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Appendix A 

ATOMICS INTERNATIol!IAL 

The work of the Atomics I n t e r n a k m a l  Division of North 

American Aviation, Inc. i s  discussed separatsly since it i s  

conducted both i n  commercial and i n  grwernment facil i t ies.  
I 

The 

f a c t  t h a t  the AEC has a Substantial  investment i n  the f ac i l i t i e s  

and is merwblmdngly the pr inc ipa l  customer of Atomic$ Internat ional  

requires that A I  be censtdered i n  this study, - a l e  -tHe commercial 

character of the  organizgtion and of a large per t ion of the f a c i u -  

l 

1 .  

, t ies  clearly distinguishes A I  from the AEC labqratories. 

The AEC's oentract p l a t i e n s h i p  with io r th  American Aviation 

began In 1948, when limited reactor develqment and physical re- 

I search work was assigned t o  that Company. The relatfonship has been 

continuous since t h a t  time; the program is  now carried out through 

North American's Atomics Internat ional  Division, 

Atomics International occupioa company-owned buildings i n  

Canoga Park, California (Los Angeles) , company-owned and gwernment- 

awned buildings i n  the nearby Santa Susana Hountains and gwernmnt- 

awned facilities a t  the National Reactor Testing Station, Idaho, 

company has financed general service equipment i n  the buildings it 

!The 

owns9 while AEC has generally supplied specialized equipment necessary 

t o  specific development projects.  Total  investment i s  apprdmately 

$20 mfllion by the AEC and approxhately $20 million by Atomics 

International,  The l a t t e r  figure includes approximately $3.,6 million 

wh2ch wasmontrfbuted by Atomics Internat ional  t o  the cost  of the 

Sodium Reactor Experimjnt (SRE)  and the Organic.Moderated Reactor 

Experiment  OMR RE)^ 

P 
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The AI program can be broadly described under six major 

headings:: 

1, Sodium Graphite Reactors. This reactor concgpt was among the 

the first studied by North American under i t s  contract. As 

part of the AEC's first five-year civi l fan power reactor program, 

North American developed and constructed the SflE. 

the SRE t o  obtain technical data on this concept has continued 

and has l e d  t o  the development of the Hallam Nuclear P m r  

Faci l i ty ,  a 75 megawatt-electrica19 SOdiUm graphite reactor 

Operation of 

being b u i l t  a t  Hallam, Nebraska under the Power Demonstration 

Program, 

scheduled f o r  completion i n  1961, 

f i c  reactors, North Amerfcan car r ies  on an advanced development 

program on the sodium-graphite concept, including materials and 

components development and safety studies,  

Organic Cooled Reactors. 

sive program i n  the development of the organic cooled reactor 

condept, 

cept fn 1955 wi th  the assignment of responsibi l i ty  f o r  the 

development, design and construction of the OMRE, 

led t o  the power reactor demonstratfon project  of the City of 

Piqua, Ohio, contracts for which were signed i n  1959e To ad- 

vance t h i s  concept, Ndrth American has a l so  under way general de- 

velupmnt work i n  the organic reactor f i e ld  and has made studies 

for  the AEC of  various applications of t h i s  reactor concept. 

Construction of t h i s  f a c i l i t y  has begun and i s  

I n  addition t o  these speci- 

2, North American has under way an inten- 

North Amerfcan was given a magor project  i n  this con- 

This work 
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j 
3, Milftary Reactors. A growing portion of the work relates t o  the 

It encompasses development s i r c r a f t  nuclear p rop l s ion  program, 

of compact reactors fur military purposes under the SNAP program 

and developnrent of materials for the Pluto nuclear ram-jet program, 

40 General Reactor Technology. I n  t h i s  field A I  is engaged i n  develop- 

ing advanced mthods f o r  nuclear msasurements; reactor s t a t i c s  theory; 

development of advanced fuel, controlp and s t ruc tu ra l  materials f o r  

reactors; and develupmnt of reactor safety devices and reactvr com- 

ponents, 

se Separations Systems. Investigations of impruved processes for the 

separation and decontamination of spent reactar fuels is an in- 

portant adjunct t o  the programs of reactor development, Emphasis 

a t  AI is placed on low decontamination pyrometalhrgical pTbcesses, 

with par t fcnlar  applicatien t o  thermal reactor  systems. 

6. Phy sical  Research, I n  this field, .North American carries out 

f h n d w n t a l  studies i n  materials, chemistry and physics, 

The, Atprmies International staff n d e r s  approximate3y 2,200, ef 

whom approximately 1,300 are professional technical personnel, 

The f a c f l i t i e s  include general engineering and of'ffoe space, a 

sodium l a b w a t  ory building, an organic laboratory building, c r i t i c a l  

experiment facilities, a component development hot c e l l  building, the 

SRE, OMRE, a water bo i le r  reactor, KEWB ( n o e t i c  Experiment on Water 

Boilers),  as well as supporting f a c i l i t i e s  and special purpose tes t  

fnstal la t ions,  Goverment-owned buildings are located on North American- 

owned land which the Government has an option t o  buy a t  any time during 

the l i f e  of the contractr 
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I n  addition t o  the AEC work described above, Atomics Internat ional  is 

engaged ommercfally in the nuclear reactor field. 

out using only Company-owned f a c i l i t i e s ,  b u t  i n  the same general.loca- 

t ions as the BEC program, 

This work is camied 

Currently, the commercial a c t i v i t i e s  account f o r  

about 4 percent of Atomics International 's  effort, 

Future Plans 

Civflian Reactors: As is the case generally with thermal converter 

seactor8,the work on the organic cooled and sodium-graphite reactors  will 

be continned at the present level  ferr the next twe or three years. 

that t h e  the programs w i l l  e i ther  be terminated or will be gradually re- 

duced each year looking %mard t he i r  elimination by 1968* 

A t  

Nuclear Technology: An approximate 25 percent increase i n  the nuclear 

technalogyprogram as csnducted a t  Atomics In te rna t i sna l  i s  expected, 

major programs w i l l  continue t o  be i n  l o w  decontamination separations de- 

velopment and i n  the fuels and materials programs. ~ 

The 

Mssile Prepnlsion: The AI role  i n  the Pluto program is currently 8 

supporting one in the, materfals field t o  LBL. It is expected that the 

importance of t h i s  role  will diminish a f t e r  approximately two or three 

years5 thereafter, there is no current planning f o r  the u t i l i za t ion  Qf 

A I  i n  the Pluto program, 

Arudlfary P m r :  The A I  role in.  the SNAP reactor development pragram 

is made critical by the f a c t  that  the program i s  geared t o  a t i gh t  schedule 

prescribed by the Department of Defense and t h a t  there is increasing 

in t e re s t  I n  this program on the par t  of the National Aeronautics and *ace 

Agency, 

the SNAP program a t  l e a s t  f o r  the next f ive  years. 

e f fo r t  thereaf ter  w f l l  depend on the f l o w  of new requirements and appli- 

W expect9 therefore, tha t  AI will have a very important role i n  

The trend of the 

cations 
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Physical Regearch: Basic research in the physical sciences a t  

Atomics International has primarily been concerned with chemis4iI.g 

and metallurgy and materials studies. This work w i l l  not be con- 

timed e 
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ATOMICS INTERNATIONAL 
Los Angeles, Cal i forn ia  

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 are i n  mil l ions)  

F isca l  Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951 
b! 

Research and Development Costs:" 

Production Program $ -  $ -  $ -  $ -  $ -  $ -  $ -  $ -  $ . I $ -  

Reactor Development Program: 
Civ i l ian  pover reac tors  16.8 18.0 14.1 9.5 5.3 - 
Merchant sh ip  . 2  - 

1.4 1.4 1.1 1.4 .1 - Missi le  propulsion 
7.3 4.1 1.6 .7 - S a t e l l i t e  pover sources 

General reac tor  research  and development 3.4 4.1 3.5 2.5 1.4 3.2 3.2 3 . 1  2.5 1.4 

Total Reactor Development 28.9 27.6 20.9 14.3 6.8 3.2 3.2 3.1 2.5 1.4 

Physical Research Program 1.0 .8 .6 .5 .5 - 2  - ; 2 L 1 

$29.9 $28.4 $21.5 314.8 $ 1.3 $?.2 $1.1 $2.6 81.5 - - - - - - - - -  Total  Research and pevelopllent 

Personnel a t  June 30: 
S c i e n t i f i c  and engineer ing 
Other 

1,295 1,041 758 609 371 260 228 244 192 
968 898 746 681 cf  ---- - 

2.263 1.939 1.504 1.290 _ _ _ _ _ _ -  To t a l  Employees 

Completed Plant  and Equipment a t  June 30:q 
BY Type 

Reactors 
Other 

$ 8 . 8 $ 6 . 2 $ -  $ -  $ -  $ -  $ -  $ -  $ -  
6.0 3.2 1.8 1.1 .9 .7  .6 .4 - 

1 4 8  $ 1 . 8  $ .9 $ .7 U &.-.!i $ s - - - _ _ - - -  - Total  

By Location 
Los Angeles, Cal i forn ia  $12.7 $ 9.0 $ 1.8 $ 1.1 $ . 9  $ . 7  $ .6 $ .4 $ - 
National Reactor Test ing S ta t ion ,  &dah0 2.1 .4 - 

51 Excludes depreciat ion on AEC f a c i l i t i e s  and the c o s t  of source and nuclear materials consumed i n  research. 

Estimated. 

51 Not avai lab le  p r i o r  t o  es tabl ishment  of Atomics I n t e r n a t i o n a l  as a Division of North American Aviation. 

- d/ Plant  pro jec ts  authorized but no t  completed a t  June 30, 1959 to ta led  $5.9 mi l l ion ,  of which $5.7 mi l l ion  w i l l  be 
located a t  Loa Angeles, Cal i fornia .  



ATOMICS INTERNATIONAL 

Current Budget and Recent Costs by Categories of Work 
(in thousands) 

F.Y. 1958 F.Y. 1959 F.Y. 1960 
costs costs Budget 

TOTAL $ 21,516 $ 28,405 $ 29,867 

Reactor Development - Total 20,865 27.573 28,894 

Civilian Power Reactors - Total 14,684 17,930 16,753 
Sodium Graphite Reactor - Total 7,147 6,378 6,980 
Research and Development 5,993 4 , 804 5,580 
Fuel Fabrication 264 
Test Operations 1,153 1 , 310 1,400 

Organic Moderated Reactor - Total 5,014 2,765 5,030 
Research and Development 4,114 1,634 3 , 700 
Fuel Fabrication 106 166 370 
Test Operations 79 5 965 9 60 

Assistance under Power Demonstration 
Program - Total 2,523 8,786 4,743 

PRDC costs 
CPPD Costs 
Piqua Costs 

13 14 86 
2,455 5,921 4,268 

55 2,852 389 

Nuclear Technology and General Support - Total 3,532 4,119 3,441 

Engineering Physics and Advanced Reactor 
. Development 214 146 150 
Reactor Fuels and Materials Development 463 1,857 1,400 
Separations Development - Closed Cycle Process 1,987 1 , 117 7 25 
Thermal Reactor Safety 868 999 1,166 . 

Merchant Ship Reactors - Advanced Studies 21 25 - 
Missile Propulsion Reactors 1,089 1,378 1,400 

Satellite Power Sources 1,539 4,122 7,300 

Physical Research - Total 651 832 973 

Chemistry Research - Total 366 49 2 583 

Chemical Properties and Reactions 223 401 471 
Process Chemistry 143 91 112 

Metallurgy and Materials Research - Total 28 5 340 390 

178 188 21 3 Alloy Theory andthe Nature of Solids 
Effects of Irradiations on Materials 107 152 177 

, .  



Appendix B 

m S  OF LONG RANGE PROGRAMS SUBMITTED BY IHE LABCUTORIES 

Beginning i n  the latter half of 1958 the AEC has asked a number of 

the laboratories, including a l l  of the multi-program ins t i tu t i sns ,  t o  

prepare long range programs f o r  consideration. 

such programs would be helpful i n  planning not only the work of the 

indtvidual inst i tut ions,  bu t  of the agency as a whole. 

It was anticipated tha t  

The recommendations of the laboratories are included in t h i s  

appendix, Some of them, betng lengthy documents, are summarized here 

f o r  convenience rather than being presented i n  f u l l  texti 

i 
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SUMMARY OF LONG RANGE PROGRAM 
SUBMITTED BY ARGONNE NATIONAL LABORATORY 

(Section I of t h i s  summary sets f o r t h  h igh l igh t s  of the  program as  

pro jec ted  by the Laboratory,  including tabular  summaries of f a c i l i t y  

and personnel requirements.  

summary of the  program i n  o u t l i n e  form.) 

Sect ion I1 presents  a more comprehensive 

1. PHYSICAL SCIENCE RESEARCH i s  now p r i n c i p a l l y  i n  low-energy physics;  

work a l s o  is  c a r r i e d  on i n  general  chemistry with p a r t i c u l a r  

emphasis on the  heavy elements , high temperature research,  

s o l i d - s t a t e  s c i ence ,  and physical  metallurgy. S ign i f i can t  

expansions are proposed i n  high-energy nuclear  physics ,  s o l i d  

s t a t e  sc ience ,  high temperature research ,  the physical  

metal lurgy of plutonium, e l e c t r o n i c  instrumentat ion i n  genera l  

and computing devices i n  p a r t i c u l a r .  

L I F E  SCIENCE emphasis c u r r e n t l y  is on e f f e c t s  of r ad ia t ion  on 

l i v i n g  systems, including s tud ie s  of the  e f f e c t s  of both 

- 

2. 

i n t e r n a l  and e x t e r n a l  r ad ia t ion  on animals and epidemiological 

s tud ie s  of exposed human beings.  

i s  the  eva lua t ion  of hazards and the s e t t i n g  of permissible  dose 

An immediate p r a c t i c a l  aspec t  

rates. Tracer techniques a r e  used i n  s tud ie s  i n  p l an t  science, 

and l abe l l ed  organic  compounds a r e  produced by growing p l an t s  i n  

s p e c i a l  growth chambers. 

Major expansions are contemplated i n  the s tudy of the chronic 

e f f e c t s  of continued i r r a d i a t i o n  of animals a t  l o w  l e v e l s  of 

i n t e n s i t y ,  and i n  p l a n t  science.  
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3 .  REACTOR DEVELOPMENT AND ENGINEERING work a t  the Laboratory is 

now d i r ec t ed  p r i n c i p a l l y  toward the  development of r eac to r s  f o r  

c i v i l i a n  uses with emphasis on the  breeding p r inc ip l e .  

emphasis i s  proposed t o  focus on general  engineering research 

f i e l d s  r a t h e r  than on s p e c i f i c  r eac to r  problems. 

a .  GENEBAL ENGINEERING RESEARCH includes r eac to r  physics,  hea t  

Future 

engineer ing,  r eac to r  con t ro l ,  metallurgy r e l a t e d  t o  r eac to r s ,  

chemical engineering involved i n  the  processing of f u e l s ,  

remote cont ro l  and meteorology (as it bears on r eac to r  

s a f e t y ) ;  a general  expansion is propbsed f o r  work i n  t h i s  

area wi th  the  most s t r i k i n g  increase  i n  micrometeorology. 

S P E C I F I C  REACTOR PROBLEMS f a l l  i n t o  the  general  ca tegor ies  

of boi l ing  water r e a c t o r s ,  f a s t  reactdrs , and spec ia l -  

b. 

purpose r eac to r s  (such as high-f lux rekearch r eac to r s ) .  

Tapering of f  of ldbora tory  work on boi l ing  water r eac to r s  i s  

foreseen.  Future bmphasis appears aimed a t  f a s t  r eac to r s  

- with t h e i r  assoc ia ted  problems i n  metal lurgy,  chemical 

engineering and r e m B t e  con t ro l ;  t he re  i s  no end t o  the l ist  

of poss ib le  special-burpose r eac to r s .  

4.  EDUCATIONAL R E S P O N S I B I L I h E S  a r e  more capable of being m e t  under 

the  increasing r e l axa t ion  of s e c u r i t y  r e s t r i c t i o n s .  Laboratory 

a c t i v i t i e s  i n  t h i s  f i e l d ,  krequent ly  i n  cooperation with,  mid- 

western col leges  and u n i v e r b i t i e s  , include: 

sen ior  f a c u l t y  members on sabba t i ca l  (or o ther )  leave;  two year 

appointments f o r  

post-doctoral  research  appointments ; appointments f o r  graduate 

s tudents  t o  c a r r y  out  research  f o r  t h e i r  mas ter ' s  and doc tor ' s  

. 2. 

0 0 f 5 f  I 4  
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theses ;  summer appointments f o r  f a c u l t y  members and graduate 

s tudents ;  appointments f o r  undergraduates,  including coopera- 

t i v e  s tudents  ; and f i n a l l y ,  summer i n s t i t u t e s  f o r  f a c u l t y  

members of engineering co l leges  and technica l  i n s t i t u t e s .  

increase  from the  present  approximately ten  percent  of s t a f f  e f -  

f o r t  a t  the Laboratory t o  a t  l e a s t  twenty percent i s  proposed 

over the  next  few years 

An 

5. FACILITIES AND PERSONNEL 

a .  F a c i l i t i e s  expansions, t o t a l i n g  $167 mil l ion ,  can be grouped 

i n  three  ca tegor ies  as follows: 

e (1) Spec ia l ized  research  and development f a c i l i t i e s ,  

including such i t e m s  a s  new r e a c t o r s ,  addi t ions  t o  

presen t ly  e x i s t i n g  o r  au thor ized  f a c i l i t i e s  such as the ' 

ZGS, and maintenance and improvements t o  these f a c i l i t i e s .  

(2) Laboratory and o f f i c e  space.  

(3) General s e rv i ce  f a c i l i t i e s .  

Personnel s t r eng th  is proposed t o  be expanded from the cu r ren t  

3450 t o  5850 by 1964 and 6700 by 1969. 

b. 
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Table I* 

ESTIMATE OF S W F  REQUIREMENTS 
SCIENTIFIC AND TECHNICAL DIVISIONS 

Analytical Services 
Applied Mathematics 
Biology and Medical 
Chemi s try 
Chemical Engineering 
Computer Research and Development 
Electronics 
High Energy Physics 
Idaho 
International School 
Metalllargy 
Meteorology 
Particle Accelerator Operation and Development 
Physics 
Plant Sciences 
Radiological Physics 
Reactor Engineering 
Reactor Operations 
Remote Control 
Solid State Sciences 
Technical Information 

(17) 
27 
79 
139 
91 
(4) 
30 
(5 1 
26 
18 
80 
(4) 
41 
76 
(5) 
22 
202 
6 
25 

23 
(15) - 

30 35 
65 75 
104 120 
180 185 
160 168 
15 30 
75 100 
100 150 
65 65 
25 25 
143 160 
15 . 20 
75 100 
95 100 
60 80 
26 ;17 
250 260 
30 35 
59 65 
50 80 - 28 4.5 

Total Staff 885 1650 1925 

- 1/ Numbers in parentheses under 1959 represent staff members 
currently carried under other divisional totals. 

Table 11* 

SUMMARY OF ESTIMATED PERSONNEL REQUIREMENTS 

1959 1964 1969 
885 1650 1925 
- -  

Scientific and Technical Divisions Staff 
ScLentific and Technical Divisions Direct Support 864 1550 1825 
Supporting Technical Services 595 990 1050 
General Services and Administration 1060 1615 1850. 

35 45 50 Laboratory Director's Office - - -  
Total 3439 5850 6700 

*See notes on following page. 
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Tables I & I1 (Cont d . )  

*In Tables I and I1 the  term " s t a f f "  r e f e r s  only t o  academically q u a l i f i e d  
s c i e n t i s t s  and engineers engaged i n  t h e i r  p rofess iona l  capac i t i e s  d i r e c t l y  
on the research and development program of the  labora tory .  The term 
"d i r ec t  support" r e f e r s  t o  technic ians ,  s e c r e t a r i a l  a s s i s t ance ,  and 
c e r t a i n  adminis t ra t ive  a s s i s t ance  assigned d i r e c t l y  t o  the d iv is ions  
responsible  fo r  the  res,earch and development program. The term "supporting 
technica l  se rv ices"  includes pr imar i ly  the  machine shop, the  i n d u s t r i a l  
hygiene and s a f e t y  and the  medical personnel r ega rd le s s  of any profess iona l  
c l a s s i f i c a t i o n .  

The s t a f f  requirements f o r  the  s c i e n t i f i c  and t echn ica l  d iv i s ions  a r e  
presented i n  Table I e s s e n t i a l l y  along d i v i s i o n a l  organizat ion l i n e s .  
However, i n  those cases where the long range program of the  labora tory  
ind ica t e s  s i g n i f i c a n t  expansion which might no t  f i t  i n t o  the  present  
d iv i s iona l  pa t t e rn  o r  which might a f f e c t  programs i n  more than one d iv i s ion ,  
t he  p e r t i n e n t  s t a f f  f i gu res  a r e  i temized sepa ra t e ly .  
Table I include temporary personnel which, a t  p re sen t ,  account f o r  about 
10% of the  t o t a l  s t a f f .  It is  expected t h a t  t h i s  w i l l  increase  t o  a b u t  
20% i n  the next  few years .  The temporary personnel would cons i s t  p r imar i ly  
of ind iv idua l  with temporary post-doctoral  appointments and f a c u l t y  members 
from u n i v e r s i t i e s  on temporary leaves o r  s a b b a t i c a l s .  The percentage of 
temporary appointments w i l l  undoubtedly vary widely, ranging from only a 
few percent  i n  the  case of divisons wi th  l a r g e  programmatic responsi-  
b i l i t i e s  t o  perhaps 50% o r  g r e a t e r  i n  the  case of high energy physics 
research .  

The s t a f f  numbers i n  

In  Table I1 are l i s t e d  the  t o t a l  personnel requirements of the Laboratory. 
Given f i r s t  the  number of s t a f f ,  t he  requirements f o r  direct support ,  f o r  
t he  supporting technica l  s e rv i ces  and f o r  genera l  services and adminis- 
t r a t i o n  have been based on the experience of the  last several years wi th  
s u i t a b l e  allowance being made f o r  the  t rends  ind ica t ed  i n  the  long range 
s c i e n t i f i c  and technica l  program. Thus, t he  increased  use  of higher 
Jeve ls  of r a d i o a c t i v i t y  w i l l  mean an increase  i n  r a t i o  bf personnel 
Cnvolved i n  r ad ia t ion  s a f e t y  activit ies to  the  t o t a l  s t a f f .  The r ap id  
expansion of the  Idaho r eac to r  program l ikewise  w i l l  r e s u l t  i n  an increased 
r a t i o  of s e rv i ce  personnel t o  t o t a l  s t a f f .  On the  o the r  hand, the decrease 
I n  s e c u r i t y  and c l a s s i f i c a t i o n  problems should decrease the  r a t i o  of 
s e rv i ce  personnel t o  s t a f f .  
t rends is  expected t o  r e s u l t  i n  a s i g n i f i c a n t  decrease i n  the  r a t i o  of 
t o t a l  se rv ice  personnel t o  t o t a l  s t a f f  as the  s i z e  of the  s t a f f  grows. 
This i s  borne out  by the  t rends i n  r ecen t  years .  

From the  ove r -a l l  s tandpoin t ,  the  sum of such 

0 0 1 5 1  1 7  
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Table I11 

CURWENT STATUS OF FACILITIES ?/ 
ESTIMATED 

Facilities Currently Under Construction 
Zero Gradient Synchrotron 
Experimental Breeder Reactor I1 (Idaho) 
Fuels Technology Center 
Fuel Fabrication Facility 
EBWEP Improvements (100 MM) 
GP-5 Improvements (10 HI?) 
Biology Building Addition - Dog Kennels 
Coincidence Beta Spectroscopy Facility (Chem. 

Bfology Reactor ("Janus") 
Fast Source Reactor (&%iho> 

Bldg Addition) 

Completion cost 
1- 63 $29,800,000 
12- 60 
11-61 
4-59 
3-60 
3- 60 
12-59 

9-59 
3- 60 
7-59 

Facilities Authorized by Congress - Construction Not Started 
Chemistry Hot Laboratory 
Zero Power Reactor Facilities 
Tandem Van de Graaff (10 Mev) 
Borax V 

* 
12-60 

6-60 
*. 

*Funds not yet available. 

Facilities Included in FY 1960 Congressional Authorization Request 

Utility Additions 
Radioactive Waste Processing Plant 
EBR-I - Modifications 
Education QL Training (East Area Modifications) 
Animal Quarters Addition 

29,100,000 
17,000,000 
4,000,000 
1 600,000 
880,000 
600,000 

500,000 
330,000 
120,000 

583,930, DO0 
\ 

4,500,000 

2,500,000 
3 ,om ,000 

2 000 000 

3,000,000 
1,300,000 
1,000,000 
1,000,000 
500;OOO 

$ 6,890,000 
Facilities Considered for Inclusion -?-!I the FY 1961 Argonne Budget Request 

Zero Gradient Synchrotron - Additions 
High Energy Physics Building 
High Flux Research Reactor 
Chemical Engineering Labratory Addition 
Applied Mathematics (Physics Building Addition) 
Reactor Engineering-Building 
S o l i d  State  Science Building 
Heating P l a n t  - Additional Boiler 
Administration Building (Includes Chicago Operations Office) 
Cafeteria 
High Level Alpha-Gama Hot Laboratory 

$10,000,000 
' ?-r;ooo ,000 
15,000,000 
2,000,000 
2,000,000 
3,000,000 
5,000,000 
1,500,000 
6,000,000 
2,000,000 - 6,700,000 

$58,200,000 

1/ As of March, 1959, the date of the laboratory's submission. - I P 2  
I I<:$' 

\* A>' .c 
Q 2  Q B l S l t 8  'z 

. 
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Table IV 

FACILITIES TO BE REQUESTED IN FUTURE YEARS 

Special Research and Development Facilities 

Zero Gradient Synchrotron Additions 
Me t e o r o 1 og i c a1 Mode 1 ing 
Mouse Experiment 
Low Energy Particle Accelerator(s) 
Solid State "Fast Flux" Reactor 
Chemical Engineering Hot Laboratory Addition 
Library Facilities 

Total Approximate Cost 

Scientific Space Requirements (Net Square Feet) 
Laboratory Off ice 

Biology and Medicine 
Plant Sciences 
Chemis try 
Chemical Engineering 
Analytical Chemistry 
Computer Development 
Radiological Physics 
Engineering and Electronics 

14,100 
28,300 
20,300 
17,700 
6,200 
8,400 
9,300 
39,900 
144,200 

5,700 
11,400 
6,900 
6,000 
2,100 
4,400 
4,900 
16,400 
57,800 

Laboratories 144,200 
Off ices 57,800 
Shops 37,300 
Storage and Stores 60,300 
Scientific Services and Special 95,000 

Total N e t  Space 394,600 
~~ 

Total Approximate Cost 
(921,000 sq.ft. gross at $38 per sq.ft.) 

