor plant  i n  the Muutilw itself (W), Ibe prototype was con- 

8 t r ~ c t e d  St the National Beactor !Ihsting St&tionj parer operation began i n  

May, 1953, 

I 

!Be mCrutilus vent t o  sea In January, 19550 

I n  order t o  quickly exploit  t he  Bautilus development and Bett is t  erperience 

i n  the f i e l d  o r  water reactor technology, the AEC assigned the  Bettis  Plant t he  

responsibility for the development of the USS SlEkte type of su'trmarinc nuclear 

propulsion plant; the development of the Pressurized Water Reactor(PUR) Plant 

for the nation's first full scale central. s ta t ion atomic power plant at 

Shippingport, Pennsylvania; the  development of the nuclear propulsion plant for 

use in single screw, high speed, attack and Polaris missile launching submarines; 

and the development, construction, operation and test of a prototype nuclear 

propulsion plant f o r  application to large naval Burface ships such as aircraft 

carriers and guided missile cruisers. 

Ihe Bettis Plant has about 600,000 square feet of engineering offices, 

h b r a t o r i e s ,  f u e l  f8briCatfOn and test f a c i l i t i e s  and shop space, and leases 

an additional 300,000 square feet of offices and labomtory space i n  the  Pittsburgh 

area. 
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BETTIS LABORATORY 
Pittsburgh, Pennsylvania 

Research and Development Costs :" 

Production Program 

Reactor Development Program: 
Civilian power reactors 
Merchant ship 
Naval propulsion 

Total Reactor Development 

Total Research and Development 

Ten Year Trend -Costs, Staff and Facilities 
(dollar-amounts are in millions) 

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1912. 1951 

Personnel at June 30: 
BY Types 
Scientific and Engineerlug 
Other 
Total Employees 

By Location 
Pittsburgh, Pennsylvania 
National Reactor Testing Station, Idaho 

dl Completed Plant and Equipment at June 30:- 
BY Tyee 
Reactors 
All other 
Total 

By Locations 
Pittsburgh, Pennsylvania 
National Reactor Testing Station, Idaho 

$ -  $ - $ . 1 $  - $  - $  - $  - $  - $  - $  - 

16.2 15.5 16.7 14.4 14.6 10.0 7.2 - - - 
-.l - - - - 

37.1 39.7 47.2 40.9 18.8 8.4 8.4 19.3 11.9 7.1 

$ 2 L L $ 2 i . 5 . 2 $ k 4 J L $ 2 L 2 $ ~ $ ~ $ ~ $ ~  g&& gJ&= 
55.2 63.9 55.3 33.5 18.4 15.6 19.3 11.9 7.1 

2917 3940 3472 
710 799 549 

1366 1180 - - 

? 46.6 '17.2 ' 16.3 $ 15.8 $ 22.2 $22.2 $ - $ - $ - 
$g5.5$52.7 S 47.3 $38.8 $42.3840.1 $16.9 $14.4~ 6.2 --- ----b--- 

48.9 35.5 31.0 23.0 20.1 17.9 16.9 14.4 6.2 

39.7 36.0 31.8 23.6 20.9 19.1 16.9 14.4 6.2 
55.8 16.7 15.5 15.2 21.4 21.0 - - - 

- a/ - bl Estimeted. 
- cf 
- d/ 

Excludes depreciation on AEC facilities and the cost of source endbxlear materials consumed in research. 

Detail not available in this and prior years. 
Plant projects authorized but not completed at June 30, 1959, totaled $18.9. Of this amount, $9.7 will be 

located at Pittsburgh and $9.2 at MTS. 



Current Budget and Recent Coats by Categories of Work 
( in  thousands) 

$ 6&,022 $ 55,202 $ 53,275 TOTAL 

- 75 15 Production Process Dwelopment - Total 
Reactor Development Program - T o t a l  63,947 55,185 53,275 

16,185 
Pressurized Water Reactor - Total 16,698 15,476 

12,837 9,910 15,847 
5% 1,975 S,5@ 

Test Operatioas 255 661r 735 
N a v a l  Propulsion Reaotm - Tafd b7,2b9 39,709 37,090 

Atkok 3z-e Reactor 5,059 2,907 

Research and D e v e l v n t  
Fuel Fabrication 

6 y W O  
780 Large Ship Reactor - Total 28,ilfj 22,955 19,350 Hatural Circdlatim Tbst Plant 

Research and I W e l v n t  us361 12,252 US@ 

6,973 2, 275 Fuel Fabrication 13,755 - 

4,290 

h00 3,422 2,628 2 , 490 

- 

3,730 3,535 
4,338 2,8ll 2,600 

1,527 4,065 1,hm 

66b 1,138 1,w 

Operations 
a i d e d  ~ u S 8 i . b  cZ7liSm R e a c t o r  

7,828 7,292 & b r i n e  Thmmd Reactor - Total 
Research and D s v e w n t  

Operaticas 
Fuol Fabrication 2,879 599 

v e d  Core Facility 
High Teslperatum Test Faolllty - 1,&8 1,700 Naval Reactor Design Studies 1 Y W 1  1,458 700 

- 2 
Training, Education and Informati& Programs - Total 



Ft~ture Plans 

!b W e  care of the sfmultaneous develop@nt of the Suharlne Fleet 

Reactor Project (S3W/S4W), the  High Speed Submarine Reactor Project (S5H), 

Guided Missile Cruiser Project (CLW), Urge Ship Reactor Project (AXW/A2W) 

and the Pressurized Water Reactor Project (PWR) power plants, the number of 

personnel a t  Bettis increased t o  nearly 5,000, 

projects could not have been carried out on schedule without such a builduy, 

i n  personnel. 

was necesaarg t o  Lease additional of f ice  and Laboratory space i n  the Pitts- 

'Ibis number of developmental 

'Ibis expansion also required additional f ac i l i t i e s ,  and it 

burgh -8. 

Althmgh tbie expansion was neceseary, it has been concluded that, In 

, . .  

. -, 

, . , -.. 

the ZQaVal reactor Development program, research and developent Lab0ratoL.g 

of 5,000 people is too large to insure continued ef f ic ien t  operation and 

program control. 

reactors projects, the number of personnel, primarily non-technic&l personnel, 

is being reduced t o  permit more effective utilization of the developnent 

potential  of Bettie, AB the preceaing chart shows, such a pereonnel cut- 

back is Szready underway, 

With the ronnpletion of some phases of 8ome of the  naval 

The u8e of leased facilities, requiring that Bettis' operations be 

carried on at t w o  separate locations, complicates the operation of the 

laboratory. 

solidation of the laboratory at the  main Bettis s f t e  becomes feasible, 

%his Kill require the  construction of an engineering building a t  Bettiso 

With a retkuetion i n  the number of personnel at Bettis, a eon- 

It is now erpected that t he  t o t a l  level. of q loymen t  at  Bettis will 

drop somewhat below 3,000 early i n  the ten-year period and remrrin below 

this figure, 

0 0  1 5 0 4 2  
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CONNECTICUT AIRCRAFT NUCLEAR ENGINE LABORATCRY (CANEL) 

CANEL is an A i r  Force awned f a c i l i t y ,  spec i f i ca l ly  designed t o  

provide f o r  the development of an ind i r ec t  cycle nuclear pomrplant  f o r  

a i r c r a f t  propulsion. The f a c i l i t y  i s  operated by the P r a t t  & Whitney 

Aircraf t  Division of Un i t ed  Ai rcraf t  Corporation, under contract  w i t h  

the A i r  Force. The major e f for t  a t  CANEL at ltbe prss& tima i s  being 

sponsored by t he  Atomic Energy C o d s s i g n .  This e f f o r t  consis ts  of 

research and development leading t o  high performance, l iquid metal 

cooled, aircraft  propulsion reactors.  

development effort, on propulsion components ex terna l  t o  a reactor-  

A less extensive research and 

shield assembly, i s  being sponsored by tbe Air Force and the Navy. 

The CANEL faci l i ty  i s  located on the west bank of the Connecti- 

cu t  River, approx+nately 18 miles south of Hartford. The fac i l i ty  

s i t e  is roughly c i rcu lar  with an exclusion radius  of approximately 

4OOo feet. 

calendar year 1955. 

t o  the Pratt & Whitney main plaqt a t  East Hartford, Connecticut, 

Construction was i n i t i a t e d  by the A i r  Force during 

The s i t e  was chosen because of i t s  proximity 

because it is  re lq t ive ly  remote from ci t ies  and towns, and because of 

the ava i l ab i l i t y  of large quant i t ies  of cooling water, a navigable 

r ive r ,  and adequate electric power . 
The CANEL facil i ty provides about 680,000 square fee t  of labora- 

tory, shop, and administrative space which cur ren t ly  houses approxi- 

mately 1,600 people, including about 375 technical  employees. 

f a c i l i t i e s  e i t h e r  present ly  i n  place,  now under construction o r  

planned for the immediate future  represents an A i r  Force investment 

of about $60,000,000, 

The 

These f a c i l i t i e s  provide f o r  the des ign ,  
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developnmnt, fabrication, test and post-test inspection of experimental 

aircraft reactors and components external t o  the reactor-shield assembly. 

!&e pre!sent work at CANEX, I s  direeted primarily towsrde solving materialo 

problems associated with high temperature reactor fuel elements end other 

components such as heat exdhangers, valves and ptmrps peculiar to liquid 

reactor systems. 

Be upward trend i n  activity io expected to continue through fiscsl 

year 1961, after which a fairly stable level PhOuLd be maintained until. 

the mid-6090. An increaae w i l l  be required during; the major h8rdwara 

phroe of the program leading to a ground test prototype, and 681odng 

succe~sf'ul. completion of ground teoto, a f'urther step-up of activity 

VDUld be required in preparation for flight tests. 

0 0  I5044 
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CONNECTICUT AIRCRAFT NUCLEAR ENGINE LABORATORY 
Hartford, Connecticut 

Nine Year Trend - Costs, Staff, and Facilities 
(dollar amounts are in millions) 

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 
- b/ 

Research and Development Costs:a/ 

Reactor Development Program: 
Manned aircraft propulsion 317.5 $16.0 $14.2 $14.8 $10.0 $ 3.8 $ 1.6 $ - $ - 
Total Research and Development $17.5 $16.0 ~14.2 214,s $10.0 $ 3 . 8  $ 1.6 s - $ - 

Personnel at June 30: 
Scientific and engineering 
Other 

Total Employees 

401 391 388 270 135 62 40 45 
1,193 1,067 741 57 264 13 8 5 

1.594 1.458 1.129 192 534 75 48 50 - _ _ _ _ - - - - -  

Completed Plant and Equipment at June 30:g $ 4.3 $ 2.8 $ 2.3 $ 1.9 $ 1.1 $ .2 $ - $ - 

a/ Excludes depreciation on AEC facilities and the cost of source and special nuclear materials consumed in research. 

