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COMMENTS ON REPORT - ROLE OF AEC LABORATORIES

There are attached twe draft documents entitled "THE FUTURE ROLE
OF THE ATOMIC ENRERGY COMMISSION LABORATORIES - A Report to the
Joint Committee on Atomic Energy” for your information and review.
As 1 am sure you are well aware, the study of the future role of
the AEC laboratories, particularly as it will have impact on the
future conduct of the AEC Biomedical Program, is of considerable
significance and well merits careful attemtion,

We are required to provide detailed comments on this draft study
no later than October 28, 1959. To facilitate this endeavor I
request that you provide me with comments as you may consider
pertinent but, in particular, as related to the following:

1. Omissions, deletions or additions concerning the general
statement of the Commission's Biomedical Program, its reaponsi-
bilities, obligations and continuing requirements.

2. A review of the Biomedical program as proposed by us
for the various laboratories in the next decade (Part II) and
amendments thereto as necessary,

3. Review of Part IV, Summary of the Long Range Biomedical
Programs, as submitted by the laboratories, and corrections thereto
as necessary.

4. Compare material submitted under 2 and 3 above as to any
significant inconsistencies between programs proposed by us and
those planned by the laboratories, and provide statements recon-
ciling such differences,

Please provide this material to Mr. Stanwood for coordimation mo
later than Tuesday, October 27, 1959.
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Dr. Bruner
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INTRODUCTION

This report is submitted at the opening of a decade that may

well hold the gravest challenge this Natlen has yet faced.

It is pecu}iarly appropriate that, at the outset of this period,
we should be consider@ng and ﬁlanning for the future of the Atomic
Energy Cbmmissien's laboratories, for on them and on the other re-
search and development institutions of the country rests tue
resﬁénsibiiity for providing the increased undersfanding of the
physical world ;nd of life processes and for achieving the rapid
applicatioﬁ of scientific knowledge to practical use on which our
place among the nations depends.

Scientific and technical achievement alone will not guarantee

that place; it muét'be merited by the preservation and fuller realiza-

tion of the ideal of freedom whose many manifestations have been the

basic strength of our society. But without continuous progress in the

sciences and technology, we would soon find that we could not preserve

the conditions of national security and material prosperity in which
the ideals of freedom and” individual fulfillment can be most completely
attained.

With a challenging future before us, and with nearly two decades
of federally-sponsored research and development in nuclear science and
technology behind us, the request of the Joint Committee on Atomic
Energy for a broad review of the present work of the AEC laboratories

and future plans for them is welcome and timely.
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In the last decade, as removal of security restrictions has per-
mitteé the spread of knowledge of most of the work of the laboratories,

they have become recognized world wide for their abilities and their
performance; this report, therefore, makes no attempt to summarize
the manifold contributions of these institutions to the national
security, to the peaceful uses of atomic energy, and to the increase
of ﬁan'é ugderstanding of nuclear processes.

One note of caution must be included, even though it méy-be
quite dbviéus. In any field of human activity, an attempt at a
ten;&ear prediction‘is hazardous at best. In scientific résearch
and development, and particularly in so new and dynamic a field
as atomic energy, the hazards are multiplied many times over. There-
fore, i; mist be recognized that the forecasts included here can only
be projections of what we know teday; they will be certain to be
Fhanged in greater eor lesser degree by tomorrow's findings. It is

important to bear in mind that the statments concerning the future

are not programs or proposals, but predictions.

Plan of the Report

In order to forecast intelligently what each AEC laboratory will

be doing in t he next ten years, it is necessary, first, to arrive at

some conclusions as to what the agency as a whole should be doing




ifi

during that period, and second, to determine what types of insti-
tutiens should perform the needed work. Therefore, after a quanti-
tative review, in terms of dollars and manpower, of the current size
and past trends of research and development in the United States as
a whole and in the AEC, the study examines first, the AEC's current
view of its research and development objectives for the next decads,
second, the levels of effort and trends of emphasis that will be re-
quired to meet these sbjectives, and third, the appropriate roles of
the AEC laboratories, universities, industry, other non-profit re-

search organizations, and other federal agencies in the work that

lies ahead. -Within this frame of reference, Part Two of the study

consists of aq individual brief statement on each major laberatory,

describing its background, current program, and summarizing the
AEC's future plans for it. Part Three is a summary of the conclus-

jens reached in the study.
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Part 1

THE RESEARCH AND DEVELOPMENT ACTIVITIES

OF THE ATOMIC ENERGY COMMISSION
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BACKGROUND

(This section will consist of two parts; the first, still in

préparation, will be made up of tables, charts, and naara-
tive describing the size and trends of all research and de-
velopment in the U. S. as a whole, the government's share,
and the AEC's share. It will also discuss past trends in
the AEC's research and development work in dcllar and man-
power terms, and will discuss specifically the relation of
AEC~supported basic research to total basic research in the
U.S. The second part, definitions of some terms,follows.)




Definitions

At the outset, it might be well to define for purposes of
this study a few of the terms that will be frequently encountered.

The term basic research will be used, as it is by the National

Science Foundation, to mean research which is directed towérd increase
of knowledge in science. It is research where the primary aim of the
investigatorAis a fuller knowledge or understanding of the subject
under study rather than a pracfical application. This type of research

is distinguished from all other research and development work by the
fact that it alone has no immediately useful goal. It islnot under-

taken to answér an engineering question or to find a cure for a
disease or to identify a material which will meet a specific struc-
tural requirement. Whether ultimately it will be of practical value
frequently cénnot be predicted by the researcher at the time he is
working on the problem. An example is Enrico Fermi's wdrk in Italy
in 1934 when, in attempting to find some explanation for the peculiar
results experienced in inducing artifical radiocactivity in silver, he
discovered that certain substances will slow down, or moderate,
néutrons. This discovery was later to become an essential principle

in the consfruction of atomic reactors.

The second aspect is applied research and general development.’
This term categorizes work undertaken or carried out because of the
clear probability that it will have a useful end result. It is

applied to work of a general nature as distinguished from the specific

SRt ey!s
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type of development encompassed in the next category. An example
is the work of Argonne National Laboratory in the develcyment of
the fluidized bed. In traditional chemical processing, materiais
are frequently dissolved in order to react one with another. In
the fluidized bed method, a solid is powdered, instead of being
dissolved, and the gas to be reacted with it bubbled through the
bed of powder as though it were a liquid. This work was under-
taken to develop a technique which offered hope of eliminating
the use of large volumes of liquid in chemical work. At the

time it was_starﬁed it was not directed toward the solution of
any specific engineefing or production problem, though its general
potentialities were recognized. Subsequently the technique waé
adopted by private industry for the supply of feed materials to
the Commission's production plants.

The third category is project development. It includes the

substantial amount of effort devoted to the solution of specific
problems encountered in producing an end product, such as a
pressurized water power plant, or a recovery system for a specific
reactor fuel. A good example is the Shippingport pressurized
water reactor. The project development of this plant was under-
taken after the feasibility.of the construction and operation of
pressurized water reactors for power production had already been
demonstrated at the Nautilus prototype in Idaho. There remained,
however, a great number of difficult problems to be solved in order

to produce a large reactor that would meet the requirements of an

0014903 BGE ARCHIVED



operating utility. These problems included such métters as pumps,
control systems, fébrication of maximum-life fuel, and shutdown
systems necessary to aséure the safety of the large population in
the area.

The fourth category is process and product improvement. This is

the type of work frequently encountered in industrial laboratories.
It is concerned with lovering costs and incréasing the efficiency of
'ﬁrodudts or systems which have already been developed and put into
productioq or operationf In the AEC the effectiveness of this work
is evidenced by the great increases ih production and reductions in
operating cost ?er unit of product that have been achieved at the

production facilities.

Tt is, perhaps, unnecessary to emphasize that the range of
research and development work, from the most fundamental on the one
" hand to the most practical engineering development on the other,
is maae of indistinguishable gradations. Therefore, the application
of the terms Just defined is subject to degrees of interpretation,
_and their use will always be somewhat arbitrary. Nevertheless, they

are helpful in enabling us te speak generally about related kinds of

work,
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Section Two
OB JECTIVES

The AEC lsboratories and their future role can be forecast either on
the general basis that these institutions constitute important national
assets which must be preserved in order to maintain in being a substan-
tial body of technical personnel and facilities ready to attack problems

as they arise or they can be considered more specifically from the stand-

point of the individual objectives which constitute the current mission

-

and the projected future program for each. Theif importance as national
assets is generally recognized, but the prescription of a program based on
thé desirability of preserving them rather than on the functional needs
which they should meet in the future might well lead to an uncritical static

forecast. This report proceeds on the assumption that the second type
of analysis is the more meaningful.

The broad objectives of the AEC's research and development program,
in the carryidg out of which the laboratories are a major factor, are

'stated in the Atomic Energy Act. They stem from the national atomic
energy policys:

the development, use, and control of atomic energy shall
be directed so as to make the maximum contribution to the
general welfare, subject at all times to the paramount ob-
jective of making thé maximum contribution to the common
defense and security; and )

the development, use, and control of atomic energy
shall be directed so as to promote world peace, improve
the general welfare, increase the standard of living, and
strengthen free competition in private enterprise.

0014905 -
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To effectuate this policy, Section 3 of the Atomic Energy Act of
195} establishes these general objectives among others: +he encourage-
ment of maximum scientific and industrial progress, the encouragement
of widespread participation in the development and utilization of atomic

energy for peaceful purposes, promotion of the common defense and
security and making available'to cooperating nations the benefits of

peaceful applications of atomic energy. Out of these gereral missions

have been delineated the following objectives for research znd develop-

ment in each of the principal program areas:

Materials Programs

In the fields of raﬁ materials, source materials, and special
nucleér'matefials, the dbjectives of development work can be stated
quite simply: |

| 1. To assure adequate supplies

2. To reduce costs by developing more efficient produc-
tion and processing methods.

The substantial research and development program formerly carried

.on in the raw materials field has been discontinued as an adequate
H
supply of ores and concentrates has been assured. Commercial procure-

ment has placed the responsibility on private industry for procéssing

improvements.

J.2-2
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Tn source and special nuclear material manufacture, improvement
programs will continue to be carried out in an attempt to continue
the steady trend of increased production at lower costs that has

characterized the production activities since their start-up.

There are no requirements evident today that will call for the

development of new production techniques or major new production

facilities.

Weapons Development

Stated generally, the weapons work is aimed at the development

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

methods for weapons production, storage, and maintenance.

Nuclear Explosives (Plowshare)

The work on Plowshare is in its early stages. Its objective is to
develop methods for utilizing nuclear explosions for peaceful purposes,

including the design and development of nuclear devices to serve specific

applications such as mining and excavation.

Maritime Reactors
The merchant ship program has as its majof AEC objective the develop-
ment of 1ightlﬁeight, compact nuclqar plants, capéble of remote operation,
that can operate ih commercial competition with conventional vessels.
Supporting this primary objective are these subsidiary aims:

1. To develop operating ancd maintenance techniques for

the U, S.. Savannah and to establish a pattern for the servicing
of future nuclear merchant ships.

2. To attain acceptance of the Savannah and future nuclear
merchant ships in unrestricted domestic and foreign commerce.
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,_Military Reactors

" In this field the AEC's broad objective is to provide specially
designed and developed reactors to meet specific service uses deter-
mined by the Department of Defense and the National Aeronautics and

Space Administration. The fields include reactors for the propulsion

of a variety of naval vessels, manned aircraft, rockets, and ram-jets;
stationary power plants for a wide range of sizes and field uses;
~and small auxiliary power sources.

1. Naval reactors.

a. To continue the development of propulsion units
for applications ranging from small submarines to
large aircraft carriers.

b. To investigate and develop improved types of pro-
pulsion systems, such as the natural circulation

pressurized water plant.

c. To obtain longer core life for present and future
plants.

2. Manned Aircraft

a., To determine the feasibility and performance
characteristics of direct cycle and indirect cycle
plants. -
b, To run a ground test of a complete aircraft
pulsion system within five years. .

¢. To achieve manned, nucleér powered flight
within the next several years.

3. Missile Propulsion Systems. Present objectives are
limited, in both the rocket propulsion and ram-jet
systems, to a ground test demonstration of feasibility
within the next five years. As that goal is approached,
objectives for flight testing will be established.

I-2-L
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L. Auxiliary Power. This program is directed toward the
development of lightweight, long-lived nuclear auxiliary
power sources for special applications, including iso-
topically fueled units as well as reactors.

5. Army'Reéctors. The research and development objec~
tives of the Army Nuclear Power Program are:

a. To develop a family of nuclear power plants in
the power range of about 100 KWE up to 40,000 KWE
for all three military services. '
b. To increase power and core life.

¢c. To develop simpler and more rugged components.

d. To make plant operation as nearly automatic as
possible and reduce crew size.

e. To reduce on-site construction time and costs.
f. To improve mobility.

Civilian Power Reactor Development

Current planning in this field is based on the following objectives:

1. The achievement of nuclear power generation costs

that- are comparative with power cost of fossil fueled
plant on an equivalent station design basis, in high
energy cost areas in this country by 1968. (High
energy cost areas are defined as those where the cost
of fossil fuel is 35 cents per million BTU's.)

2. The achievement of nuclear powsr generation costs
" that are comparative with fossil fueled plant cost on

an equivalent station design basis in all but the low
_ energy cost areas by 1975. (Low energy cost areas are

defined as those where the cost of fossil fuel is

25 cents per million BTU's or less.)

I-2-5
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3. The successful development of breeder type reactors that
will serve as a source of plutonium and uranium 233. This
type of reactor offers the potential of full utilization
of the latent energy in both uranium and thorium. The
primary objective is to develop those systems that offer
the best potential of breeding. A second objective is to
" develop a breeder system that will also produce competi-
tive power.

i. The successful development of a reactor type that can
operate independently of a continuous feed of enriched
fuel from diffusion plants or separate breeding reactors,

The prime objective for developing this reactor type is
to obtain low power generation cost; however, there are
two other basic objectives; conservation of fuel reserves
by burning natural uranium; and assistance to friendly
foreign nations who desire to be independent of outside
sources of enriched fuel, in the development of nuclear
power technology. This class of reactors would utilize
natural uranium as a fuel or operate on a self-sustaining
recycle basis after initial "spiking" with enriched fuel.

A fundamental role of the AEC, in pursuit of the above dbjeétives,
is to develop a broad technology that can be used by the nuclear
industry and electric power producers in the achievemént of economic
pover generation}with nuclear reactor plants.

At this stage of the technology it is difficult to delineate the
specific technical objectives or goals for each reactor type that, if
reached, would 1egd to competitive power. It is possible, however, to
state the broad technical objectives common to all reactor types which

offer the potential of lower power generation cost. The manner in which
these objectives will be approached is dependent upon the unigue charac-
teristics of each reactor type. The significant technical Objectivés

that offer promise‘of meeting the program objectives are:

I-2-6
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1. To Increase the Thermal Efficiency of Nuclear Plants:
Higher plant efficiency will reduce the reactor thermal
power required and the amount of fissionable material
burnup required for a given power output. Achievement
of this objective offers the potential of reducing capi-
tal and fuel cycle cost. Higher plant efficiencies re-
quire higher coolant exit temperatures and higher opera-
ting temperatures for the fuel elements. There is an

optimum temperature, beyond which additional increases

will reduce fuel life and increase the fuel enrichment

(due to the use of high temperature structural material
in the clad and core) to the point where these factors

may offset the economic gains due to the higher cycle

efficiency. This optimum temperature will vary with
reactor type and coolant.

2. To Obtain Lower Fuel Cycle Cost. A fundamental
method of reducing fuel cycle cost is to increase the
irradiation period for the fuel. This requires a

large amount of excess reactivity in the reactor at
beginning of core life and presents basic reactivity
control problems for systems with relatively low
average conversion ratios. Long irradiation periods
also require more enrichment in the initial fuel load.
The realization of this obJective depends upon develop-
ing more effective control methods and fuel management
programs. Longer fuel exposure also demands the develop-
ment of fuel clad and material that will maintain

~mechanical and nuclear integrity over the anticipated

fuel lifetime. Lower fuel inventories, lower cost
fuel fabrication methods and cheaper chemical repro-
cessing will also lead to lower fuel cycle costs.

3. To Obtain High Specific Power in the Fuel and
Higher Power Density. The successful achievement of
higher specific power in the fuel and high power
density in the core offer the potential of reduction
in power cost of nuclear plants. The optimum value
of specific power that is economically desirable
is a compromise between such factors as further sub-
division of the fuel which results in higher fabri-
cation cost and the economic gain due to a reduced
core volume. The optimum economic pewer density is
a function of reactor type, fuel material, core power
distribution, fabrication cost, heat transfer con-
siderations, and other variables.

I-2-7
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i« To Obtain Better Nwutron Economy. The cost of power from
nuclear reactors can be reduced by obtaining a better neutron
economy in the core. This objective centers around achieving
a higher conversion ration, i.e., an increase in the number of
atoms of fissionable material consumed. The principal gain
will be the extension in reactivity lifetime.

5. To Obtain Simplicity in Nuclear Plant Design. The capital
cost of nuclear plants can be decreased in the following
manners

a. Use of conventional or less expensive materials
in construction wherever practicable.

b. Simplification of plant design.
c. Improved and less expensive methods of ~ontainment.

d. Reduction in number and complexity of auxiliary
system requirements.

e. Development of reliable components that do not
require undue rigid specifications.

f. Improved understanding of reactor hazards.

The successful accomplishment of the above technical objectives

will be instruments in reducing power generating cost from nuclear
reactors.

In the field of military reactors the specific objectives are
contained in requirements established by the Department of Defense.