Suppor,ting Services 

Mechanical Shops 
Idaho Service and Administration 
Industrial Hygiene and Safety 
Fire Security and Emergency Center 
Auditorium 
Special Material Vaults 
Maintenance Shops 
Warehouse 

$60,000,000 

$35,000,000 

d 

$14,OQO:OOO T o t a l  Approximate Cost 

0 0 1 5 1  19 
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SECTION I1 
PROGRAM SUMMARY 

1. GENERAL DISCUSSION 

a .  THE PRIMARY PURPOSES of ANL are held t o  be t o  con t r ibu te  

toward r e a l i z a t i o n  of the  p o t e n t i a l  peacet ime,benefi ts  of 

atomic energy by (1) conducting a balanced comprehensive pro- 

gram i n  bas i c  nuclear  research,  (2) doing app l i ed  research  

and development t o  hasten widespread p r a c t i c a l  app l i ca t ions  of 

nuclear  science, and (3) disseminating information i n  t h e  

nuclear  f i e l d .  

FUNCTIONS t o  be performed t o  f u l f i l l  these  purposes include: b. 

(1) providing ob jec t ive  and competent t echn ica l  advice to  

the Commission. 

providing the mechanism necessary t o  e s t a b l i s h  and execute 

the  research  and development programs necessary for the  

Commission t o  a t t a i n  i ts  objectives. 

(2) 

(3) providing the m e a n s  f o r  mobilizing the  research  and 

development p o t e n t i a l s  of both u n i v e r s i t i e s  and indus t ry  

i n  support  of AEC objec t ives .  

(4) providing a mechanism f o r  the dissemination of informa- 

t i o n  wi th  r e spec t  t o  the  objec t ives  and accomplishments 

of the  atomic energy program. 

c.  SUPPORT FROM THE AEC i s  required i f  the labora tory  is t o  ac- 

complish i t s  purpose. Such support  must include:  

(1) a c t i v e  a i d  i n  e s t ab l i sh ing  and maintaining adequate s t a f f  

by providing "good working condi t ions"  -- both i n t e l l e c t u a l  

and material -- and equipment and f a c i l i t i e s  (twenty t o  
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I u  

I 

f o r t y  percent  of annual operat ing budget t o  go f o r  

equipment and f a c i l i t i e s ) .  

(2) a c t i v e  support  of cooperative programs with the univers i -  

t ies ,  indus t ry ,  other  Government agencies and those 

r-ed t o  i n t e r n a t i o n a l  programs. 

d. LIMITATIONS ON THE LABORATORY SCIENTIFIC AND TECHNICAL PROGRAM 

include : 

Atomic Energy A c t  of 1954 (Chapter 1, Sect ions 1, 2 ,  3; 

Chapter 4, Sect ions 31, 32 ,  and 33). 

Limitat ions imposed by r e l a t ionsh ips  with u n i v e r s i t i e s .  

(Laboratory w i l l  no t  pu t  major research  e f f o r t  in'to an 
a r e a  which is being inves t iga ted  i n  a un ive r s i ty  unless  
there  is an over r id ing  need t o  obta in  the research  da ta  
i n  a much s h o r t e r  per iod of t i m e  than the  un ive r s i ty  
e f f o r t  would requi re . )  

Limitat ion imposed by r e l a t ionsh ips  wi th  industry.  

(Laboratory w i l l  no t  bu i ld  an instrument o r  a component 
when it  is poss ib l e  t o  purchase a f u l l y  s a t i s f a c t o r y  item 
on the  market; a l s o  -- ANL has adopted the  p r i n c i p l e  of 
proposing development p ro jec t s  which requi re  the  Labora- 
t o r y ' s  unique f a c i l i t i e s  and the d iverse  Understandings 
and s k i l l s  of i t s  research  and development s t a f f ,  wi th  
development c a r r i e d  only t o  the  poin t  a t  which indus t ry  
should be a b l e  t o  take over the r e s p o n s i b i l i t y  f o r  f u r t h e r  
development.) 

e. GENERAL CHARACTER OF THE LABORATORY'S SCIENTIFIC AND TECHNICAL 

PROGRAM is determined by the needs of the atomic energy program, 

i n  terms of the  s c i e n t i f i c  and professional  d i s c i p l i n e s  which 

experience has shown a r e  needed €or s u c c e s s h l  accomplishment. . 

(1) Research -- pr inc ipa l  r e s p o n s i b i l i t y  i s  t o  a t t a i n  a s  

complete an understanding of the na ture  of the nucleus 

0 0 1 5 1 2 1  
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of the  atom and of the  forces  which hold i t  together  

a s  i t  is  poss ib le  t o  achieve through t h e o r e t i c a l  and 

experimental i nves t iga t ion .  

(2) Applied development work -- basic  p r inc ip l e  i s  the  t imely 

s e l e c t i o n  of p ro jec t s  which can make c l e a r  cont r ibu t ions  

t o  the na t iona l  welfare .  

(3) Education -- the  educat ional  a c t i v i t i e s  of the  Labora- 

t o ry  form an i n t e g r a l  p a r t  of i ts  s c i e n t i f i c  and 

technica l  program; o ther  programs e f f e c t i v e  only t o  the 

e x t e n t  t h a t  t h e i r  need and r e s u l t s  are used and 

understood by both the  s c i e n t i f i c  community and t h e  

publ ic .  

2 .  SCIENTIFIC AND TECHNICAL LONG-RANGE PROGRAM PROPOSALS 

a .  PHYSICAL SCIENCES 

(1) Low energy physics -0  Among the branches of low energy 

physics t h a t  w i l l  be pursued a c t i v e l y  a r e  the following: 

nuclear  spectroscopy, neutron i n t e r a c t i o n s ,  f i s s i o n ,  

charged p a r t i c l e  r eac t ions ,  asymetry of decay of the  

neutron,  and neut r ino  c ross  sec t ions .  

(2) High energy physics -- Rela t ive ly  new program a t  ANL. 

Primary ob jec t ive  of ANL f o r  next  few years w i l l  be t o  

bu i ld ,  opera te ,  and use the ZGS f o r  experimental research.  

Expand present  s m a l l  s t a f f  t o  100-150. 

(3) Chemistry -- 
(a) Major e f f o r t  w i l l  cen ter  on chemistry of heavy 

elements,  with emphasis on a c t i n i d e  elements; 
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expanding work on transplutonium elements. 

Expansion of e f f o r t  i n  plutonium f i e l d .  (b) 

(c) Research on f l u o r i n e  w i l l  continue i n  a t  l e a s t  two  

major a reas :  Radioactive F1* and the l i q u i d  phase 

chemistry of the  r e a c t i v e  f luo r ides  . 
(d) Continued inves t iga t ion  of proper t ies  of l i q u i d  

and s o l i d  He 3 4 and so lu t ions  of He3 and He . 
(e) Extensive program to measure hea t  capac i t i e s  and 

magnetic s u s c e p t i b i l i t i e s  of var ious neptunium, 

uranium, and thorium compounds between 1 and 350 

degrees Kelvin. 

( f )  Basic s tud ie s  i n  r a d i a t i o n  chemistry and photochemistry. 

Build a new high-f lux r eac to r  a t  e a r l i e s t  poss ib le  date;  

a l s o ,  new chemistry hot  labora tory  t o  handle high l e v e l s  

of a c t i v i t y .  

(4) High temperature research  -- Progress i n  r eac to r  technology 

and o ther  f i e l d s  is l imi t ed  by pauci ty  of bas ic  data cog- 

cerning the proper ties of ma te r i a l s  a t  high tempera t u r e s .  

Work i n  t h i s  f i e l d  must be expanded as r ap id ly  as possible .  

Doubling of s t a f f  is  proposed f o r  the next four  years and 

another doubling i n  the  following f i v e  years ;  i n  addi t ion  

t o  the usual  space problem, a f a c t o r  l imi t ing  the r a t e  of 

expansion i n  t h i s  a rea  may be the na t iona l  s c a r c i t y  of 

q u a l i f i e d  personnel.  
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( 5 )  Sol id  state -- Research is proposed t o  be increased rap id ly ,  

no t  only i n  a reas  cu r ren t ly  engaging labora tory  personnel ,  

bu t  a l s o  i n  o ther  f i e l d s  such as the s t u d i e s  of metals ,  

a l l o y s ,  semi-conductors, f e r r o - e l e c t r i c s ,  and other  non-metals, 

and i n  s o l i d  s t a t e  research  a t  low temperatures. Expand 

the cu r ren t  f i f t e e n - s t a f f  members t o  f i f t y  by 1964 and t o  

e igh ty  by 1969; addi t iona l  f a c i l i t i e s  requi red  include 

those f o r  X-ray d i f f r a c t i o n  and e l e c t r o n  d i f f r a c t i o n  s tud ie s  

and a l s o  fo r  f u r t h e r  progress i n  the  s tudy of r a d i a t i o n  damage 

a special r eac to r  -- t o  provide adequately thermostated 

i r r a d i a t i o n  f a c i l i t i e s  wi th  temperatures down t o  the  l i q u i d  

helium range. 

Physical metallurgy -- Major ob jec t ives  include the s tudy 

of the  bas ic  meta l lurg ica l  phys ica l  p rope r t i e s  of U, Pu, and Th 

(6) 

and the advancement of understanding of the fundamental p r inc ip l e s  

t h a t  govern the  s t r u c t u r e s  and p rope r t i e s  of a l l  s o l i d s  t h a t  

appear t o  be p o t e n t i a l l y  s i g n i f i c a n t  f o r  f u t u r e  development of 

nuclear  energy. E f fo r t  t o  be  continued on p r inc ip l e s  of corrosion,  

theory a l l o y s ,  e f f e c t s  of r a d i a t i o n  on the  s t r u c t u r e s  of metals 

and on meta l lurg ica l  r e a c t i o n ,  and the s t r u c t u r e  and proper t ies  

of high temperature ceramic ma te r i a l s .  

plutonium and compounds of uranium, plutonium, and thorium means 

some reduct ion i n  work on uranium. 

Computer research  -- Enormous growth i n  use of computer s e rv i ces  

has no t  been matched by adequate r e sea rch ' i n  new computer 

techniques.  

Expanded e f f o r t  on 

(7) 

0 0 1  S f  24 
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(8) Poten t i a l  i n t e r e s t  i n  thermonuclear work. 

b. LIFE SCIENCES 

Broadly speaking objec t ives  here a r e  the  achievement of an 

understanding of the ac t ion  of r a d i a t i o n  on l i v i n g  systems, 

and a l s o ,  the use of r ad ia t ion  t o  achieve a b e t t e r  bas ic  under- 

s tanding of l i f e  processes.  

s tud ied .  

(1) Animal Studies  -- 

Both animal and p l a n t  systems are 

(a) Ef fec t s  of External Radiations:  

1. - 

2. - 

Recent t rend towards broadening the  s t u d i e s  i n  

an attempt t o  determine the  chronic  e f f e c t s  pro- 

duced by continued exposure a t  o r  near  background 

l e v e l s .  

s p e c i a l  r eac to r  f o r  t h i s  purpose is under design 

and should be i n  operat ion i n  e a r l y  1960. 

Studies  of spec ies  and gene t i c  v a r i a t i o n s ,  and of 

the inf luence of age,  sex ,  and previous h i s t o r y  on 

r ay  t o x i c i t y  w i l l  be continued and extended to- 

cover f i s s i o n  neutrons.  

Expansion of t h i s  e f f o r t  is  proposed; 

(b) E f fec t s  of In t e rna l  Radiations ( s tud ies  of anitnals and 

humans whose body burdens of radium a r e  appreciable)  -- 
- 1. Animals -- expanded e f f o r t  on the t o x i c i t y  of 

f i s s i o n  products and o ther  r ad ioac t ive  ma te r i a l s .  

Humans -- major goal  i s  establ ishment  of maximum - 2 .  

permissible  l eve l  of radium i n  man ( t o  be reached 

wi th in  next f i v e  years). Also, Studying 
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r e l a t ionsh ip  between bone sarcoma and radium i n  

drinking water ,  bone physiology, and seeking d i s -  

covery of chemical compounds u s e f u l  i n  treatment 

of poisoning by radioelements and metals. 

(c) Basic Studies  -- 
- 1. Genetic s tud ie s  -- cur ren t  work t o  be  continued 

and expanded. 

Cancer s tud ie s  -- d i r e c t i o n  t o  be determined by 

developments i n  r e l a t e d  programs; a n t i c i p a t e  increas  

- 2 .  

ing a t t e n t i o n  t o  predisposing f a c t o r s  i n  carcino- 

genes is. 

Biochemical i nves t iga t ion  of problems i n  general  

metabolism and the  i n t r a c e l l u l a r  l oca l i za t ion  of 

biochemical events w i l l  be continued and broadened 

t o  (a) provide background information f o r  the  i n t e r -  

p re t a t ion  of r a d i a t i o n  e f f e c t s ,  and (b) evaluate  

physical  and b io log ica l  f a c t o r s  i n  r ad ia t ion  s e n s i t i -  

v i t y  and t o  develop p ro tec t ive  agents .  

- 3 .  

- 4. Current s tud ie s  t o  determine the  e f f e c t s  of radia-  

t ion  and age and growth p o t e n t i a l  and the regenera- 

t i v e  capac i ty  w i l l  be expanded t o  include o ther  

parameters,  

- 5.  More a t t e n t i o n  t o  be given t o  problems i n  embryology 

and t o  phenomena of c e l l  and t i s s u e  d i f f e r e n t i a t i o n .  
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- 6 .  Studies  i n  theo re t i ca l  biology w i l l  continue 

a t  about the present  l e v e l  although more computer 

time w i l l  be used. 

(Newly-init iated work i n  the s tudy of the  funda- 
mental problems i n  the  primary e f f e c t s  of rad ia-  
t i o n  w i l l  r equi re  the  establ ishment  of a group 
dedicated t o  t h i s  program. ) 

(The fu r the r  development of bas i c  and appl ied  
r a d i a t i o n  dosimetry is  imperat ive.)  

(2) Plan t  Sciences -- Effo r t  i n  t h i s  a rea  has been s m a l l ;  work 

must be extended and expanded. 

(A P lan t  Science I n s t i t u t e  i s  proposed t o  c a r r y  ou t  a broad 
program of research i n  p l an t  sc ience ,  and t o  serve as a ’  
center  f o r  t r a in ing  i n  the app l i ca t ion  of spec ia l i zed  t o o l s  
and techniques t o  inves t iga t ions  i n  p l a n t  sc ience .  This is 
conceived t o  be a cooperative labora tory ,  AMU t o  p l ay  a 
prominent r o l e ,  i n  addi t ion  t o  the  U. S .  Department of 
Agr icu l ture ,  Agr. Exp. S t a t ions  and o thers .  
ment e igh ty  s c i e n t i f i c  people, f o r t y  regular  s t a f f ,  f o r t y  
r e s i d e n t  research  assoc ia tes ;  f a c i l i t i e s  requi red  include 
a s p e c i a l  biology r eac to r  (Janus) and a Bio. Building addi- 
t i o n  f o r  dog kennels -- construct ion t o  begin s h o r t l y  -- 
plus  animal quar te rs  addi t ion  (authorized F Y  1960); addi- 
t i o n a l  animal qua r t e r s ,  o f f i c e  and labora tory  space w i l l  
be necessary.)  

Total  employ- 

C .  ENGINEERING RESEARCH AND DEVELOPMENT PROGRAM 

This program i s  comprised of s p e c i f i c  r eac to r  programs and 
general  engineering research.  

(Long range program contemplates t h a t  the  s t a f f  i n  genera l  engineer- 
ing research  be doubled (approximately) a s  soon a s  poss ib l e  and 
s p e c i f i c  engineering p ro jec t s  be increased only t o  the  e x t e n t  neces- 
s a ry  to m e e t  cu r ren t  commitments, e .g . ,  EBR 11. 
water t o  be decreased and emphasis t o  be d i r ec t ed  t o  f a s t  r e a c t o r  
concepts;  assoc ia ted  increased emphasis on plutonium, ceramic f u e l s  
and f u e l  cyc les .  
r eac to r  engineering bui lding and f o r  the two-wing add i t ion  t o  the  
chemical engineering bui lding.)  

Work on bo i l ing  

Laboratory re-emphasizes need f o r  a d d i t i o n a l  

0 0  15 I21 
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(1) General Engineering Research -- 
(a) Reactor physics -- Gaps i n  our knowledge e x i s t ,  

fo rc ing  empir ical  o r  i n t u i t i v e  so lu t ions  t o  v i t a l  

quest ions . 
(It i s  proposed t o  emphasize r eac to r  theory,  plan 
f o r  a comprehensive program of physics measurements 
on water moderated systems, devote added a t t e n t i o n  
t o  f a s t  r e a c t  
fue l ed  wi th  I.Jy5’ and Pu, explore  p rope r t i e s  of 
coupled fast- thermal  systems and fast- thorium 
sys  t e m s  and o the r s ,  and s tudy appl ied nuclear  physics.  ) 

physics and c r i t i c a l  assemblies,  

(b) Heat engineering -- The hea t  engineering program a t  

the  Laboratory includes s t u d i e s  on the  hea t  t r a n s f e r  

p r o p e r t i e s ,  e t c . ,  of f l u i d s  which have app l i ca t ion  as 

r e a c t o r  coolan ts ;  main i n t e r e s t  a t  ANL has been i n  

w a t e r  and sodium with the  bulk of e f f o r t  devoted t o  

water .  Work w i l l  be continued on water,  wi th  an 

expansion of sodium work an t i c ipa t ed .  As e f f o r t s  t o  

e x p l o i t  high temperature r eac to r s  increase ,  add i t iona l  

problems i n  t h i s  a r e a  w i l l  be encountered. 

(c) Reactor con t ro l  engineering -- Resul ts  of t h i s  work are 

appl ied  d i r e c t l y  t o  ex i s t ing  r eac to r  i n s t a l l a t i o n s ;  

examples of f u t u r e  work include broadening of program 

on r e a c t o r  s imulators ,  improvement of techniques of 

measurement and ana lys i s ,  and inves t iga t ion  and develop- 

ment of new con t ro l  systems. 

(d) Metallurgy and mater ia l s  engineering -- A i m s  a r e  t o  

produce f u e l  elements of simple design,  t o  make high 

0 0 1  5 f 2 8  
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q u a l i t y  f u e l  and cladding ma te r i a l s ,  t o  design simple,  

fool-proof and automatic manufacturing processes ,  and 

t o  p e r f e c t  highly r e f ined  non-destruct ive t e s t i n g  techni-  

ques f o r  de tec t ing  defec t ive  mater ia l s  and components. 

(e) Chemical engineering -- 

- 1. Work d i r ec t ed  toward aqueous, v o l a t i l i t y ,  and 

pyro-processing of uranium f u e l s  can be f in i shed  

i n  some f i v e  years;  f u t u r e  work w i l l  be on f u e l s  

based on Pu a l l o y s  and oxide o r  ceramic f u e l s  -- 
a l s o  fuels of r eac to r s  operating on the  thorium- 

uranium breeding cycle .  

- 2. Continue s tudy of promising new separa t ions  process 

i n  which f l u o r i d e  v o l a t i l i t y  processes a r e  c a r r i e d  

out  i n  f l u i d i z e d  beds. 

- 3. Continue studying r eac to r  s a f e t y  problems of a 

chemical na ture .  

- 4. Study problems i n  r eac to r  chemistry i n  the proposed 

s l u r r y  r eac to r  programs. 

( f )  Remote con t ro l  engineering -- 
- 1. Direc t  e f f o r t s  a t  problems stemming from g r e a t e r  

use  of and increasing leve ls  of r ad ioac t ive  materials. 

(Space is  the l imi t ing  f ac to r  and i s  needed t o  house 
even the present  s t a f f  adequately.)  

- 2. Work on viewing systems t o  emphasize sh ie lded  

windows , opt-ice1 periscopes 
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- 3 .  Because of increasing emphasis on plutonium and 

j 
i 
I L 

other  highly tox ic  ma te r i a l s  work needed i n  

devel.opment of sh ie lded  f a c i l i t i e s  

(One such complete sh ie lded  f a c i l i t y  v i t a l l y  needed 
f o r  the  r eac to r  development program of ANL i s  
the  proposed Alpha-Gamma f a c i l i t y  t o  be housed i n  
an add i t ion  t o  Building 301.) 

(g) Meteorology (an area r e l a t i v e l y  neglected i n  l a s t  

t en  years ) .  Seeks t o  pe r fec t  modelling techniques. 

(Propose t o  cons t ruc t  a p i l o t  wind tunnel t o  test 
var ious new and u n t r i e d  f ea tu res  and t o  follow t h i s  
wi th  a f u l l - s c a l e  tunnel ,  based on experience wi th  
the prel iminary device.  Costs w i l l  run very high 
but  bel ieved warranted.)  

( 2 )  Spec i f i c  Reactor Program -- 
(a) Boiling water r e a c t o r  program (beginning de-emphasis 

of t h i s  program) -- Continuing experimental a r eas  

a r e  development of a s u i t a b l e  f u e l  and f u e l  cyc le ,  

and inves t iga t ion  and evaluat ion of nuclear  superheat  

f o r  boi 1 ing r e a c t o r s .  

(A new BORAX-V is  p resen t ly  under design t o  permit the 
evaluat ion and s tudy  of nuclear  superheat concepts and 
t o  demonstrate nuclear  superheating. Another p o t e n t i a l l y  
a t t r a c t i v e  boi l ing  r eac to r  concept i s  the aqueous homo- 
geneous boi l ing  s l u r r y .  This concept appears s u f f i c i e n t -  
l y  a t t r a c t i v e  t o  warrant a "BORAX-I type" experiment t o  
e s t a b l i s h  prel iminary f e a s i b i l i t y . )  

(b) Fas t  Reactor program -- Late i n  1959 a Pu loading w i l l  

be i n s t a l l e d  i n  EBR-I and i t  i s  possible  t h a t  EBR-I w i l l  

then be used f o r  a ceramic loading. Sometime wi th in  the 

next  few years ,  the fast thermal coupled r eac to r  concept 

0 0 1 5 1 3 0  
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w i l l  be inves t iga t ed  i n  EBR-11. 

of f a s t  r eac to r s  i s  s t i l l  i n  i t s  e a r l y  s tages ;  a 

major e f f o r t  of ANL w i l l  be requi red  f o r  perhaps a 

f u l l  ten years .  

The technology 

(c) Research r eac to r  program -- 
- 1. Maintain continuing program of theo re t i ca l  and 

experimental i nves t iga t ion  of various concepts 

of p o t e n t i a l  value f o r  research  o r  test  r eac to r s .  

Emphasis exemplified by types cu r ren t ly  being 

worked on -- high-f lux r e a c t o r s ,  r e l a t i v e l y  low 

f l u x  special-purpose r eac to r s  and pulsed r eac to r s .  

- 2. 

16 - 3. Design r e a c t o r  t o  achieve f luxes  above 10 . 
- 4 .  For those programs which do no t  need or  cannot 

use high f luxes  the re  i s  being developed the  

Juggernaut and the  Janus. 

appears worthy of f u r t h e r  s tudy with a view toward 

The TREAT type r eac to r  

o ther  app l i ca t ions .  

(d) Advanced r e a c t o r  programs -- 

- 1. Gradually s h i f t  e f f o r t s  from boi l ing  water t o  the 

s tudy of var ious advanced r eac to r  concepts. (Re- 

l a t i v e l y  simple and inexpensive BORAX-type experi-  

ments should be  c a r r i e d  out whenever poss ib le  p r i o r  

t o  se r ious  cons idera t ion  of a prototype.)  

0 0 1 5 1 3 1  
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- 2. An extensive development program w i l l  be requi red  

t o  extend experience i n  sodium systems t o  appl icable  

engineering technology (and o ther  l i q u i d  metals)  . 

- 3 .  A major Laboratory ob jec t ive  has been the develop- 

ment of very concentrated nuclear  power sources;  

a n a t u r a l  extension i s  even higher power d e n s i t i e s  

a t  much higher temperatures.  (Process hea t ,  space 

vehic le  propulsion by an ion  o r  plasma j e t ,  or f o r  

base power on a sa te l l i te  or p lane t ,  s m a l l  r eac to r s  

f o r  remote l o k i o n s ,  the  d i r e c t  generat ion of 

e l e c t r i c i t y ,  and pulsed d i r e c t l y  i n t o  high pres-  

' 

sure  waves - shocks.) 

- 4 .  Inves t iga t e  two types of r e a c t o r s  which represent  

5. - 

advanced development of cu r ren t  Laboratory s t u d i e s ,  

the  evolut ionary extension of the  EBR-I1  type t o  

higher and higher design temperatures,  and the 

f e a s i b i l i t y  of the  bo i l ing  s l u r r y  reac tor  concept 

(possible  boi l ing  of sodium s l u r r y ) .  

Possibly develop dry p a r t i c l e  fue led  r eac to r s  

( d i r e c t  f l u i d i z e d  bed concept o r  the dust  fue led  

approach, a l t e r n a t i v e l y ) .  

d. EDUCATION AND TRAINING 

Secur i ty  and c l a s s i f i c a t i o n  cl imate  much improved. Plan t o  r a i s e  

the admission requirements f o r  the  In t e rna t iona l  School a s  engineer- 

ing schools a r e  now o f fe r ing  bas i c  t r a i n i n g  i n  nuclear  engineering. 

Continue and increase  cooperation with schools and u n i v e r s i t i e s .  

0 0 1 5 1  32 
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e .  SUPPORTING SCIENTIFIC AND TECHNICAL SERVICES 

Service funct ions should be s u b s t a n t i a l l y  improved and associa-  

ted  research  and developmental work should be increased. 

(1) Applied Mathematics and Computers -- Lack of space prevents 

fu r the r  expansion of computer f a c i l i t i e s .  Present  d i g i t a l  

computers a re :  GEORGE and an IBM-704. 