- b/ Estimated. 
./ Principally equipment; the buildings are owned by the Air Force. 
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CONNECTICUT AIRCRAFT NUCLEAR ENGINE LABORATORY 

Current Budget and Recent Costs by Categories of Work 
(In Thousands) 

F . Y .  1958 F.Y.  1959 F. y.  1960 
costs costs Budget TOTAL 

$14,186 $15,977 $17,500 TOTAL 

Reactor Development - Aircraft 
Propulsion Indirect Cycle - Total - 

Low Power Reactor Experiment 
Advanced Research and Development 

14.186 15.977 17 - 500 

9,700 - - 
14,186 15,977 7, aoo 



KNOLLS ATOMIC POWER LABORATORY 

The Knolls Atomic P o w e f  Laboratory had i t s  inception i n  1946 when the 

AEC signed a contract wi&h the General E lec t r i c  Company fo r  the operation 

of a laboratory . -  f o r  research and development i n  atomic energy. 

The primary e f fo r t  during the ear ly  h is t roy  of the Laboratory was 

the sodium-cooled breeder rtjactor. Supporting work f o r  Hanford a lso  was 

carried on. 

of the Laboratory was reoriented t o  the Submarine I n t e m d i a t e  Reactor 

project,  

ship application t o  be undertaken a t  the  Knolls Atomic Power Laboratorg. 

When work on tbe sodium breeder reactor stopped, the e f for t  

%is was the first large scale development e f fo r t  f o r  navel 

This project resulted i n  the develqment, constructiont and test of the 
-_. 

land prDtotype (S1G) of the sodium-cooled reactor  p lan t  for the;USS Seawolf. 
L Thfs prototype was constructed a t  W e s t  Milton, Ne* Pork; it achieved c r i t i -  

c a l i t y  i n  March, 1955, and was operated f o r  .test and evaluation u n t i l  it 
- 

w a s  shut down i n  February, 1957. 

i n  the USS Seawolf achieved criticality i n  June, 19%* 

operated for two years during which the ship steamed wer 71,000 miles. 

The sodium reactor  plant (S2G) instal led 

This plant 

Homver, the Submarine Intermediate Reactor project was discontinued a t  

Knolls because eodiumprwed less sui table  than pressurized water as a 

coolant for naval reactors, and the Seawolf's reactor i s  now being re- 

placed by a water-cooled reactor plant  similar to  that of the USS Nautilus. 

Knolls is currently assigned thme major reaotor development projects 

f cr naval application; the Submarine Advanced Reactor project (S3G/ShG), 

the Destroyer Reactor project (DlG/D2G), and, most recently, a natural  
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circulation pressurized water plant f o r  submarine application. The 

Submarine Advanced Reactor project provides f o r  the design, construc- 

t ion,  development and t e s t  of a two-reactor pressurized water nuclear 

propulsion plant  f o r  the radar picket submarine Triton. 

type of one reactor of t h i s  plant was constructed a t  West Milton, New 

York and i s  pow undergoing t e s t  and evaluation. 

pro jec t  ( D l G b 2 G )  was assigned t o  Knolls i n  f i s c a l  gear 1957. 

j e c t  covers the development of a pressurized water 

p l an t  for ins ta l la t ion  i n  a large destroyer-type naval ship. 

of the developmental nature of t h i s  p l an t  a la@ prototgpa i s  being con- 

structed a t  West Milton, New York i n  the 225-foot diameter sphere which 

A land proto- 

The Destrayer Reactor 

This pro- 

nuclear propulsion 

Because 

previously housed the land prototype of the Seawolf sodium-cooled pro- 

pulsion plant. 

- -  

The Knolls Atomic P m r  Laboratory has 'about 580,000 square f e e t  

of englnee-ring offices, $aboratories and shop space and employs about 

e ,xX ,  people, about 700 of whom are engineers and sc ien t i s t s .  

The size of the staff a t  Knolls has been relatively s table  since 

1952, and no significant changes are  expected' i n  the foreseeable future. 

11-44 
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KNOLLS ATOMIC POWER LABORATORY 
Schenectady, New York 

Ten Year Trend - Costs, S t a f f ,  and F a c i l i t i e s  
(dol la r  amounts a r e  i n  mi l l ions)  

Research and Development Costs:=' 

Production Program 

Weapons Program 

Fiscal  Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951 
- b/ 

$ - $ - $ .1 $ . 3  $ .5  $ .9 $ 1.4 $ 2.6 $ 2 . 7  $ 2.8 

.3 .1 - 
Reactor Development Program: 

Naval propulsion 
General reac tor  research and development 

To t a l  R e a c  cor Development 

Physical  Research Program 

Biology and Medicine Program 

Total  Research and Development Costs  

Personnel a t  June 30: 
. S c i e n t i f i c  and engineering 
Other 

Tota l  Employees 

Completed Plant  and Equipment a t  June 30:c' 
Reactors  
Other 

Total  

32.6 31.3 32.2 24.2 20.0 18.1 16.0 13.4 9.3 7.7 
- .3 1 .3  1.1 1.1 1.1 .8  1.1 . a  

32.6 31.3 32.5 2 5 . 5  21.1 19.2 17.1 14.2 10.4 8.5 

. 2  .5 .3 .4 .8 .9 .3 .1 - 
i ..1.12.12 2 2; 
$33.1 $31.7 $33.1 $26.7 522.6 $20.5 s18.7 $17.2 SL1.5 --- 

670 606 484 473 440 353 375 307* 238 
1,508 1;553 1,633 1,670 1,757 1,717 1.802 1,610 1.408 

2.178 2.159 ?.117 2.143 2.197 2.070 2.177 L 9 1 7  1.646 - - - - .  

$34.7 $12.2 $11.3 $32.4 $30.7 $ - $ - $ - $ - 
38.7 38.1 35.1 34.1 34.4 34.1 33.4 32.0 30.5 

$73.4 $50.3 $46.4 $66.5 $65.1 s34.1 $33.4 $32.0 s30.5 ---- 

- a/  Excludes depreciat ion on AEC f a c i l i t i e s  and the  c o s t  of source and special nuclear  materials consumed i n  research. 

- b/ Estimated. 

E/ Plant  p r o j e c t s  authorized but not completed a t  June 30, 1959 t o t a l e d  $38.0 mil l ion.  
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KNOLLS ATakIIC POWER LABCRATC%LY 

Current Budget and Recent Costs by Categories of Work 
( In  thousands) 

F.Y. 1958 F.Y. 1959 F.Y. 1%0 
costs Costs Budget 

TOTAL $ 33,068 $ 31,655 $ 33,051 

Production Process Derelopmsnt - Total 65 - 
Reactor Development Program - Tota l  32,526 31,255 32,598 

Reactor *tern 329 - - 
Nuclear Techndow l l r  23 13 
Naval Prapalslon Reactors - Total 32,183 31,232 32,585 

Submarine Advanced Reactor - Totdl 24,216 18,901 13,290 
10,790 Research and Development 17 a 503 3-49915 

m o l  Fabrication 5,792 1 ,Oh3 
operatlmel 921 2 a 9k3 2,- 

Natural C l r c u l a t i a n  Test Plant - - 3.200 
Destrpr Reactor - T o t a l  7,717 12,166 16 095 

- - 75 
Operations - - 500 

Nmal Reactor Design Studies 250 165 - 
physiaal Research Program - Total 395 aw 453 

- 

7,m 12,166 153% Researoh and Dev eloparent 
me1 Fabrlcation 

special Projects 365 341 453 
?letallurw and Waterlala Research - Total - - 

6 - - 30 
e Natum of Solids 
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LOCMAND AIRCRAFT NUCLEAR PROPULSIOM LABORATORY 

Although the Lockland f a c i l i t y  is awned by the Air Force, it is 

included i n  t h i s  discussion because it is a major government-owned 

ins t i t u t ion  carrging on an AEC development program, Performance of 

the work by the General Electr ic  Company has been supported j o i n t l y  

by the Air Force and the Commission since 195L The projec t  as a whole 

i s  aimed at  the development of a d i rec t  cycle, nuclear propelled air- 

craft engine. 

The fir Force is regponsible f o r  the propulsion machinery, other 

than the reactor i tself ,  and the AEC sponsors the work on the reactor. 

The m J o r  problems $award which t$e work i s  directed include the 

development of fuel elements and s t ruc tura l  material capable of with- 

standing $he high tempkqtures which must be reached i n  order t o  

achieve the necessary performance, and, the shield problems which re- 

ml t  from the weight l imitations wi th in  which the machine must be 

designed. Fac i l i t i e s  f o r  tes t ing  reactors devebped a t  Locklaad 

have been constructed a t  the National Reactm Testing S ta t iop  i n  

b 

Idaho where a substant ia l  supporting facilityd.ig operated by the 

General Elec t r ic  Company a s  a part of i t s  AEC conliract. 

Thq f a c i l l t i e s  at-Lockland used i n  the AEC work represent aq 

A i r  Ferce investment of approximately $38,0OO9O0O, about. 3,000 

people are currently emplupd on the AEC work, of whom 625 are  

so ien t i f ic  and engineering .personnel. 

< 

c 



The Lockland f a c i l i t j e s  include metallurgy, physics and 

chemical laboratories,  c r i t i c a l  experiment cbl ls ,  and fabricat ion 

shops, The fabrication capabili ty is approximately two reactor- 

shield assemblies per year. 

!!!he current lqvel of e f fo r t  appears 

few years, with some increase during the 

appropriate f o r  the next 

major .hardware phase of the 

program leading t o  a ground t e s t  prototype. 

plet ion of ground t e s t s ,  a higher leve l  of ac t iv i ty  w l l l  be required 

as the work is direc%ed toward flight tests.  

Asguming successful m m -  
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LOCKLAND AIRCRAFT NUCLEAR PROPULSION LABORATORY 
Lockland, Ohio 

Nine Year Trend - Costs ,  S ta f f  and F a c i l i t i e s  
( d o l l a r  amounts are i n  mi l l ions)  

Research and Development Costs:?' 
Manned a i r c r a f t  propuls ion . 341.3 $45.7 $40.0 $32.2 $17.9 $ 8.1 $ 5 . 8  $ 9.6 $ 3.5 

T o t a l  Research and Development Costs  s41.3 $45.7 $40.0 $32.2 $17.9 $ 8.1 $ 5.8 $ 9.6 $ 3.5 --------- 

Personnel  a t  June 30: 
By Type: 

S c i e n t i f i c  and Engineer ing 
Other 

Tota l  Employees 

By Locat ion:  
Lockland, Ohio 2490 2000 2006 1228 695 535 a60 576 
Nat ional  Reactor  T e s t i n g  S t a t i o n ,  Idaho 491 435 410 333 193 4 3  - 

Completed P l a n t  and Equipment a t  June 30::' 
By Type: 

Reactors  $ 1 . 5  $ .1  $ -  $ -  $ -  $ -  $ -  $ -  
A l l  o t h e r  39.4 28.2 19.1 15.3 1.5 1.0 .6 -1 

$40.9 $28.3 $29.1 $15.3 $1.5 $ 1.0 .6 $ .1 -------- .-__- ----- T o t a l  

By loca t ion :  
Lock1 and, ON&/ $ 7.6 $ 5.9 $ 3.6 $ 2.0 $ 1.5 $ 1.0 $ .6 $ -1 
National  Reactor  T e s t i n g  S t a t i o n ,  Idaho 33.3 22.4 15.5 13.3 - 

- a /  Excludes d e p r e c i a t i o n  on AEC f a c i l i t i e s  and the  c o s t  of  source and nuc lear  . .materiala consumed i n  research.  