Phygiéal Research

The Commission's objectives in physical research fall into two
group;: fesearch in areas directly related to the development of practical
utilization of nuclear energy and the more long-range objective of increasing

A human knowledge of the nature of matter and the physical universe. Work in

the first category. is supported because of its potential contribution to
other primary missions of the AEC; work in the second category is deémed to
be one of the primary missions.

Goals and objectives in direct support of the Commission's develop-
mental responsibility include:

I-2-8
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1. providing the nuclear technologist and power engineer
with information on nuclear constants and fundamental
dynamic data for all nuclear reactions that influence
reactor design and operation;

2. studying the elements and isotopes of interest to
the atomic energy program, especially those from thorium
and beyond in the periodic table, their chemical and
physical properties, and methods o separating:them;

3. determining chemical and metallurgical facts in
fields related to feed materials and fuel reprocessing,

h. providing fundamental information, by studies in
the fields of solid state sciences, high temperature
chemistry and ¢orrosion processes, on the properties
and behavior of matter under normal conditions as well
as under extreme conditions of temperature and radia-
tion, so as to lay a firm foundation for increased
engineering efficiency in nuclear power production.

The second major category of objectives in physical science
research is that of encouraging scientific progress -~ "to assist ip the
acquisition of an ever;expanding fund of theoretical knowledge." 1

This wbrk in basic ﬁhysical sciences is supported with the recogni-
tion tﬁat the greatest applications of science have come from investi-
gations undertakgn with northought of utility. Our aim is to maintain
the United States in the forefront in nuclear science -- not Just for
purpbses of national prestige, but because continuous rapid expansion
in technology must:be fed by constant impact of new, fundamental know-
ledgs.

The fact that economic use, in one form or another and at one time

or another, will ultimately come from basic research is not sufficient

incentive for industry to finance such work on a large scale. Clearly

1/ Atomic Fnergy Act of 195kL, Sec. 31(a)
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the pace of application has quickened -- years elapsed between
the discovery of electrical induction by Faraday in 1841 and the com-

pletion of the first electric generating station in 3 less than
twenty years passed between the discovery of uranium fission by Hahn
and Strassmunn in 1959 and the large scale production of power at
Shippingport in 1957.

But the lag is still too long, and the risks too incalculable
for industry to be able to support basic research on a large scale.
It remains, then, for the government to contribute an important

segment of the funds needed to support basic research. In admin-

istering this open-ended mission the AEC:

1. supports fundamental research aimed at identify.

ing and understanding the subnuclear particles and
at the acquisition of an improved understanding of
the nature of the nucleus and its binding forces;

2. supports basic studies of nuclear phenomena,
especially with respect to fundamental particles,
their properties, their interactions, their trans-
formations, and their role in nature.

3. supports studies of the basic properties of
materials -~ chemical, physical, metallurgical.

In the course bf supporting basic physical science research,

other important dbjectivés sought after are to benefit in the applied.

fields from the current flow of ideas and the fresh point of view con-
tributed by the basic researchers, and to attract imaginative and pro-

ductive minds to the field of atomic energy problems.

I-2-10
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Controlled Thermonuclear Reactions

Thé controlled thermonuciear program has as its ultimate objec-
tive the development and demonstration of a system for the economical
production of power by the fusion reaction. This goal is a long-range
one, and probably can not be.attained during the decade of this study.

The current, intermediate objectives of the work are, in sequence,

1. reaching the ignition energy with a time of con-

finement sufficient for proper study of the thermonuclear
plasma '

2. proceeding toward the development and construction of
a net power producer.

Biology and Medicine

In the field of Biology and Medicine the objectives toward which

the program has been directed since its inception are:

1. To exploit the use of nuclear radiations and of
radioactive materials in studies of basic biological
processes, with emphasis upon those recognized as
being especially urgent in the interest of human
welfare. In the conduct of basic work in the life
sciences, considerations identical to those ocutlined
above for the physical sciences enter equally strongly.

2. To increase our knowledge of the biological effects
of radiation, both from the point of view of empirical
relationships betwsen radiation dose and radiation
effect and from the point of view of understanding

the mechanisms by which radiation injury is produced.

3. To obtain information useful in the control of
biological hazards of radiation, either through
minimization of exposure or reduction of the bio- ’
logical effects.

L. To improve and develop techniques for the use
of radiations in medical therapy.

5. To develop and encourage the use of radiations
and of radiocactive materials in agricultural re-
search.




Isotopes Development

The primary objectives of the isotopes Development Program are

1. Accelerate the uses of radioisotopes and radiation
in the public interest.

2. Establish and maintain a position of world leader-
ship in the United States in the peaceful applications
of radioisotopes and radiation uses of atomic energy.

3. Encourage free enterprise pursuit of preduct and

technical leadership in the peaceful applications of
radioisotopes and radiation uses of atomic energy.

The following specific goals stem from these general objectives,

1. To conduct and foster pioneering research and develop-
ment programs that contribute to technical leadership in
peaceful applications of radioisotopes and radiationm,
including ‘

a. Defining the physical and chemical properties
‘of radioisotopes as pure elements and as various
compounds.

b. Developing new uses for radioisotopes, radiation,
and chemonuclear reactors based upon; i) radiation
interaction with matter and physical or chemical.
changes brought about in matter, -and ii) radiation
interaction with any form of living matter and the
changes that may occur.

c. Developing activation analytical techniques.

d. Establishing the technical feasibility of
. . radiation processes utilizing radioisotopes and
chemonuclear reactors for commercisl exploitation.

e. Developing the dosimetiry necessary to satisfy
the requirements of high level radiation processes. .

f. Developing an engineering handbook for design

of radiation sources and radiation processing
faciliities.

g. Developing information and data on the specific
distribution of gbsorbed energy in matter.

h. Develcping basic knowledge of radiation effects
necessary to apply these effects successfully in
radiation processes.

0014915 N
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2. To insure the availability of radioisotopes and
related byproduct services in support of United States
needs as required for research and applications in
agriculture, biology, industry and medicine, including

a. Developing the technology for production of
radioisotopes in high flux reactors.

b. Developing process technology for the recovery,
separation, concentration, enrichment and purifica-
tion of reactor produced radioisotopes and the
fission products from production and power reactor
fuel reprocessing to supply high purity, large
quantity, low cost radioisotopic sources.

3. To disseminate scientific results and technical
information.,” '

Training

Although not properly a part of research and development, the

training objectives are discussed briefly here because, for the most

part, they affect many of the institutions engaged in R&D work.

Training objectives include:

1. Providing opportunities for graduate and post-graduate

study in fields within the scope of AEC programs, utilizing
facilities nolt available on university campuses. Graduate
students engaged in such study at AEC laboratories werk
under cooperative arrangements between the laboratory and
the university from which they plan to receive their de-

_gree,

2. Aiding university faculties to offer up-to-date
instruction in nuclear technology, by offering Summer
institutes at which faculty members are brought current
on develoepments in reactor and reactor related technology.

3. Meeting special needs on an ad hoc basis. Examples
include the training of employees to operate new plants
(such as Savannah River) and the International School
of Nuclear Science and Engineering, which filled a need
until the colleges and universities were prepared to
handle such training.

I-2-13
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Probability of Change

Clearly, the more specifically that objectives are stated the
more probable is it that they will be changed in the peried under
consideration. So far as can be foreseen at present, however, the
dbjectives,outlinednébcve appear to be valid against which to
evaluate theamagﬁitude:d?the Research and Development program fac-
ing‘the Atomic Fre rgy Commission for the next 10 yearsvand the roles
of the AEC laboratories in carrying out that program. There are three
areas in which unfereseeable developments may have particularly signi-
ficant effects on the course and volume of work prejected. The first
i6 in the £161d of weapons development where mich ef he progran
hinges upen internatioﬁal agreémcgts és to testing and disarmément.
The ;ffe¢t of these factors is clearly unpredictable.
| The program for the development of peaceful applicatioens of
nucleér explosives is in so early a stage of expleration that de-
taiied ob jectives are difficult to state at this time. The charac-

ter and extent of future development work will be determined by the

results of investigations and demonstration shots in the early
years of the decade. The outcome of test ban discussions ié an
im@ortant imponderable'in this area as well,

The future course of work in the controlled thermonuclear
reactions, similarly, will depend upon results obtained from

experimental programs now under way. Currently unexpected

successes or failures may result in marked modification of the
I~2-1k
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detailed objectives. For example, unexpected success in the
present experimental program might lead to the establishment
as én additional objective of the development of pilot plant

technology during this peried.
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Section Three

FORECAST OF PROGRAM TRENDS

It is apparent from the objectives stated in the preceding section
that in relatively few cases is it possible to measure quantitatively
the effort or cost that must be expended in carrying out these aims.
In most cases, a Jjudgment mustkbe formed as to the desirable effort
and expenditure, related wherqvér possible to present levels.

Fach program of the AEC, and of each of its major 1$boratories,
has been examined to deterﬁine what functions are expected to require
more effort in the next ten years than at present, where decreases
might bé anticipated, ﬁhere the present level appears to be appro-
priate, what tasks will be completed, what new fields might develop,
what functions might more appropriately be discharged by other
federal agencies, which ones no longer need federal support, etc.

The results of this analysis follows:

‘Production Process Improvement

Over the last ten years costs for this workrhave been as follows:

R&D Costs
Fiscal Year (in millions)
1951 $ 17.8"
1952 k3.9
1953 Lo.0™
iggg 32,9
33

1957 Bh;g'
e k1
1960 (Est.) §Z:§
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The work is cmqemed witp increasing efficiency in the produc-.
tion of enriched uranium, heavy water, and reactor products, and with
improving separation methods for reactor products. Completion of de-
velopment work on the New Production Reactor at Hanford (NPR) will re-
sult in a slight decline in the first years ef the decads, after which
no significant change is now foreseen. |

Weapbns Development

There remairi many avenues of nuclear weapon research and develep-
ment l‘vhich'premise designs which could. improve materially pﬁr military
capability. The ‘scope ‘and nature ef the research and develcpment |
effort in the field of nuclear weapons, however, nocessarily can be
affected radically by test cessation or limitations. Advancement in
research and development will be retarded to some degree by any limita-
tion placed upon testing. However, in view of the opportunities fer
evasion in any presently known detectien scheme, it is believed unwise
te make an early assumptien that the Seviets will net pregress. It,
thus, becemes imperative that we, toe, maké whatever progress is techni-
cally pessible while adhering strictly to whatever limitatien appiies.
Our weapons research and develeopment should be carried out on a high
pfierity basis until disarmament deliberatiens have pregressed to a point
where cver;.all progress indicates that effectﬁe disarmament is an
accepted ob;jecAtive to be respected by all nations.

 In order to estimate the progress which can be made between
1960 and 1970, it is well to recall a past perisd of the same length,
the perisd extending from 1948 te 1958. Beginning with Operatien
SANDSTONE in the spring of 1948, the United States has éonducted 12
test series. These tests were designed to fulfill, and have fulfilled,

the follewing . purpeses:

iR P
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1. The develspment, of successive designs using less
material and, therefore, increasing the defensive strength
of the United States in terms of the amount ef ‘material
available.

2. The development ef designs of smaller cmﬁ
tien and lighter weight with the objective of prdviding
weapons which can be mere readily and effectively nsed.

, 3. .The develepment of high-yleld thermonnclear
weapons. .This development has been of vital intperténce
to our striking force and to its capability to deter
aggression.

Li. The develspment of warheads for missiles de-
signed to defend our populatiens and important installa-
tions against enemy attack.

S. The develepment of weapons ef high yield bnf. lcw
production of fissien preducts. The successful’ attainment
of this ebjective will make it possible for us te have
weapens with greatly reduced radiological hazard (fﬂl-out).
In view ef these past develepments, it weuyld be-prqsmtuoua, if

net impessible, te predict the natnre and eu:tent of dqnhpnqntﬁ in '

the next tenfyear peried, The develepment ‘of additional nuclau' iieapon
reqqiremente, hewever, has shewn no signs ¢f slackening.

The cenditisns fer further pregress are available. It,_'”‘gi;ivt};ei
Present-time, the prespects fer the next ten yoars lesk less %réeéive
than these of the peried since 1948, this prebably is due.te eur
limited imaginatien rather than te any sbjective reasen. ,‘-"l'h_e)j:eat;_ e
can de in prejepting-the develepments of the coming peried is te con-
sider carefully the developments on which we are working at the present
time. ‘During 'the coming period we expect:

' 1. Continued reducfion in weight of ﬁeapons to enhance
delivery capabilities and mobility to guard against loss or
rednction of retaliatory power.

2. Continued development of small nuclear explosives
which do not leave behind heavy radiocactive contamina‘tion; ;

3. Development of weapons for very special tactical ‘
applications.

I-3-3 —
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It is in 1ine with the usual development of instruments of war
that the first years should see the development of Qestrugtive Pes-
sibilities on an impressive scale. More discrijdeaﬁing- @ses are |
developed at a later stage and it is to these to which we"éi;péj&t to
turn. The consequence of our failure to develop theée uses while
our competitors perfect them successfully might be of no smaller
significance than the danger which would have arise_p _hqd“t;e's‘gt:ippeq
at the level of the 1948 weapons while others proceeded te_ develup
tactical weapond and the megaton weapons. o

Because of the sensitivepess of research and develepment pro-
.gress 1o the degree of test limitation :bnposed npan thia pragrang,

i‘b is necessary to censider what progress could be made under various
degrees of limitation. Three assumptions, arbitrarily t.aken, are |

discussed below.

Such a ban eC e Spee progran ge=
scribed above could be pursued but would not prevqnf. ite o Tests
underground could probably be carried out, in’ time, up “to some
fraction of a megaton, This limitation would, then, permit the
exploration of full systems in the lower yield ranges, special—
ized applications, and the investigation of certain theories’
relating to6 high-yleld devices. Laboratory effort could also
be fruitful in such areas as the so-called clean weapon;
greater weapon economy and safety, and radical departures .
from existing design theory. Outer space tests also might in
time be used for the proof-testing of certain systems, although
the costs involved might rule ocut their being undertaken. Al-"
though developments would be somewhat slower and much more ex-
pensive under this assumption, most lines of scientific develop-
ment could be pnrsued.

_.,._..‘W._Z._._-Atmo heric,_ljndeigroﬁnd , and Interplanetary Tests Not
t0 Fxceed a Few Tons. Under such conditions, the development
of weapons would suffer most seriously. Prime development ob-
Jectives probably could not be met but, possibly, small improve-
ments on present models could be made. The development of
tactical weapons and of small, clean explosions ‘and the explora-
tion and improvement of certain safety-handling aspects of
weapons could proceed to some extent, A much greater effort
would be needed in order to produce a lesser amount of techni-
cal progress and in a far narrower area than conld have been
obtained with greater testing.-

0014923 o T
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Under this assumed test limitation, some partial sub-
stitutes for testing will certainly be invénted. Great
emphasis will have to be given to improved cdlculational |
procedures and other methods for perfecting weapon systems
for which it is possible to interpolate between physical

situations explored in earlier test series.

3. Additional Atmospheric Tests up to 2 Megatons Per
Year Plus Other Non-Atmospheric Tests. 1he long range value
‘of being permitted to engage in limited atmospheric testing
would ‘probably lie in exploration of new phenomena such as
has been disclosed by Teak, Orange, and Argus shots. Over-
all progress would cover the same areas as in_ the first as-
sumption, but would be cheaper, easier, and faster -~ parti- -
cularly in the higher-yield areas where outer space techhiques
and vehicles must await further perfection.

In snmxary,it is doubtful if AEC support of weapone.research
and development can be _redneed materiany in the over-all in the |
next tem years. .Depending epon the future of weapons testing,f»the o
emphasis may well change within the progranm as to techniqnes, evenues |
of approach, and areas for investigation. Under a long test ban,
greater theoretieal effort will have to be epplied and greater in-
ventiveness in the non-nuclear field will be necessary 1:; order to
keep ab;east og United f._Stat_es nucleai' weapons reqairemente. '

' Peaceful Nuclear Egﬂosives

-

As is the case. with veapons development, the lervel of actlvity
in the lefehare_pr'ogram and indeed, its whole future, is llergely,tiedr '
to the outcome of test ]j.;nitajbioﬁ nego‘biat;ons. Although the use of
nuelearuexplosivves for peaceful.purposes ‘has been eonsidered seriously
for only a few years and the total amount of effort so far has been
relatively small, it is believed that the potentialities of this

development may be great.
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Costs since its inception have been:

R&D Costs
Fiscal Year (4n milliens)
1958 $ ;o3

1959 2.4
1960 (Est.) 7.5

Nuclear explosiens might affect water transpertatien b& the
digging of harbors and canals and greatly increase the usefulness
of water resources by such means as the establishment of dams, in-
creasing the pgrmeébility.ef underground formatiens, or by the
diversipn of water feor irrigatien purposes. Several attacks have &
been discussed en the problem of petroleum supplies and, while the
difficulties.seem great, the pessible reward in the exploitation °f
tarsands, shales, and other presently unexploitable fermatiens could
have great consequences. The further possibilities of large scale
underground chemical reactions, the creation of underground heat
supplies, and other related praposals indicate the significant bene-
fits that might be anticipated. .

It is net to be expected that all eof these possibilities can be
realiieq a;d, even less, that they will come to fruitien before 1970,
On the other hand, very substantial succésses can be achieved in the
coming decade. |

The role of the AEC in this program should consist primarily in.the
develépment of new tools and appreaches; New tools include the inven-
tion of nuclear explosives which can be used for earth-moving purpeses

without disseminating dangerous radioactivity, the development of

T=3=6
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nuclear explosives of small yield at small cost, and the development
of nuclear explesives designed for specialized applications. At
present the estimated cest of a nuclear explosien cempetes favorably
with other metheds of blasting enly for the larger yields. Anether
portien of the AEC effert might be the development of a nuclear ex-
ploesive which would not reveal restricted data and weuld, thus

facilitate usage.