(Needs r equ i r e  growth t h a t  can be accommodated only by new 
construct ion;  a t h i r d  machine, comparable t o  present  ones, 
w i l l  be required.  
t inuing research ,  and design of computing devices.)  

A group should be e s t ab l i shed  f o r  con- 

(2) E lec t ronics  and Instrumentation -- Work f a l l s  i n t o  three  

p r inc ipa l  a reas :  general  e l e c t r o n i c  instrumentat ion,  develop- 

ment of assor ted  de t ec to r s  of r a d i a t i o n ,  and improvement of 

computers ( p a r t i c u l a r l y  addi t ions  t o  GEORGE -- a l l  of which 

should continue and grow). 

(A th ree- fo ld  increase  i n  personnel is proposed f o r  the next 
f i v e  years ,  dependent upon space.)  

(3) Analy t i sa l  Chemistry -- 
(Workload expected to- increase  by f i f t y  percent ;  ava i lab le  
space and personnel i s  inadequate a t  p resent . )  

( 4 )  Reactor Operation - -  Present  small  staff expected t o  increase 

with r e s p o n s i b i l i t y  f o r  add i t iona l  r eac to r s .  

( A t  p re sen t ,  there  a r e  two operat ing r e a c t o r s  (CP-5 and EBWR); 
i n  1960, th ree  add i t iona l  r e a c t o r s  (JANUS, JUGGERNAUT, and a 
Fuel Assay Reactor) ;  by 1963-65 a high f l u x  research r eac to r  
and a s o l i d  s t a t e  f a s t  f l u x  r e a c t o r . )  
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(5) S c i e n t i f i c  and Technical Information -- Effect iveness  of 

s t a f f  depends upon convenience of information and adequate 

l i b r a r y  f a c i l i t i e s .  

(Central  l i b r a r y  required.)  

( 6 )  Supporting Personnel -- 
(Number of machinists mus t  be proport ionately increased; 
r a d i a t i o n  protect ion personnel i nc rease ,  o the r  support  
people w i l l  increase but  no t  i n  proport ion t o  programmatic 
increases  ) 

0 0 5 5 1  3 4  



SUMMARY OF LONG W G E  PROG& 
SUBMITTED BY BROOKHAVEN NATIONAL LABORATORY 

(Section I of t h i s  summary sets f o r t h  h igh l igh t s  of the  program a s  
projected by the Laboratory, including tabular  summaries of f a c i l i t y  and 
personnel requirements and the Laboratory's  view of fu tu re  operat ing 
c o s t s .  
i n  ou t l ine  form.) 

Section I1 presents  a more comprehensive summary of the  program 

SECTION I - HIGHLIGHTS 
1. PHYSICAL SCIENCES account f o r  a l i t t l e  over half  of the BNL 

research  e f f o r t  l a r g e l y  i n  bas ic  i nves t iga t ions  of var ious as- 

pec ts  of nuclear  physics ,  chemistry,  and metallurgy. The program 

has been b u i l t  around major research  machines, wi th  nuclear  physics 

and nuclear  chemistry predominant; smaller e f f o r t s  are involved 

with o ther  chemistry research ,  s o l i d  s t a t e  physics ,  metallurgy, 

and appl ied mathematics. 

percent i s  proposed f o r  the  next  ha l f  dozen years ,  of which nea r ly  

ha l f  is i n  the  high-energy program as a r e s u l t  of t he  new accelera- 

Expansion of approximately seventy-five 

t o r  and of improved f a c i l i t i e s  at the  Cosmotron; add i t iona l  emphasis 

w i l l  a l s o  be placed Qn the s o l i d  s t a t e  physics and metallurgy programs 

and i n  r a d i a t i o n  chemistry.  

2. LIFE SCIENCES research  c o n s t i t u t e s  about one-fourth of the Labora- 

t o ry  program as measured i n  s i c e n t i f i c  e f f o r t ,  though r e l a t i v e l y  

less i n  c o s t  s ince  i t  does no t  m a k e  major use of the  l a rge  machines; 

of t h i s  e f f o r t  approximately f o r t y  percent i s  i n  biology, s l i g h t l y  

more than f i f t y  percent  i n  medicine, and a l i t t l e  less than ten 

f e rcen t  i n  environmental research .  Expansion of the  t o t a l  program 

G a p p r o x i m a t e l y  f i f t y  percent  i s  proposed f o r  the next  f i v e  o r  

s i x  years , with r e l a t i v e  d i s t r i b u t i o n s  remaining constant .  
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3 .  REACTOR DEVELOPMENT AND NUCLEAR TECHNOLOGY includes reac tor  

physics ,  metal lurgy,  and m a t e r i a l s ,  l i q u i d  metal and fused 

s a l t  technology, f u e l  cycle  development, hea t  t r a n s f e r ,  and 

r eac to r  evaluat ions based on present  p r inc ipa l  s c i e n t i f i c  and 

engineering s t r eng ths  i n  physics ,  chemistry and chemical 

engineering. Expansion w i l l  emphasize ma te r i a l s  and 

4 metallurgy; the  e f f o r t  i n  r e a c t o r  physics ,  metallurgy, l i q u i d  

metal and fused s a l t  technology and f u e l  cycle  development 

w i l l  remain roughly of equal  magnitude and the work i n  

r eac to r  eva lua t ion  and hea t  t r a n s f e r  together  about ha l f  of 

t h a t  magnitude. 

EDUCATIONAL FUNCTIONS include p a r t i c i p a t i o n  i n  the  research  programs 

by t h e s i s  s tudents  and Research Associates ,  a competit ive summer 

4 .  

s tudent  program, organized "courses" and seminars (present ly  

very few i n  number), and the  annual ten-week summer labora tory  

program for AEC Radiological Fellows. Expansion of each of 

these educat ional  processes is  proposed. 

5. FACILITIES AND PERSONNEL 

a .  F a c i l i t i e s  expans ions , to ta l l ing  about $60 mi l l i on  can be 

grouped i n  three ca tegor ies  as follows: 

(I) Special ized research  and development f a c i l i t i e s ,  including 

such i t e m s  as add i t ions  t o  f a c i l i t i e s  including the AGS 

and maintenance and improvements t o  these f a c i l i t i e s .  

(2) Laboratory and o f f i c e  space.  

(3) General s e rv i ce  f a c i l i t i e s .  

b. Personnel s t r eng th  i s  proposed t o  be expanded from the present  

2110 t o  3100 by 1965. 
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Table L 

PERSONNEL SUMMARY 
1959 1965 

Staff Res Vis Other Staff Res Vis Other 
Sci. Asso Sci Staff Sci Asso Sci Staff 

Phvsical Sciences -~ 

Cosmo tr on 
AGS 

27 8 21 66 
See Dev. of Devices 

High Energy Research 27 8 21  66 
Nuclear Structure 22 11 15 35 
Solid State Physics & Metallurgy11 1 12  18 

45 19 13 39  
4 1 3  1 

109 40 64 159 

Chemi s try 
Applied Mathematics 

Total 
Reactor Development and 

Nuclear Technology 
Reactor Physics (1) 
Reactor Evaluation 
Heat Transfer (1) 
Materials & Metallurgy (1) 
Liq. Metal Fuel Chem. & 

Fuel Cycle Development 
Radioisotope & Rad. 

Total 

Tech. (1) 

Source Dev. 

Life Sciences 
Biological Research 
Medical Research 
Health Physics Met.RBs. 

Total 
Development & Operation of 

Devices & Equipment 
Accelerator Development 
Reactor Development 
Instrumentation Dev.&Svs. 
Mechanical Engr.&Design 
Computer Operations 
60" Cyclotron Operations 
Cosmo tr on Operations 
AGS 
Graphite Reactor Operations 

& Servs. 

13 2 2 21 
2 - 1  4 
3 - 1  4 
6 - 2 38 

17 - 2 45 
11 - 1 21 

20 9 15 57 
26 1 7  10 122 

17 - - 51 
63 26 25 230 

5 
3 
9 
9 
6 

10 
34  
11 ' 

- 

- 1  2 
1 -  5 
- 1 42  

- 38 
- 1 17 - - 9 
- - 6 1  

(construct . ) 100 - - 55) 
\ High Flux Beam Reactor Oper. - - - - 

Total 87 1 3 329 
Shared Tech. & Skilled Svs. 3 - 1 216 

22 10 15 55 
38 15 20 90 

60 25 35 145 
30 17 20 58 
25 7 20 47 
75 33 25 70 
10 3 5  8 

200 85 105 328 

19 1 3 26 
4 - 1  5 
4 - 2  7 
15 2 2 32 

14 2 '  3 30 
18 - 4 37 

3 20 -xk-+mY 

25 20 25 90 
35 20 20 175 

19 - 2 70 
79 40 47 335 

10 - 3 10 
5 - 2  9 

64  27 
25 - 72 
20 - 30 - - - 9  
17 - - 75 
24 (operation) 90 

1 2  - - 71 
140 - 5 430 
5 - - 310 

- -  

General Admin. & Plant Oper. - - - 577 - - - 725 
Laboratory - Tota l  317 69 102 1648 505 130 175 2285 
(I) LMFR p r o j .  effort 31 Staff Scientists, 2 Res Assoc., 7 Vis. Scientist man-years 
& 96 Other Staff in ' 5 9  has been dist. among act. noted. These do not include mech. 
engr. and design effort included under Development of Devices and Equipment. 
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Table I1 
BUILDINGS AND FACILITIES 

E s  tima ted  Cos t 
( i n  mi l l ions)  

BNL AEC Speci- Accel. 
Program Program f i c  & React. Gen. 

F a c i l .  Addn. Plant  F a c i l i t y  I n t i r e s  t I n t e r e s t  
1960 High Level Rad. Dev. Lab. Nuc.Engr. Istop.Dev. $ 1.4  $ $ 

1961 

1962 

1963 

1964 

V o l a t i l i t y  Studies  Lab. 
S i t e s  U t i 1  a (Steam, E lec t  .) Laboratory-wide 

Total  - FY 1960 
Chemistry Laboratory Chemistry 
Metallurgy Addition Nuc . Engr . 
80” Bubble Chamber House Physics 
Contained C r i t i c a l  F e c i l .  NUC. Engr. 
Plutonium Laboratory k c .  Engr . 
Pathogen Free Animal Lab Biology 
Qtrs - V i s .  S c i e n t i s t s  (I) Laboratory-wide 
Lib.& Tech. Info.  (Mod.) Laborator y-wide 

AGS - P a r t i c l e  Sep.System Physics 
AGS - Exp.Area (Forward) Physics 
AGS - E l e c t r i c  Subs ta t ion .  Physics 
Chemistry Hot C e l l s  NUC. Engr. 
Nuclear Engr.Bldg.Addn. NUC. Engr. 
Ins  trumen t a  t i on ,  Health 

Physics ADD Laboratory-wide 
Admin., Lect.Hal1,Cafeteria Laboratory-wide 

AGS - Exp. Area (Side) Physics 
AGS - Power House Addn. Physics 
Shops and Engr. Bldg. Labora t o r  y-wi de 

Nuc. Engr . 

Tota l  - FY I961 

Total  - FY 1962 

Total  - FY 1963 

Plan t  Maintenance Bldg. Labora tory-wide 
S i t e  U t i l i t i e s  Laboratory-wi de 

Tota l  - FY 1964 

R e s  ea r  ch .26 
Spon . Div. 1 . 7  

Research 5.0 
R e s .  (RD) - 4  
Research .4 
Reactor Dev. 1 .0  
Reactor Dev. 1 .5  
Bio-Med .5 
Spon. Div. .9 
Spon. Div. .5 

3.36 1.95 

10.2 2.3 
R e s  ea r  ch 3.0 
R e s  e a r  ch 3 .O 
R e s  e a r  ch .5 , 

Reactor Dev. 2.0 
RD (Research) 2.0 

Spon . Div . 3.0 
Spon . Div. 2 .6  

R e s  ear c h 3.0 
R e s  e a r  c h .4 
Spon. Div. 3.5 

Spon. Div. 2.1 

16.1 1.8 

6.9 1 .4  

Spon. Div. 1 .5  
3.6 2.0 

1.0 

1 .o 

1.0 

1.0 

1.0 

Af te r  1964- Annl . Annl. 
Fuel Cycle Develop. Lab. Nwc. Engr. Reactor Dev. 2.0 Rqmt Rqmt 
Biology Additions Biology B i  o -Me d . 1.5 
General Services  Bldg. Laboratory-wide Spon. Div. 1.4 
Qtrs - V i s .  S c i e n t i s t s  (IT) Laboratory-wide Spon. Div. 2 .2  
Stock & Whse; Plant  Pro t .  Laboratory-wide Spon. Div. 2.0 

Total  - A l l  s p e c i a l  f a c i l i t i e s  $ 49.3 

0 0  1 5  1 3 8  
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Table 111 

COST PROJECTION 

S p e c i f i c  Reactor 

Reactor Systems RdrD 
Fuel Cycle Dev. 

Sub-Total 
Equipment 

P ro jec t s  

Reactor Dev. -Total  

Program Costs ( In  Thousands) 

1965 1959 7 - 
$ 3,603 $ See Note (1) 

525 
445 

4,573 
250 

4,823 

High Energy Physics 3,465 
-0 t he r  Physics 2,725 
Chemi s t r y  2,335 

Metallurgy & Sol id  
S t a t e  Physics 98 5 

Sub- To t a1  9,510 

-Gen. Lab 600 
Equip. -Program 1,000 

Physical  Sciences - Total  11,110 

Radiation Ef fec t s )  B 
Benef ic ia l  Appli-) & 

Other 
ca t ions  > M  

Sub- To t a 1 
Equipment 

Biology & Med. -Total  

1,410 

2,375 
323 

4,108 
250 

4,358 

5,200 
500 

5,700 

19,800 
4,600 

600 
25 , 000 

5,900 
400 

6 ,,300 

Radioisotope & Rad. 
235 700 Source Dev. 
45 100 Equipment 

Radioisotope & Rad. 
280 8 00 i Source Dev.-Total c 

Res. Operations- 
Sub Total  18,426(2) 31,600 
Equipment - Sub t o t a l  2,145 6,200 

R e s .  Operations -Total  $20,571 (2) $37,800 

Note (1) 
o r  o ther  s p e c i f i c  r eac to r  pro jec ts  r equ i r e  BNL support  a t  t h a t  t i m e ,  the work 
w i l l  be handled by the divers ion of s c i e n t i f i c  and engineering s t a f f  and the 

No s p e c i f i c  r eac to r  p ro jec t s  a r e  shown i n  "1965". Should LMFR 

addi t ion  of supporting help.  
(2) Does not  include cos t s  f o r  personnel assigned t o  AGS Construction. 

0 0  t 5 1 3 9  
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SECTION I1 
PROGRAM SUMMARY 

1. GENERAL 

a .  THE NATIONAL LABORATORY CONCEPT i s  emphasized; the "nat ional  

l abora to r i e s "  serve as centers  i n  which l a rge  machines and 

o ther  spec ia l i zed  equipment are u t i l i z e d  by s c i e n t i s t s  from 

many i n s t i t u t i o n s .  The Laboratories must have s t rong  support  

wi th in  the  AEC, n o t  only f o r  operat ing funds but a l s o  f o r  t h e  

cont inuing provis ion of adequate physical  p l an t s  and technical . 

f a c i l i t i e s .  

b. BROOKHAVEN'S PRIMARY PURPOSES are: 

(1) t o  seek new knowledge i n  the  nuclear  sciences and r e l a t e d  

f i e l d s ,  wi th  emphasis on programs t h a t  r equ i r e  l a rge - sca l e  

research  too l s  which a r e  beyond the scope of most i nd iv idua l  

i n s t i t u t e s .  

(2) t o  encourage appropriate  use of i ts  f a c i l i t i e s  by s c i e n t i s t s  
* 

of u n i v e r s i t y ,  i n d u s t r i a l  and o ther  l abora to r i e s .  

(3) t o  a s s i s t  the  AEC i n  the  so lu t ion  of s p e c i f i c  problems which 

u t i l i z e  the Laboratory's  unique f a c i l i t i e s  o r  the  s p e c i a l  

t a l e n t s  of i t s  s t a f f .  

(4) t o  se rve  a s  an important a u x i l i a r y  i n  the  t r a i n i n g  of 

s c i e n t i s t s  and engineers and otherwise t o  a s s i s t  i n  t h e  d i s -  

semination of s c i e n t i f i c  and technica l  knowledge. 



c .  THE GENERAL CHARACTER OF THE S C I E N T I F I C  PROGRAM, which covers 

a wide range of sub jec t s  i n  the physical  and b io log ica l  sc iences  

and i n  engineer ing,  can be  broadly described under f i v e  major 

headings : 

(1) fundamental s t u d i e s  of atomic nuc le i ,  the  p a r t i c l e s  which 

c o n s t i t u t e  them, and the forces  involved i n  t h e i r  s t r u c t u r e .  

the  phys ica l ,  chemical, and b io logica l  e f f e c t s  of nuclear  

r a d i a t i o n .  

(2) 

(3) the  use  of nuclear  t o o l s ,  such as r e a c t o r s ,  charged p a r t i -  

c l e s ,  gamma r a y s ,  and i so top ic  t r a c e r s ,  i n  a l l  branches of 

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

(4) research  and development, no t  necessa r i ly  i t s e l f  of a 

nuclear  na tu re ,  d i r ec t ed  a t  the problem of atomic energy 

deve 1 opmen t . 
(5) the development of s p e c i f i c  devices f o r  use as research  

too l s  o r  i n  p r a c t i c a l  appl ica t ions  of atomic energy. (These 

common threads running across  the var ious s c i e n t i f i c  d i s -  

c i p l i n e s  lend a coherence and a mutual i ty  of i n t e r e s t  t h a t  

enhance the  e n t i r e  program.) 

d. RELATED CONSIDERATIONS 

The Laboratory 's  f u t u r e  r o l e  has e n t a i l e d  cons idera t ion  of many 

factors,among these the following: 

(1) Nature of the  s c i e n t i f i c  program? 

(a) Pr imar i ly  t o  employ Laboratory f a c i l i t i e s  and s t a f f  

s k i l l s  i n  pu r su i t  of s c i e n t i f i c  knowledge. 

i 
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(b) The fundamental research  programs a t  Brookhaven 

a r e  def ined only wi th in  broad frameworks agreed 

upon by the  AEC and the Laboratory, the  detached 

development being l a r g e l y  determined by the  a b i l i -  

t ies and i n t e r e s t s  of the  s t a f f .  

(c) Should be broadly based i n  many d i s c i p l i n e s ,  exp lo i t -  

ing wide a p p l i c a b i l i t y  of major f a c i l i t i e s  and bene- 

f i t t i n g  from i n t e r - r e l a t i o n s h i p s  between s c i e n t i s t s  

i n  many f i e l d s  and from many i n s t i t u t i o n s .  

S t a f f  cons idera t ion?  

F a c i l i t i e s  and technica l  information must be ava i l ab le  t o  

l a r g e r  groups of s c i e n t i s t s  than can be present  o q i t s  

s t a f f  a t  any one time; consequently, f l e x i b l e  appointments 

a r e  provided f o r  "v is i t ing"  s c i e n t i s t s  and f o r  graduate  

s tudents  pursuing doc tora l  theses .  Cont inui ty  i n  research  

programs i s  achieved by continuing s t a f f  of sen ior  s c i e n t i s t s  

wi th  "permanent" tenure.  

(3) External  r e s p o n s i b i l i t i e s ?  

Most important educat ional  funct ion performed by the  

Laboratory i s  through p a r t i c i p a t i o n  i n  the  research  programs 

by t h e s i s  s tudents  and research  assoc ia tes  and o ther  young 

s c i e n t i s t s ;  even more d e l i b e r a t e l y  educat ional  i s  competit ive 

summer s tudent  program. (Educational funct ions should be 

i n t e n s i f i e d .  ) 

\ 
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While Brookhaven performs many serv ice  func t ions ,  such a s ,  the 

i r r a d i a t i o n  of i n e r t  ma te r i a l s ,  e t c . ,  these a r e  l a r g e l y  by- 

products of the  Laboratory's  own program; t h i s  po l icy  should 

cont inue and no appreciable  e f f o r t  should be  made to  provide 

f a c i l i t i e s  o r  s t a f f  pure ly  f o r  such se rv ice  funct ions - such 

might b e t t e r  be provided elsewhere. 

(4) Problems of management? 

No ob jec t ive  ya rds t i ck  e x i s t s  by which t o  measure e f f ec t ive -  

ness .  Management problems a r e  rendered more acute  due t o  

Government-funding . 
(Commission can he lp  by minimizing ,day-to-day monitoring 

in  favor  of judgment based on ove r -a l l  performance.) 

(5) Future  Laboratory s i ze?  

No foreseeable  l i m i t s  on work t o  be done, but i n  opinion of 

Laboratory,  t he re  a r e  d e f i n i t e  l i m i t s  on des i r ab le  s i z e .  

A t  some po in t  a labora tory  tends t o  become unwieldy, manage- 

ment begins t o  lo se  touch and the cohesiveness of the  

labora tory  and the  invaluable  cooperation e x i s t i n g  i n  the  

smaller  i n s t i t u t i o n  begins t o  s u f f e r .  

(Optimum s i z e  f o r  BNL, t o  be achieved over the  next  e i g h t  
t o  ten years ,  would involve an increase  i n  the  research  
e f f o r t  from seventy-f ive t o  one hundred percent ;  the t o t a l  
"Brookhaven S t a f f "  proper would increase  from i t s  present  
l e v e l  of s l i g h t l y  less than 2000 t o  somewhat more than 3000, 
no t  counting research  a s soc ia t e s  and v i s i t i n g  s c i e n t i s t s .  
Most of the  growth would occur during the next  ha l f  dozen 
years ,  with the  30 BEV acce le ra to r  accounting f o r  almost 
one fou r th  inc rease ,  the new Medical Center f o r  another 
e i g h t  percent ,  and the remainder of the growth spread 
across  the  program.) 

0 0 1 5  143 
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THE SCIENTIFIC PROGRAM 

This program measured i n  t e r m s  of s c i e n t i f i c  and technical  e f f o r t ,  

s l i g h t l y  more than ha l f  of the  work i s  i n  the  physical  sc iences ;  

the remainder i s  about equal ly  divided between reac tor  development 

and nuclear technology and l i f e  sc iences  research.  

a .  PHYSICAL SCIENCES 

Of a seventy-f ive an t i c ipa t ed  growth i n  the  next  ha l f  dozen 
years ,  nea r ly  ha l f  i s  proposed i n  the  high energy program as 
a r e s u l t  of the  new acce le ra to r  and of improved f a c i l i t i e s  
a t  the  Cosmotron. Additional emphasis w i l l  a l s o  be placed 
on the  s o l i d  s t a t e  physics and metallurgy programs and i n  
r ad ia t ion  chemistry. 

b .  NUCLEAR AND PARTICLE PHYSICS 

High energy physics c o n s t i t u t e s  approximately ha l f  t h i s  

e f f o r t  while nuclear  s t r u c t u r e  research  and neutron physics 

con t r ibu te  equal ly  t o  the  remainder. 

(Sc ien t i f i c  s t a f f  i n  high energy physics expected t o  double; 
i n  the  nuclear  s t r u c t u r e  and neutron physics program e f f o r t  
t o  increase  by f i f t y  percent .  
move i n t o  new r e l a t i v e l y  unexplored f i e l d s  through the 
acqu i s i t i on  of (1) the  high f l u x  Beam research  r eac to r  and (2) 
the  planned high i n t e n s i t y ,  intermediate  energy cyclotron.)  
The high energy acce le ra to r  f a c i l i t i e s  w i l l  r equ i r e  expendi- 
tu res  of approximately $10,000,00Q over the next four  o r  f i v e  
years .  ) 

(This program expected t o  

C .  CHEMISTRY - BASIC 

Now approximately one-fourth of research  e f f o r t  i n  the  

physical  sciences program (expected t o  almost double i n  f i v e  

t o  s i x  years) .  

Radiation chemistry w i l l  be given r e l a t i v e l y  more emphasis, . 

.- 
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d .  METALLURGY AMD STUDIES OF THE SOLID STATE 

(Considerable expansion and d i v e r s i f i c a t i o n  of both the 
metallurgy and s o l i d  s t a t e  physics program a r e  an t i c ipa t ed  -- 
increasing the Brookhaven S ta f f  by th ree fo ld  while the 
cont r ibu t ions  from research a s soc ia t e s  and v i s i t o r s  a r e  
expected only t o  double.) 

e .  MATHEMATICS 

New Mathematics program w i l l  expand by somewhat more than a 

f ac to r  of t w o .  

f .  EACTOR DEW3LOPMEMT AND NUCLEAR TECHNOLOGY 

Reactor development and nuclear  technology programs p resen t ly  
c o n s t i t u t e  one qua r t e r  of Brookhaven’s research  and development 
e f f o r t .  

Should LMFR be cancel led or postponed, hardware development 
w i l l  be c u t  back and g r e a t e r  emphasis placed on more bas ic  
aspects  of l i q u i d  metal fue l s :  

The e f f o r t  i n  r eac to r  physics metal lurgy,  l i q u i d  metal and 
fused salt  technology and f u e l  cycle  development w i l l  be 
roughly of equal magnitude wi th  the work i n  r eac to r  evaluat ion 
and heat  t r a n s f e r  together  about ha l f  of t h a t  magnitude. 

(In t h i s  f u t u r e  p red ic t ion ,  Broakhaven has assumed t h a t  the  
severa l  general  nuclear  engineer ing research  a c t i v i t i e s  w i l l  
progress i n  accordance with the  p red ic t ions  shown i n  Table I 
and I1 which assume no s p e c i f i c  r e a c t o r  p r o j e c t s  i n  1965. 
i n  the  f u t u r e  i t  should be decided t o  proceed with la rge  
LMFR o r  o ther  s p e c i a l  r eac to r  p r o j e c t s ,  i t  would be necessary,  
because of manpower l i n i t a t i o n s ,  t o  d i r e c t  s c i e n t i f i c  personnel 
from the  general  research  and development e f f o r t  and temporarily 
t o  increase  the  t o t a l  Departmental e f f o r t  i n  the  profess iona l  
and technician ca t egor i e s . )  

If 

g .  REACTOR PHYSICS 

(1) Metallurgy and ma te r i a l s  -- Subs tan t i a l  expansion i s  ex- 

pected i n  r eac to r  metal lurgy e f f o r t .  