- b/ Estimated. 

- c /  P l a n t  p r o j e c t s  au thor ized  but  n o t  completed a t  June 30. 1959, to ta led  $23.0, of which $21.8 is t o  be located 
a t  NRTS. 

- d /  P r i n c i p a l l y  equipment; t h e  bui ld ings  are owned by the  Air Force. 
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IACKtAND AIRCRAFT NUCLEAR PROPULSION LABORATORY 

Current Budget and Recent Costs by Categories of Work 
(In Thousands) 

F.Y. 1958 F.Y. 1959 F.Y. 1960 
Budget 

TOTAL $39,961 $45,681 $41,332 

Reactor Development - Aircraft 

costs costs 

Propulsion Direct Cycle - Total 39,961 45,681 41,332 

Heat Transfer Reactor Experiment No. 2 - 3,-035 2,300 

Research and Development 
Fuel Fabrication 
Operations 
Reactor Experiment Fabrication 

- 809 70 
406 1,200 - 719 1,000 

1,101 30 

- H e a t  Transfer Reactor Experiment No. 3 5,043 1 I 100 

- 22 60 - 1,974 40 - 931 900 - 100 2,116 

- 17,292 5,100 

- 13,856 2,100 

- 3,166 3,000 

- 5,000 

- 20,311 27,832 

Research and Development 
Fuel Fabrication 
Operations 
Reactor Experiment Fabrication 

Propulsion System Ground Test 

Research and Development - 168 - Fuel Fabrication 
Operations 
Reactor Experiment Fabrication 

- - 102 - 

- Advanced Core Test 

Advanced Research and Development 
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SANDIA LABORATORY 

The wartime mechanical work of assenbling atomic weapons was  

performed q t  Sandia Base, near Albuquerque, by s c i e n t i s t s  of the  

Los Alamos Laboratory working w i t h  personnel of the Armed Forces. 

Af t e r  the war,  the f a c i l i t i e s  a t  Sandia Base were expanded s o w -  

what and were operated far seve ra l  years by the  University of 

Ca l i fo rn ia  as an extension of the  Los Alamos Laboratory, 

I n  order t o  r e l i e v e  Los Alamos of production problems, the  

operation of t h e  Sandia Laboratory was t r ans fe r r ed  on Nwenrber 1, 

1949, t o  t& Sandia Corporation, a wholly-owned subsidiary of 

Western Electric Company, formed spec l f i ca l ly  t o  take over t h i s  

contract .  The Sandia Laboratory has been expanded t o  keep pace 

with the nuxnber of diffewnt weapon types, The p r e s e n t  s t r eng th  

of the Sandia Corporation as a whole is 8000, of whom about 6,900 

are employed i n  the Albuquerque faci l i t ies .  

In 1956, when t h e  decision was made t o  nweaponlze" des igns  

of 3w; - Livermore, a branch of the Sandia Corporation was,es- 

t ab l i shed  a t  Livermore, California,  t o  support d i r e c t l y  the  efforts 

of t h e  Laboratory. 

and it i s  near i ts  planned s t r eng th  of 850. 

t i o n  pravides such support as mst be located ciose t o  Lawrence 

Radiation Laboratmy, bu t  leans  heavily on the  Albuquerque faci l i ty  

A t  present,  i t s  fac i l i t i es  are being  completed, 

The Livermore i n s t a l l a -  

f o r  work t h a t  can e f f e c t i v e l y  be accomplished there. I n  add i t ion  

t o  the Albuquerque and Livermme locations,  some 100 employees of 

the Corporation operate range-test f a c i l i t i e s  a t  Sa l ton  Sea, 

California,  Tonopah, Nevada, and the b a l l i s t i c  ranges and approxi- 

mately 125 ca r ry  out manufacturing-related and inspec t ion  t a s k s  

Q 

u1 
- 
0 
cn 
vo a t  vendors' p l a n t s  and related locations.  
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The basic  mission of the Sandia Laboratory is the development 

of those portions of atomic weapons for which the AEC is responsible, 

exclusive of the high explosive and nuclear components which are de- 

veloped by LASL and LRL 

re sponsib i.q t y  includes * :  

AEC normally provides a 

In  the exercise of 

_ .  

- Livermore. 

the complete ueapon; for missile applications, 

warhead including a f i r i n g  set  only. 

tws development respotk'ibility , Sandia 

For f ree- fa l l  bombs, AEC 

Laboratory also conducts component development, qnal i ty  control, 

r e l i a b i l i t y  engineering, too l  and test equipment development, 

military Uaison,  and mamfacturing relations. 

f 
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SANDIA LABORATORY 
Albuquerque, New Mexico 

Ten Year Trend - Costs. S t a f f  and F a c i l i t i e s  
( d o l l a r  amounts a r e  in mill ions)  

F isca l  Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951 
Research and Development C o s t s d  

Weapons Program (Includes production cos ts )  

Total  Research and Development Costs  

$121.8 $ 96.4 $101.6 $ 90.3 $ 56.5 $ 60.8 $ 59.6 $ 69.3 $ 58.1 $ 37.1 

3121.8 $ 96.4 $101.6 $ 90.3 $ 56.5 $ 60.8 $ 59.6 $ 69.3 $ 58.1 $ 37.1 ---------- 

Personnel a t  June 30: 
S c i e n t i f i c  and engineer ing 
Other 

Tota l  Employees 

C-leted P l a n t  and Equipment a t  June 3fJ:d/ 
BY T B e :  

Accelerators  
1111 O t k K  

Total  

By Location: 
Albuquerque, New Uexico 
Livermore, C a l i f o r n i a  

- a /  Excludes deprec ia t ion  on AEC f a c i l i t  

b f  Estimated. - 
!8 and 1 

$ . 2 $  - 2 s  - $ $ $ -  s -  $ -  $ 
82.8 70.0 61.3 59.2 57.0 53.8 47.2 39.1 30.8 

75.3 68.7 61.1 59.2 57.0 53.8 47.2 39.1 30.8 
7.7 1.5 .2 - - - 

! cost of aource and nuclear  mater ia l s  conslnned i n  research. 

- c /  Deta i l  not  ava i lab le  for t h i s  and p r i o r  year. 

- d l  P lan t  p r o j e c t s  authorized but  not  completed a t  June 20. 1959, to ta led  $16.5, of vhich $15.7 vi11 be 
Located a t  Albuquerque. 



Under test  moratorium conditions, i t  is  intended t o  continue 

the Sandia Laboratory a t  near i t s  present strength permitting only 

a gradual reduction through 1970 f o r  the  following reasons: 

1, It represents an invaluable col lect ion of out- 
standing people and superior technical  fac i l i t i es  which 
can make a d i s t i n c t  contribution t o  technical  programs 
of importance t o  the nation. 

2- 1% is necesqary t o  r e t a in ,  as a going organiza- 
tion;.. able 
be available as needqd t o  work-on weapons r$quirements as 
they arise. 

individuqls of varied qua l i f ica t ions  who would 

3 .  Since map? technology has s o  falb exploited the 
ex i s t ing  a r t  of e lectronics ,  materials, and r e l a t ed  fields, 
there  is considerablq need f o r  concentrabd r e sea rch  i n  
those fields t o  prepare for  the m o r e  sophisticated weapon 
needs of tomorrow. Weapon improvemgnt i n  the mechanical- 
electrical  field i s  less dependent upon nuclear test than 
aindlar  improvements i n  the  nuclear fieldo 

With time , and if Saqdia' s -weapon -load -decreases, o%Iier actia-i- - 

ties such as the  f o l l d n g  will be i n i t i a t e d  or increased witbin the 

technic31 capacity and f a q i l i t i e s  avai lable  

1. Increased e f f o r t  i n  bas ic  research and exploratory development 

This work i s  expected t o  provide better components, materials,  

arid non-nuclear systems which can be employed without test; and t o  add 

grea t ly  t o  the  weapons teqhnology avai lable  if and when t e s t i n g  is re- 

opened. Major f i e l d s  of invest igat ion include: hydromagnetics, high 

#temperature phenomena, solid-state physics, physical  electronics, and 

combustion processes. 

0 0  1 5 0 5 8  
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2. Study of Radiat ion Effects: 
1 .  

' Th i s  work is concerned with the  problem of the  e f f e c t s  of 

the r a q i a t i o n  environment created by a nuclear  explosion on a 

bal l is t ic  missile warhead. 

reactor now under construction, can play a significant r o l e  i n  such 

s t u d i e s  and developmental work. 

Sandia Laboratory, with i t s  new SERF 

3. Development of Detection Sgstems. 
I 

Sandia Laboratory is well qua l i f i ed  ts assist the DOD i n  

developing a seismic system for de tec t ion  of underground explosions 

and can also cont r fbnte  $0 programs for t he  devglopment of instrumenta- 

t i o n  and d l i a r y  equipqent f o r  sensing outer-&ace detonations. 

4. Suppobt uf Prsject PJowshare. 
i 

I .  

.' For P r o j e c t  Ployshare, Sandia 

ducting s t u d i e s  i n  c r a t e r i n g  phenomena 

Laboratory is cur ren t ly  con- 

and containment of rad ioac t ive  

products. 

t i o n  a c t u a l  Plowshare shgts, as it has done i n  previous development 

tes t  series. Also, t h e y  will participate, as for t h e i r  normal,mdssion, 

i n  the product engineering of any devices developed s p e c i f i c a l l y  f o r  

Plowshare use. 

I n  addition, Sandia will support with effects i n s t r u m a t a -  

11-6-13 
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t ' m R D  LABoRAmRY 

During the approrimately 15 years of operation of the Hsnford WOrk8, 

laboratory and semi-works fac i l i t i es  valued at more than $44,ooO,OOO have 

been installed a t  that site; additional fac i l i t i es  are now under construction, 

at 8 eo& of abut $25,OOO,OOO. Of the total Hetnford technically trained 

staff of abaut 1,400, appro-tely 700 are currently engaged I n  research and 

dmlopment program. %is organization was mated t o  previae technical 

support for the production of plutonium and plutonium weapons components at 

Haniord. !%e scope of the %starch and development effort €mphsizes 

prototspe testing, and engineering evaluation of new and-improved processes. 

lheae activities are carried on by the Gene& Electrfc Canpany, operator 

of the entire HaniorB. complex, 

Since W o r d  was the first -or reactor site, the research and 

development program t o  --rt the production activit ieo vaa estabUsheU 

on a relatively broad baae, encompassing not only reactor deoign and operation, 

but also the etudy of nuelear and chemical gaiety, plutonium and uranium 

metallurgy, CbemiCsL sepscrationo technology, asote dippo~sl,  and emiron- 

m n t d  effects. 