The investigations of new uses of nuclear explesives are cen~

_cerned with centainment of nuclear explesions, distribution of the

radibactivity produced, changes in the reck adjacent te the explesionm,
and, geﬁerally, effects of the intense heat and preésure produced by
the explosien.

Unless barred or limited by international agreements, the amount
of AEC research and development activity in the Plewshare pregram over
the hext decade is expected teo increasersomewhat as the preblems beceme
better defined and the program better gnderstoed.

Maritime Reactors

Cests fer the AEC's research and development under this program

have been:

R&D Cests
Fiscal Year (in milliens)
1956 $ o
1957 1.0
1958 LT
1959 4.8
1960. (Est.) 7.4

As the program is presenfly conceived, the cost of the AEC!'s share

in R&D activities is not expected to rise substantially frem the current

lavel;

I-3-7




Military Reacters

The following table shews the trend of costs in these programs:

R&D Costs
Fiscal Year (in millions)

1951 $ 27.9
1952 37.1
195) 39.9
1956 91.L
1957 157.5
1958 173,3
1959 - 189,0
1960 Est. 206,9

Reactor develgpment work for the Department of Defense and for
the Na%ional Aercnautics and Space Admipiétratienris conducted in
respense to requests from these agencies.for the development of nuclear
power sources for specific applications. In the absence of firm require-
ments from these agencies fer power sources over a period well beyond that
covered by this repert, our ability to predict related research and de-
velopmeqt programs ﬁver the coming ten years is Severely limited. Thé

forecasts that follow are based en the best Judgment of the AEC staff,

Naval Reactors

AFC development costs in this field in the last ten years have been:

L ' R&D Cests -
Fiscal Year (in milliens)
1951 * $ 22,0
1952 26,2
1953 32.7
1954 25,2
1955 26,9
1956 1.0
1957 71.8
1958 90,2
1959 83.L4
1960 (Est.) 86.9 .
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It has been less than five years since the NAUTILUS first went to
sea. The successful completion of the NAUTILUS opened a whole new
technical field for development and exploitatien. This field will
continue to reveal new possibilities for the foreseeable future in
nuclear ship prepulsion. Accordingly, naval reactor work is now expec-
ted to éontinue at approximately current levels over the next ten years.

Manned Aircraft S Ty

Costs incurred in AEC research and development over the last ten

years have been:

R&D Costs
Fiscal Year (in millioms)
1951 “$°.5.9
1952 - " 10.6
1953 173
195k U6
1955 22.6
1956 L5.0
1957 " 69.0
1959 . 66.8
1960 (est.) 66

Present levels of activity-are expected to continue for the next
threeito four years with an increase of about 20 percent being required
as the ground test program enters the heavy hardware phase. Assuming
sucecess in the ground test, continued increase in activity will be required
in preparation for flight test. In addition, continuing investigation of
advanced concepts for manned flight will be maintained throughout the

period.
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Missile Propulsion

Costs since the inception of this work have been:

R&D Costs
Fiscal Year (in millions)
1956 ) $ L.
1957 12,5
1958 12,1
1959 22,1
1960 (Est.) 29,2 .

Both the rocket and fam—jét programs are currently geared to
feasibility ground tests which are scheduled for accomplishment during
the negt 3to 5 years. It would appear that the second five yéar phase
will be required to demonstrate a prototype on ﬁhe_ground; Costs for
the missile programs may be expected to increase substantialLf when

full scale ground test prototypes enter the procurement stage,

Auxiliary Power Systems

The rapid expansion in this work is indicated by the following

tabulation:
_ ‘ R&D Costs
Fiscal Year (in mi1lions)
1956 $ 3
1957 B
1958 . 3.4
1959 1.7
1960 (Est.) C 12,k

The AEC's role in the development of radioisotope powered units
is expected to decrease since devices of this naturé, being relatively
small and cheap, should be of such interest to industry that

product improvement will be privately supported. In the case of small
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will be a large number of requirements placed upon the AEC for develbp-
ment of units of increased power level fop a variety of applications.
Accordingly, it is anticipated that the AEC‘S role will increase during
the next ten years both from the standpoint of variety of applications
and cost of developmental work. Although a number of reactors will un-
doubtedly be brought to the point where industry will become interested
in their further development, manufacture, and marketing, the variety of
possibilities in this area will probably require the AEC to continue an
expanding program in the development of bower sources to meet new re-
quireménts.

Army Reactors

Rééearch and development costs in this progrém have been:

R&D Costs

Fiscal Year (in millions)
1955 : $ .6
1957 %
1958 9 ‘o
1959 ) y
1960 (Est.) | 12.0

The expansion that has beén taking place in this program is expected

to continue in response to additonal Department of Defense requirements.
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Civilian Power 1oactors
The substantial and continuous growth of research and development
costs for the civilian power reactor program, including general nuclear

technology costs, is brought out in the following:

R&D Costs
Fiscal Year "(in millions)

1951 $ 12;9jf
1952 22,6

195} ;hh.

1955 hS.h 7
1956 60,0+
1957 . 79.9 .
1958 115,3
1959 155,0

The achievement of the ten-year objectives: of the.ci#ilianvpdwer reactor
progrém will require an intensive.development effort on a broad front, neces-
sitating a significant expansion over-all in the reactor development progranm.

Reactor systems now under development in the civilian program can be
divided into three general groups:

1. Thermai Converter Reactors
2. Breeder Reactors
3. Natural Uranium and Plutonium Recycle Reactors

Within these groups, ten separate concepts are currently in varying
stages of development. -Detailed research and development programs which
will be needed to prove éut each of these concepts are now being formulated.l/
These will encompass specific technical objectives and a chronological ten-
year program for achieving them., Until these programs are fbrmulated, a

detailed forecast for each system cannot be presented. Generally, though,

L/ 1t 1s antlcipated that, before preparation of the final draft of this

study, these detailed plans will have been completed and can be reflected
here.
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work in laboratories will be directed toward limiting the number of .
concepts under development. A concept will be eliminated from the
AEC's dévelopment program either because it shows little or no poten-
tial for meeting the goals of the civilian program or by reaching the
point at which its ability to compete with conventional power sources
is established. In the first instance, further development work would
be curtailed or eliminated. In the latter instance, industry would be
expected to assume further development.

Even though ten year programs for each reactor system have not
been completed, the following general assumptions with respect to the
1ev§1 of effort by AEC bn'éachdﬁf the three reactor groups would

appear valid:

Thermal Converter Reactors

This category includes pressurized water, boiling water, organic
cooled and moderated, .sodium graphite, and gas cooled enriched reactors.
The program for each of these reactor systems will continue at approxi-
mately the present level for the next two or three years. After that
time the worth of each system in meeting the goal of competitive nuéléar
ﬁoﬁer by 1968 should become clear. Those systems which do not give
promise of meeting the goal will be eliminated from the program. AEC
supported work on the remaining systeﬁs would be continued at a level
consistent with attainment of +the goal, but could be expected to be
gradually reduced over the period through 1968 with increases in

privately supported development work as economic goals are approached.

I-3-13
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Breeder Reactors

Both fast (U 238-Pu 239) and thermal (Th 232-U 233) breeders are
being developed to provide maximum utilization of nuclear fuel reserves.
These are longer range programs and will require effort at least
at current levels and possibly at higher lévels for the'next six or
seven years. After that time work on the most promising systems will be
increased.

Natural Uranium and Plutonium Recycle Reactors

Included in this category of reactors are the D,0 moderated reactors,
the gés;éoo}ed graphite moderated reactors and the Pu recycle program.
These are also longer range programs,-and much research and development
is yeot required to establish the potential of these systems for meeting
longer;range objectives. Accordingly, it appears probable that develop-
mental effort will be at least equal to present levels if not somewhat
higher.

ﬁﬁgiéérmTéchhblng
This terﬁ.inclndes the work, .common to all reactor types, in the
folloﬁing fields:

1. Increasing thermal efficiency.

2. BReducing fuel cycle costs. -

3. Obtaining higher specific power in the fuel and higher power
density. ‘

L. Improving neutron economy.

5. Simplifying plant design.

6. Improving utilization or disposal of radiocactive by-product

material.

7. TImproving the provisions for health and safety of the
general public in reactor design and operation.

Research and development in nuclear technology is so broad in scope,
and there are so many problem areas which require resolution that no re-

duction in the bverall level of effort is expected within the next ten
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years. On the contrary, it is to expected that a significantly
expanded effort will be required.

As reactor systems reach a stage of economic competition with con-
ventional systems, private industry may be expected to assume responsi-
bility for at least portions of present development programs. Thus,
work in the latter part of this period may be expected to shift to
new areas with new objectives,

‘Controlled Thermohuclear Research

Costs for the controlled thermonuclear program are summarized

below:

. R&D Costs

Fiscal Year - “{in millions)

" 1951 | $ .0
1952 : ol
1953 .8
195k 1.8 -
1955 i.8 -
191 Va0
13%5 Jé_?-g
1959 o
1960 (Est.) 3.5 .

As pointed out abové, the work on fusion power has three succes-
sive goals:

1. To reach the ignition energy with a time of confinement suf-
ficient for proper study of the thermonuclear plasma,

2. To proceed toward a net power producer.
3. To produce economical, thermonuclear power.
Efforts toward the first goal are supported by computations
= . indicating that the devices under development can be used, singly or
in combination, as the basis for designing pilot plants. The theoretigél

value for the ignition energy is 4,600 volts, so a figure somewhat
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superior to that value -- say 5,000 volts -- is desired. In the fiscal
years 1958 and 1959, the level of ion energy attained went up by a
factor of 10 from 100 to 1,000 volts, or in a few cases, somewhat
more. This statement overlooks the approach pursued at Oak Ridge,

in which ions are inJjected with a final energy of the order 300,000
volts, but where the density of the confined material is very low.

There is general confidence that the ignition energy can be

attained probably by a variety of methods. While it is hoped that
the-ignition energy may be reached in a relatively shopt time, perhaps
in one or two years, such a hope has been entertained earlier, only
t0 run into new technical difficulties after some of the more apparent

ones had been overcome. Therefore, it is safer to say that the time

for attainment of Goal 1 ﬁay'be five years.

When and if the ignition energy is reached the emphasis would

- shift to engineering and chemical studles, such as intensive work

on wall materials, shielding, and ‘magnetic coil design, preceded by
a thorough-going feasibility s%ﬁdy that will overlap the first five-
year period. |

No estimate can be_madé of the duration of an engineering phase .
leading to the first power producer. Experience in the fission reac-
tor field suggests that this phase might last for 15 or 20 years. 1In
any case, it is practically certain that it would extend beyond the
ten year projection considered in this report.

It is anticipated that the scale of effort in the first five
years\of the decade, or until the ignition energy is achieved, will
continue at approximately the current level, unless any of the
existing programs should meet with apparently insuperable obstacles,
in which case the level would be somewhat_reduééd.- Once the ignition:

1-3-16 o .
- DOE ARCHIVES



energy is reached, work toward goal two would involve a major step upward
in financing, whose magnitude cannot be estimated at pfesent.

High Energy Physics

Costs for research and development in this rapidly expanding

-field have grown in the last ten years as follows:

R&D Costs
Fiscal Year (in millions)

1951 '$ s
1952 TR
1953 7.8
195L 7.3
1955 17.8
1956 E 11.3
1957 : _"_1600
1958 -A17.8
1959 B ,250

1960 (EBst.) _ 33. 8

Large- accelerators under construction at Argonne, Brdokhaven,
Harvard, and Princeton will be completed during the early 1960's, and
their operation, plus the cost of supporting experiments conducted by
on-gite and off-site researchers will lead 1nev1tab1y %0 a continuation
of this upward_trend. In addition, existing machines wlll.be improved
for beﬁter utilization of their capabilities, and deveiopment.of complex
and expensive experimental apparatus will be required for observation
and interpretation of experimental data., Studies of new machine de-
sigﬁs will continue at a moderate 1eval. A1l together, the effort
is expected to be nearly trebled by 1965 over the 1960 estimate.

Other Physical Research

Because of the very nature of basic research, it is difficult
to outline a ten-year program. The projections are based largely on
current and past experience; no plans ¢an take into account the effect

of new discoveries and their exploitation.
I-3-17
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Costs of the physical research program, excluding controlled
thermonuclear and high energy physics work, are summarized below for

the last ten years:

R&D Costs
Fiscal Year (in @illions)

1951 @ $ 2l,L -
1952 284l
1953 29460
1951, 31,L--
1955 31,1~
1956 36,0
1957 . 37:8: -
1958 L5,9: -
1959 51e9"
1960 (Est.) 63,6

Physics. -
~ Research in this afea is related to low energy nuclear.prpcesses
and the study of nuclear structure. One of the imporfant.fields is that
of nuclear cross sections measurements, which is important to reactbr
technology and weapon deslgn.

TLow energy physics research centers around use of high flux re-
search reactors and low and intermediate energy pa;ticle'accelerators;
such as cyclﬁtrons, Van de Graaffs and linécs. High flux researéh
reactors are being designed and are expected to be built at three of -
the laboratories, and a number of addifiopal low and medium energy
accelerators will come into operation at laboratory as well as
university sites over the next few years.

A thorough examination of Commission-sponsored work in physical
research at other Govérnment agencies is under ﬁay to determine whether
any research projects in areas less germane to AEC's mission, or of

equal importance to the mission of other agencies, can be dropped
I-3-18
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by the AEC. The largest item under consideration is the AEC-ONR Joint
Program in nuélear physics. It is being reviewed to determine its
future ; whether one or the other agency should take it over at its
current or at a reduced level. Also, it is anticipated that physics
research at the National Bureau of Standards, currently sponsored by
the AEC, will be transferred from AEC support.

With the completion of additonal high energy physics research
facilities in the 1960!'s, it is expected that AEC support of some of
the older. lower energy machines will cease. The 300 Mev electron
synchrotron at the Lawrence Radiation Laboratory (Be;keiey) will
probably be the first to éeasg.operation ﬁnder AEC sponsorship.

Despite reductions in some of thése aspects, the AEC-supported
effort in low-energy physics as a whole is expected to grow.steadily
during the decade. The glamour that attaches to high energy physics
at the moment, and the magnitudé of the costs involved, must not be
permitted to obscure the importance of and, as a matter of fact, the
close relation to low energy work. Both are pursued for the same
reason: to increase our understandiﬁg of the structure of matter
and of the forces within the atom. It is Just as iﬁportant that
we continue to utiiize our scientific resources to the fullest in
low~energy work as in the more spectacular high-energy field.

Chemistry.

Under the programs in chemistry research, it is expected that
isotope separation studies will be reduced as methods‘are developed
for the currently difficult-to-separate isotopes. It is also

anticipated that uranium fuel processing by volatility and aqueous
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méthods will be reduced or terminated. Certain phasé§56f.reseanch on
rare earth separations and purifications w111 _.eventualisr be transferred
to private industry. Steps have bsen taken.for the U. S. Geological
Survey to support in fiscal year 1961 work previously supported by AEC
on the geochemistry investigations of uranium. Also, it is expected
that responsibility for financing work in electrochemistry and labeled
organic compounds being conducted by the National Bureau of Standards
will be transferred to that agency.

Increased effort is anticipated with respect to (a) the chemistry
ofrz_«thé' actinide elements (th9 elemants following-actiniﬁm in the perioc_!ié
table), especially‘ plutonium and the transplut".onium elements, (b) separa-
tions of the heavy actinides from the lighter actinides and rare earth
fission products, (c) the chemistry and thermochemistry of high tempera-
ture materials, {d) corrosion chemistry, and (e) analytic chemistry

» and hot laboratory techniques, to work with higfler levels of radio-
» activity. _ |

The synthesis of larger quantities .of the very _heaviest of the
'transplutonium elements in high flux reactors, and the synthesis of
heretofore unknown isotopes—béyond element 102 in heavy ion accelera-
tors will ppe.n‘up new fields of chemistry and physics research. New
problems in the separation, handling, and analysis of these highly
active, generally spontaneously fissioning, and probably shortlived
nuclides are anticipated. The spontaneous fissioning of such nuclides
as californium 252 will enagle these nuclides to serve as intense,

portable sources of neutrons. Also, the operation of additional high
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energy particle accelerators in the 1960's will open new fields for
investigation in nuclear chemistry.

Metallurgy and Materials.

Fundamental studies in the field of metallurgy and materials
are recognized as requiring an immediate expansion of effort.
Materials research is of the utmost importance across the board with
respect to the AEC's development programs, as well as the nation's
effprt‘in outer space research. Some of the facllities needed for
this expanded work are already under way or plgnned, including the
metallurgical facility being built at Argonne and the high flux re-
search reactors referred to sbove. In planﬁing additional facilitles,
careful consideration will be givenlfo arrangements, both 1océ£ion and
operation, which will enable them ﬁo contribute to, rather than de-
tract from, the country's ability to train the additional qualified
personnel 80 eritically short in this field at present.

In the early years of the decade, some of the effort that has
previously been concentrated ‘on the basic metallurgy of uranium will
be gaduced to permit expanded‘work on plutonium, and a similar re-
duction in plutonium work can be anticipated for somérﬁears later.
Considering the history of uranium research, and the large voids in
plutonium knowledge that remain to be filled, it is doubtful if a
downwardvtrend in plutonium work can be expected during the decade
of the 60's, however. Dislocation studies and investigations of
fundamental radiation effects in elemental semiconductors and in
face centered metals also may be”reduced, in some cases terminated,
over the next ten years. No transfer of AEC activities in metallurgy
and materials to privafe ihdustry or universities for private support

are envisioned,
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The current level of support under the radiation eff;dts pro-
gram éppears about adequate, althoﬁgh»sohe new low temperature faci-
lities are heeded. Increasad effort in crystal structure research
other than cubic lattices, heaﬁy ion bombardment of surfaces, sur-
face physicé in general, high temperature and high pressure ressarch,
and high flux neutron radiation studies are anticipated. New areas
of study are foreseen on metastable phases in éolids, ultra high
temperature research and extremely high flux radiation effects other
than neutrons.