(2) Liquid Metal and Fused S a l t  Chemistry and Technology -- 
Continue program of research  on fundamental chemistry.  

O O l S l 4 5  
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Fuel Cycle Development - -  Some expansion of e f f o r t .  

Heat Transfer -- Extended program t o  include both 

experimental and a n a l y t i c a l  i nves t iga t ions .  

Reactor Evaluation -- Continue on p resen t  s tud ie s  and on 

new proposals f o r  r eac to r s  and r e a c t o r  components. 

Radiation Science and Radioisotope Development -- 
Expand e f f o r t ,  e s p e c i a l l y  i n  a n t i c i p a t i o n  t h a t  design 
and cons t ruc t ion  of the  High Level Radiation Development 
Laboratory w i l l  be authorized i n  FY 1960. 

(7) Li fe  Sciences -- Const i tu tes  about one-fourth of the  

Laboratory program; approximately f o r t y  percent  i s  . i n  

biology, s l i g h t l y  more than f i f t y  percent  i n  medicine, 

and approximately f i f t y  percent  i n  environmental research.  

Expected t o  grow approximately f i f t y  percent ,  the 
r e l a t i v e  d i s t r i b u t i o n  remaining about the  same. 

3. OPERATIONS AND FACILITIES 

a .  OPERATIONS 

The Laboratory’s p r inc ipa l  operat ing c o s t  f a c t o r  is  labor  - seventy- 

f i v e  percent ,  excluding c a p i t a l  equipment and l a rge  procurements 

f o r  s p e c i a l  p ro j ec t s  such as  LMFR. Requirements f o r  c a p i t a l  

equipment w i l l  continue t o  be from seven percent  t o  ten percent 

of operat ing c o s t s ,  with exception f o r  equipment cos t s  f o r  the 

program sponsored by the Research Division where such cos t s  a r e  

l i k e l y  t o  be as  high a s  twenty-five percent  of the  operating cos t s .  

00ISf4b 
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Operating cos t s  proper fo r  the  programs p ro jec t ed  w i l l  
i nc rease  from $18,500,000 i n  1959 t o  $32,000,000 i n  1965, 
exc lus ive  of c a p i t a l  equipment c o s t s ;  l a r g e s t  s i n g l e  
increase  i s  i n  the physical  research  program and due pr in-  
c i p a l l y  t o  the ac t iva t ion  of the high energy research  
program with the AGS. 

Program pro jec t ions  ind ica t e  a cos t  change of about $1,000,000 
o r  s l i g h t l y  less than twenty-five percent  f o r  t he  Reactor 
Development Divis ion,  f o r  the  per iod  1959 t o  1965. 

Cost change of almost $14,000,000 (125%) p red ic t ed  f o r  the  
phys ica l  sciences program. 

For the  Bio-Med Division, the  increase  is about $2,000,000, 
or s l i g h t l y  less than f i f t y  percent  of present  c o s t .  

Work i n  Radioisotopes and Radiation Source Development i s  
expected t o  increase  severa l  fo ld .  

b. FACILITIES 

By adapta t ion  and conversion, Brookhaven has temporar i ly  and 

p a r t i a l l y  met the  requirements f o r  o ther  genera l  l abo ra to r i e s .  

The program of v i s i t o r  p a r t i c i p a t i o n ,  bas i c  t o  the  concept of 

BNL, n e c e s s i t a t e s  provis ion of permanent housing u n i t s  t o  meet 

both add i t iona l  demands and need f o r  replacement. Brookhaven 

p laces  a high p r i o r i t y  on t h i s  i t e m .  

The bui ld ing  program of Brookhaven i s  a l s o  a l ready  f a r  behind i n  

meeting the e x i s t i n g  needs of the research  program. 

0 0 3 5 1 4 1  



SUMMAW OF I X ) E  RANGE PROGRAM 

1. The BASIC O€UERWTIOIi of OTwL( touard chemical technology and reactor 

development began with its original mission a8 8 p i l o t  plant for the 

developlnent of plutonium extraction processes for employment a t  Hanford. 

Subsequently, the laboratory has grown by absorption of the wartime 

eledroraagnetic dewlopent laboratory Cma by assignment of major project 

responsibi l i t ies  such 8s the AI$P p j e o t  and the gas-aoaled reaetar project, 

As a result, the laboratory*s interests and akiXl.6 have continually wldkne8 

until OWBL is now involved in research snd devebpnent on most of the m n -  

weapon ac t iv i t i ea  of the AEC. 

The laboratory’s mission is primarily an applied one; spproximstely three- 

fourths of the budget is devote!t¶ to agplieie re8e8r&, 8evrs3.opent, and 

rproduction, of which the two largest area6 are reactor d,emlopnent sn8 

chemical proceesing. 

Laboratory’s chemical t r s a t i o n .  

The approash of O m  in the8e f i e l a  reflects tlhe 

’&us, i n  reactors, ORloL 5s the  center for 

engineering teehniglues. 

high-temperature materisls, acQuired during ANP W s ,  t o  puraue civilIan 

gas-cooled, maritime and gsck&ged power reactors. The l a b r a t o r y  is the  

eaun t ry~e  central establishment for produciag isotopes, 

In W t i o n ,  the laboratory e rp lo l t s  its skills i n  

In the ne= fiture the &boratory will be a center for the re-processing 

of spent fuel elements f k n  the power demonstration reactors. Bcat28e of 

0 0 1 5 1 4 8  
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eqerience i n  ion physics and electrical  engineering with ORI9L staff 

scqufred during the &velapent of the Sol2 electroaPagnetic separation 

process, the labratory has engaged he8- I n  the eontrolled thernronuclear 

pro j eot . 
2. REACTOR DEVEIDRlENT - Delineation of the hboratorgls mission i n  reactor 

development has always been a more severe problem for the lQboratory than 

delineation of its mission i n  other applied fields. The UbOratOrY believes 

that a W o r  adzdnistrative problem has been mlved with the clear statement 

of OB1PL'e long-term mission in  reactor development, as followst 

a. TIiIZWU BREEDING8 O R l Z  has been aseigned the se6pormibility for develop 

ing the thermrrl breeder syetemml. 

made in the &velapent of the aqueuw hanogeneme and the molten salt 

systems, the solution of seveml t e - 4  problems, &emonstration of 

the degree of ogeratlng reliability eseential. for e e o d c  pogller coLats, 

Although conzaiderable progress has been 

and actual attainment of bree8ing, remain. This is therefore the long- 

the hope of building a small prototype of each by the middle ~960fs. 

type win be selected for conatructlon, plsnndl for FY 1968, of a hrge 

One 

prototygej work on the other type wZZZ be reduced or  

b, GAS-COOIED REACTOR; O R N L h a s  major reepansib2lity in the gae-cooled 

reactor pragram3 the responsibility inclueea general technical guidance 

for the 85 MW reactor to be built i n  oalt Ridge, and oontinued relaear& 

aimed at improving the performance of gas-oooled reactors, As part of 

the short range reactor program, O m  will concentrate ~ 1 ~ 8 t l y  on the 

gaseooled systems. 'phe next ten years w i l l  very probably see at least 

one additional, very advancecl, gas-coQled reactor built  under the laborstory'a 

supervision, 
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C. TEcHIQIcAL ASSISTANCE: The laboratory pmVides technical advisory 

service on specific reactor problems as well 88 broad questions of 

conctern to the overall reactor development program, 

wtll continue to serve 8s a source of reliable and unbiased advice 

to the Commission in many of its reactor pZ'o@3MS0 

The laboratory 

d, QBZERAL REAC!lXR IEVEIDFNEEC: lhfs work inclucks research and develop- 

ment i n  metallurgy, chemistry, and solid state phyerics aimed at im- 

proving reactor fuel elements and conetruction materials; i n  electronics, 

to improve reactor control and safety syete3ns; and, in engineering, to 

increase the knowledge of heat tranafer and hydmdymmics, and to bqprove 

cQappon&nts ani3 evaluate the corrosive behavior of materials under reactor 

conUZtione. 

partly in airect support of the major OWOL reactor programs, anti partly 

In  aupport of the various project6 thraughout the Commission. . 

Work will be contimed 2x1 these fielcb an8 w i l l  be oriented' 

e. The laboratmy management atrvassesl that firm adherence to this mission 

m e r  the next ten years Will, more than any other single action of the 

Commission, enable the laboratory to steer a sensible and responsible 

3. CEBfICAL pRocEkssING activities w i l l  be devote& to adaptation of processss to 

the fuels from specific reactors as8 to -loration of promising new approachee. 

T3ae experience which 0- has aaguired in the fabrication of fuel elements for 

test reactors an8 fundamGntal information f r o m  metallurgical and radfation 

effects research w i l l  be applied to the problem of producing higher performance 

fuel elements. 

Programs to deviee 8aB test safe and eeonwaid. methods for df8pOSal of 

radioaetive wastes or for utilization of by-product wastes have been initiated 

and Wrll continue. 
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4. COmazoIlLjsD THERMOlWCLEAR PROGRAM is baaed primaSi- on eontinuow high-energy 

inject ion in to  a containing magnetic field. 

t r ibu t ion  of effort among the major ostegories i n  %hi6 p r o g m  should be 

determined by the innninenee of a praatica3. solution of the thermonuclear 

power program, 

BOUI'CO should develop naturally over the ne& deos8e. 

about f i v e  years to bring the scienue of plasma to a pint where it w i l l  be 

possible t o  asseas realistically the outlook for Areion power, 

jaetions for Shezmod m a t  therefore be considered very tentat ive and Qlmost 

sure to be mUfied as more inf'onnstion is scq.aired. 

Ihe Future -itude and dis- 

The laboratory's approach to ac?xieving an ultimate energy 

It will probably take 

The pro- 

neutron physfcs and fission physles bedwse of their conmetian w l t h  

f i s s ion  powero 

high-energy pbysics but w i l l  do so 0lrrafWJy to avoid 1088 of procision, 

Chamistry - is eoneerned wlththe chePPistry of the fission process and 

the firsion pmductsj researoh t o  Betemhe chamicsl prapertfes and 

reactions i n  apeoue and non-aqyeous media hsLs increased, along with 

'phe laboratory U venture 8cmewbt ftzrther into veq  

bo 

the  growth of the reactor d e n l o p e n t  program. 

shifts i n  emphasis a8 needed to shore up the  spplied grogramao 

addi t ion of the  ORIC (Oak Ridge Relativistic Zsoehronaue CyoLotren) and 

the  6IFIR (ngh nux Isotope Reactor) should stimulate work in heavy 

element chemistry, and i n  this field mall expaneion is Ifke3y. 

C. Metallurgy Snd Solid State m i c s  is concentrsted ulpn obtaining a 

knowledge or understan- of the f'undanental properties and reaetions 

Mrk will continue with 

The 

I 
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of metals, cemmice, semi-condugtors, and organic materials, primarily 

under conditions encountered in reactors. 
I 

6, LIXZ SCIENCE research problems studied are those principally concterned with 

the use of nuclear energy, the investigation of the biological effects of 

radiation and the developent of means to 8Uevhte or counteract such effeet~. 

Major problems in biophysics include the development of methob to measure 

radiation dosage accurately, to establish permissible radiation -sure 

levels, and to d e t e d n e  the biological course of radioactive materials 

released into the emrironrment. The biological  science^, ineluaing health 

phpics, ought to expand significantly mer the next ten years. 

7. EDUCATION: Besides making ita facilities evauable to properly cplified faculty 

menibers, the laboratory provides training in specialized fields including re* 

actor supervision, nuclear hazards evaluation, health pbysics, and on-the-job 

training-for technical personnel from pz%vate-inaustrg, 

educational activities at ORmL can be erpecrctd;. 

ISOTOPE IlESEARCE AlTD DEVXIZRdENT will be direeted primarily by the need8 of 

An extension of the 

8. 

the i6otope proauction progrm. 

purity of a l l  isotope preparations, lower msts, an8 to develop methode for 

Continuing objectives are to increase the 

converting radioisotopes into any desired chemical or physical form. 

expect& that the nuuiBer of personnel will increase in both the mrdioisotope 

It ie 

and stable isotope p m g m ~ ~ .  

9. FACILITIES: All the foregoing plans and activities recpire faciUtiss. !the 

preaent building program, when eaanpleted, shauld sugpJy ORZBL Kfth most of 

the generaZ-pupQse laboratc3ries it will need, at least m r  the next decade. 

Bcilities for high-level radiation wrork are another matter, and additional 

epecialized laboratories of this type will be needed. 

0 0  1 5 1 5 2  



. . .  . 

!Be basic orientation of ORzpL tawad w c s l  teahnologs ana reactor 

&evelapanent of plutonium extraction pmoearses for atployment at  - 6 r d o  

Subsequently, the lrrbosatory has grown by obeorption of the wartime 

electromagnetic demclupent laboratory an8 by assignment of mjor project 

responsibilities mah 88 the ANI? project enB the gas-cooled reactor pmject, 

As eb Feeult, the laboratory's interest8 an4 have ContinuaUy widened 

until ORFIII; is now involves in  research and dmrelqp9nt an moat of the non- 

wespon activities of the QZC. 

aZe laborato@s mission is prfmsrily an applied oneg approximately three- 

fourths of the budget is asvoted to applied reeecrch, dwellapsaent, and 

produetion, of which the tw largest ~;MCQB are reactor developent 8nd 

chemical. proceraslng, 

laboratory's chemical t W t i o n ,  

!Be approach of O m  in the68 fields rcafleots the 

Tbua, i n  reactors, ORHL is the center for 

YWEtemB such as fluid b e l  the& breeder6 which primasrw inv'o1mB &emid 

engineering techniques, 

high-tempersture xmtsrisls, acquired during AlE aasrJ, to pursue civil%- 

gars-ewlua, msritime and packaged power r&sctarrr. 'fha laboratory is the 

country's cent- e8t8bUdanent for p r o d u c ~  isotagss, 

the laboraterg w i l l  be a center for the m-procerrrring of went Fuel elamsntr 

Froai the pwer  danronatmtion re8ctOrth BmBuee of eqerience in Ion ghpJies 

13 adition, the UWraterg exploits Its skills i n  

In the near AttWa 

and electrical engfneering whioh ORNL staff aequlred during the dmbpnent 

of the Y-12 cleotrcrmagnetic separation;process, the laboratory has engaged 

heavily in the eontrolled thcmnucl&sr pmJaet. 



a. 

bo 

C. 

d o  

e. 

Delineation of ORmL's reactor mission hami 

problem than deuneation of its mission in  other fields. 

believes that a major sdministmtive pwblem ha8 been solved tfith the 

clear statement of Om's long-term mission in reactor a m l o p e n t ,  

end that, by coqarison, other problem8 over the next decade will pzptsmnt 

relatively little diffioulty. 

As to  *ether O€WL should build and operate prototype reactors the 

laboratory will eontime t o  imist on i t a  prcrogstive t o  build anti to 

operate experimental devlces of sny size if Buch ar8 needed to  e82W 

out the laboratory's technical responsibilities to the C!omilBsion. 

me laboratory has no desire to  e m  signif'icurntlg except ;in sane 

been e more  s m m  

The l8bomtory 

m-8 of bio30gy an8 M s t Z ' y .  On the other hand, the ktbOmMry fias 

no impartant objection to 

in five years, 

with maturation of aurlaus projects. 

n8nagement is suffioiently w e l l  developed at OIcaL t o  d l o w  su& ex- 

pansion to be taken i n  striae. 

Maturing of staff is a problem shared mb6t of the at&c energy 

laboratorieso The m o a  age of the tacbni& staf'f at O m  is now 

about thirty-four; by 1969 it may be as high as forty-fsur. It is 

axiomatic a t  a research institution o&t maintain its vitdiw 

if its staff grows old and the msnagetment of O m  haa alayss been 

cognizant of this fact and problem. 

attention an8 d n a t i o n  by laboratory management in the f'uture. 

Tht general-purpose faci l i t ies  (hboretory, research reaetws, shops, 

ate.) w h i c h  are i n  being, under construction, or which are included 

i n  the 1960 bu@et sub3aission ara probably adequate for the next &made 

with the exceptions l isted i n  the complete report, 

at an cIpected rate of 20$ 

Sua utpsnsion is a rather natural growth which canes 

me tedmtqye of deeentraltzed 

The sltustion will mquiro serious 
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3. s c m m c  & TEcmqIcAL rn&WGE PROPOSAW 

a. BEACTORDEVEID€MEI!T 

(1) mag-- ' Reactor Deve3.upmcnt: !&dun Utilization. This 2-e. 

sponsibility is being undertaken in the brosdeet 801186 end will 

involve frequent re-evuluatian of the imgor-tance of converrsion rates, 

daubling time, and inventory of fissionable and fertile material on 

the uraef'ulness of reactors i n  supply'bg the mrldfs energy m@m- 

~ca3.e. 

aith the a q u m  homogenema and molten salt reactors. 

types have exeeptioneit pmrmiee, they wlU be developed eoneuprsntly 

through cao32pLetton of the reactor e t  sf.a@h 

type w i l l  be chosen to be pursued through the large pmtoQpe stage3 

work on the other type wwuld  then be reamed to acme low level or 

stopped. B e g i d n g  of construction is planned for about 1968 and 

operation begun i n  Fp 1g"l or sooner. 

the thorium breeber program wbll be completed with enperbentdl operation 

of the prototype. 

Reactor 8cvclopment setivitiss are presently conearned entirely 

Bst8we: b t h  

At that time one 

The m o r  O m  partfcipation in 

(2) mrt-mnge Rearctor Dmebpment. !Be laboratory's prog~un of sbort- 

range reactor d e v e h p e n t  i s  intended t o  reflect directly the Govern- 

ment's intent t o  ut i l ize  the de'velopnent of nuclear pow'er as a vehiels 

of national policy, lzle Isborabry's role in the shorter mmge reactor 
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program is two-fold: 

t o  high-perforntance gas-cooled power reactors; and technical 8d~ieor'y 

service t o  the  AEC on broga questions of concern t o  the overall progFsm 

continued regponsibiuty for research leading 

as well as on specif ic  reactor systems. me laboratory espects to 

build other erpsrimantal reac torsand  reactor mres beyond the  GGR 

with the p r i n c i w  basie being new and improvd f l d  03emente. Other 

possible amas of In te res t  Indde the di rec t  convereion of ratltation 

t o  e l e c t r l d t y ,  use of nuclear power In space exploration, and possible 

a t tent ion to areas of applied re8esrch and developant ~ 8 8 0 c i ~ t e d  v l t h  

nuclear mew. 

be C B l M I C A L - S m m -  

OFUC ha13 been strong i n  rariuo&e~~IoaS acpsrstiona and has be- 8 ratoognized 

eenter for gmcess development. W i t h  most of the process developnent demande 

for  production now satisfied, mor progrEma are being and will continue 

to be directed t o  the induetr id .  u t i l l smt im of nuclear e n e r g  and i n  the  

industrial u t i l i m t i o n  of rsdioisotoperr and radiation. 

now available, planned and approved, or pr54pose8, in which to carry out radio- 

chemical separations at the W e e s t  activity L m L e  on a significant m&inegr- 

ing scale. 

monstration programs are to develop radiochemiesl separations tedhniqaes 

which w;uI make it pose%ble to  reprocess aqy pwer reaetor fuel in a single 

multi-pnrgoee &emic&l plant. 

ORlWLhsrr f a c i l i t i e s  

The O b J e C t l ~ e 8  of the sadioehen~Lcsl pmsers dmelopnent and de- 

Al3led progrcmna that should be sustained QI 

important conuern denrelopent of effect ive radIochWce3 wate tremtnent 

grocedures ana developent of eafe aontainment and disposal f o r  high-lenl 

an8 low-lml eontamSnated wastes i n  i3as60ue3 liqpid, o r  - l id  fonnar. 

apply existing and new knowleage i n  the fi ture t o  the problems of either 

"Commerci~" u t i l h a t i o n  or to very unique applications w5U. require the 

Ipo 
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expassion of f'undamental knowledge in both p a e s s  &emlatry and 

engineering, %be organization of the chemical development and basic 

engineering studies needs to be established under l o n g e r  range progrsmmstic 

etudiea rather than supported by project8 wlth United and somatimss transient 

objectives. '&e expa,nsion of fundsmental howl-e in process (3hPRnjstry 

and in applied reactor eheslistry dll naturally lead to the establishment 

of more ftmdamental and applied research subeoatrwts. wltk.universities and 

qualif fed indusbisl research and develapment orgsnieationb, - 
e. c o r n o m  !l3llkMomm PROGRAM 

The ORmL program is based primarily on continuoue high-energy iaection 

the system dmlopnent necessary for these nrschinea; and third, a program 

fusion power. 

very tentative and almost sure to be modified as more information 5s 

acquire&, 

Be projections for S h m d  must therefore be considered 

do PHHSICALSCIEECER~SEAFCRZ 

(1) rn eies, Instrumentation & Mathe~natice, 

laboraton pursues and should continue to pursue a broadly-based 

In the nuclear science8, the 

0 0 1 5 1  51 



f’undanental program eoupled with special enphaaia upn neutron pbysics 

and f i ss ion  physics because of their connection with fieslon gower, 

Instrumentation and applied mathematics &re both laboratory-wide i n  

their import, partly geared 88 faerviEe organizations for the research 

divisionfa, but both also encouraging or ig ina l i ty  in t he i r  own right,  

(a) Pbyeics 0 ’Jlb explore systfmatically Etll plhsses of physics wWch 

are related t o  nuelear technologgo As the need8 of the research progrcrm 

be- s3rpsrent i n  the  f’uture, new tools w i l l  be F@W meb Kill 

make i% fwible  t o  exten8 the basic knowledge i n  tllrections indicated 
% 

by the  needs. Rztnre plans for resesrcb w i t h  the new ORZC (Oak Ridge 

it ia certain that e q e r b e n t s  will  be extended to hlgher energies 

and prodnee impoFtant results concerning our knowledge of the atomic 

meleuso 

physieal phenmena, it was necesssrg to apply teohniques ranging froan 

In order to really make progress in the underetading of 

l o v - t m & m  -lid E a t @  gwsies to ultra-high-energy partide RhySiCS. 

The ORmL has entered the huh energy MeXd only recently. 

broaden the basie of the inves t iwt ion  of nuelear forees an& mclear 

structure, it ie expeetad to inerewe the effort i n  the  f i e l d  of ultra- 

high-energy m s i c s  i n  the  future, 

efficient ut i l iza t ion  of the Southern rPegionaS Accelemtor when it 

benes available. 

In order to  

This w i l l  prepare the laB0rart.org for 

(a) I4eutron PBysies ., iafomaticm basic to an underatanding of reactor 

operation is that Besling with promsees of neutron production and 

absorption gsnd meamrment of the basic 8s wen as gd3unct parameters. 

Valid subjects for f’uture study include c r i t i e a t y  exJ?eriInents, detsil@d 

neutron tfansport behavior, ana spectral  mia t iorua  In the viaini ty  of 

diseontinuitiee in reactors. All the experimental effort is being aimea 
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at the possible development of a well-rounded theory f o r  reliable 

predictions of mitied -61, fission distributiom, etc., so that 

one could ultimately dispense with much of the crlticrrl eqperbentation. 

Hence, analytical approaches to reactor malyais w i l l  be pursued and 

within ten years should be capable of affording a quantitative under- 

standing of most phenozaens of neutron production, transport, and 

sbsorpt ion, 

(e)  Instrumentation - eince the atomie energy program is eo cloaely 

linked with inatmentation and control, each of the national labor- 

O r S t 0 r e S  will €&?ay6 have a large groug of scientists and engineers 

devoted to'this activity, 

pro3ects in the f i e ld  of instrumentation wbieh it hopes to exminet 

during the next ten yearse 

!The report lists 23 examples of Future 

Ih order to ear- out the objectives of 

(a) Mathematies - 'Be three broad fields of progrrSmrning th€Wq, 

numerical analysis and classical analpis w i l l .  require inereaeed 

attention an8 the staff in-e more mpiiUy, relartivsl$, than 

the laboratory has as a *le. 

(2) Chemistry, R e s d  i~ organized into four separate divieionir; the 

work of the Qemicsl Technology Division was described under Seation 

Sb on Chenical Fsseeee Develapanentj this seetion will Be concerned with 

the r-ining divisions which eompriee 60 per cent of the seientific 

staff i n  chemiiiltrgo Basic chedea3. r @ S m h e 6  are conducted in six 

a r e a s  t 

(a) Radiation Chemistry - where recently inereenrsed attention haa 

been Gven to the radiation &emistry of gams, where new sdvasces 

seem possible, and to the maation &emfartry of molten salts, of 
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organic compounb, aad of catalytic -ea at solid surfaces. 

(b) mclear Chemistry Present studies concern the properties of 

ra&ioetctive nuclei, nuclear reactions, and the 8pplications of these 

turo topics to  other field& 

radiations emitted in the decay of the short-lived fission products 

beaause of their relevance t o  the shielding and chemical prooessing 

problem char8eteristic of certain reaetar8. 

(e) 

separation of ieotopee of the light elements and the use of isotopes 

Por basic work I n  orgenie chemlstry, '%is work will continue. 

ii " a  

hew efforts du be made to  6tudy the 

aotope Chemfstry 0 me two princfpal activit ies coneern the 

(a) 
technetium and prolnethitnn have been ~tudied becsusa of the possibility 

of extracting them AIcrm radiocheslical @ant Mteer. Both elements ure 

of ia3portance becauae of high fission yields, long half-lives, and 

large thenmn&tron ebsorption wss-eeetiom. Work w i l l  contime. 

(e) m i &  Chemistry - Activities inelude eignificant efforts i n  

tm amae of high-tempersturs chem3stry: molten salts and sque~nts 

aolutiom. 

of corrosion end thez-mocheatcal measurements on variuus wmpomds. 