Orrpport of the -production program, acquired s k i l l  and qerience which d d  be 

applied beneficially t o  other atcpnic energy programs. 

major efforts in conneetion wi€h the exgasion of the plutonium production 

facilities, the w r t u n i t y  was taken t o  u t i l i ze  these slkills t o  advantage 

me etaif ,  i n  carrying out these varied a~t iv i t ieo  i n  

Upon aompletion ofthe 

in other progmms. 

broadened t o  include importsnt peaceful aspects of atomic energy. 

!Be research and dmclopent progrm ha6 thw been 

!%e biology program originated with the need t o  insure an adequate 

radiation protection program, and t o  detefinine tbe possible effcote of the 

Q0150bl 



. .  . 

-reactor cooling water bn aquatic l i fe  i n  the Columbia River, 

the character of the reseazch program has grad- changed toward6 a more 

basic approach to the problems being studied, 

between the northweste-m universities and W o r d  is developing ahieh promises 

to  be beneficial both t o  the university community and to the AEX, 

In recent gears, 

In addition, a closer l ia i son 

Other non-production activities currently util izing w o r d  laboratory 

staff and facilitfeg are the plutonirrm recycle pmgram, power reactor fuel 

processing development, and fission product recovery Snd util ization studies. 

Of these, the plutonium recycle program, involving development, design, 

and construction of the plutonium Recycle Test Reactor and associated fuel 

fabrication facilities, is by far the largest; it engages about 20 percent of 

.. 
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HANFORD LABORATORY 
Richland, Washington 

Ten Year Trend - Costs, S t a f f ,  and F a c i l i t i e s  
(dol la r  amounts are in  mil l ions)  

F isca l  Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951 
- b /  

Research and Development Costs:l?-l 

Product ion Program $12.4 $12.6 $10.4 $ 8.3 $ 9.0 $ 8.8 $ 8.7 $ 8.1 $ 6.3 $ 4.9 

. 2  .8 .4 - Weapons Program . 9  .7 .3  .2  .2 .1 

Reactor Development Program: 
Civ i l ian  power reac tors  6.3 5.4 3.6 1 . 2  - 
Nerchan t sh ip  . 2  .6 .3 .1 - 
General reac tor  research and development .5 .3 - - - - - - - - - - _ _  

Total Reactor Development 7 . 0  6.3 3.9 1.3 - 
Physical Research .6  . 3  .3 .2 .2 .1 .1 - 

Biology and Nedicine Program: 

atomic energy operat ions 
Biomedical problems i n  

Dosimetry and instrumentation 
1.8 1 . 7  1.6 1.4 1.2 1.1 5' -- .4 .3 . 3  ;3 .2 .2 

Total  Biology and Medicine 2.2 2.0 1.9 1.7 1.4 1 .3  1.3 1.3 1.1 .9 

Total Research and Development $23.1 - - - - - - - -?L- 521.9 $16.8 s11.7 s10.8 510.3 $10.3 510.2578 

Personnel a t  June 30: 
S c i e n t i f i c  and engineering 
Other 

Total  Employees 

Completed Plant and Equipment a t  June 30&' 
Accelerators  
Reactors 
Other 

Total 

722 688 677 672 667 662 658 587 456 
958 912 559 563 549 532 518 491 482 - _ _ - - - _ _ - - _ _  

1.680 1.608'1.236 1.235 1.216 1 194 1.176 1.078 938 ----- -L---- 

$ . 3 $ . 3 $ . 3 $ . 3 $ . 3 $ -  $ -  $ -  $ -  
.1 .1 - 

45.3 41.5 36.7 33.2 31.4 21.7 15.0 6.5 6.0 

$45.7 $41.9 $37.0 $33.5 $31.7 U $15.0 $Ad --------- 

a /  Excludes depreciat ion on AEC f a c i l i t i e s  and the c o s t  o f  source and spec ia l  nuclear mater ia l s  consumed in research.  

- b/ Estlmated. 

c/ Detai l  not a v a i l a b l e  i n  t h i s  and p r i o r  years. 

- d j  Allocat ion of f u l l  personnel overhead w a s  not  made u n t i l  July 1, 1957. 

s/ Plant  pro jec ts  authorized but not completed a t  June 30, 1959 to ta led  $24.5 mil l ion.  

- 



HANFORD LABORATORY 
Current Budget and Recent Costs by Categories of Work 

(In Thousands) 

P . Y .  1958 F.Y. 1959 F.Y. 1960 
costs costs Budget 

$16.808 $21.890 $23.096 

ction Proce ss D e v e w  -- 1 12 6 6 2 0  

gleanons Develo-pent - Total 277 644 900 

pactor Develomnent Prog ram - Total 3.945 6.294. 6,975 

Civilian Power Reactors - Total 3,601 5,417 6,350 

Plutonium Recycle Reactor 
Gas Cooled Reactor 

3,470 5,215 5,000 
131 202 1,350 

Nuclear Technology - Total - 307 450 

physical Research Proeram - Total 279 334 574 

Chemistry Research - Total 228 270 504 

Maritime Gas Cooled Reactor 344 570 175 

Chemical Properties and Reactions 
Special Projects 

- - 100 
228 270 404 

Metallurgy and Materials Research - Total 51 64 70 

Biolo gy and Medicine Proaram 

Biochemical Problems in Atomic Enerpy - Total 1,603 1,664 1,857 

Biological Research 
Biophysics Res ear ch 
Environmental Research 

1,067 974 1,086 
536 445 476 - 245 2 95 

Dosimetry and Instrumentation - Total 310 311 341 

Dosimetry 
Instrumentation 

188 192 209 
122 119 132 

Traininn. Education and Information - Total 3 37 49 

Assistance to Schools 3 25 39 

and other assistance - 12 10 
International Conferences, Exhibits, Studies 



r 
mture Plans 

Production Process Brpmement: Opprtunities continue t o  exist for 

oignif icant  improvement i n  the production processes employed at Hanford snd 

in the economice and safety of plant operations. However, barring major 

dharnges i n  production activit ies,  the needs f o r  support of production will 

decrease i n  the future, making possible the progrcosive reassignment of 

technical personnel to  other programs. 

Reactor Dev.lopent: me plutonium recycle program is expected to continue 

f at about the same level. 

Nuclear technology d e n l o p e n t  programs have only recently been inft iated 

at HAP0 i n  the areas of &el8 and Materials an4 Sanitary and Environmental 

Eoghmering, and the scope of the program0 was necessarily mbst at the ant- 

set. 

of snpport vill be increased substantially d d n g  the ten-ycsr period as 

%e HAP0 staff is extremely competent i n  these areas, and the l m l  

personnel presently engaged i n  production process develapmcnt became amthble. 

Biology: Beseareh endeavors coneerning the bszard evaluation of intcma3ly 

deposited radioisotopes on organs and organ systems I n  small  and large a n b a l e  

w i l l  be maintained and erptmded where neceseq,  since l i t t l e  vaUd infonnatzon 

is currently available t o  delineate dose-effect relationshipa and to pulmit 

aceeptabla extrapolation of effect8 and hazards t o  BEG 

periments erupbyfrg  various fission products and reactor effluent radioisotapeo 

Chronic feeding ex- 

have been emphasized, particular attention i o  directed toward radiation effect8 

on nucleic acfd metabolism of the pet ro in tes t ina l  tract. 

over the next ten years w i l l  be expanded to include eomprehemive metabolic 

and biologic response studies concerning Pu-239, Sr-90, Ca-45, Ra-226, 211-65, 

P-32 and &I-106. 

Projected studies 

Wvelopment of the use of miniature swine as an experimental an imal  rol l l  

bo amphasized, Studlcs eoncerning removal. of internally deposited Ssotopcrs, 
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such as plutonium will be expanded, %e addition of studies on the factors 

affecting the permeability and absorptive properties of cel ls  toward radio- 

nuclides I s  urgently needed. 

In total,  the level of effort in the biolo&g p r o m  is execcted to be 

increased by about fifteen percent _- over the decadeo 

r I 



B e  first reactor at the Savannah River Plant began operation six years 

ego. 

earlier and, from the begZnning, the results of that work made poseible economies 

in design and operation of the production fscflities. me last of the production 

reactors vent c r i t i ca l  i n  early 1955 and, until  that time, research and develop- 

ment activit ies were directed almost exclusively toward the prlmary pro8uetion 

miooion of the plant. 

fac2litieo valued at $45,000,000 have been provided st the plant aite, 

laboratory is  operated by the E.I., du Pont de Nemours Co., which also operateo 

the production facilities. 

Proeeoo development work a t  the site, however, had begun two y m  

For tbt purpose, laboratory, s~ i i -vork~ and eupport 

m@ 

9% experience gain& i n  the deet@, construction, and operstion of the 

h k v y  water moderated and cooled production reactors by the Savannah River 

Iaboratory staff is now being; utilized i n  the devglcpuent of power reactom. 

In Hovem.r, 1957, th& hboratorg was assigned responsibility for engineering 

etudies and developent work on natural Uranium fueled, heavy water moderated 

Power reactors. Design studies of plants having capacftiear i n  the rmge of 

100 to 425 have been c q l e t e d ,  and the work is being carried forward. 

In addition, 8 Heavy mter Component lkst Reactor, now under com%mctlon, Vill 

be completed early in 1%~ at a cost estimated to  be $ g , ~ , ~ .  

w i l l  be u Uoei'ul tool for obtaining power reactor design data and for testing 

~ b i s  reactor 
I ,  

various types of fuel elements. 

. Other Savannah River laboratory capabilities include fission product re- ' 

cmery, techniques of fuel fabrication, chemical separation and t r i t i u m  

technology, in gome of wMch its experience and equipment are unique. 
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SAVANNAH RIVER LABORATORY 
Aiken, South Carolina 

Ten Year Trend - Costs, S ta f f  and F a c i l i t i e s  
( d o l l a r  amounts a r e  in mil l ions)  

Production Program $ 9.6 $ 8.7 $10.0 $ 9.8 $ 9.4 $ 8.5 $ 6.4 $ 9.3 $14.2 $ 2.5 

Weapons Program .1 .1 .1 . 2  - .1 .2 - 

Reactor Development Program: 
C i v i l i a n  parer  r e a c t o r s  7 . 0  2.6 1.1 . 3  - - - - _ _ - - - - - -  

216.7 $11.4 $11.2 $10.3 $ 9.4 $ 8.5 $ 6.5 $ 9.5 $14.2 $ 2.5 -- __ __ - - - - - - Tota l  Research and Development Costs 

Personnel a t  June 30: 
S c i e n t i f i c  and engineer ing 
Other 

Tota l  Employees 

Completed P l a n t  and Equipment a t  June 30: 
Reactors 
Other 

Tota l  

- 300 300 296 291 292 265 162 31 E/ 
- 335 330 315 299 299 204 89 23 

635 630 611 590 591 469 251 54 
------ --- - - - - - - - - - ------ --- 

S16.2 S16.1 $16.1 .$16;1 $ 8.6 - 
20.4 25.2 24.8 21.3 - 
$44.6$41.3zi3$37.4$8.6 ----- 

- a /  Excludes d e p r e d a t i o n  on AEC f a c i l i t i e s  and the  c o s t  of source and nuclear  mater ia l s  consumed i n  research.  