Bioloq and Medicine

-

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

costs in the field of - biology and medicine has been.

: . R&D Costs -
Fiscal Year : v (in“millions)
1951 $ 20.0
1952 . 23,2
- . 1953 2Ll
i 19511 211.
1955 26.6
° 1956 2708
1957 30.7
1958 38.7
1959 ' Lo.2
1960 (Est ) k7.0

There follows a consideration of prospective ¢hanpes’ 4n the- 1ndividna1
components of the biomedical program.
Radiation Effects

Studies of the molecular and cellular effects of irradiation
are basic to an understanding of radiation effects on man. In this

field, much of the work on the alterations produced by radiation in
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isolated biochemicals is either being curtailed or reoriented.
Instead, the emphasis is now being placed on (1) biophysical studies
to determine the actual mechanisms which lead to the inactivation of
eritical cellular components, and (2) biochemical studies of the
radiaiion effects on the large, organized structures found in cells
(such as mitochondria, microsomes, chloroplasts, etc.).

The potential hazards resulting from detonation of atomic
devices, from reactor operations, and from the beneficial applica-
tions of atomic energy create an increasing need for data concerning
effe&ts'on,organs and organ systegs resulting from continuous and in-
termittent 1ow;ieve1 intake of'fiésion products and reactor effluent
radioisotopes.

The program on whole body irradiation effects has been a cm'i"-'-:~
tinuiﬁg one thét progressively changes emphasis to meet demands for
new information pertinent to AEC operations and problems. The
bemphasisﬁhas in past years shifted more toward the evaluation of long-

.. term or chronic radiation hazards, and an expansion of program is
underway to study the effects of very low doses. The AEC has exten—
sive facilities for this program and has always provided the prin-
cipal scientific knowledge required for the setting of radiation '
health standards. Since irradiation effect decreases with decreas-
ing dose, the existing extensive facilities must be further expanded
to permit studies on the scale required and testing of theoretical

concepts that have arisen.
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Genetics

The'AEC‘genetics programt§54phe;oﬁly federally supported genetics
research pfogram specificall&?é??éqted toward the analysis and inter-
pretation of the genetic hazar&s of radiation exposure, While much of
the program is at a stable lével, that portion concerned with the direct
estimation of mutation rates in animals needs to be expanded to exploit
recent findings on the dose;fate dependence of mutatiqp induction.
Studies of radiation genetic effects and mechnisms must be continued
since ultimately it may emerge that damage to the genetic apparatus
of somatic cells is the basic radiation damage responsible for many
somatic effects. New programs are anticibated on thg biochemical
genetics of man, a type of_investigation suited to'the AEC's installa-
tigns-wheré a variety of scientific disciplines are closely integrated.
Mi?; gesearch programs in population and biometrical genetics will also
-5§ ;xpandéd. ‘The major studies in the genetics program coﬁtinue?to
serve as sburgés of data for the whole scientific community. |

Tnvironmental Radiation

- This program is one in which the AEC laboratories should play an
expandingﬂrole in the future.

Reports of World;wide radioactive contamination from nuclear weapons
tests have created a strong interest throughout the ﬁorld in more detailed
information on the distribution and variation of natural and artificial
radioactivity in the environment, on the actual range of radiation doses
received by man from these sources, and on the effects of these doses

on the human population as a whole and in specific;lgcg};ties. As a

result of the lack ofi§;§érievidence regarding the effectscof low doses
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on the health of large populations, and also as a result of recent
changes in recommended oCcupational exposure limits, the distribu-
tion and effects of environmental radiation at levels which were
formerly thought to be insignificant have become mandatory subjects
of careful study in connection with all atomic energy activities.

A minor part of the responsibility for food and milk monitoring:
now carried on by the Health and Safety Laboratory and the Los Alamos
Scientific Laboratory hay ultimately be transferred to the Department
of Health, Education and Welfare. o ‘
1}>:-Both for the AEC program and in cooperation with other agencies
which will gradually be building up their owﬁ analytical facilities,
it.will be important that the unique talent and varied analytical
facilities existing at the AEC laboratories be more fully exploited.
During an 4nterim period supporf should be expanded even for such
foutine activities as food monitoring in order to speed up the
development of an adequate national capacity for investigating
local anomalies and the effects of regional climatic and dietary
characteristics. Thus, both the physical and biological transport
processes affecting the distribution of contaminants dispersed on a
world-wide scale by high-energy sources, such as bonbs or rocket
propulsion systems, will require more intensive study. New projects
along these lines should be initiated in some of the AEC laboratories.

On the other hand, the part of the program dealing with the -
atmospheric transport of contaminants from low—altitude, low-energy
sources such as land-based power plants and chemical proceésing
facilities can continue at about the present level. However,

during the next decade, attention must be shifted more toward
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the interactions of airborne contaminants with the earth's surface
and its vegetative cover and to mechanisms by wgiéh different nuclides
enter the food chain. _ |

The terrestrial ecology, marine bioclogy, and oceanography programs
are still undergoing development, being of recent origin compared with
other biological researchgs supported by the AEC. Continued development
of the envirommental aspects of these diciplines is anticipated to re-
quire 6-8 years bvefore continuing, long-time programs can be in effec-
tive productivity. '

ﬁééiéﬁiéﬁ“?fotection

.. . gtudies on the means of combating radiation injury have been at a
fairly steédy level for several years, No major expansions are anti-
cipated. As present studieS- on protection against acute effects
reach completion, an increased effort should be placed on combating
long:ﬂerm injury and ameliorating genetic damége. Any efforts in
this direction will require cooperative activity with the AEC labora-
tory prdgrams in genetics and radiation toxicity.

The development of prophylactic and therapeutic procedures to

- combat the deleterious effects of radiation has been recOgnized as

a responsibility of the Division of Biology and Medicine for many
years., Although the number of workefs accidentally exposed to lethal
doses of ionizing radiation has been small, the need for rational pro-

cedures of evaluation and therapy is, nevertheless, important.
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The blood-forming cells of the bone marrow are particularly
susceptible to damage by penetrating radiation; and destruction of
these cells is the underlying cause of death following both acute
and chronic over-exposure. Commission-supported laboratories have
investigated many therapeutic schemes dﬁring the past decade. Somse
of these continue %o hold promise and will receive continued support
as long as the Commission retains the responsibility of insuring the
health and safety of its workers. A nunber of drugs and natural
products have been evaluated in Commission laboratories, for examplse,
antibiotics,‘flavonoids, properdin and various blood fgactions.
These investigations have been,. in general, .unproductive and the
éresent level of effort is not high. No'increase is planned unless
new ideas are forthcoming.

A ‘second method of treating acute radiation sickness may be
the transplantation of new marrow in the patient to replace that de-
stroyed by radlation.

The application of bone marrow treatment to larger animals and
to man has been carried out principally by off-site contractors,
because the technique seems to work best in the hands of surgeons.

Tt is anticipated that the clinical evaluation of the bone marrow

treatment will receive increased support in those Commission-
supported laboratories affiliated with university medical schools.

- With particular reference to burns and blast as a program
category, it appears that this subjéct has more direct relationship
to the traumatic medical effects on man associated with actual
warfare., Accordingly, studies on burns and blast are Being phased
out or will be transferred to the appropriate group within the

Department of Defense.
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For reasons of practical necessity, much past effort‘ﬁés been

concerned with two very critical problems in radiobiology: (1) im—-
proving the physical measurements of the dose absorbed from both
external rédiation sources and internally deposited radioisotopes;
and (2) quantitatively determining the biological changes (such as
mitations, tumor formation, cataract formation,fééath, etc.) which
appear hours, days, weeks, months, or even years laﬁer. However,
the accumlating knowledge from these studies has demonstratﬁd
that éven in cases where there are good measurements of the dose
neither the extent of the resulting biological change nor the exact
time of its onset can be precisely predicted. This is, of céurse,
not surprising because individual biological changes are undoubtedly
initiated by different biochemical events. Many of our detection
and measurement procedures are rapidly nearing the point where they
are entirely adequate for our health physics needs. Thus, we need
to0 reorient much of our effort toward utilizing the pﬁysical measure-
ments‘more efficiently in pre&icting the radidbiologicél damage which
will result from a glven exposure. To do this requires the ihcorpora-
tion of many physical andrbioiégical factors into complex mathematical
equétions. The development of such prediction eguations will require
the coordinafedﬁtalents of men competent in at least six disciplines.
Expansion of these efforts is planned for the immediate future.

~ Radiation detection instrumentation is keyed directly to both
theybioﬁediqal research and the radiation safety control programs.
Certain specific areas of instpumentation will be reduced or termina-

ted by the natural completion of the effort. Of interest to note here
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ié that the production engineering and fabrication of developed in-
strumentation has already been turned over to industry for support.
The only exceptions to this are found where urgency requires the
fabrication of a small number of instrgpents for the laboratories!
’immediate use. |
The proportional level of sﬁpport of radiation instrumentation
as related to the biomedical research and radiation control programs
is considered to be adequate. The opening of new areas of research,
,Asuch as bio-energetics or low-level effects of radiation, will re-
quiré intensified supporting instrumentation, but it is not antici-
pated tﬁat the proportionate cost should exceed the.current ratio.
Morato:ia on nuclear weapons testing, as a bybprdduct, cut off‘
field eiperimenﬁs on the civil effects of nuclear weapons. Increased
13borato:y-studies and theoretical work must, therefore, be substituted.

Toxicological Research

Inherently, atomic energy operations are not only faced with

. hazards from external radiation'sources but with numeroﬁs other
potentially'haZardou§'agents which méy be deposited within the body

~ and must be regarded as either chemically toxic, radio-toxic, or both.
Many of these hazards are associated with the mining, milling and:
concantraﬁing operation in the procurement of raw materials and ores
and in the purification, fabrication and reprocessing operations
found in the manufacture of nuclear weapons and fuels. Researth
mist continue,. to evaluate these hazards, to set tolerance limits,
and to dévelﬁp protective or corrective methods to control or

kY

neutralize these hazards.
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Cancer Research

This program is expected to remain at about’ i’os present level,
In all probablllty, it will take another three to flve years to
accumulate sufflclent information to determine accurately the effec-
tiveness of the various radiotherapeutic devices currently being in-
vestigated in the program,

Plan‘o Sc'iéf-lces

The AEG should maintain its present level of activity in fostering
the abplicéﬁion of radiation techniques for the improvement of economic

crops. This, at present,.is largely a cooperative ‘program involving

nany Stafe-Ag;icultural‘ExperiméntﬁStaﬁions. The AEC installations -

i’perfoim Pilot studies and provide radiation iaéilities and radiobio-

logical back-up for the college and university scientists. Tﬁe basic
plant scienae program as related to radiation effects will be expanded,

especially at the organism level, as recommended by an ad hoc committee

of botanical scientists.

fIéétgpes Development

Isotopes deveiopment ;osts are summarized in the table below:

e R&D Costs
Fiscal Year (in millions)
- 1951 - $739
1952 : ,.5
1953 OS
195k 3
1955 "3
1956 ,x -3 :
b . A95T _ . L3 .
FN ORI S8 § TERR OX ;;_199& in LHOTORGSE COVe LODNINIS 1 (2{{2(:‘2}:_;’ BIEIIE
1959 i;o‘2'9

centially upward 960 (‘ggw)\ Tew yeowes Mool o 3P vori Luat
i3 Thendirend ‘of @ffort in dsotopes development: is jexpected 1o be.io.
Q&MQ&Ehtialiywupuhrﬂi&hxtheunei$4fau#?batsdjwnﬁchiuﬂx%hé:worknthat.will
be needed to develop the technology on which private emplbitgtign of
isotope potentialities must be‘gésea~ié in the incipient:sigges; ‘
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Increases are required in the development of chemical processes
techniques for the recovery of fission products from reactor fuels.
Greater knowledge of the physical and chemical propefties of solid
radioactive compounds is mandatory to insure safe and efficient
utilization of radioisotopic sources. Moré reliable and rugged
 equipment must be developed for use in environmental testing

operations and process control.

Development of the use of high level radiation as a process
tool and as a useful form of energy similar to heat and pressure
has only recently been ititiated at a very modest level of effort.
However, the potential applicaﬁions in such fields as pasteurization,
ﬁgdical supply steﬁilizétion, and industrial processing are so broad
that early success will lead to a substantial expansion of this work.

The new programs to be entered into and requiring increased support
";re:

1. Fundamental mechanisms of radiation interaction with
matter. This field is concerned with' the characteriza-
tion of specific primary products of the interaction of
radiation with matter which lead to chemical changes,
and development of a theory of radiation interactien

. with matter which will permit the prediction of specific
radiation processes meriting research and development
efforts.

2. Techniques for controlling radiation reactions. This
includes efforts directed towards continually improving

_ knowledge about the effects of convenlently contolled

o parameters (i.e., temperature, pressure and phase) on

N known radiation reactions.

3. Radiation as an engineering operation. Information
concerning the specific distribution of absorbed energy
in matter and radiation physics will be developed. This
will permit development of a useful radiation engineering
handbook to allow engineers to design, with minimum re-
search and development work, demonstration and pilot
plant facilities for radiation processes that have been
found to be technically sound and appear economically
feasible.

001493 - i Ao’
4959 | ®oor ARCHIVES



L. High level dosimetry. Development of dosimetrie systems
that will satisfy the requiremsnts of high level radiation
processes is a major step necessary before high level radia-
tlon can become 'a processing tool for industry. No truly
acceptable technique for high level radiation process con-
trol exists today. :

5. Nuclear reactors as sources of ionizing radiation. Such

reactors, so-called Chemonuclear Reactors, appear to be a
promising area for long range research and development.
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Section Four _

ROLE OF THE AEC LABCRAT(RIES

The acconiplishmenﬁ; of so large and varied a program as that just
described requires the \gtilizatibn ‘of-&ll available talents and facili-
ties; it frequently _etiqqintqré ‘the ngqé f£6r training new talent and
_cqnstfucting additiot;gl‘f__a_ci%ﬁtieai._ Téons,e‘quently, the work is carried
on at qn_iversitie_s and in induétrial laboratories, by privately endowed
research institutes and hospitals and in the lsboratories of other
gevement agencies, as well as ,'m 1nstitntions created specirica]ly
for the parpose,

~Although the aim of this study is %o re-examine the role to be

played by the latter in'stiﬁtién‘s;..ﬁéih as a group and individually,

1t will be necessary to consider as well the fields of work that are

appropriate for the other types of rqégaréﬁ aiﬂ “f d&elopmnt orgéniza-

tions as well. - Although there are ne hard end fast distinctions that

can-be drawn in all cases between the areas "of’ﬁork-appropriatﬂe to each
mclass, .,it;should be clear from this analygis 'fhat there are logical
and ;adequate guidelines which are applied in determining where work
shonldr. be accomplished and which sheuld serve for the future as

currently foreseen. B 7

£t the eutset, the meaning of the term "AEC Laboratory" as used
here should be defined, and the iustitutions to be discussed indivi-

 dually should be determined. There is no clear dstinction between

an ARC laboratory and a non-AEC installation at which research and
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development work for the Commission is performed. ' Taking either the
government investment or the anmual costs as a criteriom, there i‘._s,_‘a
broad range, with steady gradations and no sharp breaks, from such A
large and wholly-AEC institutions as the Oak Ridge National Laboratory
on the one hand (with completed and suthorized plamt totaling $180
million and amual cperating costs of $52 million) down to the many
small groups porfarming AEC contract réscareh at qnivgrsity canpnées,
using, to cite one example, a $180,000 Vau de Graaff geﬁorator and
imcurring armual costs of $85 5000, Fb:amples of intermediate points
ares the AEC's $l 7 million investment in 2 linear. :ccelorator and
assgciated equipmnt at, tl;e Univgrsity of nimeso‘i;a, .housed ina
University-cwned buildings t he Ames igboratery at Towa S£ate Und-:
Versity, with completed or authorized AEC. facilities totaling o

$1h million but also utilizing Universitynomed buildings and
fae_ilitieg inclnding a 70-MEV synchrotrons ‘and the _I_.aurence Radia- |
tion Laboratory at the University of California in Berkeley, where
the ~g;'.eat;. bulk..o',f; the facilities are AECnoim‘ed,; .ime&iately adjaéént
to the campus ($48 million completed er authorized) but some of the
work is done in campus facilitiss. '

Tt has been necessary; thérefore, te dray an arbitxary iin"e'in
determining which institutions would be deslt with individually in
the ~rqport; ' The follc;dng criteria have been estsblished to deter-
mine the inst:'itutions to ba treated specificallys

I=h=2
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1. - The work is conducted in government-cwned facili-
‘ties the value of which (completed or authorized) exceeds
$3,000,000, All of the 21 AEC lsboratories considered
are housed in facilities that have been provided by the
AEC with the exception of the two aircraft nuclear pro-
pulsion activities (CANEL and Lockland) which are housed
in Air Force facilities. .

2. The activity is recognized as a research and de-
velopment institution as distinguished from an investment
in a special piece of apparatus or an experimental facil-
ity forming a part of a larger, non-AEC complex. This
criterion excludes the small submarine reactor prototype
and the sodium reactor experiment, both of which meet
the first criterion.