(f) Chemical Phyaios - Work wbll Continue rith tbe 8pglicartion of 

neutron x-my diffraction t e c b d p s  for the deterrmination of cbmical 

6truCture, with miemwave apetrosctopy for msas~rements of the 

polarity of chemical bonds an& for studies i n  radiation chemistry and 

~norganfc Chenniatsg - me poperties of fission products 

Other inveetigatiom inalude ion exchangerp81, the chemistry 

w i t h  the use of molecular bemas for thw dueidation of tb0 Prinertit8 

of chenieal reactions, 

(3) MeWurgy & Solid State, 

(a) MetaUurgy - Ihe basie resear& pro&rams i n  metdUurgy and solid 



rstate physics at the laboratory have ae a comaon point of dqparture 

the investigation of the relationship between the 8trlXtUm8 of aolida 

ani3 their mschanicsl, electrid., thermal, and other important phsarioal 

properties. 

and ceramics, whereas in solid atate physics efforts are devoted te 

achieving an understanding of the interactions of neutrons, dhsrgcrd 

partielee and ionizing radiations wtth a l l  typeis of eoUds, ineluding 

In metallurgy, mrk 18 con&ueted with unZrrardf8WmetQls 

metals, setnl-conductors, refrsctoriee, ionic and eo-valently bonded 

crystals and plastics. The program in metaUslrgy ha6 been devoted to 

such items as physical metsllurgy, micro strains in tryetalt3, high- 

temperature reactions, eeramics and m e t a l  BuFfBce stucltes. Z W u r e - - - e  . _  -- - - -  

efforts will mncern ceramics and C6met8, bssie etu8+es O Z L ~  aoddkthn 

of pure metals in gases, and contirmed etudiee supporting -eqt 

of mpex$or alloys for reactor use. 

(b) Solid State Phy8iaa - directed allmnst 97110- to the Inemmmmnt 

and elucfdstion of radtstion effects in SOU& and to the effeats of 

radbtion on the addation of metals. 

will  be direeted toward the study of st?ramics and aemmtsj bsrrsic scildies 

Inerea~ed efforts in metallurgg 

on the oxtdstion of pure m e t a l s  in gases in the gmranscl of raMation 

fields w i l l  continue, 

in eol id~etats  physics, 

The next decade should witness izlpportant sdwmees 

e. LIFESCIENCEHESEARCH 

(1) Etalogs - Basic mfssion ie the study of mdistfon effects in biological 

system in an effort to des- meanrr of proteetiqsgainst radiation 

damage and counteracting w e  after radiation bas been abarorbed, 

Work will continue to be concentrated &long speeific lines of basic 

genetical and cytological reprearch rand w i l l  not be dfspersm3 more than 

is absolutely essential. 
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Tbe criteria of raiiiation damage being dmlOp&d i n  the Mvlaion 

may well form a basis for trying t o  find &n answer to  the question 

of whether there is a threshold for zysdZation-induCed aat.ipnanoies 

(leu3zemia), for studying the effkets of Strontim-%, ctnd other problaasr. 

It 8haiLd be seriOuslp. considered at tMs time *ether or not the 

laboratory shoulil get involved i n  these studies plhieh msy wel l .  grow out 

of investtgations going on at ORlL nowo Sueh studies w i l l  require u large 

out- of md8 and 8hOdd be d e d  On for 8% 18-t x) g-8 fOr 

significant mwllteo 

setyious cornideration should a b o  be given to the nsGd For trained 

botanists. 

up a strong ORNL plant science group since many beLgic problem csn be 

From the long-range viewpoint, it would be vlse to build 

investigated much better on plant mterhl. them i n  sninmls. 

(a) Cytology & Genetic8 - lhphas2ar 58 on besic studiee of e@llular  

structure anit f'unetion, and of the aetion of lgdiation on the cell and 

espeeia,lly on the genetic apparatus. 

the present high level. 

(b) Mspmnalian Genetics & TXmel#pment - Basic questions abaut the 

nature of the mutation ~ ~ O C W S  rewre that numy new experiments be 

%s pxwgram %dll continue at 

prfonnedto explore the -et nature of the relation betmen M a t i o n  

intenarity and mutation rateo Itcent developnts  are significant to  

consideration of the genetic effects of' fkllout and oeeupatianal ex- 

posure~. 

will be initiated as certain major studies are coqleted. 

(e) Microbid. Protection & Retovery - Coneernea w i t h  understandtng 

the seqynce of events - p b y ~ ~ i d ,  chemical, and bioeheanleal - that follow 

'Ibe present level of activity w i l l  continue &Lthough new proJectar 

the initial energy absorption proces8 to the irrewr8ible astabliehment 

16 - 
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of biolog5ckl Agnnae i n  material. at the call level. 

devoted t o  the role of protective agents and conditio-, rep8ir and 

Work will be 

other factors whieh msy influenee the e f f ec t  of d a t i o n  mre or less 

over the apectnrm of linear energy transfer. 

(a) Manrmalian Recovery - Concerned with treatment of lethal totrl body 

radiation exposure. Fllture projects t o  include: the possibility of 

transplanting tiesue8 by way of blood stream and other un- mute8, 

cell presermtion studies rrimed at growing Functional c e l l s  mmit tissue 
A 

culture, studies of the no& histolagy ana tpatow of the lymphatic 

system, and i n i t i a t ion  of work on the problm of t rea t ing  higher levels 

the patboa3cbne8iS of early and 

nmmmals aith en@asis on the kduet ion  of leuk&a Sn8 neoplasis, 

Ilhir program will be expanded to enaoqms the life ahorteniqg and 

asreinogenic ef fec ts  i n  mice of chronie U w ~ ~ e l  rsifistlon. 

(2) 

determination of the moleaulsrr basis of @ell f’unetion. 

wil l  provide a background to f a c i l i t a t e  determination of the ef fec ts  

of M a t i o n  and other insulte on cellular Function. 

i n  the program is  sntici.pated. 

(g) 

ratanding of the basic grimary pbysieal and ChQmieaJ. events *& under- 

lie and govern the aetion of radiation i n  biological ayeteam 

scmstie rd l i a t ion  effaets in 

C e l l  Physiology - The major obJsctive of this projeat i s  the 

’d3e 

Io0 major increase 

BTopby8ics - ?fie biophy~ics  research is concerned with the under- 

Sig- 

rdfiaant ~ ~ V M Q & E  have been made by the BppUeation of cleetron spin 

remonanee metho& t o  biological materials. 

studies w i l l  be expanded i n  eonJunetion with an omrs3.l i n o n e s t  in the 

Camission-supporttad effort i n  biophysics ana bioenergetics. 

It is arntieipated that them 



fozzuat;lons ieobted f m m  the living environment, (2) 26 evaluate 

dilution snd ooncentrstion factum i n  the orrviromnt dartarrmills 

the degree of treatment req[uM before loslllevel wastes B;F~ r8le8esd 

t o  the ground or t o  surface waterways, (3) %a develop more efficient 

methob for the treatanent of mge voI.ume, I.ow-leveL w~etes, 

obtain qaantftative informartion on the movement and rate8 of biopxhemioal 

cyeling of Sr-go, Ce-13'7, and other fission groduats i n  a variety of 

foreet an8 fresh-mter habftste. 

(4) 'te 
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f. 

g. 

EDDcATIomt - -  

&sides making i t a  f s c i l i t i e a  available t o  properly qualified faculty, 

members, the laboratory provides t&ning i n  specialized fields including 

reactor supervision, nuclear hazardis evaluation, health physics,' and 

on-the-Job t ra ining f o r  technical personnel from grivate industry. 

extenillion of the educational activities at ORML can be mected.  

IsoTopE FtlsmRm m P R O r n O E :  

Isotope research and amlcrlprent w i l l  be directed gsima;rily by the n e e  

of the isotope pz%duotion propan, 

the m t y  of all isotope preperations, lower eosts, and t o  aeWd.Op methods 

for converthg radioieotapee into sny desired ch&d.  or phy€s%cd form, 

It %e exgected that the number of permme1 Wi3.3. Zncresss in both the 

raaioieotope and stable isotope grogramra. 

associated r ad io i~o tope  production Vrll hsve a peat influence on this 

program during the next tell 3Wfr6. 

-e only those radfofsofapes wfiich can be profitably pro&@ on 8 *g@ 

scale, the OBIW; radioisotope gmup w i l l  concentrate on m&cLng those msterials 

available thekt others cannot or do not produce, 

An 

ContimLng objectives are to  inoresse 

Frivste reactor opsration and 

Inasrmrcb LIS InaufJtry w i l l  tend t0 

FACILITIES: 

A;u the foregoing plans and ac t iv i t i e s  reguire f ac f l i t i e s .  

present building progrem, when canpIete8, supply O R ~ T ,  with most 

of the genereCL-pWpose laboratories it w i l l  need, at least mer the next 

decade, AdditionaX facilitzes wzlich WILL ba rp3Quired include h igbradia t ion  

level laboratory space, additional &&crrl pmoeas dsVel0;Ipaent hot cells 

i n  various locations, 8 10 MEP ' J a n  de Graaff accelerator t o  extend the nuclear 

physics ppogram, a lsot h b p a t o r y  f o r  isotope separation of rad3oactive 

nuclides, guld sdd2tionaL lerboratory space for b iobgy  tsork i n  the present 

The 

structure  at Y O U  for increased work i n  radtation protection remarch, bio- 



1. PBTSICAL - _  SCIEBCE RESEARCH a t  Amea hq, since its inception, been 

directed toward metallurgy, with p d r y  emphasis on the develap- 

ment of methods for producing high-parity substances and evalna- 

t l n g  prupertles of thesopter ia ls .  Bo laaJ0.r ohanges in %be 

uverall obdectives are envisioned for the n& five-year period. 

%e authorism3 expanaim of pbysical faci l i t iqs  rrill enhanee the 

Laborataryls ._ ability t o  prodnce quantities of mw ~ U Z %  metal8 

and alloys and t o  evaluate the nuclear p r o p q i e s  of so l ids .  

2, EUUCATIDNAL -, made possible by the close relationship _ _  -._ 

between Ames Laboratmy and Iowa State University, have enabled 

abuut 30 metallurgists and abmt bo0 other scient$sta and qugineers 

t o  receive - advanced graduate training a t  the Laboratory. Ooqr a 

hundred -. of these former students are now -1qvJd by the other AEC 

laboratoriea and contractors. 

SEmm n - mmAL BM&s LABOIRATORY PR- 

1. THE PRIMARP PDBPOSBS - -  of Ames are: 1, to  conduct an expanding 

fundsuaeatal research program on atomic energy materiala, with 

emphasis on metallurgy; and 2. t o  encawage the training of 

scientfsta and eugbeers, paflc-rly i n  the fields O f  so l id  

state physics, chemistry, mnetalhrgy and ceramics. 
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4.. The BIOLOGY AM) MEDICINE PROGRAM represents gbout 1s percent of the 

sc i en t i f i c  e f fo r t  a t  Berkeley. 

(RGIUUC CHEMISTRY group, 

ce l lu la r  radiobiology, atudhs of the kenjopoietic system, biomedi- 

c a l  studies with cyclotrop beams, and other invest igathmi of bio- 

medical interest .  

instrumentation and techn$qnes is continuing. 

expected, 

5. A small CON'PROLLED awMoieuCLEAR RESEARCH PROJECT and various other 

This includes the work of a BIO- 

The pragram includes cs l lu la r  and subr 
& 

A development program of novel and sophisticated 

Some expansion is 
i \ 

smaller projects  account for  the remaining 3 percent of the Gbora- 

I .  tory's ef for t .  

6. An INORGANIC MATEBIALS PROGRAM, t o  be interdisaipl inary i n  nature, 

is _ _  expected - t o  be launched i n  the near f'uture. 

importance t o  reactor res(tarch, nuclear propulsion, controlled 

thermonuclear reactions, and space and missile technology. 

Initially, work w i l l  be i n  high temperature chemistry, p m t c a l  

chemistry of the solid state, metallurgy and ceramics, and 

This work As of 

general inorganic and physical chemistry. 

ultimately be required on t h i s  program, 

As many as 600 men may 

7. FACILITIES AND PERSONNEL 

The size  of the Laboratory should be governed by the research pro- 

grams, 

during the next ten years. 

has increased from 1100 t o  2200 i n  the next teq years. 

It i s  expected tbt the Laboratory wi l l  double i n  size 

The number of people a t  Berkeley 
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Experiments have become more complex, especially i n  high energy 

physics. 

Materials Program, w i l l  add t o  the &e of‘ the Laboratorg. 

New or  enlarged areas of researoh, such as  an Inorganic 

The 

size of the Berkeley campus is expected t o  increase from 20,000 t o  

40,000 i n  tha next t en  years. The d e r  of graduate students 

and post doctoral8 who w i l l  work a t  th Laboratory will probably 

also - double. 

probably t o  a level of 23 t o  3 times the present ten years from 

nowo Requirements far equipment and f a c i l i t i e s  must keep pace 

Operating funds a l so  w i l l  have t o  grow substantially,  

with the research program and the s i s e  of tk staff. Many of the 

f a c i l i t i e s  are wartime buildings having outfived the i r  usefulness . 
Some are  i n  the way of the orderly development of the site. 

s t a n t i a l  additional cap i ta l  investmeats are anticipated, 

r e su l t  of &cent considerations of the University’s master plan, 

additional building s i t e s  will be available t o  the Laboratory 

Sub- 

As a 

a s  needed, which will. permit the Laboratory t o  double as necesscrry. 

SECTION I1 
PRoczRIv4 SUMMARY 

1. PRPSICS - _. - 
- 

The Laboratory i s  one of the major centers of high energy 

The two accelerators, the Bevatron and the physics i n  the world. 

184-inch cyclotron, together with the i r  f u l l  complement of associa- 

ted experiment81 equipment, are among the best  in t he i r  f ie lds .  

Q015tb8 
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One of the most important of the experimental f a c i l i t i e s  available 

t o  it i s  the recently completed 72-inch liquid hydrogen bubble 

charnber. 

tiveness and u t i l i za t ion  of these machines by increasing the ex- 

perimental and supptrt f a c i l i t i e s  and by accelerating the develop- 

ment of detection apparatus and data handling teohniqyes, 

The immediate program i s  based on increasing the effec- 

For the longer range period (five t o  tgn years), the Labora- 

tory will be engaged i n  an active experimehtal prpgram with the 

modified Bevatron, and will be working on an accelerator develop- 

ment program t o  open up higher energy and mrrent ranges presently 

unavailable t o  high energy physics investigations. Such a program 

W i l l  take a period of f ive  t o  seven years of development and con- 

struction, 

2. CHEMISTRY - 

The Laboratory has a 

chemistry. Its family of 

materials f o r  research on 

unique stahding i n  the field of nuclear 

parO5oI.e accelerators furnishes both the 

radioactive isotopes and the tools  t o  con- 

dnct experiments on nuclear rsaot ions and the i r  mechanisms. 

inch cyclotron and the heavy ion  l i nea r  accelerator are the principal 

machines being utilized. 

are a l so  being used. 

uranium elements, the synthesis of a l a r g e  number of radioactive 

isotopes (including important t racers) ,  the development of widely- 

The 60- 

The l8b-iach cyclotron and the Bevatron 

The discovery of plutonium and other trans- 

employed methodology, and the t ra ining of many of the nation's 

I 
1 
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nuclear chemists have been among the products of this research 

group. To increase the supply of transplutoniwn isotopes, an 

intensive production program was started t en  years ago with the 

assistance of other AEC facilities. This program has involved 

the i r rad ia t ion  of plutonium 239 i n  the  highest flux reactors 

available, first a t  Hanford,t&len a t  Chalk River, and lateIp a t  

the IWR a t  Arco, 

topes .- 

Plajor emphasis has been placed on the  discorrery of new elemnts, 

extending the periodic system. 

The transmutation of elements t o  form liep iso- 

has alwaya been an important part of the cheroistrg program. 

I n  the postwar years elements' 

97 t o  102 inclusive have been added. 

The Future chendstryprogram will u t i l i z e  the accelerators t o  

an increasing extent. The 88-inch cyclotron w i l l  replace the 60- 

inch cyclotron as the major tool. 

cyclotron will h e  a udque  partnership arrangement. FW example, 

the discovery and pioneering s tudies  of some isotopes of par0icn- 

lar i n t e re s t  .are now being made a t  the Hilac. The 88-inch cyclo- 

The Hilac and the 88-inch 

t ron will then produce the isotapes i n  suf f ic ien t  quantity t o  

pellait intensive studies, The 184-inch cyclotron and the Beva- 

tron, par t icu lar ly  af ter  the beam in tens i ty  imprwemesnts, will 

find increased u t i l i za t ion  f o r  nuclear react ion studies,  

The sc i en t i f i c  programs i n  general depend on the continuous 

development of techniques and apparatus as a means of refining and 

extending the work. New techniques i n  chemistry, electronic 

0 0 1 5 1 1 0  
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instrumentation, radiation detection, the handling of radioactive 

materials (with special problems i n  thq transuranium region), 

cryogenics, and i n  computer data procowing and evaluation a re  

under consfant vigorous development 

30 BIOLOGY AM, MEDICINE 

- _ _  

contributed t o  t h e  tools and techniqnes of nuclear physics and 

chemistry i n  i t 8  approach t o  research. The Laboratory's accelsra- 

tmB are very iqpartant t o  its work, both as produqers of isotopes 

and as a source of ionizing radiation fo r  many applications. O f  

the pmsent accelerators the 60-inch cyclotron, the l84-inch cy- 

clotron, and the heavy ion l inear  ;acc&rator are of primary 

The Biology and Medicine Group hag utillimd, modif ied,  and 

interest, 

other divisions of the Laboratory and the maw related departments 

of the Vniversity .. is the u t i l i za t ion  by t h i s  graap of many scien- 

t i f i c  t a l en t s  i n  the i r  approach-to research, 

On0 of the benefits from a close association With the 

The future plans for this group can only be defiqed i n  general 

They will continue the development and use of twF nxperi- terms, 

mental and theoret ical  tools of nuclear physics and chemfstry i n  

the investigation of the major unsolved problems i n  biology and 

medicine, including the radiation syndrome, cancer, blood disorders, 

and ar ter iosclerosis ,  A t  the iame tinre, t h i s  work will be carefully 

planned $0 avoid repet i t ion of the work gofng on elsewhere, 



t 
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As i n  nuclear physics and c M s t r y  tihe a b i l i t y  'to do 

biological  and medical research also depends heavily on a 

continued development program of dcmel and a q h i s t i a a t r d  in- 

strumentation and techniques. 
., 

IIBORGANICMAmLS 

Within the Chemistry,Division there has been a con- 

tfnuing program of modest proportions ,concerned with the 

basic physical chemistry of matter, with some emphasis on 

high-temperature thermodynamics. 

Inorganic - Materials Research program i s  proposed a I n  

addition t o  expanding and broadening the scope of the 

chemistry work done a t  the Laboratory, this program wil l  in-  

crease the knowledge of the praperties of matarials, with 

The establishment of an 

special emphasis on the high temperature regions. 

This work is  of primary importance t o  the nat ional  

needs, fur it  has immediate application t o  advanced problems 

I n  reactor research and development, nuclear propulsion, 

controlled thermonuclear reactions, and space and missile 

technology. 

sult of the University's a t t rac t ing  outstanding f acu l ty  reem- 

.bers i n  the fields associated with materials research, 

The a b i l i t y  t o  enter such a program is  the re- 

Chemists, 

ceramists, metallurgists, solid s t a t e  physicists, and mathemati- 

cians have been worldng together t o  make s ignif icant  contributions 

t o  this f i e ld ,  
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- The immediate plan, i . e . ,  through the next five pars,  i s  t o  

es tab l i sh  the program and t o  start  the work i n  the four areas of 

primary interqst:._Ugh temperature chemistry; physical chendstry 

of the solid state; mta l lu rgy  and ceramics; and general inorganic 

and physical chemistry. The longer range program w i l l  be t o  expand 

the areas of primary in t e re s t  and t o  in tens i fy  the work on partica- 

Isr subjects which become of major importance. 



LONG RANm PROGRAM 
LAWRENCE RADIATION LABORATORY - LIVEFtMm SITE 

1959-1969Y 

INTRODUCTION 

The Livermare Site of the Lawrence Radiation Laboratmy, University 

of California, has expended since i ts  formation a large portion of its 

e f f o r t  i n  the f ie ld  of nuclear weapons develqnnent. 

program has been and is expected t o  remain the main purpose of the 

Laboratory even though other pro3ecta Will probably be added tQ the 

I n  fac t ,  tb weapons - -  

uverall Laboratory prcgram. This shsuld not, however, det rac t  from the 

important work new being done by the Laboratary i n  other areas of cb- 

search and developmento;' A t  the present h, in additioh t o  %he 

weapons BrOGamj: 8 therw1are paqra3, other programs being phrsuedt 

vigorously by the \Labokat''yb Fo32.nd@i-$s a:itne;lw -6vgef k b ' b h g  Of. 

the laboratory pr ograh: 

1. MILITAFlYPRoGRAMs 

a. nuclear weapons development . 
b . Nuolear ramjet development (Pluto). 

2. Nm-MILITARY PROGRAMS 

a. Peaceful applications of nuclear explosives (Plowshare). 

b. High temperature reactor research. 

C. Controlled fusion reaction research (sjherwood) . 
d. High speed csmputing. 

e. Geophysical research. 

f. Basic research. 

Q 8;. Educational program. 

CPI 

4 
4= 

.z 
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'1/ - Ful l  t ex t  as  submitted by the Laboratory September, 1959. 



I n  tws report much less than a proportional fractistn of the 

discussion is dedicated t o  the military program. This has three 

reasons : 

Firstly: The question ra i sed  by the Joint  Congressional C o d f t e e  

seems t o  be directed primarily taward peaceful applications. 

Secaqdly: The pace of the weapons development i s  so great that de- 

t a i led  plarrning for the next ten years surpasses eur a b i l i t y  t o  make 

predictions. Only the general cq t l i ne  can be fmecas t  with some degree 

f& assurance. 

Thirdly: Since t h i s  is  an unclassified repsrt, the mllitary program 

cannot be discussed i n  detai l .  

1. MIWTARYPROGRAMS 

a. Nuclear wwapons development 

The advancement i n  the field of nuclear explosives has cer ta inly been 

large during the last ten years. 

the next ten years look less impressive than those ef the period since 

1949, t h i s  probably i s  due t o  our limited imagination rather  than t e  a q  

If a t  the present time the prospects f o r  

objective reasen. 

i n  the weapons f i e ld  in the next ten years if the present level @f 

effort i n  t h i s  f ie ld  i s  continued. 

t ha t  the speed @f t he  technical advancement i n  nuclear weapons depends 

a great dea l  on the f i n a l  mtcome of the p e l i t i c a l  deliberations which 

are now i n  progresso 

be alswed if we are not allgwed to return to a nuclear tes t ing  scheme 

Surely, important advancements will be forthceming 

O f  course, it must be recegnised 

Certainly, the advancement i n  nuclear weapons will 

which w i l l  allow full-scale detonations. Even i n  t h e  event of a complete 

nuclear test ban, some progress is still possible along several  lines. 



It should be pointed out tha t  personnel of the Laboratory are 

dedicated t o  the idea that the Laboratmy can best serve the  pnrpases 

of a stable peace by contributing t o  the national state of preparedness. 

I n  case our work on weapons is  slowed down by a moratorium, continued 

vigorous support of the weapons e f f o r t  will be necessary. 

w i l l  be sufficient t o  ensure s~me progress and t o  ensure the continued 

availability of a highly capable group who will make e s s e n t i a l  contri-  

butions t o  the safety of the ceuntry. 

This support 

On the  other hand, if  a substan- 

t i a l  diversion of the Laberatory's e f f e r t  were made from the wsapona pro- 

gram it will change the nature of the Laboratmy i n  a basic way, 

change might considerably impair the overall effectiveness ef the  Labera- 

Such a 

tory- 

The Lawrence Radiation Laboratory has been developing a capability 

f o r  the past several years which w i l l  enable us t o  engineer i n t o  wapons 

some of those nuclear devices wbich we have developed, 

of the Laboratory's e f f o r t  i n  the weapons program is now committed t o  

the weaponization pro jec ts  that we are presently undertaking, 

t ha t  the percentage of the  overall  weapon program e f fo r t  being devoted 

t o  t h i s  weaponization engineering will decrease some after the  next two 

o r  three years, but even then it w i l l  continue t o  be a considerable 

portion ef the overal l  weapons program a t  the Laberatory. 

A major portion 

We expect 

The search f o r  new ideas and concepts i n  the  nuclear weapsns f i e l d  

w i l l  continue ts be explored thraugheut the next t e n  year perfgd. It is 

v i t a l  t h a t  t h i s  search continue i n  t h i s  f i e l d  if  the Wnited S ta t e s  is ts 

- 3 -  
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maintain its present posit ion i n  the world. 

i s  given here t o  emphasize this point: i t  is essent ia l  t ha t  we centinue 

t o  'look f o r  new ways t a  reduce the migh t  and size of our nuclear explo- 

sives t o  the maximum extent possible. I n  the f i e l d  of missiles a weight 

reductisn by a substant ia l  factor  wil l  r e s u l t  i n  a weight reduction of 

the missile, a reduotien of the size  and extent 0f the launching s i te , ,  

and a reduction of the operational expenditures connected with that 

launching s i t e .  

saving ef b iUlbns  of dollars. 

p r t a n c e ,  a might mductien ie likely t o  be @f great  help i n  eperatimal 

readiness. Thus, expected develapments in this area can grea t ly  cglltrt- 

buta t o  onr assurance that rn s h a l l  be able ts r e t a l i a t e  even though a 

The f o l l o d n g  s ingle  example 

A l t o g e t b r ,  such a reductien is l i k e l y  t o  r e s u l t  i n  t h e  

I n  additlen, and by ne means of less h- 

. heavy surprise a t tack  is hunched against the United States.  Such 

assurance i n  itself wauld be a powerfil guarantee against surprise 

attacks during the 1960'8. This example has been selected because it 

is ths mest straightforward and the m o s t  predictable provided tes t ing 

5s resumed, 

f o r  national defense 

Other examples ex i s t  which have even p a t e r  po ten t i a l i t i e s  

It is  impertant t o  emphasize the uncertain character sf our predic- 

t i ens  en future  d e v e l q m n t s  of nuclear explesives. 

develqmmnts have been systematically underestimated, 

remeniber t ha t  i n  1950 serious doubts were expressed about the u t i l i t y  

of thermonuclear explesions. 

had been defended a t  t h a t  time, the overriding argument f e r  the hydregen 

bomb was  not even mentioned: that i s  the combination of thermonuclear 

explosions with intercontinental  b a l l i s t i c  missiles, which has given 

I n  the past, a r t h e r  

It i a  preper t e  

While the impbrtanca of t h i s  devslepmnt 

rise t o  the  most menacing aggressive weapon 

- 4 -  
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b. Nuclear ramjet development (Pluto) 

For the past  f ew years, the Lawrence Radiation Laboratory has been 

engaged i n  the f e a s i b i l i t y  study and the i n i t i a l  e f fo r t  connected with the 

development of a nuclear ramjet engine, The role of the Laboratory a t  the 

present time is confined t o  the proof that a reactor of appropriate proper- 

%lea can be constructed and run on the ground- 

being constructed a t  the Nevada Test Site f o r  the purpose of operating 

Presently, f a c i l i t i e s  are 

engineering test reactors. 

program shmld proceed i n  step-wiae fashiono 

amount of money on the ramjet can be postponed u n t i l  feasibility and nature 

of the reactor is sa t i s f ac to r i ly  established. 

planned f o r  Nevada should, however, proceed rapidly i n  order to avoid 

later pressure f o r  an uneconomic orash programo 

For the future,  we believe that the Pluto 

The expenditure of a great 

The reactor tests pr8set3tU 

Following the i n i t i a l  phase of this program, the reactor  has t o  be 

5hcorporated i n t o  a ramJet engine and it  must be flfght-tested.  During 

t h i s  phase, skills w i l l  be required which are not available a t  the 

Lawrence Radiation Laboratory and could not be developed without a basic 

change i n  the nature 

believe that f u l l  responsibi l i ty  f o r  ramjet engine production cer ta in ly  

and purpose of the Laboratory, We, therefore, 

cannot be vested i n  the hands of the Laboratory. A t  the same time, we 

believe that it will be necessary during t h i s  phase of the development 

to make cer tain required modifications of the reactor and tha t  these 

modifications can best be carried out by the same people who have de- 
. 

veloped the reactar.  Thus, the Laboratory has t h i s  important responsi- 

b i l i ty  t o  f u l f i l l  during this phase of the development. 