- b/ Estimated. 

- c /  D e t a i l  not avai lable .  

- d /  P l a n t  p r o j e c t s  au thor i rea  but not CQnplcted a t  June 30, 1959 to ta led  $45.0. 

I 
I 



It is expected 

though perhaps less 

that numerous opportunities w i l l  exist for significant 

major bprovements in the productivity, e c o m q ,  and 

safety of nearly all of the eurrent plant processeso 

be placed upon development of pmduction reactors of improved design, a8 the 

Increasing empbrais will 

present reactors reach the limit of economic exploitation. 

vlll include the problems associated with wi8ble quality of "natural" uranium, 

corrosion problems f'rom a l d n u m  reactor materials, recycltthg natural and 

Other assignments 

enri-8 uranium, and adaption of separations ~I-OWSBQS to different types of 

fuel elements. 

Over the decade a stable ataff aize 16 visualized. 'Ibe present distrilmtion 

of effort, a8 shown on the preceding chart sad tables, will shift oanew3at tbward 

civilian reactor work, barring major changes in production activities. 

0 0 1  5 0 b 9  r1~7-6 



- .  

SECTION EIGHT 
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~ I T p L A B o R A m ~ s  . 

I n  the discussions making up this sect im,  only those AEC act iv i t ies  

that.are carried on in  fqcilities meeting the criteria of "AEC &abmatories" 

stated In Section Four are included. 

each of the universities carries on contract research for the AEC i n  i t s  

bwn f a a i l i t i s s ,  using varying types and amounts of government owned 

In addition t 6  these aCtiViti88 
d I 
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ARGO= CAlBcw RESEARCH EOSPIQAL 

merimental program i n  the sp,ring of 1953, 

directed tovard the erploitation of high energy radiation sourceu for the 

Its purpose and program eze 

treatment of maligmmciesj util ization of radioisotopera in the diagnooie 

and therapy of disease states3 and ba6ic research i n  oncology and hematology; 

aa well. as to the elucidation of certain biologic effect8 of ionizing 

rrdirti0na;l. 

!Be pbysical facilities ccsqprioe 56 patient beds avsilable for cUnical 

research, r s d i o c h ~ d  laboratories, eJzimr;l qnarters, and three sources 

of high energy radiations, 

acce~erutor, a 2-~ev van de Graaff accelerator, ana a 2200-curie ~a 60 

Bere latter are a 504ev linear eleetron 

unit  designed for rotattonal theram, 

for bidlogimil ezpgrhentation as well ao the therapy of tumors i n  the 

Ihe radiation soureea are available 

human being;. 

The scientific program of the Argsme Cancer Research Hospital i s  

os r r s l a t ed  in general wfth the broad scientific program of the University 

of Chicago's Division of the Biological Sciences and the University Clinic 

Of uhich it is  a part, I n  addition, clsse l iaison i s  maintained with the 

scientific program sf the Argenne National Laberatmy, As, f o r  example, 

in jeint  studies of radium d ia l  painters t o  determine the effects of the 

bm3y bnrdan SP radium they carry. 

Futnre Plans 

With the recently cemplsted 50 Mev linear accelerator now i n  eperatien 
and baing used i n  the 4 r e a h n t  of patients, this cancer research fac i l i ty  
has reached a stable qerat ional  level. 
Will contime ts be that of cenducting extensive studies on hospitalized 
patients using radioisotopes therapeutically, diagnostically, and as tracers 
i n  metabolic experiments. 

The main mission of the Hospital 

II-8-2 
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ARMNNE CANCER RESEARCH HOSPITAL 
Chicago, I l l i n o i s  

Nine Year Trend - Costs, S t a f f ,  and F a c i l i t i e s  
(dol la r  amounts a r e  i n  mi l l ions)  

Fiscal  Y e a r  1960 1959 1958 1957 1956 1955 1954 1953 1952 
a/ 

Research and Development Costs :a/ 

Biology and Medicine Program 
Benef ic ia l  appl ica t ions  of atomlc energy 32.0 $ 1 . 9  $ 1 . 7  $ 1 . 6  $ 1 . 4  $ 1 . 1  $ .8 $ .5 $ .2 

$ . 2 - 0 J . 9 ~ $ J & $ J A U U ~ ~  - _ _ _ _ _ _  - ---- Tota l  Research and Development Costs 

Personnel a t  June 30: 
S c i e n t l f l c  and englneering 
Other 

Tota l  employees 

50 51 53 52 52 37h' 37k' 2& 
- _ _ _ _ _ _ _ _ _ _ _ -  142 140 132 131 140 1175' 1125' 6&' 

Completed P lan t  and Equipment a t  June 30:s' $ 4 . 6  $ 4 . 5  $ 4 . 2  $ 4 . 2  $4.2 $4.1  83.7 $ - 

- a /  Excludes deprec ia t ion  on AEC f a c i l i t i e s  and the c o s t  of source and special 'nuclear  materiais consumed in research. 

- b /  Estimated. 

- c/ Plan t  p r o j e c t s  authorized but not completed a t  June 30, 1959 t o t a l e d  $0.1 mil l ion.  

0 0  I5013 



New discoveries in high energy physics and ertemely heavy operating 

echeduleo damnded of the Cosmotron at Brookhaven and the Bevatron at 

Wkeley clearly demonetrated the need for additional high energy 

accelerators. 

t o  construct and operate tm additional multi-W accelerators at university 

sites. In Ha;reh l9$, the Cammission selected the joint proposal of 

Harvard Unirerslty ss8 the Massachusetts Institute of ~ c b n o l o g y  t o  eon- 

Consequently, in 1955, the Commission approved a pmgm 

strnct and operate one of the two machines. 

Fblloving authorization by the Cangrese, work on this fac-ty otaJrted 

i n  &ril 19%.  he accelerator consists of sir major eoazlponents, magnet, 

magnet power supply, radlo-fk-equency pover pupply, electron source and 

Weetor, vacuum systen, ana controls and opecia3. equ€pent. 
- 

a38 project 

buildings, located on the Earvard campus, inelude a laboratory, and -ex% 

mental area, a poorer house, magnet ring housing, hauplhg for  the eleetron 

inJsCtOr, ana a oryogenlco are8. 

peosageways since the mrking level of the madbine is below ground for 

 reason^ of ohielding, 

an8 the frequency of operation is designed t o  be 60 cycles per eecond, 

lheoe are interconnected by tunnels and 

9he orbit radius of the aynehrotmn w i l l  be 118 feat 

lIhe buildings for the accelerator, laboratory, officea and experimental 

85688 are essentially complate, Pabrication of several of the xa,jor caarponentf. 
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is underway. 

in procuresnent by mid-lg60 and will be installed by early 1961. 

tune-up is scheduled for the Spring of 1961, and construction w i l l  be considered 

comglete when aecelemtion of injected electron8 i s  demonstrable, 

According t o  the preeent schedule, a l l  mjor components ViU be 

Iketing and 

It ie nti- 

mated that eonstruetion costs win be w.6 mimon, 

me mrehine w i l l  provide an intense beam of six billfon electron volts 

energy3 it Vill be the most powerful electron synchrotron presently known t o  

h ~ ~ e r a t i n g  or buflliing anywhere in the wrld. 

flbe Cslgbridge Electron Amelerator w i l l  be used by one of the largest eon- 

centratloma of high energy p€ry%iciats i n  the world, aad it will be an --% 

facillty for the eatactation and training or future scientists, 

faculties at Harwrd, M.I.T., Pale, and other Universities are plnnnl.ng ex- 

periments t o  be conducted on the machine. 

%be Raysics 

9he scala of operation envisaged includes 30 to 40 senior oeient iotr  in- 

volved in about I 2  mor -tal setups. 

effectively, future pluu or the laboratory call for shielding the dirferant 

beanur in the experfmental area fmm one another, so that mrk on the rpuanibly 

of one 8p'pamtuS can proceed a l e  another exp%riment is in progress, 

Shielding vould be partly movable to  provide the naeessary ilexibility. 

!b utilize the aeeeleattor most 

%e 
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P ~ C ~ I ? - ~ V A . h T A  PROTON ACCELEEWTOR 

One of the two high energy particle accelerators authorized by the 

Congress for  fiswd year 1956 is being built at Princeton m i m r s i t y  as e 

joint project of Princeton and the University of Pennsylvania. beateta at  

Princeton University's Fbrrestal Research Center, t h b  project i s  known aa 

the ~tnceton-PennsylvarnisnnsyLnmia Proton Accelerator ( P A ) ,  

'Phis three bi l l ion electron volt proton oynchrotron i s  seheduled t o  be 

campleted i n  mid-lg60, 

but i o  designed t o  provide a much higher number of protom per aeeond in i t o  

It w i l l  be o w  to  the Cosmotron at pb*oolrhrven, 

beam, largely because of its higher pulse rate. 

beas current th8t i r  at least one hundred times as great &s that of the 

It is hqpedto achieve a 

Cosmotron, This feature w i l l  make possible experhento involving evento that 

occur too rarely for aueceosf'ul study with lower intensity mrchines. 

This project is expected t o  coot nearly $32 million, Work was una=- 
taken i n  AprU 19%. Princeton m d  Pennoylvanis are contributing some 

$500,000. Component parts of the accelerator w i l l  be m e t ,  nagnet power 

controls, and necessary buildingo, laboratories and other supporting faci l i t ies .  

C e r t a i n  s ~ s s e o  of experiment0 can not be perfowed with the presently 

planned internal. proton begat hill extraction of erteradl. proton beam win 

be neceaaary if the f u l l  xwmamh and u t i l i t y  po ten t i a  of hQh energy mach3.1~30 

are t o  be reulized. EzperBmnto ouch as proton acattcring, otudy of direct 

proton interactions using bubble chambers, and detection of very short lived 

particles muld be practieatble only with a veil-shielded external beam, "Ihere- 

fore it is anticipated that, during the period under reviewy f ' u l l  external beam 

faci l i t ies  w i l l  bqprovided for  the PPA, 



PRINCETON STnLARATOR 

Princeton University operates one of the four  major l abora tor ies  
I 

doing research t o  determine the feasibil i ty of control l ing thermo- 

nuclear reactions.  

tor concept was i n i t i a t e d  i n  1951 a t  Princeton's Fo r re s t a l  Research 

A rasearch program based on the so-called s t e l l a r a -  

Center. 

an endless tub,e by means of a very strong externally applied magnetic 

f i e l d  

A s t e l l a r a t o r  is a device i n  which ionized gas is confined i n  

A nunber of small s t e l l a r a t o r s  have been constructed i n  succession, 

begindng i n  1952. S t e l l a r a to r s ,  with t h e i r  novel magnetic f i e l d  con- 

f igurat ions and plasma heating schemes, are  inherent ly  complex devices 

requiring a great  d e a l  of careful design and fabricat ion,  
_ -  - 
Because the small ones have l imi ted  capabi l i t ies ,  a facil i ty,  

.known as tha Model C complex, is under construction, f o r  campletion in 

calendar 1961. 

meaningful s tudies  of plasma behavior using a succession of devices, 

The first of these, called Model C, w i l l  have a "racetrack" tube about 

LO f e e t  i n  circumference and 8 inches i n  diameter, equipped with h e l i c a l  

stab1 windings. It w i l l  be s t r i c t l y  a research f a c i l i t y ,  designed 

t o  y i e l d  information, and is not intended t o  be a ne t  power producer. 