3. It must be éngaged in research and development
work as its major mission, rather than training, plant
support, quality control, or special production assign-
ments. -

The institutions meeting these criteria, and treated individually
in this study are: : o

Ames Laboratory
Ames; Jowa

Argotine Cancer Research Hospital (ACRH)
Chicago, I1llinois

Argonne National Laboratory (ANL)
Lemont, Illinois

Bettis Laboratory
Pittsburgh, Pennsylvania

Brookhaven National Laboratory (BNL)
Long Island, New York

Cud)ridgé‘ Electron Accelerator (CEA)
Cambridge, Massachusetts ‘

Commecticut Aircraft Nuclear Engine Laboratory (CANEL)
Middletown, Connecticut ' '

Hanford Laboratory
Richland, Washington

Knolls Atomic Power Laboratory (KAPL)
Schenectady, New York

I-L-3
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Lawrence Radiation Laboratory (IRL - Berkeley)
Berkeley, California

Lawrence Radiation Labmtory (IRL Livermore)
Livermore, California:

Lockland Aircraft Nuclear Propulsion Laboratory
Cincinnati, Ohie

Los Alamos Scientific Leboratory (LASL)
Los Alamos, New Mexico

National Reactor Testing Station (NRTS)
Idaho Falls, Idaho

Oak Ridgé Institute of Nuclear Science (ORINS)
Oak Ridge, Tennessee o

Oak Ridge National Laboratory (CBNL)
. Oak Ridge, Tennessee v

Princeton-Pennsylvanj.a Proton Accelerator (PPA)
Princeton, New Jersey |

Princeton Stellarator
Princeton, New Jersey

Sandia Laboratory
Albuquerque, New Mexico

Savanmah River Laboratory
Augusta, Georgia

University of Rochester Atomic Energy Project
Rochester, New York

- - Among the organizations e_xcluded' from detailed consideration
.are the I@ea}ﬁh and Safety Lsboratoery 'in New York City; the Puerto*-
Rico Npgieer Center; the Biemedical project at the University of
California, Los Angeles; the Atomie Bomb Casualty Commission at
Hiroshimas Hounés Laboratory near Dayton; the accelerators at such
- universities as Yale, Minnesota, Carnegie Institute of Technology,

and Columbia; and many others. They have been excluded, on the

Ikl
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basis of the criteria listed above, to keep the study in manageable
propertions within the time allottod fer it, and with the thought in
mind that the 21 institutions which are cevored are representative
of the pregrams and pret;la@s ‘that will be encountered by the others.
Despite the fact that thO_ 21 institutiens te be studied all

£all within the criteria. outlined s {t:he'y still represent a wide range
from the standpeint of type of wb;k performed, size, relatien to
other institutiens, etc. In considering their roles, thafefm, it

" will be useful to reqbgnizé sev.eral categories within the AEC lsbora-~
tories.

Hnlti—Program Laberateries

_This group consists of Argonne, Brookhaven, Oak Ridge, Ames,
mgqnce Radiatien Laboratery (Berkeley and Livermore), and Los .
‘Alamos. Because of the close relationshipq between the Oak Ridge
Natienal Laberatery and ‘the Oak Ridge Institute of Ndcleér andi:es, '
ORINS is cansidered aleng ﬂith GBNL in this group ef mlti-program
1aboratories. » Each of thcse insti!axtions is engaged in a wide range
of research and :devolspmnt activities » beth as to the fields of
science and technelegy ihvolvéd and the type ef werk cenducted ~-
ba'si_g-_ -rasearch, applied {re‘so‘arch and gencrél develepment, etc.

A1l are operated by university contractors except Oak Ridge, where
ORINS -provides a mechanism for interaction with the university

commmni ty.
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This group ceuld be further subdivided into three so-called
*Natienal" 1gborateriés' , Argenne, Oék Ridge, and Brookhaven; the
weapons laboratories, since weapens develepment is the largest
responsibility of both LosﬂAlamos' anﬁ IRL - Livermore; and the en-
campus laboragories, Ames and IBL - Berkeley.

i’ré;éét' Er;é_ihéering ‘Laberateries

- Tn this categery are included Bettis, CANEL, KAPL, Lockland,
and Séx;dia. In contrast to the firgt‘categfery,:oach of these in-
stitutiens iza;vong or g'l;t;nitéd nunber of specific develspment
tbjectives. A1l are operated by industrial contracters, all are
cenducting werk exclnéively (er primarily in the case of Bettis)
directed to meeting milita;jﬂrequirements, and none is engaged in ‘
basic research. ‘4
Productien Plant Lsberateries

This category censista ef two laberateries, these at Hanflrd-
and Savarnsh River. Their cemmen characteristic is tl;gir’.pifim:'j
orientation te the develepment problems of the productien plants
which they were built to serve.

) /Universitz Laberatories
- Included here are the Aﬁgonne_ 'Cancer Research Hogpital, the
_ Cambridge Electron Accelerator, the Princeton;Pennsylvania
Proton Accé]{e‘raijzor, the Stellarator, and the University of Rochester
Biomedical Project. They are distinguished from the on-campus,
m1ti-program lsberatories by the fact that the program of each
is limited to a specific field of work. All are research-oriented,

and all provide research epportunities for graduate students.
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National Reactor Testing Station

~ NRTS does not fit ﬁéatly into any of the categories described,
since it consists of a number of operations, seme of which are inter-
related, and ethers of which have 1little more than geography in
common., Much of the facilities and work consists of test '-mét@-
tions connected with preject developﬁent carried en elsewhers,
although substantial progfqms :in ,project' 4de'rvelo'pment angd procesé
improvement are based at NRTS. |

. The following tsble summarizes the categories of laberateries
and the types of Tesearch and development work in which they are
engaged. The column "Biological and Medical Research® includes

both basic and applied rasearch.
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AEC Laboratories by Type and by Character of Mission

Mission

E!oa% goﬁncea end Engineering
App. a= ocess &

search and Project Product Biological

Baslic General Develop~ Improve-~ & Medical
Research Development ment ment _Ressarch
Multi-program Lsborateries
Argonne Natienal Laboratery x x x x
Breekhaven National Laboratery x x x
Oak Ridge Natienal Laboratery x x x x

and Oak Ridge Institute ef
Nuolear Studies . x

Ames Laboratory x x
Lawrsnce Radiatien Leberatory (Berkeley) x x
Lawrence Radiatien Lsboratory (Livermere) x x x
Los Alames Scientific Laberatery x x x x
Project Engineering Lsberateries
Bettis Laberatery x x x
Cennecticut Adiroraft Nuclear Engine
Laberatory x .
Knolls Atoemic Power Laberatery x x x
Lockland Aircraft Nuclear Propulsien
Laberatery x x
Sandia Laboratery . x x
Production Plant Laboratories
Hanford Laboratory x x x x
Savannah River Laboratory x x x
University Laberatories
Argonne Cancer Research Hespital x
Cambridge Elsotren Accelerater x
Princetm-Pennsylvania Preten Accelerater x
Princeton Stellarater x x
University of Rechester Bismedical
Preject x
Natienal Reacter Testing Statien x x x
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Respective Roles in Development and Applied Research

In determining the assignment ‘of work in this oategory as between
the laboratories and private industrial establishments the AEC is con-
cerned with the following principal considerations: the qualifications
of prospective performers of the work, the effect of additional large
projects on the size and stability of its lsboratories and the impact
on the statutory policy of strengthening free competition in private
enterprise. . 4 |

The functions that private industrial estsblishments are expected
to perform are those most akin to normal indnstrial aetivitios. The
profit motive is industry's primary goal. This fact dictates that
industry's best technical and managerial skills gugt be placed on
work which promises a normal_ commercial return in a rééﬂb_nab]& ghort
perfod of time. A further factor influencing the determination to
seek a pr:lvafe industrial establishment as a development comtractor
1s the extent of specisl facilities needed for the instant task.
Where these are substantial, industry cammot be expected to supply
them. ) | |
 AEC, therefore, views as one class of work appropriate for
assigt}ment to private industrial establishments that which is well
advanced toward commercial stfractiveness. In the reactor de‘_fvelbp-
ment field, such projects would be ’those involving # cycle for
which feasibility has been established, and in which no major
technical breakthroughs are required to make the system economi-

cally competitive.
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Substantial portions of the fuel cycle development work
similarily fall into this class. The prospect for an eventugl
volume of commercial fuel processing buginess prbvidgg an incen-
tive to a number of companies to devotq talent to development work
for thengEC.

The Army reactor program is a good example of a class of de-
velopment work being successfully conducted in 1aréa part in pri-
vate facilities. The prospects for repeat business and the
limited amount of heavy experimental work (which also means limi-
ted spegia} facility reqniremonts aside from.prdtotypog constructed
at AEC sites) have combined to make this program appropriate for
handling in private establishments. |
7 In seeking the ‘beat qdalified contractor for aévqldpmént work,
the AEC looks to industry, rather than to its laboratories, for mon-
muclear components td-meetfsﬁecigl applications or unusual service
conditions. Often, these are substantial and chéllengiﬁg'agsigp-
menis. Wherever industry is prepared with the facilities md skills
to carry them out, the diversion of the government lsboratories
from their main tasks is avoided. »

The AEC laboratories, on the other hand, have the function of
performing work in areas too far from commercial application to
provide a normal incentive to industrial management. Projects
which are long range, or where the probabilities of a sné&essful
outcome are risky beleng in this class. Examples, of the project
development type are the thermal and fast breeder reactor systems.

Examples drawn from applied research and general development are:

I-4-10
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1. More complete measurement of the nuclear cross
sections needed for reactor design. '

2. Studies needed to gain a better understanding of
the mechanism of reactor fuel performance.

3. Heat transfer studies needed to establish parameters
for the reactor engineer.

k. Critical (zero-power reactor) experiments.
S. Studies of shielding design and shielding materials.
6. In the isotopes field, development of the technology
necessary for isotope production, separation, and safe handling,
leaving to private industry the development work involved in the
application of isotopes to speci.fic uses.
A .second function of the AEC lsboratories is the investigation of
new reactor concepts. This type of work is appropriite to the laboratories
not only because of its long:range ‘nature, but bo;;ause it cails for the
combination of pioneering ingenuity and broad, inter-disc;plinarf teamwork
which is found in the mult:l-program laboratories. Clearly, private indus-
irial establishments should not be excluded from AEC support in investigating
ideas which they generate and which fit both their capabilities and the AEC's
objectives, but for the most part the laboratories will continue to be looked
to as the prj.ncipal‘ source of new concept work. A factor militating in this
direction is the desirability of making government-sponsored‘ work initially
available to industry on an equal basis. This aim cah bast be accomplished
by pg;fforming the pioneefing work ~- establishing fegsibility -~ in the
AEC laboratories
A primary reason for the establishment of the major laboratories as
Permanent institutions at the end of World War II was to assure the availa-
bility of organized research and development installations capable of
turn_ing to a variety of problems if and when the need arose. This require-

ment is as real today as it was in 1947. There have been many occasions

on which the AEC has turmed to the laboratories with such assignments.

A few of them are: T-4-11
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1. Conceptual design and early development work on the
submarine thermal reactor at Argonne while facilities and
equipment were being assembled and personnel were being
acquired and trained by Westinghouse.

2. The undertaking of controlled thermonuclear research
at Los Alamos, IRL - Livermore, and ORNL, in addition to the
project established for this specific purpose at Princeton.

3. Long-range detection of nuclear events.

In these types of assignments, the breadth of talents available
at these installations has been particularly important in permitting
wprk to be undertaken without delay and in contributing to the
approaches available toward solutions of the problem. The talents of
outstanding basic researchers have been brought to bear on important
applied problems when the need arose.
\ However, their importance as available reservoirs of knowledge
and télent does not imply that a principal reasen for their existénce
isvargfandby one. Their availability as reservoirs is simply a by-
product of the specific missions which each of the laborateriés has
as an’indiyidual institution. Unless they coﬁtinué to offer éhaligng-
;nélopportunities in their usual work, they will lose the people
needed to enable them to undertake the unusual when thg‘occasion demands.
In the field of weapons development, prime responsibility is assigned
te AEC laboratories. ~Speciai facility needs, stringent security require-
ments, the lack of commercial potentialities, and the need -- arising from
the ufgency of the work and the relationships with the Department of
Defense ~- for keeping the program in a limited number of large, integrated
organizations combine to make it impractical to look to private industrial
establishments for weapons development. However a substantial portion of
fhe development work in non-nuclear components of weapons is subcontracted
to industry. |
The process improvement function, as related to AEC manufacturing ac-

tivipies at the gassous diffusion plants, productiom reactors and chemical
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‘processing facil;ties mist, of necessity be carried on in close
proximity and continuous contact with the production plants themselves.
These interrelationships dictate that such process and product improve-
ment continue to be conducted in AEC laboratories.

The laboratories are coming to play an increasingly important role
as unbiased technical evaluator advisors both to the AEC and to
industry in the reactor field. Finally, they will continue to furnish
opportunities for training on the job and in formal courses in fields
where such training is not otherwise available.

The laboratories of other federal agencies are utilized in the
development and applied research wherever they have facilities or
capabilities that can be -effectively brought to bear. The Bureau of
Mines, Public Health Service, Geological Survey, Coast and Geodetic
'Surﬁey, W%ath9r‘Bureau, Fish and wildli£9»Service, National Academy
of Sciences, and National Bureau of Standards are all assisting the
AEC in research and development matters. This utilization bf the
palgnts and facilities of other agencies is expected to contimue and
grow, especlally in the area of Sanitary and Environmental Engineering.

The non-profit research institutes are the remaining class of
organizations with a role in applied research and development. For
both their priﬁate and governmental clients, these institutions
ordinarily work on the solution of specific problems, or at the
development of information and understanding about a particuiét
material, phenomenan, etc., as distinguished from complete systems
development. The AEC has turned to thé research institutes since

its creation, for help on a wide variety of tasks including
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materials, components, metal refining, and fabricating techniques.
It is anticipated that these organizations will continue to carry
on similar functions.

Roles in Basic Physical Science Research

There is no unanimity,reven among those in adédamic life, as to the
extent to which government research programs should be'condugted on
university cgmpuses. The extrems positions may be stated as follows:

On the one hand it is argued that the function of the universities
is to instruct the young, and that extensive research programs distract
from that main/objectiye. At the qﬁposite pole are those who fear that
the growth of strong basic research programs at centers away from uni-~
versity campuses will lure to these non-teaching establishments able
people who should remain on the campus to devote a portion of their time
to training new genérationé of sbientists.

" - The AEC's_view of the role of the universities as performers of
research, and of the related role of itg laboratories, has attempted

to avoid both extreme positions. With rather insignificant exceptions

in the physical sciences, AEC-supported research at the universities has
been quite basic in<nature, there has been no attempt to persuade universi-
ties to take on major applied research or development programs. A single
major exception to this étatement might be the controlled thermonuclear
research project at Princeton University, but this almost becoﬁes a
matter of- definition, since so much of the effort is directed at a
fundamental understanding of the phenomena involved (and therefpre; one

might argue, within the traditional scope of university research).

T-h-1)
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The training function of the universities is clearly recognized in
determining the types of work and the spocific-projects to be carried on
at university campuses. From the outset of the off-site research program
a guiding principle in its administration has been that "the project should
be a proper training ground for graduate students."l/

As the apparatus nezessary for basic research in some fields has be-
come larger and more complex, high energy physics being the prime example,
the question of whether the installations required would, in fact,
threaten to overwhelm the:universities as teaching institutions has had
to be faced. In the three of four instances in which>rea11y large expé;if
mental devices have been undertaken at or near the campus, the conclusion
was reached that, despite the facility cost, the construction and.opera-
tion of the devices would not disrupt the academic institution.

- On the other hand, the acquisition and utiljization of large facili-
ties, expensive both ﬁo build and to operate has always been recognized as a
principle function of the mlti-program 1aboratories. Even if the resources
were available to provide such devices for nunbers of universities, there
are only a handful of academic communities which pdssess the numbers of
qpalified scientists required to make full utilization of them. The AEC
laboratory, then, is a nwéhanism for making expensive apparatus available
to qualified researchers nationally. The laboratory, as well as the uni-
versity scientist, gains from these particlpating programs, since it is
assured of access to fresh ideas that help to provide the stimilus needed
to maintain an alert and imaginative staff. |

A second function to be performed by the AEC laboratories in basic
research is the conduct of studies in fields fundamental to the agency's
imuediate development goals. In terms of current problems, such work
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would include studies in the mechanism of corrosion, high_temperature
chemistry, and the solid state sciences, in all of which additional data
is needed as a basis for development of fuels and components to extend
the limits on reactor operating conditions.

Multi-program laboratories are specially qualified to undertake
research which requires an inter-disciplinaﬁy approach. The ability
to undertake work requiring experts in several fields is not confined

- to the laboratories, but their administrative organization, their
equipment and facility resources, and their ability to call upon de-
velopment engineers to help on bésic ﬁrdblems combine to provide a set
of conditions cbntributing to rapid progress in important fields. The
creation and investigation of the elements beyond plutonium is a.élear
example.

A limited amount of basic research is most appropriately done in
the AEC laboratories because of the need for special precautions arising
from health hazards or security restrictions.