- 5 -  
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The next phase i n  the development i s  that  of production. This, we 

believe, should be the responsibi l i ty  of an appropriate selected private 

company, I n  t h i s  respect, we expect tha t  the same procedures would apply 

t o  Pluto a s  t o  other contracts between the Air Force and airplane campan- 

59s 0 

c. General discussion of t he  pr6blem of classification 

The overriding need f o r  secrecy has s e t  the weapons laboratories aside 

from other research ins t i tu t ionso  In many instances, i t  has cut4m off 

*om valuable discussions with the sc i en t i f i c  cormnunity. It has been a 

reason f o r  reluctance of young s c i e n t i s t s  t o  join our ranks and it has, 

fn some cases, slowed dawn the impact of our own r e s u l t s  on general 

s c i en t i f i c  progress. These disadvantages are d i f f i c u l t  t o  demonstrate 

from case t o  case. They are, nevertheless, r e a l  and t h e i r  cumulative 

e f f o r t  i s  great, 

I n  the past years, declassification has eased these d i f f i cu l t i e s ,  

'phe dissemination of knowledge on nuclear reactors has touched our 

Gaboratory t o  a very small extent. 

of Sherwood has alluwed us t o  obtain the advice of sum excellent people. 

%e long-range benefits of the exchange of information on Shemood are  

likely t o  become most s ignif icant ,  

OR the other hand, the declassif icat ion 

Short of declassification, there is the expedient of a proper ex- 

tansion of the group within which f u l l  discussion is possible. 

The nature and ftrnctioning of the Laboratory during the next decade 

dll depend t o  a very considerable extent on the policy of c lass i f ica t ion  

which will be adapted from now ono If it should be found tha t  in an age 

i n  which WB no longer possess a monopoly OR nuclear.weapons, c lass i f ica-  

tion can be fur ther  Xberalized; t h i s  certainly will contribute t o  the 

health and effectiveness of the Laboratoryo 
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2. NON-MILITARY PROGRAMS 

I n  connection with the work performed throughout the past p a r s  

in Livermore, there has developed a par t icular  skill, a special  set of 

equipment, and what is most important, a community of people with a 

anique know-how. We believe that a l l  this capabi l i ty  can be best  

d i rec ted  toward th8 field which is b e s t  described a s  applied science 

or advanced and inventive engineering. 

These words cover a very wide f i e l d  indeed. Mth in  this wide 

f i e l d ,  we mst se l ec t  those special  a c t i v i t i e s  i n  which ue have a 

best chance t o  make an outstanding contribution. 

'long-range program of the Laboratory, we have, therefore, t r ied t o  

avoid additional enterprises even though such enterprises may look 

interest ing and challenging, unless we feel  that we happen t o  be 

specif ical ly  equipped f o r  a par t icu lar  responsibi l i ty  so that our duties  

can be performed i n  the most e f f i c i en t  manner. 

a. . P P  

I n  considering the 

The use of nuclear explosives f o r  peaceful purposes has been con- 

sidered seriously i n  Livermore f o r  almost t h e  p a r s .  Nevertheless, 

the t o t a l  amount of e f fo r t  so f a r  has been a very small f ract ion of the 

work of the Laboratory. 

development are exceedingly great, 

tdon by the digging of harbors and canals. 

Y e t  we belleve that the po ten t i a l i t i e s  of t h i s  

They can af fec t  water tramporfa- 

One can great ly  increase the 

nsefilness of water resources by  the establishment of dams, by breaking 

up jmpermeable undergraund formations and by other means. 

attacks have been discussed on the problem of petroleum supplies, and 

Several 

while the d i f f i c u l t i e s  seem great, t h e  possible reward i n  the exploita- 

t ion of t a r  sands and shales could have consequences beyond any present 
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estimates. If one a d d s  t o  the basic problems of water and oil, the further 

poss ib i l i t i es  af big-scale underground chemical reactions, the creation 

of underground heat supplies and other proposals which may bear fruit, 

one can see a r e a l  poss ib i l i ty  that the development of Plowshare may 

be of the greatest  benefit  t o  war country and, i n  fac t ,  t o  people 

beyond cur boundaries. 

It is not t o  be expected that a l l  of these poss ib i l i t i es  can be 

realized and even less t ha t  they will come to  f ru i t i on  i n  the next decade. 

On the other hand, we are convinced that some very substantial  successes 

will be achieved i n  the coming decade provided tha t  the Plowshare program 

is vigorously pursued. 

The role  of LRL i n  t h i s  program should consist  I n  the development 

of new tools and new approaches. 

nuclear e q l o s i v e s  which can be used f o r  earth-moving purposes without 

dissemination of dangerms radioactivity. 

The new tools include the invention of 

They further include the  de- 

velopment of nuclear explosives of small field a t  small cost. 

present time, we are hampered i n  our plans by the f a c t  that ,  a s  a rule, 

nuclear explosives compete favorably with other methods of blaqting only 

A t  the 

incase the explosion is big. 

The investigations of new uses of nuclear explosives are concerned 

with containment of nuclear explosions, dis t r ibut ion of the radioactivity 

produced, changes i n  the rock adjacent t o  the  explosion, and, generally, 

e f fec ts  of the intense heat and pressure produced by the explosion. 

Beyond the stages of the development of nuclear explosives and 

of the investigation of desirable e f f ec t s  t ha t  these explosives may pro- 

duce there is a great abundance of challenging tasks i n  the f i e ld  of the 
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economical applications of Plowshare. 

t o  go deeply i n t o  these further developments. 

these opportunities will greatly surpass i n  scope anything tha t  the 

Laboratory could afford t o  do. 

tion, with the C o r p s  of Engineers, and with the Bureau of Mines such 

possible applications, and ue hope tha t  these as well as other govern- 

ment organizations w i l l  participate i n  future  developments. 

The Laboratory does not propose 

Indeed, we expect tha t  

We have discussed with Sandia Corpora- 

M a s t  particularly,  ue expect t h a t  private industry will take f u l l  

advantage of the opportunities afforded by Plowshare, I n  addition t o  

mmerous expressions of interest ,  i n  one special case a substantial  

enterprise has been started by a private company (The Richf'ie3d Company 

i n  connection with the Athabasca t a r  sands)o 

We hope t h a t  private companies will exploi t  the poss ib i l i t i es  which 

are opened up as  soon a s  this can be done with f u l l  effectiveness and 

wfth complete aafety. We f ee l  that we should l i m i t  our e f f o r t s  t o  the 

developmental phase and t o  such assistance i n  fur ther  tasks which w i l l  

be required by private industry, 

O f  course, there may occur applications of such magnitude which no 

private industry can undertake. 

t h a t  the gmrnment should establ ish the proper methods of handling the 

s i tuat ion and we believe t h a t  i n  such a case, the Laboratory will serve by 

making available those tools and by performing those adaptations which will 

make the task easier. 

If such a s i tuat ion should ar ise ,  we feel  

b. High-temperature reactor research 

I n  connection with work on the nuclear ramjet, the Laboratory is ac- 

The quirlng special  knowledge on high-temperature, gas-cooled reactors. 

range of temperatures is very high; i n  f ac t ,  a lmost  twice as high a s  any 

now planned f o r  industr ia l  useso 

- 9 -  0 0 1 5 1 8 2  



&art from a thermodynamic efficiency, high temperatures have the 

particular feature that the nuclear fuel and the f i ss ion  products can diffture 

more easily into the mterLal of the mclerator. 

fuel elements in a more flexible and mre ecolMBptc nxtnner. 

of these high tesllperatures Qduld 00 be exphred. 

lhi8 makes it possible to hanill 

Chemtad. 8 p p ~ ~ t i o ~  - 

In erne the reaetor for  the  ramjet proceeds sa t io f sc tor i~ ,  the Laboratorg 

hits the 3ong-rctz3ge plaa t o  turn its Elgeeial knowledge gained i n  thi8 high--rature 

Consequently, we waxat t o  ;urnit our oentributlon to  the speaial f ie ld  of ultra high- 

tunperatare, gsts-e@tled reactors  In which field we are gainjinS experience &e t o  

work i n  line wZCh gresent respoastbiktties, 

(me Iamnce Radistion IabQratory, i n  Livemore an& i n  Berkeley, has bean amng 

the first who i n  this wtry have attacked the problem of controlled f22erion. The 

L, Peasibilityr 

To establish a controlled thermonuclear reaction one has to  confine an 

extremely high-temperature ionized gas (plasma) with the  help of dt magnetie field. 
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SuMMplRp OF LCRJO RANGE PROGRAM 
SUBMTfTED BY AMES LABQULTaY 

1. PBPsICAL - -  SclEl!KE _ .  RESERBCH a t  hues hat, since its inception, been 

directed toward metallurgy, with prbary  enphasls on the develap- 

w n t  of methods for producing higb-prrrity substances and evalua- 

t i ng  properties of these ~uaterials. lo major chgages I n  the 

overall ob3ectives are emisianed f g  the next flve-year perlad. 

The authorlsed - expansion af pbplcal f a c l f i t i ~ s  w i l l  enhance the 

Laboratorgts ._ abili ty t o  produce quan$lties nf high* p~lre metals 

and alloys and t o  evaluate the nuclear prapqbiea of aolids. 

2. EsuCATIUlQU m I E S ,  _. . made possible by the close relationship 

bettrek Ams Laboratory and Iowa State Univerelty, have enabled 

about 30 metallurgists and about 400 Other scientists and epglneers 

t o  recelvs ., advanced graduate training a t  the Laboratory. mer a 

hundred -. of these farmer students are now a q l o p d  by the other AEC 

laboratories and cantractors. 

sEc!rIa II - mmAL AMES LABmmy PRo(IRAMs 

1. ‘DEE PRIMARY W B P W  of h s  are: 1. to  conduct an qanding  

fundamental research program an a t d c  emrgy materials, with 

_ _  

emphasis on metallurgy; and 2. t o  encuurage the training of 

scientists and ’engineers, particularly In the fields ai solid 

state physics, chemistry, metallurgy and ceramics. 
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t o  

8r 

b r  

_- . ~ 

2. TBE G l x m A L  CHARACllga m THE: SCIENfPIFIC PRamM has canfined i tsel f  

Develqndht of methods for producing arqniwa, fhorlum gttrlm 

and the rare earths; and 

?Naluatim of the chemical, phgpsical, engineering, and nuclear 

prapertles of these and other metals at@ alloys u t i l b e d  In the 

atomic emsrgyprogram. 

.. 

a, 

-. 

b e  

Cm 

d o  

- - 
F4eactg.r darelaplesnt Tis8darcb program8 w i l l  qon0entrqfe on metals 

alloys, yttrlyn and its allaga, rare- 

r alloys, properties of metals and z e r d c s  

a t  teraperatures above lOOO*C, effect of n?n-m?talllc inrpurities 

011 m e t a l  properties, the mamaranent of e n e e r i n g  prorperties 

snoh as fatigue and corrosion rate a t  p l a t i v e l y  high tempera- 

t\xres, ncm pyraproceesing technique8 and the meai3Ummeat of 

physical properties a t  high temperatures. 

Wmk in high energy phyalca w i l l  continue t o  use rwolnar 

~enml~llms, altkaagh it aray be supplemented by the use of so l id  

luminescence chanibera. 

Work I n  nuclear structure and neutrm physics will continue t o  

take advantage of the nnlque characteristics of the Iowa State 

Synchrotron, 

Chemistry research w i l l  consist of fundamental studies OR the 

mechanism of various suparation processas euch as ion axchange, 

solvent axtraction and sublimation, as well as the dmelapmgnt 

of a k y t i c a l  and spectrochemical analytical nethods. 

r 

, 

* 
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e. Future work i n  metallUrgy and so l id  st&e physics will 

take advantage of new techniques, such as de Haasivan 

Alphen effect measurements an Biqgle crystals, the use 

of ionic crystals, the lnsasuremeqt of magneto-aocotaatic 

effects MI metallic crystals a t  19 absolute, Ugh- pressure 

work and the measurement of fundamental properties that 

will help d e t e d n e  the real  nature of the sol id  state. 

4. ADDITION& FACILITIE3 (1960-1965) - A new Metals Devel-nt 
* - - .  . ~ * .-.. . 

Building will be available i n  l a t e  1960 with k7,OOO square fest 

of space. 

about by carrying but production work - in  an area designed for 

This will alleviate a crawled condition broagbt 

smaller scale work. 

The authorieed Ames Laboratory Research Reactor w l l l  rotand 

out the five-year faci l i ty  requirements and permit s m  rgaasign- 

ments t o  improve the space sitaation. 

- - >  

5. MA~P(XJER - m-s (1960-1965) - %e successFtll perfarraance of 

ARBS* basic research programs requires that a nucleus of cam- 

peteat and experienced group leaders and q&ialisfa in+tbe 

various fields essential t o  the atomic energy programbe mab- 

tained. 

The availability of additional kacilities will require addi- 

t ional service, maintenance and supervisory personnel. 

An orderly growth i n  personnel by the laboratory as a whole is 

expected, with personnel being added in those areas that are most 

prodactive and whose research efforts are most in line d t h  the 

AEC's mission i n  the next few years. It is expected tM six new 
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research groups will be needed in the n& five pars. Fivs 

would do hndamental basic research and me, applied engineering 

research related t o  the reactor or t o  the pure metals program. 

The actual nmiber w i l l  be dependent upon the availability of 

qualified personnel and f'unds. 



, -- 

1. 

2. 

3. 

SUMMARY OF LONG RANGE PROGRAM 
SWMITTED EY LAwI?..ENm RADIATION LABORATORY - BPERKELEY 

SECTION I - HIGHLIGHTS 

Primarily a BASIC SCIENCE laboratory. 

physics, chemistry, biology and medicine, and miscellaneous smaller 

Its s c i e n t i f i c  program covers 

projects.  

only major AEC-supported laboratory located on the campus of a 

large university. 

. .  The PHYSICS RESEARCH EtOGRAM represents about 55 percent of the 

e f for t ,  and concentrates almost en t i r e ly  on high energy physics. 

It is one of the major centers of high energy physics i n  the world. 

Tn the future  the Laboratory w i l l  continue t o  perform an act ive 

experimental program with the  modified and improved Bevatron (a 

It has a close association with a univers i ty  and is the 

6.2 Bev proton synchrotron) and w i l l  be act ively working tm an 

accelerator development program. 

ioned . 
Substantial  expansion is ewis- 

I 

The CHEMISTRP RESEARCH PROGRAM uses soma 22 percent of the labora- 

tory's - effor t .  

chemistry. 

as well as the tools  with which t o  work. 

accelerator is the principal machine used i n  transplutoniuln element 

research and isotope studies i n  general. 

The laboratory has a unique standing in nuclear 

The par t ic le  accelerators furnish research materials 

The heavy ion l i nea r  

The fu ture  chemistry 

program will u t i l i ee  accelerators 

88-inch high current cyclotron i s  

scope and effort is anticipated. 

t o  an increasing extent. An 

being bu i l t .  Expansion i n  

0 0 1 5 1 8 8  a ARCHIVES 
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4.. The BIOLOGY AND HEDICII?E PROGRAM represents @bout 15 percent of the 

sc i en t i f i c  e f f o r t  a t  Berkeley. 

ORGANU: CHEMISTRY group, 

cellular . -  radiobiology, s,tud&es of %he kenjopoietic sy l s t em,  biornsdi- 

tal studies with cyclotrop beams, and other i nves t iga t ims  of bio- 

medical in te res t .  _ _  

instrumentation and techr4qws is continuing. 

expected 

5. A _ _  small COIPIROLLEll - .  TBEEM~CLENl RESEARCH PROJECT and various other 

smaller _ -  project0 account for the remaining 3 percent of the  &bora- 

This includes the work of a BIO- 

The program includes c s l lu l a r  and sub- 
& 

A development program of novel and sophisticated 

Some emans im is  
\ 

-. 

tory's effort. 
I -  

&. An INQKUNIC MATEBIALS FROGRAM, t o  be interdisuipl inary i n  nature, 

1s expected t o  be launched i n  the near future. This work .is of 

hportance - -  t o  reactor research, nuclear propulsion, controlled . __ 

thermonuclear reaction8, and space and dssile technology. 

Id t ia l ly ,  work will be i n  high temperature chemistry, phystcal 

- -  -_ _ -  __. 

chemistry of the solid state,  metallurgy and ceramics, and 

general inorganic and physical chendstry. As many as 600 men'- 

ultimately be required on t h i s  program- 

7. 

U O t S l 8 9  

FACILITIES AND PERSONNEL 

The s ize  of the Laboratoq should be governed by the research pro- 

grams. It is  expected that the Laboratory Will double i n  size 

during the next t e n  years. 

has increased from 1100 t o  2200 i n  the next ten years. 

The number of people a t  Berkeley 

.- 
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Experiments have become more complex, especially i n  high energy 

physicso New o r  enlarged areas of research, such as an Inorganic 

Materials Program, will add t o  the size of the Laboratory. The 

size of the Berkeley campus i s  expected t o  increase from 20,000 t o  

40,000 . .  - 

and pos t  doctorals who &ll work a t  the Laboratory w i l l  probably 

i n  th next t en  years. The number of graduate students 

a l so  - double. 

probably t o  - .  a 14-1 of 2% t o  3 times the present ten years from 

u0w0 Requirements for equipment and f a c i l i t i e s  must keep pace 

Operating funds a l s o  will have t o  grow substantially,  

with the research program and the s ize  of th staff, 

s a c i l l t i e s  . 1. are wartime buildings having outiived t h e i r  usefulness. 

Some are i n  the way of the orderly developmsnt of the site. Sub- 

s t a n t i a l  additional cap i ta l  investmeqts are anticipated * 

r e su l t  of .&cent considerations of the University's master plan, 

Many of the 

As a 

additional building s i t e s  will be available t o  the Laboratory 

a s  needed, which w i l l  permit the Laboratory t o  double as necessary. 

SECTION II 
PROGRAM SUMMARY 

- 
The Laboratory is one of the major centers of high energy 

. -  

physics i n  the world. The two accelerators, the Bevatron and the 

184-inch cyclotront together with their  f u l l  complement of associa- 

t e d  experiment31 equipment, are among the best i n  t h e i r  f ie lds .  

?-' DOE ARCHIVES 
- 
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One of the most important of the experimental f a c i l i t i e s  available 

t o  i t  i s  the recently completed 72-inch l iquid hydrogen bubble 

c h e e r .  The immediate program i s  based on increasing the effec- 

tiveness and u t i l i za t ion  of these machines by increasing the ex- 

perimental and supp6rt f a c i l i t i e s  and by accelerating the develop- 

ment of detection apparatus and data handling techniqyeso 

For the longer range pert4 (five to ten years), the Labora- 

tory will be engaged i n  an active experimebtal prpgram with the 

modified Bevatron, and w i l l  be working on an accelerator develup- 

ment program t o  open up higher energy and carrent  ranges presently 

unavailable t o  high energy physics investigations. Sugh a program 

will take a period of five t o  sgven years of development and con- 

s t ruc tion. 

2. CHeMfSTBp -_ 

The Laboratory has a 

chemistry. Its family of 

materials f o r  research on 

_ _ _  unique atahding i n  the field of nuclear 

paruole accelerators furn$shes both the 

-. 

I .  

radioqctive Isotopes and the too ls  t o  con- 

duct experiments on nuclear reaotions and the i r  mechanisms. 

inch cyclotron and the heavy ion l i nea r  accelerator are the princfpal 

machines being ut i l ized.  

are a l so  being used. 

The 60- 

The 184-inch cyclotron and the Bevatron 

The discovery of plutonium and other trans- 

uranium elements, the synthesis of a large number of radioactive 

isotopes (including important t racers) ,  the development of widely- 

emplaged methodology, and the training of many of the nation's 
I 



- 5 -  

nuclear chemists have been among the products of this research 

group. 

intensive production program was started t en  years ago with the 

assistance of other A.EC f a c i l i t i e s .  This program has involved 

the i r rad ia t ion  of plutonium 239 i n  the highest, flux reactors  

available, F i r s t  a t  Hanford,l&en a t  Chalk River, and lately a t  

the MTR a t  Arco, 

tapes - _- has always been an important part of the chendstry pi.ogram. 

plajor emphasis has been placed on the discavery of new elements, 

extending the periodic system. 

To increase the supply of transplutonium isotopes, an 

The transmutation of elements t o  form n T  180- 

I n  the postwar years elements 

97 t o  102 inclusive have been added. 

The future chendatrgprogram w i l l u t i l i a e  the acceleratcps t o  

an increasing extent, The 88-inch cyclotron will replace the 60- 

~ inch cyclotron as the major tool, The Hilac and the 88-inch 
_. 

cyclotron w i ~  have a unique partnership arrangement.  or example, 

the discovery and pioneering s tudies  of 801118 isotopes of partlca- 

lar  inferes t  are now being &de a t  the Hilac.  the^ 88-inch cyclo- 

tron will then produce tb isotopes i n  suff ic ient  quantity t o  

permit intensive studies, The 1 8 b i n c h  cyclotron and the Bava- 

tron, par t icu lar ly  after the beam intensity imprwemesnts, w i l l  

f i nd  increased u t i l i za t ion  f o r  nuclear reaction studieso 

The sc i en t i f i c  programs i n  general depend on the continuous 

development of techniques and apparatus as  a means of refining and 

extending the work. New techniques i n  chemistry, electronic 

0 0 1 5 1 9 2  
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instrumentation, radiatd-an detection, the handling of radioactive 

3. 

materials ( A t h  special  problems i n  the transuranium region), 

cryogenics, and in computer data processing and evaluation are  

under constant vigorous development 

BIOLOGP AND MEDICINE 

- -_ 

contributed - t o t h e  too ls  and techniques of nuclear physics and 

chem&stry i n  i ts  approach t o  research. The Laboratary'a accelsra- 

tom are very inpartant t o  i ts  mrk ,  both as boduqers of .isotopes 

Thd Biology and Medicine Group had u t i l i e e d ,  modified, and 

and as a source of itmizing radiation for  ~ n y  applications. Of 

the plrssent accebra to r s  the 60-inch cyclotron, the 18binch  cy- 

clotron, and the  heavg ion l i nea r  YaccsQrator are of primary 

interest. 

other divisions of the Laboratory and the many related departnrsnts 

of the University is the u t i l i z a t i o n  by t h i s  group of mqv scion- 

t i f i c  t a l en t s  i n  their approachlto research.- 

One of ths benefits from a cloee associatton w i t h  the 

The future plans for this grwp can only be dsfiqad i n  general - 

terms, 

mental and theore t ica l  tools  of nuclear physics and chemistry i n  

They will continue the development and use of 

the Investigation of the majar vnsolved problems i n  biology a& 

medicine, including the radiat ion syndrome, cancer, blood disorders, 

and arteriosclerosis.  

planned ko avoid repet i t ion of the work going on elsewhere. 

A t  the same time, t h i s  work will be carefully 

, 
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and c M e t r y  #e abi l iky 3s do- 

biological and medical research a l so  depends heavily on P 

continued development program of dmel and sophisticated in- 

strumentation and techniques, 
.. 

40 IN(XIGAISICHATERIALS 

-Within the Chemiatrg,Division there has been a con- 

tinuing program of mnodest _- proportions aoncerned with the 

basic physical chemistry of matter, with soma emphasis on 

high-temperature thermodynamics. The establishment of an 

Inorganic - Materials Research program is proposed. I n  

addition t o  expanding and broadening the scope of the 

chemistry work done a t  the Laboratory, this program Will in-  

I 

crease the knowledge of ths praperties of matarfala, with 

special  empbsfs on the high temperature regionse - 

This work is of priraarg i~~&ortance t o  the national 

needs, for it- has immediate application t o  advanced problem8 

i n  reactpr research and developlaent, nuclear propulsian, 

controlled .. thermonuclear reactions, and space and missile . 

technology. 

splt of the University's a t t rac t ing  outstanding facul ty  mem- 

bers  i n  the fields assouiated with materials research. Chemists, 

ceramists, metallurgists, solid s t a t e  physicists, and mathemati- - 

The abil i ty t o  enter such a program is the re- 

cians have been working together t o  make signif icant  contributions 

t o  this f i e l d .  