This faci l i ty  should open the way f o r  new and more 

- .  

The i n i t i a l  cost  of Model C ,  including buildings, supporting f a c i l i t i e s ,  

and experimental apparatus, is expected t o  be about $35 mill ion,  of 
. which the plant f a c i l i t i e s  w i l l  be $9.9 million. 

It i s  not ant ic ipated that the Model C device w i l l  supersede o r  

replace all of the smaller devices under study a t  Princeton, It is  

likely t h a t  f o r  several  years there will be areas of research on plasma 

confinement, s t a b i l i t y  and heating, which can be carried out more 
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economically and quickly on the smaller devices than on Model C. 

Furthrmore,  the Princeton theore t ica l  group has made exce l len t  

contr ibut ions t o  plasma theory, espec ia l ly  t o  t he  study of insta- 

b i l i t i es ,  

v i ce  would each require  a period of experimentation l a s t i n g  a t  

least  two years. 

It can be expected t h a t  Model C y  and any succeeding de- 

It is d i f f i c u l t  t o  make predictions for t h i s  program beyond 

196s0 

doubtful that the or ig ina l  plan f o r  ohmic heating of the plasma 

up t o  energy levels of 100 v o l t s  w i l l  be sufficiently successful  

in Model C, 

ion  cyclotron resonance heating -- is  availabie. If this mcthod 

i n  turn experiences serious d i f f i c u l t i e s ,  it is t o  be presumed that 

Model C y  or  its immediate successor, would make use of in j ec t ion  

methods. 

both, would seem desirable  from the standpoint of saving time 

and funds, because of the cos t s  that would otherwise be involved 

i n  developing a group of i n j ec t ion  experts independently a t  

I n s t a b i l i t y  phenomena have come t o  l i g h t  that make it  

If t h i s  proves t o  be the oase, another method -- 

I n  t h a t  case, a j o i n t  effort  with (XWL, LRL, or with 

Princeton, the  construction of apparatus f o r  them, and the standby 

cos t s  for Model C whenever it is not f u l l y  used. 

The design, construction and u t i l i z a t i o n  of one or two in jec-  

t i o n  s t e l l a r a t o r s ,  of the same general size as the Model C device, 

might well be expected t o  occupy a five year  period, say from 

1965 t o  1970. 

ments would probably require a similar period of time, 

Any other a l te rna t ive  dictated by future develop- 
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PRINCETON STELLARATOR 
Princeton, New Jersey 

Nine Year Trend - Costs, Staff and Facilities 
(dollar amounts are in millions) 

F i s c a l  Year 1960 1959 1958 1957 1956 3 1954 1952 1951 
--Y 

Research and Development Costs:a/ 

Physical Research Program: 
Controlled thermonuclear research 319.4 $12.0 $ 4.9 $ 2.6 $ 1.5 $ 1.0 $ .6 u Q $ 

Total Research and Development Costs 519.4 $12.0 $ 4.9 $ 2.6 $ 1.5 $ 1.0 $ .6 & $ - - _ _ _ _ - - -  - 

Personnel at June 30: 
Scientific and engineering 
Other 

Total 

Plant projects authorized but not 
completed at June 30, 1959 

7 
1 - 194 130 1.14 70 28 9 3 - - 

- 283 207 184 124 62 27 16 8 

89 77 70 54 34 18 13 - 

- - - _ _ _ _ _ _ _ - - - -  

$ 9.9 

- a/ Excludes depreciation on AEC facilities and the cost of source and nuclear materials consumed in research. 

- b/ Estimated. 



Current Budget and Recent Costs by Categoriaa of Work 
(xn taousands) 

P.P. 1958 F.Y. 1959 F.Y. 1960 
Budget C o s t s  costs 

$4,897 $11,975 $19,364 

4,897 11,975 19,364 Coatrolled Thenxmuclcar Research - Total 
- 330 62 9 General Research snd Develo-t 

8,470 14,697 C Stellarator SerFes - Fabrication - 460 
C Stellarator Series - Operation and Modification - - Stellarator - Reaearch and DevelopPent 3,175 3,578 

mal Research ?rour.a - Total 

0 0  t 5080 



UNIVERSITY OF ROCHESTER BIOMEDICAL PROJECT 

The Unfversity of Rochester Biomedical Project  had its begin- 

ning i n  1943 under the Manhattan Engineering D i s t r i c t ,  Its mission 

was  t o  develop experimental data t h a t  would enable the establishment 

of safe levels of exposure t o  various c h e d c a l s  and radioactive sub- 
I 

stances used i n  the development of the  atomic bomb. 

After the establishment of the Atomic Energy  C o d s s i o n ,  t he  

b io logica l  and medical program a t  the Universi ty  of Rochester was rr 

placed on a more permanent basis, and more closely associatgd with the 

Universityo 

Nedical School has contributed t o  close associat ion and in tegra t ion  

The physical proximity of the  AEC f a c i l i t i e s  t o  the 

with the parent university.  

partment of Radiation Biology i n  the Medical School. 

of the Project staff hold t he  rank of 611 professor, and there are 

many more i n  the other f a c u l t y  grades. 

The Projec t  is administered by the  De- 

N i n e  menibera 

The t o t a l  s c i e n t i f i c  staff 

numbers about f or*-five . 
An important educational and t r a in ing  program is operated by t h e  

Project,  

and Indus t r i a l  Medicine, which supply many of the heal th  phys ic i s t s  

I n  additfon t o  AEC-supported courses i n  Radiological Physics 

f o r  AEC and contractor facilities, m o r e  than half of the graduats 

students qnrolled i n  the life sciences i n  the University Graduate 

School are under the Department of Radiation Biolsgy- These students 

may major i n  biophysics, rad ia t ion  biology, pharmacology, or biochemistry. 

The graduates of these courses have f i l l e d  maw responsible posi t ions i n  

AEC i n s t a l l a t ions ,  both i n  research and i n  operati-ons. 
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Although the Rochester Project  now has s t roag  t ra in ing  and 

bas ic  research programs, the AEC continues t o  re ly  on this labora- 

tory f o r  much of i t s  toxioological data. 

cology and ToxScology cooperates i n  studying the  toxici ty ,  re tent ion,  

excretion, and movement within the body of materialg i n  the  atomic 

energy industry suspected of chemical or radiological  t ox ic i ty  or 

other de t r fnenta l  effects. Uranium, thorium, radium, radon, 

beryllium, polonium, thallium, indium, and mercury a re  examples, 

The alpha-inhalation labmatory  is w e l l  equipped t o  study the re- 

l a t i o n  of various pa r t i c l e  s i z e s  t o  the  inhalatiqn, re tent ion and 

d is t r ibu t ion  of aerosols. 

maw years and w i l l  be increased by the addition of strong programs i n  

aerosol physfcs, pulmonary physiology, and instrymentation. 

grams i n  t h i s  d i d s i o n  are devoted t o  bone mtabqlism and the  study of 

the t ransport  of ions acrogs c e l l u l a r  membranes, 

The Division of Pharma- 

The s tudies  are expected t o  continue f o r  

Other pro- 

The Radiology and 3iophysics Division i s  oriented primarily toward 

the study of b io logica l  prpcesses by physical techniques and of certain 

aspects of chronic radiat ion damage and recovery, These programs are 

expected t o  continue f o r  a nuriiber of years  a t  the present  level of 

effort, 

transfer of a r e l a t h e l y  s p l l  program concerned with amino acid metabo- 

Arrangements a re  expected t o  be made i n  the near f i t u r e  f o r  - 

Usm t o  other UnSversfty departments. 

The Medical Dfvisfon carrfes out metabolic s tud ies  i n  i r rad ia ted  ~ 

animals, and devfses and t e s t s  various c l in i ca l  procedures f o r  promoting 

recovery from acute radiatfon damage. 

crease i n  a c t i v i t y  unless r ad ica l ly  new anti-radiation drugs are  developed. 

This program is expected t o  de- 
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It i s  anticipated that the  Medical Division w i l l  decrease the leve l  

of i t s  e x p e r h n t a l  program with animals and pay increased at tent ion 

t o  long-term ef fec ts  as they m y  be observed i n  hwnan populations 

occupationally exposed t o  radiation and radioactive materials. 

A small but sfgnfficant program, both basic and applied, on the 

prodtfction of burns by short, intense flashes of thermal radiation has 

supplied the AEC with most of i t s  knowledge of the processes involved 

and possible methods fo r  protection fram burns caused by nuclear 

weapons, 

during the next two years, 

ments will probably be transferred t o  the I n s t i t u t e  of Optics. 

This work i s  essent ia l ly  complete and will be phased out  

The basic program i n  physical measure- 

During the past few years the staff of the Project has paid in- 

creasing attention t o  the programs dealing with long-term, low-level 

effegts of radiation in several  species of laboratory animals. 

studies are expected t o  continue fo r  a number of years and may be 

further increased t o  meet specif ic  AEC needs, 

increase i n  the number of s c i en t i f i c  personnel is planned, and it is 

expected that the level of operations will remain essent ia l ly  constant 

during the next ten p a r s .  

These 

However, no s ignif icant  

i 
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UNIVERSITY OF ROCHESTER BIOHEDICAL PROJECT 
Rochester, New York 

Ten Year Trend - Costs, S t a f f  and F a c i l i t i e s  
( d o l l a r  amounts a r e  i n  mi l l ions)  

Research and Development Costs:a’ 
Biology and Medicine Program: 

Radiat ion e f f e c t s  on b i o l o g i c a l  

Combating r a d i a t i o n  de t r imenta l  

Benef ic ia l  appl ica t ions  of  atomic 

Biomedical problems in Atomic Energy 

systems $ .3 $ . 3  $ . 3  $ . 3  $ - 3  $ - 3  $ - S I $  - $ - $ - 
e f f e c t s  .1 .1 .1 .1 .1 - 
energy .2 -1 .1 .I. .1 .1 - 

opera t ions  1.0 1.0 1.0 .E  .8 .E - 
Dosimetry and instrumentat ion .1 .1 - .1 - - C i v i l  e f f e c t s  ---------- 

T o t a l  Biology and Medicine 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.1 1.1 

-1 .1 .1 - .1 .1 .1 - Train ing ,  Education and Infoowation - 
T o t a l  Research and Development Costs  9 1.8 $ 1.7 $ 1.6 $ 1.4 $ 1.3 $ 1.3 $ 1.3 e S 1.1 -- ------- 

Personnel  a t  June 30: 
S c i e n t i f i c  and engineer ing 
Other 

Tota l  employees 

Completed P l a n t  and Equipment 
at June 30: dl 

All o t h e r  

Tota l  

S $ 5.0 $ 2 . 5  $2.4 $2.4 $2.4 $2.4 $2.3 92.3 $1.1 

3 $ 2.4 $ 5.0 $ 2.5 $ 2.4 $ 2.4 $ 2.4 $ 2.3 $ 2.3 $ 1.1 - - - - - - - - - - 

- a /  Excludes deprec ia t ion  on AEC f a c i l i t i e s  and the  c o s t  of  source and s p e c i a l  nuc lear  m a t e r i a l s  consumed i n  
research.  