Lastly, the multi-program laboratories must continue to conduct a
significant amount of research, 4in areas relevant to the AEC's objectives,
in order to acquire and retain first rate scientists. The laboratories
can be ‘expected to fulfill their roles of pioneering leadership and of
meeting urgent needs in an outstanding fashion only s§ long as they have
on their staffs scientists with alert, vigorous, and imaginative minds.
The laboratories must contime to be attractive to a reasonable number
of gble men with these qualities. Experience, in industry as well as h
in government, has shown that such a nucleus of talent can be retained
only if it is provided with opportunities to seek new knowledge through

basic research.
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Provision of such opportunities in the laboratories means that
they will continue to conduct research and to employ scientists which
might otherwise be supported in university research.' So long .as the
magnitude of such laboratory-conducted research is kept within bounds

that do not threaten to deplete the universities of teaching and re-

search strength, it will strengthen rather than uhdermine our scientific
resources as a. whole.
Some indication of the .extent to which the growth of AEC-supported

physical research programs (excluding controlled thermonuclear nuclear
research and high energy physics) has affected the ré}atibpshi_p.between
university-centered research and the off-canqmg hbwéﬁoriés can be gained |
by looking at comparative cost figures for the last decade. During this
period the AEC supported work at the campuses has iﬁcre_ased 3.8 times, while
the work at the of f~campus laborétories has doubled. If Ax;iés and Bérkeley _
are e:;cluded;‘fro:u‘bhe university-centered reseai'ch, the increase is 5.7
times, |

Looked at in another way, 27 percent of the physical resear'ch dollars
{again eicluding controlled thermonuclearrand-high-energy physits)~were spent on
university campuses in 1951; this year about LO percent of a much larger
total will go to campus research.

It is apparent, then that support of university research in basic
physics has grown muéh more rapidly than have the programs at the off-
cémpus laboratories. This trend is expected to continue.

Industry, the non—profit research foun;:lations, and the laboratories

of other federal agencies play much more limited roles in the performance

of AEC-supported basic physical research. In sach case, the work is
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supported on an individual project basis because of the availability of
special competence, or, in the case of the government laboratories, be-
cause the work is closely related to main missions of the performing
agency. Thus, the U.S. Geological Survey has carried on AEC-financed
.work on the geochemistry of uranium, starting in 1952 when expanding
needs for raw materials in the AEC's current program required this
fundamental knowledge. Tﬁe success of ore explorations having satis-
fied the AEC's current requirements, further investigation in this

area is more pertinent to the ultimate national need for uranium as

a replacement for fossil fuel; therefore, future fgnding of the pro-

gram will be the responsibility of the Geological Survey,

Roles in Biomedical Research

The respective roles of the classes of institutions performing
biomedical résearcﬁ, both basic and applied, do not differ matkedly from
their roles in basic physical research. A fact tﬁat might be noted in
passing is that much of the research work of university medical schools, .. .
fegardless of the source of funds, is applied rather than basic; this |
situation differs from the physcial sciences, in which universities
do only limited amounts of applied work.

The factors making it necessary for the AEC to conduct a substantial
portion of its biomedical progfam in the laboratorieé are>similar to those
already stated in discussing basic physical research, The need for ex-
pensive facilities holds true in this area ~- in addition to irradiation
devices such as reactors, accelerators and high-level cobalt sources,

large colonies of experimental animals must be kept under controlled con-

ditions for long range investigationms.
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As research complexity increases, the need for pos-graduate
training grows; the unus§a1 facilities of the AEC laboratories, both
on university campuses aﬁd off, offer unusugl oéportunities for post-
gradwate research tra;ning. Such training is an important function of
the biomedical work at the University of Rochester, Argonne Cancer
Research Hospital, Lawrence Radiation Laboratory - Berkeley, and the
University of California (Los Angeles). It should become increasingly
important at the off-campus laboratories as well.

Much of fhe.work{on.underStanding and cbntrolling health hazards
is conducted in the.lfboratorieél In this environyentiit is closest
to the problems and c;nsequéntly‘receives continued: direction - -
and attention. The résearch programs falling undgr this head account
for about three-fourths of the total bio-medical program. Although
in theory some of this work could be done under other sponsorship 6r
by other institutions, nowhere else could the sustained interest in
its performance and vesults be found.

The staffs and f;cilities of other government laboratories
conduct studies for the AEC in fheir fields of épeciaiization, as,
for example, the Departﬁe;£rof Agric&lture's Agricultural Research
Center at Beltsville, Maryland. During the course of the period under
review consideration will be given to the desirability of turning over
funding responsibility to the agency conducting the research.

A limited amount of biomedical research is performed for AEC by
industrial organizations and non-profit research institutes, in

specialized fields. Industry, for example does development in in-

strumentation fields.
I-l-19
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The share of total research expenditures at the major off-
campus_labotatories has tended to be more stsble in the biomedical
program than in physical research. In 1951 it accounted for 42.5% of

the total, declining only slightly, to 38% in the curremt year.
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PART II

THE TNDIVIDUAL LABORATORTES IN THE NEXT DECADE
Section Five

MULTI-PROGRAM LABORATORIES
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Note on Tables and Chartss

As used throughout the tables and charts in Part II, the term "All other"
applies to plant facilities in the total exclusive of reactors and accelerators.
The term "Other physical research"™ i1s the total exclusive of high energy physics

and eontrolled thermonuclear rgsearch.
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ARGOKNE NATTONAL LABORATORY

Argonne National Iaboratory is the direct successor of the wartime
Metallurgical ILaboratory of the Manhattan Engineer District. The primary
objectives of that I.abo:;‘atory were to demonstrate the feasibility of & self-
sustaining nuclear chain reaction, to develop the relevant technology to the
point where nuclear reactors for the production of plutonium could be con-
structed, and to develop & process for the separation and isolation of
plutonium., A very important ancillary responsibility was to develop information
concerning the hazards involved in the use of radiation and radioactivity. To
attain these major objectives within the time schedule, it was nécesaary to
carry out, essentially simultaneously, engineering design and development,
end applied research in the fields of physics, chemistry, metallurgy, blology,
and medicine, |

On July 1, 1946 Argonne wvas established as & permanent laboratory and The
University of Chicago was selected as the operating contractor. A4s originally
conceived thé laboratory's primary responsibility was thﬁx of basic research
in the many areas of sclence pertinent to the 1ong range development of atomic
energy. However, on January 1, 1948, the AEC assigned the laboratory'majdr'
responsibilities in the field of reactor deveiopment in addition to the reseaxghw
activities in which it was already engaged. .This tvo-fold‘responsibility of basic
research on the one hand and applied research and development on the other has
continued to the present.

Since the early fifties the work of the laborsatory has been almost equally
Aivided (in staff man years) between basic research and the applied end de-
velopmental work.

The major éffort in development work since 1948 bas been on water moderated

reactors /basic design for the prototype of the Nesutilus reactor (STR), the

=5 el - : ¥
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physics design of the Savannsh River reactors, the CP-3 and CP-5 research
reactors at Argonne, the series of Boiling Reactor Experiments in Idaho called
BORAX, the Experimental Boiling Water Reactor (EBWR), and the Argonne Low
Power Reactor (ALFR) J, on fast reactors for power and breeding (Experimental
Breeder Reactors -~ EBR T and II), on the development of chemical processes for
irradiated fuel, and on the development &nd experimental fabrication of fuel
elements,

The laboratory's physical research program was initially in the following
broad areas of research: (1) low energy neutron physics; (2) nuclear properties
of the many new isotopes discovered during the Metallurgical Project or made
available as & result of the Project; (3) chemical and physical pmpertiég of
elements either newly discovered or avaiiable in gignificant quantity and
purity for the first time; (4) effeets of radiation on solids, liquids and
gases; and (5) application of the special techniques developed during the
Metallurgical Project to physical research in other areas. From this has
grown the present extensive program of research in physica.i science vwhich

- involves & wide variety of investigations in the fields of physics, chemistry
and metallurgy.

The present physlcs research is primarily in the field of low energy
mclear investigations; 'in preparation for utilizing the Zero Gradient
Synehroton (ZGS), & multi-billion electron volt acecelerator now under con-
struction, increased emphasis is being placed on problems in high energy A
pbysies. The current basic chemistry program gives major emphasis to the
inorganie and physical chemistry of the heavy elements, to nuelear chemistry
and radiation chemistry. The program in physical metallurgy emphasizes the
study of the properties of uranium, plutonium,and thorium with growing

emphasis on plutonium. Altbough this work is basic in nature, much of it
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is concerned with problems taat must be soived before plutonium can becomé
a practical fuel for power reactors. High temperature research and solid
state research are cerried out at present on a relatively small scale,

Work in the life sciences is directed toward achieving an understanding
of the action of radistion on living systéms, with emphasis §h the effects of
neutron radiation. Studies of the effects of external and internal radiations
are carried out on animals and, where appropriate, on humens.-who have been ex-
posed to perticuler environmental conditions or who bear significant body
burdens of radioactivity.

The laboratory's International School.of Nuclear Science and Engineering,
established as & part of the Aidms for Peaceprogram, hgs glven training‘to

some 400 scientists and engineers from other countries who are now teking

- prominent parts in the development of atomic energy in thelr own countries

allvover the world.
Argonne occupies a tract of 3700 acres about 25 miles from Chicego, es
well as two sites at the National Reactor Testing Station in Ideho. . Among

the many specisl facilities of the laboratory are the CP~5 research reactor,

the Experimental Boiling Water Reactor (EBWR), the Argonaut training reactor,

exponential and eritical assemblies, hot laboratories and many other facilities
for handling radiocactive materisls, a new facility for developing fabrication
techniques for plutonium, many specialized engineering test facilities, a
60~-inch cyelotron, Van de Graff generators, mass and opticﬁl spectrographs,
several gamma irradistion facilities, counting equipment for &ll levels-of
radioactivity and facilities for animal experiments. The construction of the
7GS accelerator began in June 1959. At the NRTS the laboratory operates the
Experimental Breeder Reactor I and a fest critical experiment facility (ZPR III)
and is constructing a ﬁrototype size fast breeder (EER II). The tables and charts
on the following pages give a summary of doller and manpower levels of the
laborstory's operations for the lsst ten yeers, and & detalled tabulation of

the current budget. :
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ARGONNE NATIONAL LABORATORY
Lemont, Illinois

Ten Year Trend r Costs, Staff and Facilities
(dollar amounts are in millions)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951

b/
Research and Development Costs:a/
Production Program $ - $ - $ - $ - $ - $ - $.1 $1.9 % 3.9 $1.8
Weapons Program - - - - - - .2 .2 4 4
Reactor Development Program:
Civilian Power reactors 16.1 11.8 10.6 9.6 8.4 7.5 5.1 3.1 1.2 .8
Army Power - 4 4 .3 .1 .1 - - - -
Naval propulsion - - - - L.2 .2 .5 2.1 4.7 6.6
General reactor research and development 7.9 7.4 6.9 4.5 3.3 2.7 2.9 2.9 2.1 1.6
Total Reactor Development 24.0 19.6 17.9 14,4 12,0 10.5 8.5 8.1 8. .
Physical Resedarch Program:
High energy physics 2.9 2.3 1.0 .9 4 - - - - -
Controlled thermonuclear research .1 .1 .2 - - - - - - -
All other physical research - 10.1 9.2 8.0 7.5 6.4 6.1 6.2 6.1 5.5 4.8
Total Physicgl Research 13.1 11.6 9.2 8.4 6.8 6.1 6,2 6.1 5.5 4.8
Biology and Medicine Program:
Radiation effects on biological systems 2.5 2.1 1.6 1.5 1.2 1.3 cf
Combating radiation detrimental effects .6 .5 .6 .6 .8 .5
Beneficial applications of atomic energy .5 4 R 4 A 4
Biomedical problems in atomic energy
operations .2 .2 .2 .2 .2 .3
Dosimetry and instrumentation .1 .1 .1 .1 .2 .2
Total Biology and medicine 3.9 3.3 2.9 2.8 2.8 27 2.6 24 28 2.6
Training, education and information .9 -6 -8 4 i 24 1

Total Research and Developtﬁent Costs $_41,9 $35.1 $.30.8 $26.0 $.22,3 $.19.7 $.17.6 $_.18.7 $.20.6 $_18.7

Personnel at June 30:

By Type
Scientific and engineering 844 800 698 577 531 488 519 521 513
Other 2735 2499 2216 1911 1820 1828 2190 2462 2314
Total employees 3579 3299 2914 2488 2351 2316 2 2983 2827 -
By Location )
Lemont, Illinois 3480 3248 2872 2453 2315 2289 2682 2957 2800
National Reactor Testing Station, Idaho 99 51 42 35 36 27 27 26 27
Completed Plant and Equipmant at Jume 30: ¢/
By Type
Accelerators $ 3.3 $32 % 3.0 % 3.0%3.0$3.0$29%29 § .4
Reactors 11.5 9.6 9.6 4.2 4.1 4.1 .8 .8 .
All other 92.7 81,2 77.3 74.5 _66.8 _63.9 _67.7 _49.4 _11.8
Total . $107.5 $94.0 $89.9 $81.7 $73.9 $71.0 $71.4 $53.1 $13.0
By Location
Lemont, Illinois 103.6 92.3 88.2 80.6 72.8 69.9 70.3 52.0 11.9
National Reactor Testing Station, Idsho 3.9 1.7 1 1.1 1.1 1.1 1.1 1.1 1.1

a/ Excludes depreciation on AEC facilities and the cost of source and nuclear materials comsumed in research

b/ Estimated

¢/ Detail not available for this and prior years.

d/ Plant projects authorized but not completed at June 3, 1959, total $103.5. Of this amount $71.7 is to be
built at the Lemont site and $31.8 will be at the NRTS.

R
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ARGONNE NATIONAL LABORATORY

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

F. Y. 1958 F. Y. 1959 F.Y. 1960

Costs Costs Budget
TOTAL B : $30,795 $35,050 $41,878
Reactor Development -~ Total 17,918 19,599 24,005
Civilian Power Reactors - Total 10,644 11,784 16,153
Boiling Water Reactor =~ Total 3,495 3,721 4,700
Research and Development 2,585 3,121 2,900
Fuel Fabrication - 11 1,000
Test Operations 610 575 800
Reactor Experiment Fabrication 299 . 14 -
Fast Power Breeder Reactor - Total ‘6,627 71,59 11,300
Research and Development 6,007 6,723 7,600
Fuel Fabrication 388 619 2,600
Test Operations, 185 252 1,100
Reactor Experiment Fabrication 47 - -
Liquid Metal Fuel Reactor - Total 163 94 -
Research and Development 163 94 -
Studies and Evaluation - 182 153
Assistance under Power Demonstra.tioﬁ Program 360 193 ~
PRDC
Nuclear Technology of and General Support - Total 6,881 7,451 7,852
Engineering Physics and Advanced Reactor Dev., 1,482 1,455 2,005
Reactor Fuels and Materials Development 962 894 965
Reactor Components Development 934 1,147 1,290
Separations Development - Total 1,552 1,409 1,695
Aqueous Chem. Process Development 229 315 427
Volatility Processing Development 836 607 635
Closed Cycle Process Development 487 486 633
Reactor Safety - Total 1,765 2,372 1,670
Thermal Reactor Safety 305 503 570
Fast Reactor Safety 1,460 1,869 1,100
Radioactive Residues Process and Control - Total 186 175 227
Treatment Development 186 175 227
Army Power Reactors - Total 393 364 -
Stationary Low Power - Total 393 364 -
Research and Development 284 225 -
Fuel Fabrication 101 17 -
Test Operations 8 122 -
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ARGONNE NATIONAL LABORATORY ~ Cont'd

F.Y. 1958 F.Y. 1959 F.Y. 1960
Costs Costs Budget
Physical Research Program - Total $9.203 $11,568 $13,120
Physics Research -~ Total 3,752 5,234 5,997
High Energy Physics 994 2,313 2,865
Nuclear Structure and Neutron Physics 2,172 2,326 2,512
Extra Nuclear Properties of Matter 340 336 365
Physical Methods of Isotope Separations - - -
Computer Research and Development 245 259 255
Chemistry Research - Total 4,336 5,042 4,897
Process Chemistry 732 935 —— 1,012
Chemical Properties and Reactions 3,084 3,628 3,420
Special Projects 520 480 465
Metallurgy and Materials Research - Total 946 i 1,184 2,166
Production, Treatment, and Properties -
of Material - 652 807 : 963
Alloy Theory and the Nature of Solids 182 ) 203 1,009
Effects of Irradiations on Materials 112 : 174 ' 194
Controlled Thermonuclear Research - Total 169 108 60
General Research and Development 169 108 60
Biology and Medicine Program -_Total 2,918 3,257 3,900
Radiation Effects on Biological Systems - Total 1,581 2,055 2,547
Medical Research . 82 41 128
Biological Research 1,463 2,014 2,419
Biophysics Research 36 - -
Combating Radiation Detrimental Effects - Total 557 496 599
Medical Research 312 339 415
Biological Research 245 157 184
Beneficial Applications of Atomic Energy -~ Total 431 388 ) 474
Cancer Research 64 103 111
Biological Research : 367 285 363
Biomedical Problems in Atomic Energy Operations -~
Total 226 187 170
Medical Research 5 - -
Biologlcal Research 67 - -
Biophysical Research 154 187 170
Dosimetry and Instrumentation =- Total 123 131 110
Dosimetry 92 131 110
Instrumentation 31 - -
Training, Education and Information Program - Total 756 626 853
Operation of Schools 583 510 728
Assistance to Schools 93 79 75
International Confs., Exhibits, Studies
and Other Assis. 80 27 -
Publications and Libraries - 10 -
Other Training, Education and Information - - 50
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Future Flans

Current plenning for Argonne National Isboratory eontemplates stabilizati’on
of the growth of the laboratory personnel at or below about 4,000 employees ine
cluding about l,OOO-professionaD.y trained scientists and engineers, epproximately
ten percent above the present size, It is anticipated, however, that during the
period under consideration there will be significant changes in program emphasis,

Physical Research: The most readily foreseesble change in basic research

will occur in high energy physics. With the construetion of the ZGS, the laboratc
will be iIn & position to cerry on one of .the Tation's major programs in this field
This facility, howeirer, 18 intended to serve not jJust as & plece of experimental .
apparatus for the staff of the lsboratory tut as a device available to the high
energy physicists of the Netion and of the free world. Therefore, the laboratory
management and the AEC intend to 1imit the staff expansion at ANL in the high
energy physics ‘field to & point et which only & fraction - balf or less - of the
amihble time on the machine is taken by permasnent staff of the La.boratory. The
balance of the users of the facility are expected to be visiting faculty members
and graduste students from universities and other research institutions.