00 1 5  f 94 
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- The immediate plan, i .e . ,  through the next five pars, i s  t o  

establish the program and t o  start the work in  the four  areas of 

primary intere.st:,higfi , r  .*,- . - ~ temperature * -  chemistry; physical chemistry 

of the solid state; metallurgy and ceramics; and general inorganic 

and phpiaal chemistry. The longer range program w i l l  be to expand 

. .  
I 

0 0 1  S l Q S  

the areas of primary interest and to  intensify the work on partica- 

lar subjecSs which became of major importance. 
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INTRODUCTION 

The Livermure Si te  of the Lawpnce iiadiation Laboratory, University 

of California, has expended since i t s  formation a large portion of its 

effort i n  the field of nuclear weapons developeat.  

program has been and is expected t o  remain the main purpose of the 

I n  fact ,  ths weapons 
- -  

Laboratorg even theugh other projects  will probably be added t o  the 

averal l  Laboratory program. 

bpor t an t  work uw being done by tbe Laboratory i n  other area8 of re- 

search and developmnto;’ A t  the present time, i n  additibh t o  .the. 

weapons * O @ m j :  Aherey-aae pewgra9, other: programs being- phrsuedi 

Oigorously by tb *!hb&atbpyc 

the laboratory prograins 

This shsuld not, however, detract  fram the 

Fo3L0~%tlgrB$ ai’W4m -bofef .jliSt;lse bf* 

- a. Nuclear weapons development. 

b. Nualear ramget development (PlUtO). 

2. BON-MIUTARYPBOGdisMS 

a. 

b. High temperature reactor research. 

Peaceful appIications of nuclear explosives (Plowshare). 

C. 

d. High speed computing. 

e. Geophysical research. 

Controlled fusion reaction research (Shemood) . 

f. Basic research. 

g . Educational program. 

aQ 

Q- 
’I/ Full  t ex t  as submitted by the Laboratory September, 1959. 

c 
DOE ARCHIVES . .- 



I n  this - .  report  much less t b n  a proportional 

discussion is  dedicated t o  the military program. 

fract ion of the 

This has three 

reasons: 

Firstly: The question raised by the  Jo in t  Congressional C o d t t e e  

seems t o  be directed primarily taward peaceful applications. 

Secoqdly: The pace of the weapons development is so great  that de- 

t a i l ed  planning for the next ten years surpasses QW ability t o  make 

predictions. 
- I  

Only the general q t l i n e  can be ferecast with some degree 

Thirdly: Since t h i s  is  an unclassified report ,  the ndlitary program 

oannot be discussed in deta i l .  

1. MIIJTARYPROGRAMS 

a. Nuclear weapons development 

The advancement i n  the field of nuclear explosives has certainly been 

Large during the last ten years. 

the next lien p a r s  look less impressive than those of the period since 

1949, this probably is  due t o  our l imited imaginatfon ra ther  than t e  any 

bbjective reason. 

If a t  the  present time the  prospects for 

Surely, important advancements w i l l  be forthceming 

i n  the weapons f i e ld  i n  the next ten years if  the present level ef 

effort in this field i a  continued. O f  course, it must be recognized 

that the speed of t h e  technical advancement in nuclear weapons depends 

a great dea l  on the f i n a l  eutcome of the p o l i t i c a l  deliberations which 

are new i n  progress. Certainly, the advancement i h  nuclear weapons w i l l  

be slewed if  we are not allowed t o  re turn  t o  a nuclear tes t ing  scheme 

which w i l l  allow full-scale detonations. 

nuclear test ban, some progress is s t i l l  possible along several Unes. 

Even i n  the event of a complete 

- 2 -  



It should be pointed out t ha t  persennel of the Laboratory are 

dedicated t o  the idea tha t  the Laboratarg can best serve the purposes 

of a stable peace by contributing t o  the national s t a t e  of preparedness. 

I n  case our work on weapons is slowed down by a moratorium, continued 

vigorous support of the weapons e f f o r t  w i l l  be necessary. 

will be sufficient t o  ensure some progress and to ensure the continued 

ava i lab i l i ty  of a highly capable group who w i l l  make essent ia l  contri- 

b u t i o n s  t e  the safe ty  ef the ccpuntry. 

Mal diversion of the Laboratory's e f fo r t  -re made from the weapons pro- 

gram 5% w i l l  change the nature of the Laboratmy i n  a basic way. 

change might considerably impair the uverall effectiveness of the Labsra- 

This support 

On the other hand, if  a substan- 

Such a 

tory. 

The Lawrence Radiation Laboratory has been developing a capabili ty 

for the pas t  several years which will enable us t o  engineer i n t o  weapons 

some of those nuclear devices which we have developed. A major portion 

of the Laboratory's e f for t  i n  the map& pregram i s  now committed to 

the weaponization projects that we are  presently undertaking. We expect 

that  the percentage of the overall  weapon prsgram e f fo r t  being devoted 
- .  

t o  this weaponization engineering will decrease some after the next two 

or three years, but even then it will continue t o  be a considerable 

partien of the wera lx  weapons program a t  the Laberatorgr. 

The search f o r  new ideas and concepts in the  nuclear weapsns f i e l d  

will continue t o  be explared thruugheut the next ten  year peried. It is 

v i t a l  that  t h i s  search continue i n  t h i s  field .if the United States  i s  te  

- 3 -  



maintain its present posit ion i n  the world, 

is given here t o  emphasize this point: i t  is essent ia l  t ha t  we centinue 

t o  look f o r  new ways t o  reduce the weight and size of our nuclear explo- 

sives t o  the maximum extent possible, I n  the f i e ld  of missiles a weight 

reduction by a substantial  f a c t o r  w i l l  r e s u l t  i n  a weight reduction of 

the missile, a reduction of the s ize  and extent ef the launching s i t e ,  

and a reduction of the operational expenditures connected with that 

launching site. 

saving sf b i l l i e n s  of dollars. 

pmtance, a weight reductien is libv t o  be ef great help i n  @peratiaaal 

readiness, 

bate t o  our assurance that %m shall. be able t o  r e t a l l a t e  evea thwgh 8 

The following single example 

A l t b g e t b r ,  such a reduction is likely t o  result in the 

I n  addition, and by n@ means of less 3.m- 

Thus, expscted developments i n  this area can great ly  csatrl- 

. heavy surprise attack is launched against  the United Stabs.  Such 

assurance i n  i t s e l f  would be a p m m r f u l  guarantee against surprise 

attacks during the 1960's. 

ia the most straightforward 

i s  resumad. Other examples 

fm national defense. 

This example has been selected because it 

and the  m o s t  predictable previded tes t ing 

exist which have even greater poten t ia l i t i es  

It is  impertant t o  emphasize the uncertain character of our predic- 

t ions en future develcpmnts Qf nuclear explesives. 

devel-nts have been systematically underestimated, 

remember tha t  in 1950 seristls doubts were expressed about the u t i l i t y  

of thermonuclear explosions, 

had been defended a t  t h a t  time, the overriding argument for the hydragen 

b a d  was not even mentioned: that i s  the  combination of thermonuclear 

explosions with intercontinental  b a l l i s t i c  missiles, which has given 

rise t o  the  most menacing aggressive weapon of t h i s  decade. 

I n  the past, Further 

It i s  praper t@ 

While the impertance of this d e v e l e p n t  .. 



b. Nuclear ramjet development (Pluto) 

For the past  few years, the Lawrence Radiation Laboratory has been 

engaged i n  the f eas ib i l i t y  study and the i n i t i a l  e f fo r t  connected with the 

development of a nuclear ramjet engine, 

present time is confined t o  the proof tha t  a reactor of appropriate proper- 

t i e s  can be constructed and run on the ground- 

being constructed a t  the Nevada Test Site for the purpose of operating 

engineering test reactors. 

program shonld proceed in step-wise fashion, 

amount of money on the r a e t  can be postponed un t i l  f e a s i b i l i t y  and nature 

af the reactor is sa t i s fac tor i ly  established. 

planned f o r  Nevada should, hawever, proceed rapidly i n  order t o  avoid 

The role  of the Laboratory a t  the 

Presently, f a c i l i t i e s  are 

For the future,  we belleve that the Pluto 

The expenditure of a great 

Tbe reactor tests presently 

later pressure f o r  an aneconomic crash program. 

Following the i n i t i a l  phase of t h i s  program, the reactor has t o  be 

Sfmxpra ted  i n t o  a raqjet engine and it must be fl ight-tested.  During 

this phase, skills wtll be required which are not available a t  the 

Lawrence Radiation Laboratory and could not be developed without a basic 

change 3n the nature and purpose of the Laboratory. We, therefore, 

believe t ha t  hll responsibil i ty for ramjet engine production cer ta inly 

cannot be vested i n  the hands of the Laboratory. A t  the same time, we 

believe that it will be necessary during t h i s  phase of the development 

to make certain required modifications of the reactor and tha t  these 

modifications can best  be carried out by the same people who have de- 

veloped the reactur. Thus, the Laboratory has this important responsi- 

b i l i t y  t o  f u l f i l l  during this phase of the development. 

a 0  i 5 2 0 0  
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The next phase i n  the development is tha t  of production. This, we 

belleve, should be the responsibil i ty of an appropriate selected private 

company. I n  t h i s  respect, we expect t ha t  the same procedures would apply 

to Pluto as t o  other contracts between the A i r  Force and airplane campan- 

i e s  . 
c. General discussion of t he  problem of c lass i f ica t ion  

The wemiding need f o r  secrecy has set the weapons laboratofies aside 

from other research inst i tut ions.  In many instances, it has cut 418 off 

f r m n  valuable discussions with the s c i e n t i f i c  corrmatnity. It has been a 

reason f o r  reluctance of young scientists t o  join our ranks and it has, 

fn some cases, slawed down the impact of our own r e s u l t s  on general 

s c i en t i f i c  progress, 

from case t o  cam. 

e f f o r t  is great, 

- - -  

'phe dissenzination of knowledge on nuclear reactors has touched uur 

kboratary t o  a very mall extent, 

These disadvantages are d i f f i c u l t  t o  demonstrate 

They am, nevertheless, real  and their cumulative 

In the  past years, declassification has eased these diff icul t ies .  

On the other hand, the declassification 

.af Shemood has allowed us t o  obtain the advice of sane excellent people. 

'Fhe long-range benefits  of the exchange of Infomatian on Sherwood are 

U 
0 

ul 
h;) 

rrr 

- 

likely t o  become most significant. 
t 

Short of declassification, there i s  ths expedient of a proper ex- 

&nsion of the group uithin which f u l l  discussion i s  possible. 

The nature and functioning of the Laboratorg during the next decade 

dl1 depend t o  a very considerable extent on the policy of c lass i f icat ion 

which w i l l  be adopted from now ono If it should be found tha t  i n  an age 

i n  which WB no longer possess a monopoly on nuclear weapons, c lass i f ica-  

tion can be fur ther  Uberalized; t h i s  certafnly will contribute t o  the 

health and effectiveness of the Laboratoryo 

- 6 -  



2. NON-MITJTmY PROGRAMS 

I n  connection with the work performed throughout the pas t  years 

in Livermore, there has developed a par t icular  skill, a special  set of 

equipment, and what i s  most important, a community of people with a 

anique know-how. We believe that a l l  this capabi l i ty  can be best  

directed toward the f i e l d  which i s  best described as applied science 

or advanced and inventive engineering. 

These words c w e r  a very wide field indeed. =thin this wide 

field, w mst select those special  a c t i v i t i e s  i n  which w have a 

best chance t o  make an outstanding contribution. In considering the 

long-range program of the Laboratory, we have, therefore, t r i e d  t o  

avoid additional enterprises even though such enterprises may look 

interest ing and challenging, unless we f e e l  that we happen t o  be 

specif ical ly  equipped for  a par t icu lar  responsibi l i ty  so that uur duties  

can be performed i n  the most efficient manner. 

a* Peaceful a@plications of nuclear explosives (Plowshare) 

The use of nuclear explosives f o r  peaceful purposes has been con- 

Nevertheless, s idered  seriously i n  ILtrermore f o r  almost three years, 

the t o t a l  amount of effort so f a r  has been a very small fract ion of the 

work of the Laboratory. Yet we believe that  the po ten t i a l i t i e s  of t h i s  

development are exceedingly great. 

*&on by the digging of harbors and canals. 

usefulness of water resources by the establishment of dams, by breaking 

up .impemable underground formations and by other means. 

attacks have been discussed on the problem of petroleum supplies, and 

They can a f fec t  water transporfa- 

bne can great ly  increase the 

Several 

while the d i f f i c u l t i e s  seem great, t he  possible reward i n  the exploita- 

t ion of t a r  sands and shales could have consequences beyond any present 



. estimates, _ .  If one adds t o  the basic problems of water and oil, the further 

poss ib i l l t i e  s of big-scale underground chemical reactions, the creation 

of underground heat supplies and otber proposals which may bear fruit, 

one can see a r e a l  poss ib i l i ty  that the development of Plowshare may 

be of the greatest  benefit  t o  o i i  country and, i n  f ac t ,  t o  people 

beyond our boundaries. 

It i s  not t o  be expected that  a l l  of these poss ib i l i t i e s  can be 

realized and even less t ha t  they will come to  fruition i n  the next decade. 

On the other hand, we are convinced that some very substant ia l  successes 

w2l.l be achieved i n  the coming decade provided that the  Plowshare .prop- 

is vigorously pursued. 

- .  

The role  of LRL i n  t h i s  program should consis t  in the develapment 

of new tools  and new approaches, 

nuclear explosives which can be used f o r  earth-moving purposes without 

The mew too ls  include the invention of 

dissemination of dangerms radioactivity. 

velopment of nuclear explosives of small yield a t  wall cost. 

present time, we are hampered i n  our plans by the f a c t  that, as a rule, 

,They further include the de- 

A t  the 

nuclear explosives compete favorably with other mthods of blas,%ing only 

incase the explosion is big. 

The investigations of new uses of nuclear explosives are concerned 

with containment of nuclear explosions, d i s t r ibu t ion  of the radioactivity, 

prbduced, changes i n  the rock adjacent t o  t h e  explosion, and, generally, 

effects of the intense heat and pressure produced by the explosion.. 

Beyond the stages of the development of nuclear explosives and 

of the investigation of desirable e f fec ts  t h a t  these explosives may pro- 

duce there is a great abundance of challenging tasks i n  the f i e l d  of the 

- 0 -  
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economical applications of Plowshare. 

t o  go deep ly in to  these further developments. 

these opportunities will greatly surpass i n  scope anything tha t  the 

Laboratory could a f f o r d  t o  do. 

tion, with the Corps of-Engineers, and with the Bureau of Mines such 

possible applications, and we h o p  tha t  these a s  well as  other govern- 

ment organisations will participate i n  future-developments. 

The Laboratory does not propose 

Indeed, we expect that  

We have discussed with Sandia Corpora- 

M o s t  particularly,  we e x p c t  t ha t  private industry will take fill 

advantage of the opportunities afforded by Plowshare. In addition t o  

.zaam8rcms expressions of in te res t ,  i n  one special case a substant ia l  

enterprise has been started by a private company (The Bichfie.ld Company 

i n  connection wit21 the Athabasca t a r  sands). 

We hope tha t  private companies Will exploi t  the poss ib i l i t i e s  which 

are  opened up as soon as this can be done with f u l l  effectiveness and 

wfth complete safety. We f e e l  that WQ should l i m i t  our e f f o r t s  t o  the 

- developmental phase and t o  such assistance i t a  f u r the r  tasks  which w i l l  

I be required by private industry.  

Of oourse, there may occur applications of such magnitude which no 

pr ivate  industry can undertake. If such a situakion should arise, we feel 

that the gmrnment should establ ish the praper methods of handling the 

-s i tuat ion and we believe that i n  such a case, the Laboratory w i l l  serve by 

making available those tools and by performing those adaptations which w i l l  

make the task easier. 

b. High-temperature reactor research 

I n  conneotion with work on the nuclear ramjet, the Laboratory is  ac- 

The quiring special  knowledge on high-temperature, gas-cooled reactors. 
. .  

range of temperatures is very high; i n  f ac t ,  almostr twice as high as any 

now planned f o r  industr ia l  useso 

0 0  I5204 - 9 -  



psast from tp. thermodynamic efficiency, high temperatures have the 

particular feature that the nuclear fuel and the fission products can diffuse 

more easily Into the materid. of the 1notkr8tor. 

me1 elements in a more flexible and mor@ eeOIMmie manner. 

of these high ter~tperatureer muld also be erplored. 

!&is makes 1% pOSS%ble to ban81e 

C h d o a l  al~liC8tions 

In eaae the reELetoT for the met  p r o d  satisfactorily, the fabowtor~r 

has the long-range glan to turn its special knovledge gained in  this high--ature 

f&eld toward peaceful purposes. ~n particular, the Zgboratory should be interested 

in estabU6htng 13 amall. s a l e  prototype of mtch a reactor. Tt will have to be seen 5 

later *ether the Iaborstary eould do IO on its own effort or *ether ooaperatlon 

with private enterprise would be preferable. ~n aqv -6, we mala Uke to Wt 

our contribution t o  the establishment of the feas%bUty of an ecomdcal high 

temperature, gaer-cooled muhar reactor. 

agencies, m a  most particularly private iradnstry, will be in a position t o  -loit 

the sdvances nhich we! may have made. 

We hope that in ease we mcceea, other 

The IsboratoqT recognizes that in the genezzd fieu of mZu3.ear xeat3toru Qur 

country possesee8 great and effectire research institutlolllr, such et8 the Argome 

mt2oIU Is-tory, tbe osk Ridge ElStionaJ. Isborstorg, ana the Bxmomm- 

National Ubratery, with which, as a general rule, we do not desire t o  ciaqpete. 

- 10 - 
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Ihe problem of the production and confinement of a sufficiently hot p3aams 

appears to be most diffiault. In a broad internstlonal effort in nbich OUT 

Laboratory has p-d 8 vigorous and reputable psrt, many reasom for these 

losaee have been discussed and understood. mere is expectstion that within 

the next ten years a working model of a controlled thermonuclear reaction fzul 

be established. A t  the same time, it must be pointed out that this is only a 

hope anb not a certainty. In ease there 6hould be mcc88s, we f a  sum that 

(b) Better uontrol of by-products. ‘Ibe thermonudeaz rssation p-Ce@ 

fewer and more easUy controued radioactivities. Generally, the ba- exmecte(l 

with such a reactor ere expsctecl to be much smaller than those e~nneetdl w2th a 

fission reactor, 

( c )  Mroct conversion of a rmbstantial. part of the thermcsr#zclssr power into 

electrfcity, 

themselve8 in a simple and natural fashion to the pmUem of’dhectcaonverCion. 

The methods now contemplated in confining tke hot, ionized gas 2end 

3. Sbrt-rangg genefitst 

B e  inveatiga;tion of controlled Fusion bas l e d  UB into a thorough scientific 

001520b 



study of the behsdor of hot ionfeed gases of plasmas. 

important role i n  e l e c t r i d .  discharges. 

8Jxmmod w i l l .  solve the Ufficult problem of cantrolled energy rsleute fkdm mion ,  

it wlll have led t o  new and usable techniques i n  the handling of eleatfiedl as- 

dharges and connected phenomena. 

lhese pbsmrs p h y  an 

It is to  be expected that before 

4, Reccmmrendstiom and relations to i nmt ry :  

In the past two years, most effective r e s d  team have been built 

up deiticated to  the solution of the problem of controlled thermonuclear m0 
In the absence of an expeetation of early success we do not intend further t o  

* increase our teem. On the other band, we believe that it would be wasteFul sn4 

inefficient not to encourage this expert p q p  to pursue -her the soientWle and 

technicdl inveetigations rllich we have described ahme. In the lset year, the work of * 

the dnduatrles and the eaientific institutions ahouldbe encotwaged to take an 

inereaslag part in the Qleneoad research, particularly, if they Bs it in fields i n  

qpiekly or effectively replaced by industr2al. teams. !!%e IhboraWry, therefore, 

rewmnends that the Shemood effort i n  the Iavremze! Radiation I&boratory should 

OarVtinUe 8t the present led. and along established m e 8 0  

8. mgh-trpeea ccmpn ting 

%e solution of eaanplicate8 an8 difficult pby6ioal problems thrangh the Bid of 

high speed eomgutiag machinee h s  dLme&dy become a very important actidty Mthin 

the Iaboratorg progmzn. 

ArtUre activities. 

CQmPlex hitherto solved. 

It is certain to be even more impartant i n  the Iaboratorg's 

Certain problem rehtive to weapons' design have been the mbt 

Bere are, however> very large numbers of mch prObleaU8 i n  

- 12 - 



newly developing scientific fields, both applied and fundanentd.. me Ubz’atO~ 

lups an uneurpsrased canbination of experience in the use of C a U p U t b g  machines to- 

gether with the abiuty to analyze p&mieal situation8 m a t h t i -  i n  a form 

appropriate t o  numerical solution of Blfferential eqwrttom. 

next decade that this methail  w i l l  be applied t o  other problems, nmglng f rom 

raeteorologic to the f ie ld  theory of elementary particles, and we axpect t o  be in 

the forefront of thie activity. 

end perhaps as0 to participate i n  the dee45n of ccquting machinee of incrsssed 

menory capscity and increased speed, am coqenents tmich allow sueh rihances becaw 

avaiUble. 

We foresee in the 

mr this gurpoae it all bo neuesrmry to a c e  

’ ’ 

m s t  105 of the m r s t o r y ’ a  operating budget hRs been spent on 

0 

portant part. We hit.te-ve t h a t  in thie partieulur field the Iabretory ham unique 

ekps;blliCJr. 

A mall. portion of this talent and this s @ p n t  cau;l& be turned tmrsrd the 

impartant problem of weather prediction, A t  gresent, an 8 d J .  effort 

is devotca t o  this particulsr pUrpOS@. our imme8iato p a  in aich ~ a l y  two or 

three people are i m l v e d  is not t o  maka progrcss i n  the field but t o  &,tc our 

Oapabiliw of making re8 l  progrees if greater effort were to be exuploye& 
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ugper atmosphere. EBst of this work have to 3e mbW.fahen a8 a joint effort 

w3th the natianal scrtelllte pragram. It #Duld seem to ue proper t o  apgroaoh these 

prob&ms in a thorough scientific ap-t and to  pursue then m far c ~ d  p0saSbl.e in 

full cooperation w i t h  the ahole scientific coimunity. 

f. ~ l c -  resear& 

It I s  necessary for the continued health of a scientific 3Bborat6x-y to devote 

sane of its efforts to pure research. This is of importance for many of the in-  

dividuab who are a t  their best if they can participate to acme extent inbsrrie 

8chntffiC work. It is also of importance for the standing of the Iaboratory. 
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Without significant publicattons, the Irtboratorgfs FeputstiOn cannot be kept at 

a suf f ic ien t ly  high level and the IabOmtoryte ab i l iq  of recruiting and keeplag 

outstanding people will suffer. 

applied sc i en t i f i c  e f fo r t s  cannot be overestimated, 

FTnslly, the cross f e r t i l i z a t i o n  between pure and 

Among the many possibilities of pure scientific work, the I8mencs Radiation 

Iabmtory at Livermore has concentrated upon those few which are either particularly 

relevant to our other efforts or for  which w e  are partieuZsrlly w e l l  ecruippea, 

We have paia and we are planning t o  p e ~ r  considerable a t ten t ion  to lor energy 

nudLear physics or newbronics. 'Ibirr is a field of great lmportanea 3n conneetion 

Mth the developpnent Qf mChar WIOdVeS as8 Of Z.6adbm. 

A small 'pemerrtage of OUT excellent coxptatiomJ. ecCuipment ha8 been dsvoted 

and $8 g m  t.& fu- be t0 S C % a t m C  MO* -9 hsve 

perf'onued oalculatlans about the Interior constltutlon and &vebpm& of Iltsra and 

phenoanena whose sc i en t i f i c  investigation is of great value. 

msy beoome ths best sowee of shaq neutron pulses and malear ~ k m i v e r  aould 

be the beet memu of producing nem elements, thereby extendiag our knovleage of 

chemistry. Nuulear explosivelr might a 8 0  be used to study the earth's i n t e r io r  

and the C r i b  region extending f'mm our atmornhere i n t o  interplanetary spsce. 

two last topics are on the borderline between pure an& appued science and have 

been aJrea&y mentioned in the previous seetion. 

Thw, nudear slcplouives 

These 
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go Education 

One area i n  which the Uwrence Radiation Ubboratory i n  Elvermore a8n make an 

inareasingly large contribution i a  i n  the f ie ld  of education. The 8iflIXmes between 

Livemore and the Berkeley earnpus prevents a really effectzve associt3tsOn. A close 

and effective association could serve aa a source of fresh minds to the Iaboratory, 

as an opportunity for young men i n  the Irrboratory for further education, .sd 88 a 

chance for ~ ~ 1 6  of our more advanced people d want to  aceept joint  appoint~~mts 

t o  keep up an invigorating interaction with the i n w r i n g  minds of studbntso 

trea8ure which ehbuld be passed on to the next generation i n  the most effective 

manner. 

course, it shoad be c leedy  unaemtooa that i n  any such e6UdbcJration a 

Matinct line must be draom which WDUld pemit separation of the e lwa i f id  psrt 

of the work at the Itrbmtory f’ruan the neceisarily unalwsified instruetion and 

r e a d  at the e(fucational institution. 

It woul.%e gremerture to -st in thia report i n  whert partiaular an 

effeative eduaationsl Ilnk: can be establishe& 

might be one way. 

has been suggested to  the Regents of the University of C~Zifornia. 

pointed out, however, that a reasona;ble solution of this problcan xill’hrrve a Qeeisive 

influenoe 013 the health &a& vigor of the Ialmratory during the next deGade and 

Association with a tdmiaa3, iastitute 

Dxe establishment of such an insti tution i n  the Isvermore valley 

It 8hould be 

use of the Mvemre Iabomtory wa8 started i n  1952 with a m@s of 

approrlntntely 250 people t o  further weapons research ant3 8evelapanent. Xrcm this 

modest beginning, it h m  grown to 3,700 i n  amen years and added progrrp3ls i n  con- 

trolled thennonuelear reactions, nuelear propuhion, ana peaceful unci of nuclear 



eqplosions. In adilition, a mbetmtial CormpUtatioDsr group ha8 dmbpd.  Here, 

once again, the size has been dictated by requirentents of the Various progrcrms, 

the next ten years continue at euch a rate. 

could be reailfly absorbed but even thie s h ~ d d  respond to program dedUand.8. 

EOUM bring our staff to 5,600. 

An increase of 5$ per year, h v e r ,  

Ibis 

Work at Uvermore suffered greatly at first &e to lack of adcqustc p&nt and 

eqyipment. 

rec@z~ment~, 

Program demmda and people far exceeded available apace to take care of 

When the present construction progrcrm is finished in 8bOUt one year, 

f sc i l i t ies  u M d  be geared to program increases, apeeializ& unite andl obaoleicence. 