- bl Estimated. 

- c/ D e t a i l  not  a v a i l a b l e  i n  t h i s  and p r i o r  years. 

- d l  P l a n t  p r o j e c t s  authorized but  not  completed a t  June 30, 1959, t o t a l e d  $0.5. 



UNIVEXSITIT OF RocBeSTER BIOMEDICAL PROJECT 

Current Budget and Recent Costs by Categories of Work 
(In thousands) 

F.Y. 1958 F.Y. 1959 P.Y. 1960 
Costs costs Budget 

TOTAL $1,618 $1,708 $1,812 

1,510 1.576 1,672 BioloRy and Hcdicine Program - Total 
Radiation Effects on Blological System - Total 291 314 32 1 

89 111 113 Medical Research 
Biological Research 202 203 208 

Combating radiation Detrimental Effects - Total 84 114 90 

Biological Research - 114 90 
Medical Research 84 - 

Beneficial Application8 of A t d c  Energy - Total 103 137 150 
60 96 104 Cancer Research 

Hedical Research 43 41 46 

Biomedical Problem In Atomic Energy Operations - 
Total 960 954 1,050 

387 954 1,050 Wical Research 
Biophysics Research 573 - - 

Dosimetry and Inetrumentation 56 57 61 

Instrumentation 56 57 61 

Civil Effects Rogrga - Total 16 - - 
108 132 140 Training, Education and LnforPPatioa Program - Total 
86 99 100 Fellovahip8 

Other Training, %ft&eyd Information 22 33 40 
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NATIONAL REACTOR TESTING STATION 

The National Reactor Testing Stat ion was established i n  mid- 

1949 a s  a s i te  fo r  the t e s t ing  and operation of various nuclear 

reactors  and t h e i r  associated auxiliary processing, administrative,  

and development faci l i t ies .  

900 square m€les on the Snake River p la in  about 40 miles west of 

Idaho F a l l s  i n  southeastern Idaho. 

is tence,  the s t a t i o n  has grown t o  become a major establishment of 

the Atomic Energy Commission; completed and authorized p lan t  invest- 

The s i t e  area presently covers almost 

I n  the t en  years of i t s  ex- 

ment exceeds $300 million. 1% has a @emanent operating force ,of 

As, of mid-1959 there were 18 operatirig reac tors  or cr i t ica l  f a c i l i -  

ties Md six more under construction. (Update) 

Seven major research a d  development contractors  have responai- 

b i l i t i e s  a t  the NR'fs: Aerojet-General Corporat5on, Atomics Internat ional ,  

Combustion Engineering Company, General E l e c t r i c  Company, Phillips Pefro- 

e m  Company, University of Chicago (ANI,), and Westinghouse Electric 

Corporatfon, This mul t ip l ic i ty  of operating contractors  a t  a single  

s i t e  represents  a unique aspect of the NRTS operations. 

Tfie AEC's Idaho Operations Office maintains a complex, on-and 

off-s i te  radfat ion monitoring network and furnishes personnel metering, 

analyt ical ,  instrument, inspection, and other services  e s s e n t i a l  t o  a 

comprehensive heal th  and safe ty  program. It a l s o  coordinates the ac t i -  

v i t i e s  

a t  the s t a t ion ,  

of U. S, Weather Bureau and U. S. Geological Survey of f ices  

I n  addition t o  managing the NRTS a s  a whole, the Idaho Operations 

Office a lso administers the research and development a c t i v i t i e s  assigned t o  

the Phi l l ips  Petroleum Company. 
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Phfllfps has the largest  s ingle  operating force a t  the NRTS, 

with a staff of mer 1800 of whom more than 400 are professional 

s c i en t i s t s  and engineerso 

development laboratorg consisting of six major facilities: the 

Materials Testing Reactor (MTR),  the Engineering Test Reactor (Em), 
the Chemical Processing Plant (CPP), and the s e r i e s  of reactors 

used f n  the reactor safety program (SPERT-I, SPERT-II, and SPERT =I), 

It fs responsible f o r  an engineering , 

AwEfXary mpportfng f a c t l f t i e s  include: an ETR c r i t i c a l  f ac i l i t y ;  

the Reactivity Measuremept Fac i l i ty  (W), a unique and h i g h 9  sensi- 

tive development tool; hpt cells and asselnbly areas; a hot p i l o t  

p lan t  and a chelafcal e n g b e r i n g  hbora tory j  campater ewpment  and 

a varfety of serv%ce, &ntenance and engineering facilities. 

scope 0f projects perforpaed in these f a c i l i t i e q  extend Over the en- 

tfre development field from the gathering of basic nuclear data 

(the cross sections program) through various pQases of nuclear 

technology, both reactor and chemical, t o  nuclqar engineering and 

The 

plant operation, 

The Materials Testing Reactor and Engineering Test Reactor, 

operating a t  power levels of LO MW and 175 MW respectively, are the 

AEC major radiation tes t ing f a c i l i t i e s o  They contain complex, multi- 

million dollar loop experiments and capsule tests from every major 

AEC si% and operatfng contractoro 

4 

Commercial i r rad ia t ions  are a l s o  

performed t o  the extent f a c i l i t i e s  are  available, 

research and development work i s  conducted i n  the fields of nuclear 

In addition, 

physics, reactor phpfcs ,  reactor materials, and component engineer- 

ing,  making use of the special  f a c i l i t i e s  provided by the high flux 

testfng reactors and the technical staff which is essen t i a l  t o  the i r  

opera t f on 
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The SPERT reac tors ,  of which there  a r e  p r e s e n t l y  three w i t h  a 

SPERT-TV planned for 1961, a re  an e s s e n t i a l  part of  t he  AEC's reac tor  

safety program; since 19% , several hundred planned- excur i sons  i n  the 

SPERT-I f ac i l i t y  have pruvided a wealth of in farmat ian  

on r e a c t o r  stabil i ty and behavior under varyfng conditions.  SPERT-I1 

and I11 w l l l  extend r e a c t o r  parameters i n t o  high temperature and high 

pressure  a reas  and p e d t  study of several m q e r a t o r  and coolant con- 

ditfoms 

The Idaho ChedcaP EYocessing Plant is the AEC's o n l y  multipurpose 

ppednctisn faci l i ty  f o r  the  recovery of enriched spent r e a c t o r  fuels. 

A $2 mil l ion  per year chemical and engineering-development program is 

i n t eg ra t ed  with t h f s  major fac i l i ty  and has produced s i g n i f i c a n t  

cont r ibu t ions  and advancements i n  t h e  processing f i e l d  inc luding  the 

demonstrati on of continuous d i s so lu t ion  and the separa t ion  of highly 

r ad ioac t ive  i so topes  by the %alan precesso 

I n  addftfon t o  Phf l l i p s ,  Canhustion Engineering Company and 

Aeroge t&neral Corporation a l s o  conduct r e sea rch  and development 

programs a t  NRTS for the Idaho Operations Office, These latter 

two organizations a re  engaged i n  the Army Reaators program -- Com- 

b u s t i o n  Engineering as operator of t he  S ta t iona ry  Low Power Reactmr 

#1 and Aerojet-General as developer and operator of t h e  Army Gas 

Cooled Reactor Experiment. 

design of a smal1, trailer-mounted, gas-cooled nuc lear  power p l an t  

scheduled for completion i n  April, 1961. 

A e r o j e t 4 e n e r a l  is a l s o  a t  work on 

The NRTS a c t i v i t i e s  of ANL, B e t t i s  and Lockland are r e fe r r ed  

t o  In previous sections,  and t h e  work of Atomics I n t e r n a t i o n a l  is 

d e a l t  with f n  Append5x A. 
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NATIONAL REACTOR TESTING STATION 
Idaho F a l l s ,  Idaho 

Ten Year Trend - Costs ,  S t a f f  and F a c i l i t i e s  
(dol la r  amounts a r e  in mil l ions)  

F isca l  Year 1960 9 1958 1957 1956 1955 1954 1953 1952 1951 
a /  >/ Research and Development Costs:- 

Product ion Program $ 2 . 3  $ 1 . 0  $ .6 $ .1 $ -  $ -  $ -  $ -  $ -  $ -  

Weapons Program . 5  .4 .4 .5  .1 .1 .1 - 
Reactor Development Program: 

C i v i l i a n  power r e a c t o r s  2.1 4.2 3.3 .9 .1 - - 

Manned a i r c r a f t  propuls ion 3.5 1.0 .8 .7 .2  - 
6.9 6.2 2.7 .7 - Amy power 

Naval e ropuls ion  2.6 1.9 1.5 1.3 .2 - 
General r e a c t o r  research  and development 9.9 7.3 10.7 6.1 7.3 5.5 7.4 7.2 5.7 2.0 

T o t a l  Reactor Development 25.0 20.6 19.0 9.7 7.8 5.5 7.4 7.2 5.7 2.0 

Phys ica l  Research: 
Other phys ica l  research  ..1.6.2.2: 2: --A 

Biology and Kedicine : 
.I - .I - - ---------- Benef ic ia l  appl ica t ions  of atomic energy 

T o t a l  Research and Development Costs $28.0 $22.6 320.3 $10.5 $ 7.9 $ 5.6 $ 7.5 s7.2 $5.7 $2.0 __ - -___ - - - - - - 

Personnei  a t  June 30:a' 
S c i e n t i f i c  and Engineering 
Other 

Tota l  Employees 

412: 378 318 251 223 203 96 90 45 
1426 1302 fI58 954 819 717 181 157 11 - - _ _ - - - -  - -  

Completed P l a n t  and Equipment a t  June 3Oo:a/ 
By type: 

Reactors 
Idaho Operat ions Off ice  
Argonne Nat ional  Laboratory 
Atomics I n t e r n a t i o n a l  
Be t t i s  Laboratory' 
Lockland ANP Laboratory 

T o t a l  reactors 

$24.8 $24.1 $14.6 $13.5 $22.9 $11.9 $11.0 $ 1.5 $ - 
3.2 1.4 1.4 .a .a .a .a .a .a 
1.8 . 3  - - - - - 

46.6 13.4 12.5 12.0 18.4 18.4 - 
1.5.1L&&ALL- 

77.9 39.3 28.5 26.3 42.1 31.1 11.8 2.3 .a 

A l l  Other 
Idaho Operat ions Off ice  
Argonne National Laboratory 
Atomics I n t e r n a t i o n a l  
B e t t i s  Laboratory 
Lockland ANP Laboratory 

T o t a l  a l l  o t h e r  

T o t a l  Completed 

By management: 
Idaho Operat ions Off ice  
O t h e r  

80.8 75.7 61.8 61.2 45.6 44.6 40.9 8.2 4.1 
.7 .3  .3 . 3  .3 .3  . 3  . 3  .3  
- 3  -1 - - - -  

9.2 3.3 3.0 3.2 3.0 2.6 - 
31.8 22.3 15.5 13.3 - 
122.8101.7 80.6 m 48.9 47.5 4 1 . 2 8 . 5 4 . 4  

5200.7 $141.0 $109.1 $104.3 $91.0 $78.6 $53.0 $10.8 $ 5 . 2  ----__--- - 
105.6 99.8 76.4 74.7 68.5 56.5 51.9 9.7 4.1 
95.1 41.2 32.7 29.6 22.5 22.1 1.1 1.1 1.1 

- a /  Excludes deprec ia t ion  on AEC f a c i l i t i e s  and the cos t  of  source and nuclear  m a t e r i a l s  consumed i n  research. 