In the low energy physics program, the present level of effort 1;-; not ex-
pected to change markedly, although there will be significant changes in the
direction of some of the work, parﬁicularly 88 fecilities presently authorized
or contemplated become available. Principal new facilities now foreseen include
‘-the 10 Mev Tandem Van de Grsaff (slready authorized) and & high flux research
reactor to alleviate the current lsrge backlog of work on CP-5 and to m’ake avail-
eble higher neutron fiuxes. Such an s&dditional reactor would algo permit greater
use of the research reactor facilities of the laboratory by facuity and graduste
students of mid-western universities that can now be accommodated.

VIn the chemistry program ineressing attention will be devoted to the

trangplutonium elements, The chemigtry of plutonium will also receive increased
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attention. Counterbalancing these expansions, that part of the laboratory's
work on inorganic chemistry which has been pursued because ;f interest stemming
from separations process interests will be phased out as its pro&uctivity‘diminiehe

Because of the limitations on technology now—impqsed by our knowledge of the
behavior of materials under the new conditions met within reactor operations, bott
the chemistry and metallurgy programs will devote increased attention to studies
of the behavior of materials at high temperatures and to corrosipn phenomena, The
expansions in these field will slso be accomplished by the transfer of effort from
other areas.

Expansion 1s anticipated in solid state studies; considerable expansion is
expected in ceramics réseg.rch and in theoretical metallurgy studies.

There will be-only minimgl activities in plasma physics, and no activity in
large scale controlled ihez_mbnuclear regearch 1s envissged,

With the gfowing need td develop our &bility to use plutonium as a reactor
fuel, the basic properties of plutonium as a metal and an alloy material must be
intensively investigated. -'ihe netallurgy program. is already in process of shiftin
its emphasis away from uranium to plutonium. Although the basliec properties of
uranium will continue to recéi;e some attention, 1t now appears that as the decade
advances, more and more of the Metallurgy Division's basic research effort will
be concerned with plutonium.

Reactor Development: The reactor development work of the laboratory over the

last several yéaré has occupied sbout half of the laboratory's professionalv
scientific end englneering staff. So far as can be foreseen in the period under
study, this approximate division of effort will continue. The laboratoryis major
responsibility in the boiling water feactor field will be graduslly phaééd out

as the pioneering types of questions on the boiling cycle are answered and industr
takes over the problems of engineering development and process refinement which

will remain. The fast breeder reactor as a source of power and fissionable mater:
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will continue to occupy a significant part of the laboratory's development effort
through the decade.

Investigations will be continued on advanced concepts as they appear fruitful,
Such investigations are expected to culminate in simple reactor experiments of the

A BORAX type, intended to determine feasibility of advanced concepts and the desira-
bility of further, more elesborate engineering development. Such concepts to be
investigated might include the boiling slurry reactor or particle fueled reactors.

Tuel cycle work on both the boiling water reactor and fast breeder types are
expected to continue throughout the period.

In the field of general redctor technology, work will be expanded on the heat
engineering pro'bléms arising from the use of sodium as & coolant. Metallurgical
investigations 'of high temperature fuel materials will recaive increased attention.

Work on the fluidized bed technique for fuel reprocessing will continue throug)
the next few years but 1s expected to drop out in the latter half of the decade.

It is also proba.bie t&t there will be a modest increase in 'Ehe ‘chemical

separations program off-get by & modest decrease in the reg.ctdr physics progrem,

Blology and Medicine: As knowledge of the acute effects of radiation has in-
creased, grester emphasis hes been plé.ced on the chronic effects of low-level
exposure to radiations, in anticipation of the incressingly importent problem which
will result from widespread use of nuclear reactions for pover production. Con-
sequently, a major program expansion on long-term biological effects of low-dose
radistion is undervay. Becsuse of the low doses and dose rates involved, such
studies require a considerable expansion of experimental enimal facilitiga. In
addition to studying the effects of fission neutrons, high-energy gamma radistion,
and strontium-90 deposition, the program will underteke to evaluete the effects
of & variety of mixed fission products, both short and long lived. Emphasis will b

on the life shortening and carcinogenic effects,
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In addition to the large-scale laboratory animal studies with dogs and ﬁice,
a detailed epidemiological study on human populations is rapidly gaining impetus.,
Between 500,000 and 700,000 persons in Illinois are routinely drinking well weter
that contains sbove-average levels of rsdium: some waijers oontain levels near the
maxjmum permissible content, Body reddium burdens will be measured and correlated
with estimates of the incidence of bone pathoiogy and bone tumor mortality. These
gstudies sre integrated with the continuing follow-up of radium dial painters and
other persons known to be carrying significant body burdens of radium,. Basic
biochemical and cell structure research programs could be shifted to universities
or reduced in scope as the above prograns expcnd. Studies on humen biochemical
genetics will increase. Certain projects in the flant sciences concerned with
radioisotope labeling of compounds involved in bilosynthesis will be brought to come
rletion. Studies of the biochemical factors which account for difte;:enees' in the
radiosensitivities of individual cells within & population will be expanded &s
they are required by the long-range neutron and guma ray toxicity project. A
camprehensive pi‘ogrém of the bidlogiqal effects of fission neutrons &t dose rates
varying from about .0O00Ll to 10,000 rad per hour will be initiated upon the com-

Pleticn of a specisl biological research reactor facility in 1960,
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BROOKHAVEN NATTONAL LABORATORY

Brookhaven National Iaborstory was established in 1946 in recognition of
the need for large and expensive equipment and cpncentrations of scientific man-
power in conducting nuclesr research. The laboratory is operated by Associated
Universities, Inc. (AUI), & non-profit corporation formed for the purpose under
the sponsorship of nine leading northeastern universities. The Brookhaven program
is characterized by emphasis on basic research and by large scale éarticipation of
scientists and ehgineers from other institutions. |

The laboratory occupies the former Camp Upton in central Long Island. Some
150 Army buildings are still in use; although some &re permanent, & large nuﬁber
are of temporary barracks type construction and are gradually being replaced. New
construction to date includes centers contalining the major technicql facilities,
part of the Biolégy Laﬁératory; & new Medical Center, and & few sﬁall, special pur-
pose buildings. Uhdéi éesign are 8 Physics Iaboratory and the first phase of &
Ruclear Engineering Building. A comprehensive Master Flan contemplates an orderly
proeess-of replacing'tehporary structures, relieviné overcrowded conditions and pro-
viding for future requirements,

The research is centered arcund, though not confined to, the use of'séveral
large machines and other-special facilities, including: a large research reactor;
a 3 billion electron volt proton synchrotron (this "Cosmotron," comﬁleted in 1952, .
wﬁs the first aécglerator to deliver particles of energies above one billion volts);
& 60" cyclotron, and sgveral smaller accelerators; & hot chemistry laboratory; and
several high level radietion facilitles including a gamme field and a gamme green-
‘house for the irradiation of growing ﬁlants. The new medical center incorporates
& small research hospltal and its own nuclear reactor especially designed for
clinical neutron irradiations and other special purposes. A 30 billion electron

volt (BEV) protron synchrotron, to be completed in 1960, will keep the lsboratory
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in the forefront of research in high energy physics. A high flux research reactor
now under design will provide much higher intensity external neutron beams for use
in many facets of the program.

The scientific program covers a wide range of subjects In the physical and
biologicsl sciences and in engineering. It can be broadly described under five
major headings.

1. Fundemental studies of atomic nuclei, the particles which constitute
them, and the forces involved in their structure. This work, which
is the laboratory's largest single effort, uses all the major ms&chines,
.Especially significant results have been achleved in high energy particle
physics, in neutron physics and in certain important aspects of nuclear
structure.

2, 'Te physicel, chemical, and biological effects of nuclear particles
and radiations. Such effects are utilized to study physical and
chemical structures and the more complex properties of living systems
and the changes which they undergo in their life and reproductive cycles.
Of direct practicsl interest are deleterious effects of neutrons and
other rsdiation upon biological systems and upon structural and other
materials involved, for example, in reactor construction. Of equal
importance are the potentially beneficial effects in the treatment of
disease, in inducing useful genetic changes in plants or animals, and
in essisting manufacturing processes. Special emphasis is placed on
the use of nentrons in much of this work.

3. The use of muclear tools, such a&s radioisotopes and neutrons, to
study physical, chemical, end biological systems in an undisturbed
state. . In addition to applications of isotopic tracers in studying
physical, chemical and biological systems and processes, this category
includes the use of neutrons and other pasrticles as probes to study the
microscopic details of physical and chemical structures by observing
their penetration and reflection,

4, Research and development, not necessarily itself involving nuclear
phenomensa, directed at the problems of atomic energy development. In
ite more besic aspects this category ineludes the chemistry and
metallurgy of substances of speclal interest and the neutron scatter-
ing and sabsorbing properties of materials used in reactors and atomic
weapons, In its immediate application it includes the development of
reactor components such as fuels, structures and shields; of components
and processes for the chemical processing and useful recovery of reactor
products; end theoretical and experimental studies in the field of
reactor physics.

5. The development of specific devices. This includes both the design
and the econstruetion of special research tools such as scecelerators,
reactore and other technical equipment, and the development of
radiation sources and other devices utilizing atomic energy.
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The scientific staff presently includes slightly more than 300 scientists
and engineers on the Brookhaven staff proper, approximately 7O Rgsearch Associates,
end some 300 visitors from other institutions who aversage soxhewhat more than one-
third of their time at the laboratory. About 60 foreign nationals are in residence
on temporary appointments a&s research associates or visiting scientists.

Tables arid charts on costs, budget, facilities, and staff follow.
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BROOKHAVEN NATIONAL LABORATORY
Upton, Long Island, New York

Ten Year Trend - Costs, Staff, and Facilities
(dollar amounts are in millions)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951

b/
Research and Development Costs:i/
Reactor Development Program:
Civilian power reactors $ .9 $3.5 $4.2 $2.8 $1.,6 $1.1 $1.1 $1.1 ¢ 7 & -
General reactor research and development 2.0 .9 .9 .9 1.0 .8 .6 [ .5 .5
Total Reactor Development 2.9 44 51 3.7 256 1.9 1.7 1.7 1.2 .5
Physical Research Program:
High energy physics 5.6 3.8 3.0 2.6 2.1 1.7 1.5 1.3 - -
Other physical research 1,2 5.6 5.3 4.3 3.9 4.1 4,1 4.2 5.3 5.1
Total physical research 12.8 9.4 8.3 6.9 6.0 5.8 5.6 5.5 5.3 5.1
Biology and Medicine Program:
Radiation effects on bilological systems 2,2 2.3 2,0 1.6 1.4 N cf
Combating radiation detrimental effects - - - - - .2
Beneficial applications of atomic energy 1.9 1.6 1.4 1.2 1.1 1.5
Biomedical problems in
atomic energy operations .2 .2 .1 .1 .1 .1
Dosimetry and instrumentation .1 1 .1 .1 .1 .1
Total Biology and Medicine 4.4 4,2 3.6 3.0 2,7 2.6 2,4 2.2 2.2 1.8
Isotope Development .3 .1 - W1 .2 - - - - .1
Training, Education and Information .1 - .1 - - - - - - -
Total Research and Development Costs §20!S $18,1 §17!1 313!7 $11.5 §10!3 $ 9.7 2 2.4 § 8,7 § 1.3
Personnel at June 30: . .
Scientific and engineering 440 408 379 368 366 342 33 319 285
Other 1,395 1,268 1,206 1,135 1,092 1,045 1,092 1,096 1,092
Total employees 1,835 1,676 1,585 1,503 1,458 1,387 1,423 1,415 1,377
Completed Plant and Equipment at June 30:2/
Accelerators §19.3 $7.5 $7.5 $6.8 $6.2 $6,1 $54 $28 $1.5
Reactors 17.0 17,0 16.9 16,9 16.9 16,9 16,8 16,8 16,5
Other 38.4 35,8 34,2 34,1 34,8 34,1 34,4 31.4 30,3
Total $74.7 $60,3 $58,6 $57.8 $57,9 $57,1 $56,6 $51,0 $48,3

a/ Excludes depreciation on AEC facilitles and the cost of source and special nuclear materials consumed in research.
b/ Estimated.
c/ Detail not available in this and prior years,

d/ Plant projects authorized but not completed at Junme 30, 1959 totaled $55.4 million.
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BROOKHAVEN NATIONAL LABORATORY

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

F.Y. 1958 F.Y. 1959 F.Y. 1960

Costs Costs Budget
TOTAL $ 17,019 $ 18,019 $ 20,365
Reactor Development Program - Total 5,11l Lk,a1 2,951
Civilian Power Reactor - Total _b,239 3,475 877
Liquid Metal Fuel Reactor
Research and Development L,155 3,360 750
Studies and Evaluation i 115 127
Nuclear Technology and General Support - Total 875 936 2,080
Fngineering Physics end advanced Reactor ‘
: gcvelopmont W7 L33 995
L Reactor Fuels and Materials Development 50 k! © h2s
f Reactor Components - - 100
Separations Development - Total 378 L32 450
Aqueous Chemical Process Development 8o 158 150
Residue Treatment Development 105 110 - 100
Residue Disposal Development 185 164 200
Reactor Safety - - 110
Physical Research fPrggram ~ Total 8,282 9,396 12,758
Physics Research Program - Total 5,138 6,089 8,470
! High Energy Physies 2,966 -3, 5,580
| Noclear Structure and Neutron Physics 1,854 1,907 2,315
] Design and Development DNevices for Physics
: Research 272 266. 309
Computer Research and Developmeut L6 1k 270
Chemiatry Research - Total . 2,339 2,L27 3,033
Process Chemistry 327 321 168
. Chemical Properties and Reactions 1,916 2,019 2,450
Preparation and Purification of Special )
Research Materials 9% 88 115
Metallurgy and Materials Research - Total 805 880 1,255
Alloy Theory and Nature of Solids 648 7 1,025
Effaects of Irradiations on Materials 157 139 230
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BROOKHAVEN NATIONAL IABORATCRY - (Cont'd.)

F.Y. 1958 F.Y. 1959 F.Y. 1960
Cogts Costs Budget
Biology and Medicine Program - Total $ 3,609 $ 4,173 $ 4,115
Radiation Effects on Biological Systems - Total 1,992 2,273 2,170
Medical Research 1,275 1,471 1,450
Biological Research 607 802 720
Biophysics Research 110 - -
Beneficial Applications of Atomic Energy - Total 1,119 1,639 1,935
Cancer Research 517 598 700
Medical Research 373 L2k 25
Biological Research 509 593 780
Distribution Isotopes 20 2l 30
Biomedical Problems in Atomic Energy - Total 88 133 170
Biophysics Research 88 - -
Enviroomentel Research 7 - 133 170
Dosimetry and Instrumentation - Total 100 128 140
Dosimetry 8o 89 100
Instrumentation 20 39 10
Civil Effects Test Program - Total 10 - -
Isotope Development Program - Total 126 10l 255
Radioisotope Production and Process Development 105 - -
Industrial Process Radiation 17 10} 255
Training, Education and Information Program - Total 110 39 90
Assistance to Schools 24 5 )
International Conferences, Exhibits, Studies
and other Assistance L3 5 55
Other Training, Fducation end Information
Activities h3 29 30
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Future Plans

Measured in terms of scientific and technical effort, considerably more than
half of the work at Brookhaven is in the physical sciences; the remeinder is ebout
equally divided between nuclear technology and life sciences regearch. Over the
coming ten years, an expansion of 50 percent of more in the total Brookhaven effort
is anticipated with a substantial portion of this increase occurring during the first
five years.

Thysical Sciences: Of the growth in basic research in the physical sciences,

nearly half is expected to be in the high energy physica:.prog‘ram as & result of
the new 30 Bev alternating gradient proton synchrotron, scheduled for initial test
operations in 1960, and of improved research facilities at the Cosmotron. Additional
emphasis also is envisaged with~mapéct to the solid stete physica' and metallurgy
programs and in xja.diation chemistry. '

The Brookhaven scientific staffs in bigh energy physics, ;nuclea.r structure
and neu‘l;.ron .physit_':s a.re expected to increase significantly. The nmuclear structure
and neutron physics program is expected to move into new relatively unexplored
fields through the acquisition of (1) the high flux beam research reactor and (2)
a planned high intensity, intermediate energy cyclotron. - -

Research in basic chemistry currently i'epreaents approximately one-fourth of
research effort in the physical sciences program. Radiation chemistry will be
given relatively more emphasis, and the overall chemistry effort is expected to
expand somewhat.

In metallurgy and solid state physics, some increaaea and diversification are
anticipated. The currently contemplated expe.nsioﬁ in metallurgy facilities is
not expected to allow substantial expansion in this field, and only minor expansion

is envisioned in solid state studies.
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Blology Programi In the Biology Department which constitutes about 40 pere

cent of the total research effort in the life sclences at Brookhaven, there are

at present about 20 staff scientists, 10 research assoclates, and an average of

15 visiting sclentists engaged in the research program, It is currently anticipated
that the research program will continue to expand until an equilibrium level of
30-35 starf sclentists, 25 research associa.tés, and an average of 30 visitors is
attained.

The biology research program emphasizes research in genetics, radiation biology,
molecular bioclogy, mammalien physiology, and cellular physiology.