0 0  15'2 I it 
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!LW U s  Alamos Scientiflt? Isboratory was eetablished under a contract 

With the University of California i n  the early part of 194s to prod& 8 focsl 

point for  the previously diversified research airected towards the f eaa ib i l i t y  

of an atomic bomb. 1ts initial staffing was partly military and part4 civi l ian,  
- 

although the msjor technical direction was g- the  latter. 

wartime! peak atrength d d n g  the gunrmtr of 1945, with about 1500 civilians 8nd 

2OOO militarg personml more or less di rec t ly  involved in Iaboratory sctivitiee. 

It att8ineU i t8  

me Iabrstory coaducted the first nuclear t e a t  et Alamogordo on July 16, 1945, 

and provided the actual boanbs and the teohnical crew8 associated therealth f& 

the str ikes a@mt Japan lmediatedy thereafWr4 

the  time of the adoption of the Atomic Energy A& Of 1946, the M c 8 l  

I had & w e 8  to about 1300. 

the nuclear devices for use in operation CrossmaaS at aLkini i n  1946 and W Z c -  

l%vertheless, the fsboratory e u e ~ e a f u l l y  pKmidnd 

the AtCmnic Energy Act of 19h6 snd the decis$on by the AEC to continue the Icrboratory 

8 s  a permanent institution under the continuing aibninistration of the flhiversSty 

Of California, the Isboratory began t o  h-e i n  siee, u l tha te t ly  reaching 

approxim8tely its greaent etrctngth of 3250 by about 1956. Its silts hso been 

primarily limited by the  ava i l ab i l i t y  of %oca3 government housing and has dried 

essentially constant Over the last several years, 

During the first half dmen years after the war,  the Iaboratoy conccntmted 

almost a l l  of its progranrmstic a t tent ion on problems of a t t d c  weapons develop- 



A 

R 

c o  

Nuclear reactor system i n  which the cart of fuel refabrication is 
minimized through the'use of homogeneous OT mobile fuels. 

Systems which burn plutonium particularly under oonditions when a breeding 
cycle is effeotive. 

V e q  high temperature gas-cooled system whose character, i n  part, msy 
be related t o  teahnologies developed i n  the mclear m&et system. 

ment dimaxed by the mccessf'ul development of the thermonuclear fusion process 

i n  ;195L0 

applyfng various of the ski l ls  an8 technologies developed i n  connection with weapon 

activlt ies to  other areas of national intereat, 

Since then, the Iaboratory has broadened the base of its activities by 

The current missions of the U s  Alamos Scientific Iaboratory fol.bwt 

'General conduct of basic and applied research i n  the fields of ~ U d e a r  
wea+m, thermonuclear an8 fission power progrsms, a d  n u d e a r  rocket 
prapulsion systems. 
equigment amrapdate to  fundmnental research i n  nuclear physics, c h a s t r y ,  
metallurgy, and cryogenicst c ? a m p u t s ; t f ~  teekitper?, biopbyaics, and 
bio-ehemlstry. Resecrrch id e6nducM in a l l  of these fields. 

The primary mission of the Isboratory is weapom developnent. 

The TBboratory Qontains research f8Cmtiei3 and 

, 
I n  sadition, 

a major mission of the Uboratory is the etudy of the feasibil i ty Of nuclear 

rocket propulsion. Ln this field, the IsborCrtorJr is responsible forr 

A. 

a 

C. 

D. 

E. 

Theoreti& design and system atudiemr of various types of potential 
u ~ e s  of nuelear energy for roeket propulsion, 

rsrpersmental studies of the behavior of materials under the conditions 
of temperature, radiation, and gprcrpsllantrs appruprbte t o  VariOuB design8 
of nuclear mckets. 

B e  constmctbn E& operational test of prototype and pmUm5m-y modelrr 
of varicnw tms of nudcar rocket engine systems in order to dvaluste 
t?aetr problems and potential feasib5Uty for actual propulsion 1166. 

Parthipation with XASA and other agsnoies in system etudies potentfally 
utilizing nuoLear rocket propulsion. 

Participating In  the nuclear aspects of f'ulbscale nuclear motor or 
rrudear fltght testa in collaboration with NASA. 

Another majar mission of the Iaboratory is the stu@ of the procluctian of 

power Rmn the fission pmcesa0 

itself with: 

I n  this field, the Iaborato~y primSrilS ~ m e r n S  
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Another mission of the IaberstOrg is the study of the poasible -ation 

Systems i n  wWch there i e r  a direct-conversion of t h e d  to  electrical 
energy, such 88 the pbsma thermocouple. 

of pwer frcan the thennonu&Lew fusion process. 3 3  this field, the Iaborstory 

prinrsrily concerns itself with: 

A. 

R 

lIbe theory and. experimental dhsracter~stics of the %inch" effect. 

!Be construction, study, and understanding of various Taborators 
eize devices exploring the ContSirnnent, stability, tealpm-, 
ana neutron pmduction of differently generated and contained ph3IIIaS. 

A fina3. &SSiOn of the UbOwtory is participation i n  the S C i b n t i f i C  life of 

the United SGtes through 'barsic research 8nd its publAcrttion i n  those areapI which 

are peripheral to and etiBtulate the mm specifics;lly grogrcsmrpBtic misrrion8 of 

the Iabora;tory, through cooperation with education and in&&riaJL research 

institutions, snd through participation ,in program designed t o  improve the national 

level of scientific education ant3 adhieventsnt. 
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Weapon' Resesrrh- and DemA.opnt at LASL 

Under Various, Conditions of Test Moratorium 

It ahaulix be obvfous t h a t  the precise chsrscter of weapon develcpent a 

decade hence is as unknown as that which would have been predicted i n  1960 from 

the status of knowledge i n  19504 However, with this resenation in  mind, there 

folbws some delin88tion of the areas of investigation which would seem St this 

t ime  t o  be the most &uitM- and likely f a  ihrther exploration during the next 

ten years under one or another conation of testi~g. 

.an& attention wZ3.l. be confined to the f i r a t  tam situations, n s t i n g  

bizarre anU emtie systems of pro&mZng nuclear field of potent ia  Interest i n  

and mre erpanrrive pz-ogreea than the a m t r y  has been sccllstamed to under gredous 

circumstanoes of test-. 

of aevttlolpnent woul& be ruled out by this tspe of moratorium i f  the country were 

It seem uxilikely, however, that any promising line 

willing t o  pursue testing under theee cirmrmstance~~ with sufficient vigor and 

Moratorium "3": All testing above a few tons prohibited. under these 
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cbcumstances, weawn &evelopumnt would be l i m i t &  t o  further develapmnt 

and mfinement of very lxrw field tactical  r~eapone. Devebpnent of new, large 

be restricted to  systems interpolstin between p m i e a l  situations explored i n  

earuer tsat"&@S. 

Moratorium "C"*. fsmited testing after July, 1960, The PrOgreSs under these 

cirmrmstances would be similar to and i n  the same 82888 as Moratofim "An above, 

prolgress 'cpould be Bermewhat easier, cheaper, and faster - particularly in the 

-her yield 8rem wMch might othemise have to wait for outer space vehicles. 

MoStoriUm "An% No atmoepheric testing, but testing.pennitted ebenhre. 

it wuuld not 8- prob8ble that the rate of testing unbr these circumstanms 

and the return and analy~is of information therefmu wuul& pemLt @te so lsrge 

a weapon activity to be effective as heretofore. 

make a quantitative guess aa t o  this decrease or increme sinee it depemb 

entirely npon #hat rate of dollar eqentitture the country i r a  uiw t o  gut 

into underground anb outer m e  testing activities. 

It is, hmever, Inpossible to 

/ 

&BrstOritaa "B"$ A31L testing mer a few tom prohibite& !&em INXI st 

present a nmiber of easemtik. weawn sctivit iee 

may anticipate still f'urther new and interpolative weapon ffemanda a c h  #ip1 

muat be completecl, one 

continue to  occupy a substantial portton of the Isboratom*s time, 

Moratorium Y 5  Limited atmospheric testing after 1 July 1960. under these 

eiMllrmBtanc@s, 

st about their 

it ie probable 

present level. 

that both weapon and non-weapon a c t i d t i e s  will remain 
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what is the rela;tionship between LASL a c t i v i t i e s  ana thoae of W v e r s i t i e a  

Univemities or Inamtry  s l w q 6  involve government support SLOng with them. 

$8 dmaper and more effectik for the gmermnent t o  &D i t a  mrk in i t a  own 

Ubratorles than it is t o  farm it aut, 

ineffeative 0 t he  concept of adequate staffing and a&Quste varieties of intellectual 

It 

&all researah oontr%t?ts are Fraquatly 

diacipUnes should be maintained 80 that government J3aboratories alweye have very 

much more than a "critical mass" of people. 

It should also be p i n t e d  out that the  existenee af strong, lngenfous and 

versatile research groups is 811 important asset to the goverarment i n  taking on 

new ad, particularly, classified programmrrtic objectives In a hurry, As an emqle ,  

the  &stence of a strong gmug of nucle8r physieisths with tBppIWpriate supportfag 

group has been effective a t  U s  Alamos i n  the past support of teating programs 86 

well as in certain high prior%@ proposaLa now being made, 

0 6- 
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In general, while it is always possible to  transfer almost any kind of work 

8wBy U s  dlRmn8 (exct?pt, gmbabu we8pOa work), it cost the governrment 

mare, it wlU.  be less well. coordinated, and it w i l l  seriously and adversely affect 

the government*s chances of getting important mrk (including weapons work) done 

rapt- and effectively i n  its own laboratories. 

It ma;y finally be pointed out that the only large scale programs which have been 

r d l l ~  w e l l  &ne have been done by the government in government laboratories operated 

by industrid or academic contractors. Radar, the proximity Fuze, and the ateanio 
L 

enem program are c o ~ i c u a u s  examgles. Universities, by themselves, have done 

nice but  uneoardinate'8resesrch programs. 

-le, the U.S. missile program - (lone by industry - is not al- reganha as a 

And while it is perbape an unfortunate 

shining example of how t o  get t o  an obdective most rapidly an8 most effectively4 

General Conrments on,the FWure of LASL 

It is probable that the overall size of the LASL should show only slm growth 

wer the next decade o a growth permitted primarily by the avaihbi3ity of addit ional 

busing ag area8 sueh as Earrancas Meaa and White Rock are opened up, There wuld 

8em PO pressing need for %t t o  exp8nd much more than goseibly ten or firteen 

percent beyona i t a  present level and then under 8 philosophy which pllbuld suggest 

the maximum use of its existing faeilitfes. 

perhaps the greatest single question is  uhether, under a maximum of weam 
- 

- responsibilities, r .  this w i l l  pennit &equate progress t o  be made in area8 mch a6 

nuelear rocket propulsion, plutoniUm burning reactors, and 8 M l a r  fleldis in nhiih 

the LASL has a unique capability and one which muld be duplicated or installed 

elsewbere only at extraordinarily great expense. 

i n  a quantitative sense at  the present time. 

'Ibis Question cannot be-an8werea 
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I. Xntmduotion 

11. Nuclear Weapons Program of the Future 

111. 3ffect: of 5eBt XAhitations 

IV. ""Morale" Problem in B Weapons Iaboratorg 

V. Current Make-up of Sanaia 

VI. Ron-pleapons Activities for the phture 

VII. Rrture S h e  of Sanaa3 Facility Requlmmentr 

((me following is %he fkXU text of the lmg range program axbitted by 

tho sasdis corporation.) 

0 0  I5220 
= 1 -  



I. I M T R O r n T I O A  

Scnsdia Corporation has been and is today oecupied mainly in the f i e l d  

of' weapon developzuent. 

date, it is only natural. to try t o  start consideration of its future role 

and activities in relation to possible new weapon8 of the future. 

]Bemorandum w i l l .  begin with an attempt to amess these possibilities, ssndiags 

responsibilities in eonnection with them, and the effect, therefore, of various 

degrees of test limitation on SanUa's program of the Future. 

With this alzaoet single purpose for  ito eriotence to 

Zbis 

It is hpxtant to note, howwer, that the unique capabilities of sandiar 

today, In terms of both the size ant3 c a b e r  of its staff and the fae%litleo 

it has available, penait it to undertake tasks othertban mapon Uerelofarsnt. 

IIbese capabilities, caupled with the pmblen of maintaining a coargetont *or- 

ous staff working solely on weapon development, especially in a period when 

the &le tenor of the nation i o  to lceduce the enphariio on nuclear Luaa(uldnt, 

make it imperative for sandis to b k e h  out into new fields of enaeamr* 

latter part of this memorandum io a discuooion of what these fields may be, 

work on Pome of vhieh being already underway in a modest way. 

B e  

11. 4 NUCIgAR -NS P R W  OF lIBIF 

Sandia's tradltlonal role i n  weapon development is best describoa by the 

J 
term "ueaponizing", wMch is Intended to convey the notion of taking a nuclear 

dcrice developed by one of the nuclear laboratories and adapting it by proper 

encasement and by addition of suitable gadgetry into a useful bomb or warhead 

meeting specified military ebamcteririties. 

the nuelear laboratories, on one hand, and the m i m  branches of the DOD, 

on the other hand, we arc in good position to see early tbe new designs that 

may be forthcoming f m t h e  laboratories ana the future needs for new mapons 

v 

In this mIddle position between 



by the milftapy oerviceoo Y e t  wc are ccrtaialy not experts in the desZgn 

of nuclear explosives,  no^ can we pretend to understand a l l  facets of the 

military problem, 

future should be accepted i n  terms of this middle ground froa &fch we view 

anrS OUT picture of the nuelear weapon program of the 

the aftuation, 

Within the f ie ld  of nuclear weapon development, Sandia has a larger role 

t o  play i n  the Toeaponization of bombs than of missile wa~hcads. 

no m e  i n  any other factors i n  the weapons programo it 8~~1116 reasonable 

Thus, given 

t o  assume that there nay be some s m a l l  reduction in workload if missile 

s;)rsteae 8upplant manned aircrsft, Also, should a partial or full ~ o ~ a t o ~ u m  

slow radically the entry of newno&els into stockpile, the weaponization 

load would deerease, 

'J 

III. EWECT OF 'PEST LXCTATIONS 

lk& Urnitations affect directly tbe work of the nuclear laboratorfes 

and, except for our direct partlclp8tion in the tests, affect Sandlu's work- 

load only as weaponleation may or may not result frcan the tests, 

noatications on the effed 4Q varlow kinds of test limitations 8,re vague for 

the nuclear laboratories, they are even mre ao in the case of Sandia, 

1, 

If progo 

Nostesting i n  atmospheper, but allowed unde ~0 

Clearly surface testin@ is the  e!aaiest a d  chap8t  t o  conduct and most 
I 
I 

irmrzediately productive of replts, and so this limitation u w l d  be restrictive 

when ccllllrpared t o  the past, but a useful impravement over the present complete 

ban. 

quantitative form. 

However, the nuclear Sboratories must obvic~~ely put this statement i n  

milia, as plans now go, would be heavily involved fn in- 

strumentation of tbe outerspace teets, OUP m.1e i n  underground teets is not 

get fully defined. 
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It is our est-te that this t e a t  condition stretch out greatw 

~mvennents  i n  IcgyZ'S becayee of the 8ffYiculties inherent In oaterepace 

testing, 

learming hov best to conduot underground  test^, low-yield weapon programs 

especially for tactical  applications, might proceed a t  a rate almost as 

high a8 if Burface test- =ret permitted. 

2. 

, 

We would guess, m e r ,  that af'ter a period of a year or two of 

%sts prohibited ercept ,for yield6 up t o  a few tons, 

situation VOnLd peraait hardly more than %Bfetyw shots or amal l  

erkapoUtiona of Azll-ec8le tested desQn6. It I8 our opinion that the 

militsrg services riu. be most reluctant t o  d t  any regpon progrcrm to 

an &est& des-, Po matter ha+ Oo-Iw the Of 8ll 704 

oalculation. 

hardly justifs, 1~ believe, ppesible gsins i n  efficiency of 2X's and even 

%e risks involved in &- and in militarg capsbility 

< 

mre. 

!l%tus we see l i t t le difference between this condition and the present 

one as far as the overall progrspl is concerned or that epeoifidlly at 

S a n d i a o  

3. AfterJuly 1960 limited tests up t o  2 MT fi88iOAabl@ yield per year. 

This condition wuld o b v i m l y  pennit a sizable test program, yet not 

caplately unlimited, 

mont imprtant. 

proof tes t  shot is needed or vhether "effecte" teets or "diagnostics" of' 

new ideas have first p - i o r i . .  

It tlould reqyire careful determination of vhst $8 

Sua questf$im ell have to be anmered a6 whether a DOD 

%viausly, Sasdiats program i n  weapons 

vill be at the highest rate under thirr condition. 

vlgoroua nuclear weapons developanent program should proceed whether a 



test moratorium, a pemaneqt ban, or a limited ban is in effect. 

are pious words t o  which it is easy to assent, but in fact t o  inspire 

mese 

and/or harness an able group t o  work vigomusly on nuclear weapons under 

such conditions is  very nigh impOssfble. Times of w a r  or times of Crisis 

will bring out really intensive effort from dedicated people t o  rork on 

reap=. 

is so obviously directed toward bing  amy with '%orror" veaponn, the 

dedication of able and thoughtful people t o  work along vhat appears to be 

But i n  times when public opinion and apparent government policy 

a can te r  direction is most difficult t o  impire or oananand. 

What are the alternatives, if M e e d  it is right that our nation &mld 

use same of its effort to  m e  "vigorow~ly" the maleer weapon business? 

'Fo continue as is, particularly at Sandits wbem alanost our ent- effort 

has been on weapons, w i l l .  result in the loss of our beat people. lb can 

zm doubt maintain some kind of staff content t o  earn a ~ v i n g  vorkiag on 
1 

re~polld a l l  their  career, under the lese orciting conditions we fore& 

8-0 But this hardly seems to ua a beat soltrtiion. 

We beliewe a far better solution to the problem is t o  broaden Ssndis*s 

respon8ibUties t o  enemp8as other fields of activity, 

part of the laboratory's uta- and part of the time of staff ma'rs 

engaged i n  other challenging technical activities, we can have part of 

lzms by havine; 

the effort of able people to work on weapons. l h i s  can be worth 8 l o t  

more than 1OC$ of the effort of people with mediocre talent. 

V, c=uRRn;rrr)IIAIcE=UPOFSAmDIA J' 

Since its first beginnings ?%8 2 Division of .LASL in 1945 and especitally 

Corporation in 1949, t h i n  laboratorg bas grorn since it became part of 

steadily, both i n  the size and caliber of its staff ana i n  its plant and 

facilitiea. Sandia Corporation is today an organization of nearly 8ooO people 
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with experience and competence i n  many technical fields. These may be 

described as physical reeearch, research and development i n  device8 and 

materials, gystema analysis and planning, structural design, development 

and testing for severe environments, large scale f ie ld  testing, engineering 

for manufacture, quality control i n  manufacture, quality a t 3 m c e ,  f ield 

engineering, and d l i t a r y  training. 

!his competence has beenbuilt up mainly to  handle the diverse problems 

of &vel- the ma-mclear parts of nuclear weapm. 

applicability to  other technical problems is obviouae 

Sandia'e work may be describe& a13 Rm, we have also built up a staff and a 

However, its general 

while a major 'psrt of 

cannpetence t o  follow thraugh prlth all our designs into manuf+acture and into 

use, i n  order t o  insure that the military services were given a product that 

m e t  reqyirements and hela up i n  use. 
.__ 

\ 
! 
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VI, NON-WEAPONS ACTIVITLES FOR TEE FU!tNRE. 

A8 stated earlier, it is our conaidered opinion that Sandis must i n  the 

future devote a larger fraction of its effort in areas not strictly concerned 

with nuclear weapon8 development, 

possible to maintain 8 strong staff to do weapons work in 8 period when public 

opinion and government policy does not obviously support a vigoroua nuclear 

policy. There is a aeeond reason also, namely, that weapon technology even 

in It8 non-nuclear aspects has today so fully e-loited the existing art in 

electronics, mSterials, and..related fields that there is 8 need for concentrated 

research in these fields to prepare for the needs of the weapons of tcmormw. 

We argue that only in this way will it be 

In the topica listed below, we have therefore hcludea area8 of Incregsd 

or new effort for SEtndiS Flfiich we belleve w i l l  satisfy these two needs. 

1. Bemama effort in basic research and ~ l 0 r a t o z - y  devebpnt. 

Bssic research fields related to the needs of our business is underway - 
and is being increased as scientists of the proper qyaUficatioxm an8 interests 

can be glcquired. 

high temperature phemmem, solid state physics, pbystcal electronics snd cam- 

Areas i n  which new knmhdge i$ sought include hydromigneties, 

bustion pmcesseu, 

the application of new knowledge or the new application of old knovledge to 

AgpUed research and exploratory development program8 seek 

provide better weapon components, materisls, circuits or systems. Mathematical 

reaearch seeks new methods or techniques in statistics, numerical analysis or 

systems studies. 

8-fi-t steps forward in the future, both in weawn8 and nonoweapons fields. 

In these basic and applied research effort8 lie our hope for 

- 1  i 

i 
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2. Radiation EPfecta, 

It has been recognized that some weapon6 will have to operate in the 

gremee of nuclear ewlosions of the enemy. Tb understand the phenomena 

of radiation dan&geJ a reactor and related facillties are being installed 

at Sandia M c h  w i l l  make possible a thorou&going pragram in this field 

wvering both the sefentific and engineering m c t s  of tbe pmblem. 

effort is already underwayo 

3. Detection 8 p t e w o  

SOYE work is in progress at sandia relating to aspect6 of the detection 

Modest 

wtem that may have to be installed if an internertionsl agreement is reached 
I 

I on a test b a ~ ~  I 

Sandia can, we believe, contribute to plorehase i n  at least three m. 
first, we are coducting cratering atudles rfth chemical erplosives with the 

purpose of finding how best to srraage nuclear erplasivee for Various kinds 

of excavations w i t h  maxhun containment of radiosetive products. Second, we 

&re helping Iw;plan varioue projects and assisting in the necessarg in- 

strumentation with particular reference to fallat, ahock damage, and other 

safety problems. 

develoys nuclear explooives designed speeificslly to meet the needs of the 

F%m&mre applicBtfon rather than mili- reqylraents, 

em- and Bocp to &nimize fission gmbcts w i l l  probably be paramcmt, W e  

Third, at sane fnture date it KUI. probably be desirable to 

Consideration of 
J 

- 1  size and weight w i l l  be less important. It seem only natural to expect that 

Sandia will be heavily involved in such development. 

3. Speclallzed Reactor Design. 

Recently Ehndia bas carried out for LASL considernth planning and d e a w  

work on the Turret reactor with the expectation of bu.llding an experimental- 
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! . m0del of the reactor in Al'tn;querque, Although this plsn wa8 not approved, 

this effort suggests a role that Sandia can play in the AlEC'rn reactor program, 

me design capabilities of ssndia coupled with its experience in the field of 

materials fitted w e l l  the Turret problem, The erperience gained on th5a project, 

as well as other work on Rover, has given us confidenee that we are well equipped 

t o  bm3l.e similar problems 3.19 the reactor field. For example, the developnent 

of' portable reactorsl for the military could very mlJ.  be aasumee8 by EbsndIa. 

VI10 FcJTmE s m  OF SAmIA: ' P A C m  R E 7  

sandia is today aperating k t h  a manpower ceiling of 80000 It i s  our 
* 

recormendation that this ceiling be held regardless of tea t  conditions. 

pointed out easlies, eilmost the entire staff is now engaged in veaprn progremsa 

As 

We foresee an eventual clemase i n  weapon activity especi- with limited or 

CcqPlete bana on testing, applying the mobst effort now t o  non-we8pon work, 

! new ones are d e r  copstruction or approved, 

5s not BO favorable, and a lasge part of the staff is housed 2x1 inabqUSrte, 

eostlY-to.sraintain, ro0-n etructures, eome of I-JX!XU buildings built for use 

In terms of buildings the situation 

by CCC amps in the late !B'% Most urgent I s  a contimed constructbn progrsm 

Simea at repheing these worn-out building80 

funding requirements of a few million dollars annuallJT to  cover aome nev facilities, 

replmrcement of o ld  faci l i t ies  and the construction of new buildings, 

" 
We f o r e B e e ,  therefore, contimed 

. 

Early in Sandis's history atomic weapons were assembled at Sandia and 8ome 

of the components and auxil3xu-y eQuipIgent produaed there. As the Alpx: manufactaring 
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com@ex was built  up, and as we developed 

duction activity of w d i a  was reduced, 
- 

v 

reliable subcontractors, the pro- 

Sandla has evolved thmugh the years, therefore, into an organization 

primarily engaged i n  R&GD activity and i n  certain "engineering for manufacture" 

f'unctions, but not i n  manufacturing per seo 

On the matter of weawn developent, nitb its special problems of security 

and safety, there seeme t o  be no question that such activity should be a re- 

sponsibility of the AEC and hardly one that can be contracted to  private in- 

hatry,  

me?wrandum, one might mise this questiollo 

for Sandia is paper, Ln Project Plowshare, for exapple, we anticipate that 

eventua3lg private industry will participate i n  the planning and preparation 

activity, 

af nuclear eqlosives and safety matters Burrounding the problem, 

In sane of tbe areas of new activity for Sandla proposed early i n  this 

Here, too, we believe the role suggested 

Hovever, the AEC w l l l  have t o  retain responsibility for detonation 

We foresee 

SmUa 8erviw 8 s  the technical a m  of the AEE in mchmatters. Detection q8tems 

again 8hbul.d be a closely held activity of the government, and so we believe 

Sandiats role i n  this program is proper. 

believe th8t there is a proper role for Sanaa, even though this  18 certainly a 

Zerrge area sMtable f o r  private enterprise also, Those reactors which involve 

advanced concepts axe, hmever, high-fisk ventures for p r i n t e  industry, unless 

the work is fully subsidized, 

reactor aoncepts an8 i n  the eonstruction an8 test of small-scale -rimentrrl 

mactora, w e  believe that Sasdia cg~ll make significant eontributions and still not 

pre-esnp a f ie ld  rightftilly i n  the domain of private industry, 

In the reactor development field, we 

In this area of research and development on Savsnced 

Such a diversified progreun w i l l .  result i n  retention and even strengthening 

of its present staff. 

adverse conditions of a tes t  ban, as w e l l  as undertaking other technical progrsms 

of importanae to  the nation, 

It w i l l  make possible carry-ing weapon program under the 

0 0  1 5 2 2 9  - 10 - 