- b l  Does not  inc lude  Argonne, Atomics In te rna t iona l ,  B e t t i s ,  o r  Lockland ANP Laboratory da ta .  

- c 1 Estimated. 

- df  P l a n t  p r o j e c t s  authorized but  not  completed a t  June 30, 1 9 5 9 ,  to ta led  $114.9, as f o ~ l o w s :  
Idaho Operat ions Off ice  - $39.5 
Argonne National Laboratory 31.8 
Atomics I n t e r n a t i o n a l  . 3  

Lockland ANP Laboratory 21.9 
B e t t i s  Laboratory 21.2 



NATIONAL REACiUR "ESTING STATION 

Current Budger: ana Recent Costs by Categories of Work 
(In Thousands) 

F.Y. 1960 F. Y. 1958 F.Y. 1959 
costs costs Budget 

TOTAL 

Pr duction Process Improvement - Total 
ons Develmnt - Total 

$20.234 $22 - 605 $27.960 

5 96 96 5 2.300 

431 37 1 470 

3,321 4,230 2,130 

519 778 640 

Civilian Power Reactors - Total 
Water Cooled Reactors - Total 

314 508 500 Pressurized Water Reactor Res. & Dev. 
Boiling Water Reactor Res. & Dev. 
Heavy Water Reactor Res. 6 Dev. 

205 249 140 - 21 - 
a8 109 620 

272 332 420 

Organic Moderated Reactor Res. & Dev. 

Sodium Cooled Reactors - Total 
Fast Breeder Reactor 253 272 400 

Research and Development 
Operations-NRTS Services Allocated to EBR 

51 25 400 
202 247 - 
19 60 20 Sodium Graphite Reactor Res. & Dcv. 

2 ~ 308 2,851 350 Gas Cooled Reactor Res. & Dev. 

134 160 100 Fluid Fuel Reactors .- Total 

Homogeneous Reactor Res. & Dev. 
Liquid Metal Fuel Reactor Res. & Dev. 

129 40 LOO 
5 120 - 

7,518 5,562 9,440 

4,107 772 775 

Nuclear Technology & Gen. Support - Total 
777 951 1,065 Engineering Physics and Advanced Reactor Dev. 

Reactor Fuels &Materials Dev. 

Reactor Components 65 - - 
400 462 885 Separations and Development - Aqueous Chemical Proc. Dev. 
806 748 1,000 Radioactive Residue Processing and Controls 

Residue Treatment Developent 
Residue Disposal Development 

733 685 900 
73 62 100 

4,363 2,629 5,715 Thermal Reactor Safety - Total 
Research and Development 
Fuel Fabrication 
Operations 
Reactor Experiment Fabrication 
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KRTS Cont'd 

p.y. 1958 F.Y. 1959 F.Y.  1960 
C06tS Budget costs 

2,664 6,190 6,910 

- 50 

259 600 

5,906 5,940 

1,568 2,467 4,365 
586 950 

Army Power Reactors - Total 
55 Pres sur i zed Ua t er React or 8 

1 Stationary km Power Plant No. 1 - Total 
Army Gas Cooled Reactor Systems - Total(GCRE) 2.608 

Research and Development 

operations Reactor Experiment Fabrication 996 2,853 - 
- 25 

Fuel Fabrication 44 - 
- 57 50 5 

320 - General Support 
Advanced Reactor Studies - 

1,505 1,945 2.600 Naval Propulsion Reactors 

Snhurpae Z d t e d t e  Peactor(S1G & S2G) 32 22 

Submarine Advanced Reactor Res. & Dev.(SX) 

Small Submarine Reactor (SLC) Res. & Dev. 

Attack Submarine Reactor (SW) Res. 6: Dev. 

Natural Circulation Test 
Large Ship Reactor (AlW) - Total 

Research and Development 
NRTS Services Allocated to AlW 

Research &Development - 
542 534 500 

69 50 

144 114 130 

-20 

76 

* - 
497 900 

1% 
359 

27 3 450 

320 360 

31 

16 
15 

46 

6% 

415 

- - 
Destroyer Reactor (DIG) Res. & Dev. 

Naval Reactor Operational Dev.SlW Reactor Fac. 

- Research & Development 219 320 
NRTS Services Allocated to NRZ - 

- 190 

- 
92 

15 

Expended Core Facility - Cost of Operations 
High Temperature Test Facility Res. 6: Dev. 

Naval Reactor Design Studies 

- 
- 4 

786 971 3.500 -lane €pp&.sion Reactors - Mtal 
Indirect Cycle Reactors - Total 91 75 - 

r,/ 65 

10 

Low Power Reactor Experiment Res. & Dev. 

Intermediate Propulsion Reactor Res .&Dev. 

.. 
L/ - 

- 1/ Detail not available 
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NRTS - Cont'd F.Y. 1958 F.Y. 1959 P.Y. 1960 
Costs costs Budget 

Direct Cycle Reactors - Total 675 888 3.500 

Heat Transfer Reactor Experiment 
NO. L L I - Total 670 

11 94 - Research and Development - NRTS Services Allocated to ANP - 576 - 
Propulsiogegysh gfc&yd Test (XHA) 216 

General Support 20 8 - 
Missile Propulsion Reactors Tory 11 Res. & Lkv. - 2 - 
Auxiliary Power Sources SNAPP I1 Res. 6. Dev. 2 1 - 

452 1,770 Operational Services - Total 3,099 _ -  
Materials Testing Reactor - - - 

&et of OperatFnna - Gross 4,299 3,958 11 
Dist. Credits - AEC Users (4,029) (3 ,186)  11 
Dist. Credits - NON-AEC Users (270 (172) 11 

Engineering Test Reactor - Net 2,634 1.555 11 

ETR - Cost of Operations - Gross 2,708 4,273 - 11 
ETR - Dist. Credits - AEC Users (74 1 (2,7153 11 
ETR - Dist. Credits - NON-AEC Users y. 3 )  

National Reactor Testing Sta. - Net 465 215 11 

NRTS - Cost of Operations - Gross 5,446 5,8&5 - 1/ 
Advanced General Site Planning 169 215 11 
Cost of Operations - Other 5,277 5,630 TI  - 

NRTS - Distribution Credits (4,981 ) (5,630) 11 

Transportation ti Security Shipments 62 45 - 11 

Physical Research - Total 153 579 100 

Physics Research - Total 13 257 20 

Nuclear Structure and Neutron Physics 2 23 10 
Extra Nuclear Properties of Matter 11 99 10 
Physical Methods of Isotope Separation - 135 - 

Chemistry Research - Total 134 322 70 

Process Chemistry 
Chemical Properties and Reactions 
Special Projects 

2 51 10 
126 219 50 
6 52 10 

- I /  Detail not available 



NRTS - Cont'd F . Y .  1958 F.Y.  1959 F.Y. 1960 
costs Costs Budget 

Metallurgy and Materials Research - 10 
6 Effect of Irradiation on Materials 

Biology and Medicine - Beneficial Application 
60 95 18 Cancer Research 

2 1 ucation and Information - Total Training. Ed - 

, 



Future Plans 

With the primary mission of the NRTS one of support f o r  the 

reactor  development program, the fu ture  trend of a c t i v i t y  there  

i s  necessar i ly  dependent on future  t rends of the individual  de- 

velopment programs which are discussed elsewhere. 

the completion of facilities now apthorized, and the  probable 

construction of addi t ional  faci l i t ies  which w i l l  require  the re- 

mote locat ion and unique faci l i t ies  of t h e  MITSy an increase i n  

t o t a l  permanent emplergment f o r  the s t a t i o n  as a *ole t o  about the  

4,400 level mer the  next few years (excluding N a v y  and BavfF csnkrsot 

employees) 

Homver, ,*th 
\ 

, 

and possibly beyond that by the end of ten years, ts anticipated,  

The only major activity which may be expected t o  be transferred 

out within the next t en  years  is the recovery of enriched uranium 

spent f u e l  present ly  performed a t  the ICPP. 

development and improvement programs and the work i n  the  areas of 

waste disposal are all directed toward p rwid ing  industry the  in- 

farmation and background e s s e n t i a l  t o  t h e i r  entering t h i s  f i e l d y  and 

the B E C  i s  committed t o  performing this r e c w e r y  operation a t  the ICPP 

only u n t i l  i n d u s t r i a l  p lan ts  are able t o  assume the load. The present  

target schedule f o r  such t r ans fe r  i s  within t en  years. 

The present process 

The continuing need f o r  research i n  reac tor  sa fe ty  wouM ind ica te  

a r e l a t ive ly  constant l e v e l  sf work i n  this f i e l d .  

An expanding need for i r r a d i a t i o n  f a c i l i t i e s  i n  test  reactors  w i l l  

require support of t h e  M1YL-ETR complex a t  o r  above the present level .  

Additional t e s t  reactor requirements not yet m e t  w i l l  require construc- 

%Son of a tes t  reactor  of advanced design.  If this requirement is not 

met by private  industry, construction by 

eastern location, 
I1 -9 -5 

B E C  wouldprobably be a t  an 

! 



I n  the nuclear technology field, a modest program of heat 

t r a n s f e r  s t u d i e s  i s  planned f o r  the near f u t u r e ,  

technology as a whole, a program expansign of approximately 80 

percent  is  an t ic ipa ted  f o r  the t e n  year perid wi th  increasing 

emphasis on fuels and materials, reactor physics, reac tor  com- 

ponents, and sanitary and environmental engineering programs. 

However, the increase on work of t h i s  nature  would have only a 

minor effect  on t o t a l  NRTS employment. 

I n  nuclear 

. 
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PART I11 

SUMMARY AND coNcLusIoNs 
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(This part w i l l  be developed follaring staff discussions 
of Parts I and IS) 
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