‘ This laboratory provides our principal _facility for the cooperative progrems
in the application of radiation for crop improvement., No further expansion in
this effort .’u; anticipated. The research progran in plant radiobiology will be"
expanded following the recommendation of &n ad hoc committee of botanical sclentists
who recently examiped eritically the entire plant sclence research progran of fhe
AEC, Since the 'exiﬁting program at Brookhaven is already strong in molecular level
gtudies, the expansion will emphasize effects on tissues, whole plants, and plant
communities. _ |

Tt is anticipated that the general program in genetics will remain at é.bBut
its present level of activity. Partimﬂ.éx emphasis will be given to the effects
of radioisotopes incorporated into the genetic materials., Strontium-90 may pre-
sent a specisl problem in this regard since it can partially replace calcium in
the molecular structure of chromosomes.

The radiation biology program has emphasized mammalian studies. Althdugh the
mmbers of animals employed in radieation toxicity studies will not be greatly in-
creased, there will be an éxpa.nsion of the basic studies at the molecular and cellular
levels necessary for understanding whole body radiobioclogical effects, Estimai:es
of cell renewal and turnover times are important in predicting radiation effects

-~

on gpecific tissues of importance in mainteining the physiologieal levels of activity
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consistent with survival. Efforts in theoretical biology will be considerably
expanded to aid in the prediction of radioblological damage.

The molecular blology program will be strengthened by expansion of studies
in free radical chemistry, of protein and nucleic acid blosynthesis and their
interrelationships, of protein structure, and of the mechanism of enzyme action.

Medical Program: The program of nuclear medicine includes application of

atomic components in the treatment and dlasgnosis of‘ disease and in the elucidation
of fundementeal biological processes. During 1959 & medical reactor (the first
designed for medical use only) was brought into operation. Rapidly, the research
and service activities are being oriented around this special facility.

In viev of the unique facilities, the special competence, and the unusual
associations aveilable at Brookhaven, every effort will be mede to determine,
utilize, and test therapeutic a.dvantagés provided by e medical reactor.

Nuclear 'ﬂechnolog: Brookhaven National Iaboratory contributes in all of the

nuclear technology programs, though the overall level of effort is of moderate
size. Significant increases are expected in reactor cémponents and cﬁemica.l
separations programs, moderate. increases are expécted‘ in fuels and mater:la.ls' and
reactor physics programs, and the current level of support 1s expected to be con-
timued in the sa.nitary and enviromental engineering program and the reactor safety
program, An overall increase of approximately 70 percent is to be expected over

the ten year period.

Isotopes Development: - Current planning contemplates expansion of the high~

level radietion reséarch and development program to about three fold the current
level of effort over the next five years., The high-level radiation program will
experience significant changes in program emphasis during the next ten years.

These changes will, of course, depend on the results of research and development

of large radiation source designs, radiation physics, chemonuclear reactors,
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high-level dosimetry and engineering designs of high-level irradiators. The
Brookhaven program will be concerned primarily with the more fundamentel aspects

of epplied radiation chemistry, phjrsics, and engineering necegsary to supplement

and accelerate an industrial radiation program.

By L A
R N LTt
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OAK RIDGE RATIONAL LABORATORY

ORNL developed around the facilities established to scale up the plutonium
project -work started at the Metallurgical Isboratory in Chicasgo. The first
laboratory facilities at Oak Ridge were the reactor for production of gram
quentities of plutonium and a pilot chemical plant for separation of plutonium
from irradiated uranium. Virtually from the start, this work was supplemented
by besic physical research and by development assigmments, Bioclogy and medicine
programs were also undertaken early, to begin to explore the hazards associated
vith these new materials and with radiation. The basic orientation of ORNL tovard
chemicai technology and process development which began with 1ts original mission
has persisted. Likewise, thé emphasis on neutron physics, research and test re-
actors as well as power reactor development and isotope production was & natural
course for the post-War program, centered as it was around the graphite reactor,
the oldest operating nuclear reactor in the world.

The laboratory hes grown by expension of its projects in these historical
fields of research, by absorption of the wartime electromaegnetic development
laboratory, and by assigmment of major projéct responsibilities, such &s the
Aircraft Nuclear Propulsion Project, as well as by gradual strengthening of eﬁ.éting
basic research progrems. As & result, the laboratory's 1nteréats and skills have
continually widened until ORNL is now involved in research and development
in most fields of Commission activity.

The laboratory's mission is weighted on the slde of applied research, de-~

velopment, and isotope preparation, with about ;75 percent of the budget going into
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these activities., The laboratory is the country's central establishment for
producing both stable and radicisotopes, the latter both in a wide variety for
regearch and medical therapy and also in large quantities for industrial use.
The two largest areas of applied work are reactor development and chemical pro-
cessing. |

The applied program of the laboratory involves the following major efforts:

Thermal Breeding. In accord with the Commission's over-all reactor program

in which breeding is & major long-range objective, ORNL has been essigned the

responsibility for developing the thermal breeder systems.

Gas-Cooled Reactor. The laboratory has the responsibility for technical
aspects of the gas:eoéled reactor program, 1ne1uding technical features gf,the
85 Mw reactor to be bullt in Osk Ridge and the continmuing research progrem to
improve the performancé of gas-cooled rea.ctors; This ig an example of a role

| which the major AEC laboratories may be expected to play to an increasing exteﬁi:.;
i.e., to Berve as the Commission's center of know-how and research on the major

.typesl of power reactors.

Technical Assistance. The laboratory provides to the Commission technieal

assistence on specific reactor problems, ranging from conceptual design of the

Army Package Power Reactor, now operating at Fort Belvolr, to general msgomibility
for the ghielding portion of the Aircraft Nuclear Propulsion program. In addition,
asgistance is now being provided on the Maritime Reactor Program (NS Sa_.va.nhah),

the Puerto Rican reactor, the AEC's small power plant program, aud the Enrico

Fermi reactor.

-General Reactor Development. To provide the bases for continued growth and

improvement in the power reesctor field the laboratory carriea on research or de=-
velopment in metallurgy, chemistry and solid state pbysics simed at Improving

reactor fuel elements and construction materials, in electroniecs to improve reactor
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control and safety systems, in engineéring (a) to increase the knowledge of

heat transfer and hydrodynamics and thus reactor performance, (b.) to improve
components, and (c¢) to evaluate the corrosive behavior of matel;ials under reactor
conditions. ' Contributing to general reactor development has been the succession of
test reactors for which the laboratory has been wholly or pertially responsible; the
LITR, the MTR, the Swimming Pool Reactor, the Tower Shield Beactor, and the ORR.

Chemical Processing. Peginning just after the War with the development of a

solvent-extraction process for recovery of uranium from the Hanford wasté tanks,

the laboratory has played & major role in development of processes for extraction

of plutonium, recover&_of uranium from production reactors, and the enriched fuel --
recovery process used at Idaho, Most of the laboratory's effort in chemical 'pro'-cess-'-v
development has now turned to processes for power reactor fuels. A.pilot plant complex
utilizing existing structures, supplemented by a new head-end tx:eatment plant, will
permit the lasboratory to process fuels from several of the power reactors in the
course of the developmental program. |

Waste Disposal. As an outgrowth of the necessity for providing safe means of

disposal of its own radlosctive wastes, the lsboratory is engasged in & broad study
of safe and economical methods for disposal of gaseous, liquid and solid wastes.

Controlled Thermonuclear Progrem., The spproach teken at Oak Ridge to this

problem involves the injection, at high energy, of molecular ions through a carbon
arc in a ma.gnetié bottle, The atomic iéns produced by bresk-up of the molecules in
the arc are confined and, when proper conditions are achieved, may produce a con-
tinuous thermonuclear reaction. The attaimment of these proper conditions in the
DCX device 18 the focus of a sizeable program at the laboratory.

The basic research work of ORNL, though representing not more than 25 percent
of the whole budget, is actually very large, involving over 600 scientific man
years of effort out of & total of 1,420, The fields covered range, for example from

radio~blology to mathematics, from plasma physies to solid state physicse.

i
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Physics. A large fraction of the physies research is concerned with
the reactions of neutrons, especially those pertinent to reactor development,
or the utilization of neutro#s as tools for research., Thus, the laboratory has
broad programs to determine nuclear cross sections, to investigate the mechanisms
of reactions with materials and to determine the structure of crystals as dig-
closed by the diffraction of neutrons.

Chemistry. The laboratﬁry is concerned with the chemistry of the fission
process, fission products, chemicel effects of radiation, and chemical properties
and reactions in aqueous and non-aqueocus media at high temperatures.

Metallurgy end Solid State Physics. This work is concentrated on the fundamental

properties and reactions of metels, ceramics, semi-conductors and orgenic materials,
" primarily under eonditions encountered in nuclear reactors.

Blological Sciences, The major problems studied in this field ‘are those

central to the use of muclear enei'gy, the investigation of the biological effects
of radiation and the development of means to alleviate or counteract such effects.
An extensive program is econcerned with elucidating the genetic consequences of

exposure to radiation. | aom

The Oak Ridge National ILaboratory is operated by the Uniom garbide Fuclear
Company under contract to the Commission., A good example of the laboratory's
capability to perforﬁi functions of & gemi-industrial character was the coordination
of the United States' Sherwood exhibit at Geneva in 1958,

The laboratory is in the midst of & $45,000,000 building progran which, upon
compleﬁion,will provide ocutstanding facilities for advanced work and sadequate space
for the staff, The labomtory is equipped with several research reactors, chemical
pllot plants, cyclotrons, and Van de Graaff saccelerators, and plans are now under=
way for construction of an ultra-high performance isotope-producing reactor wvhich

will be used for manufacturing very heavy isotopes in large quantities for research

purposes,
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OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee

Ten Year Trend - Costs, Staff and Facilities
(dollar amounts are in millions)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951

b/
Research and Development Costs:i/
Production Program $2,5 $2,8 $§1,8 $1,3 $1.2 $1.3 $6.4 $6.7 $3.1 $1.6
Weapons Program - - .2 .3 .3 WA W4 .3 .9 .8

Reactor Development Program:
Civilian power reactors 16,7 0
Merchant ship 8 2
Army power 2 2
Manned aircraft propulsion 3.0 3,6 7
Satellite power sources 4 5

6 6
7 1

General reactor research and development 4,3 4,0 2,7 1.4 .9 .5 .6

27.5 35,3 28.2 19.4 11.4 11,0 11.2 8.0

7
Total Reactor Development 28

Physical Research Program:

High energy physics .1 - - - - - - - - -
Controlled thermonuclear research 5.6 4,0 3.4 .9 .6 A L1 - - -
Other physical research 12,7 10.9 9.7 8.7 8.0 8.1 1.7 7.5 -__ 6.0 4.8

Total Physical Research 18.4 14,9 13,1 9.6 8.6 .5 7.8 7.5 6.0 4.8
Biology and Medicine Program:

Radiation effects on biological systems 3,2 2.8 2.5 1.9 1.7 1.5 cf
Combating radiation detrimental effects N .6 .3 .3 .3 .2
Beneficial applications of atomic energy - .3 .2 .2 2 -
. Biowedical problems in

atomic energy operations .8 .S .4 N .3 .3
Dosimetry and instrumentation 2 A 1 R4 . R

Civil effects K .3 .2 .1 - -

Total Biology and Medicine 5.2 4.6 3,7 3.3 2.9 2.4 2.3 2.3 2.2 1.9
Isotope Development .6 .5 .3 .2 .2 .3 ] .5 .5 .8
Training, Education and Information .7 .3 b .4 ] 4 K 4 .5 .3

Total Research and Development Costs $56,1 $52,2 $47.0 $50.4 $41.9 $32,7 $29,0 $28,7 $24.4 $18.2

Personnel at June 30:
Scientific and engineering 1,457 1,398 1,350 1,223 1,143 1,028 1,011 884 763
Other 3,566 3,330 3,413 3,191 3,035 2,943 2,974 2,952 2,494
Total employees 5,023 4,728 4,763 4,414 4,178 3,971 3,985 3,836 3,257
a4/
Completed Plant and Equipment at June 30:—
Accelerators $ 6.2$% 7.1% 708 3.9% 2.5 cf
Reactors 15.7 14.8 9.3 8.4 6.9
Other ’ 113,5 117.9 118.7 106.,8 97.6
Total $135,4 $139.8 $135,0 $119,1 $107 0 $102,8 §.99.0 $.62.9 $.33,3

a/ Excludes depreclation on AEC facilities and the cost of source and nuclear materials consumed in research.
b/ Estimated.
¢/ Detail not available in this and prior years.

4/ Plant projects authorized but not completed at June 30, 1959 totaled $45.0.
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OAK RIDGE NATIONAL LABORATORY

Current Budget and Recent Costs by Categories of Work

(in thousands)

F.Y. 1958 F.Y. 1959 F.Y. 1960
Costs Costs Budget
TOTAL $ 47,010 $ 52,142 $ 56,037
Production Process Development -~ Total 1,772 2,797 2,500
Weapons Development - Total 258 S 5
Reactor Development - Total 27,548 29,048 28,696
Civilian Power Reactors - Total 15,308 17,964 16,700
Pressurized Water Reactor -
Research and Development - - 250
Gas Cooled Reactor -
Regsearch and Development 1,139 5,331 9,250
Fluid Fuel Reactors - Total 13,880 12,554 6,900
Homogeneous Reactor - Total 11,397 9,663 4,900
Research and Development 9,416 7,813 2,900
Operations 1,981 1,850 2,000
Fused Salt Reactor -
Research and Development 2,483 2,891 2,000
Studies and Evaluation 289 79 300
Nuclear Technology and General Support - Total 4,315 5,632 7,621
Thermal Reactor Safety 172 327 380
Engineering Physics and Advanced Reactor
Development 578 1,188 1,867
Reactor Fuels and Materials Development 571 1,075 1,779
Reactor Components Development - 60 240
Aqueous Chemical Processing Development 1,666 1,685 1,500
Volatility Processing Development 462 432 805
Low Decontamination Studies 60 - -
Residue Disposal Development ) 806 865 1,050
Maritime Pressurized Water Reactor - Total 273 1,235 775
Army Power Reactors - Total 612 161 200
Stationary Medium Power 161 - -
Gas Cooled Reactor Systems 451 - -
General Support - lel 200
Airplane Propulsion Reactors - Total 7,040 3,582 3,000
Indirect Cycle 2,227 - -
General Support 4,813 3,582 3,000
Auxiliary Power Sources, SNAP I - 474 400
Physical Research Program - Total 13,076 14,919 18,363
Physical Research ~ Total 3,082 3,924 4,649
High Energy Physics - 56 100
Nuclear Structure and Neutron Physics 2,273 2,416 2,591
Extra-Nuclear Properties of Matter 193 192 160

0014999
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Oak Ridge National Laboratory - Cont'd F.Y. 1958  F.Y. 1959 F.Y. 1960

Design and Development of Devices for ’
Physics Research 290 550 945

Physical Methods of Isotope Separation 289 676 813
Computer Research and Development 37 32 40
Chemistry Research - Total 5,510 5,711 6,315
Process Chemistry 2,719 2,471 2,321
Chemical Properties and Reactions 2,230 2,417 2,705
Chemical Isotope Separation Studies 255 318 . 479
Special Projects 176 333 505
Preparation and Purification of Special
Research Materials 130 171 305
Metallurgy and Materials Research ~ Total 1,146 1,304 1,829
Production, Treatment and Properties
of Materials - - 69
Alloy Theory and the Nature of Solids 713 762 865
Effects of Irradiations on Materials 433 541 895
Controlled Thermonuclear Research ~ Total 3,338 3,980 5,570
Bipology and Medicine - Total 3,660 4,588 5,203
Radiation Effects on Biological Systems =~ Total 2,453 2,824 3,195
Biological Research 2,063 2,408 2,782
Biophysics Research 390 416 413
Combating radiation Detrimental Effects - Total 328 600 618
Biomedical Problems In Atomic Energy Operations -
Total 420 503 827
Biophysics Research 251 305 571
Environmental Research 169 198 256
Dosimetry and Instrumentation - Total 64 102 225
Dosimei‘.ry 64 56 90
Instrumentation - 46 135
Civil Effects Test Program -~ Total 161 279 338
Beneficial Applications of Atomic Energy 234 280 -
Isotope Development Program - Total 263 455 570
Radioisotope and Process Development 263 382 570
In FY 1959, ORNL included Start-up Costs in
Isotope Program - 73 -
Iraining, Education and Information Program - Total 433 335 700
Operation of Schools 284 198 1/
Assigtance to Schools 47 33 -
International Conferences, Exhibits, Studies
and Other Assistance 33 43
Other training, Education and Information
Activities P 69 61

1/ Detail not available
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Future Plens

It is anticipated that personnel growth at the Oak Ridge Natlonal Iaboratory
will be minimal dui'ing the next ten years.,

Reactor Program: The civilian nuclear power reactor program presently includes

work at seven of the AEC iaboratories , including the Oak Ridge National Iaboratory.
Since the ten year program for eivilian reactors 1s unknown, a detalled program
forecast for each laboratory cannot be presenteds In addition to the present
reactor systems, there will be new systems which may be added to a laboratory's
work in the future - the number of these new systems, the magnitude _of effort, or
the location where the work will be done is not known at this time,

The civilian reactor work at ORNL is presently in the areas of gas cooled

reactors and thermal breeder reactors. Because the gas cooled reactor is one of

" the thermal converter reactors, the research and development will be contimued at

the present level for the next two or three years. At that time the progrem will

be terminated or will probably be reduced graduslly each year so that by 1968 there

" will be no program expenditures. Since the thermal breeder reactor program is a long

range program, the present level of expenditures will be maintained Tor six or seven

years., If at that time the system or systems under development show the most

promize of meéting the breeding program objectives, the work on the systems will

be increased.

The field of Nuclear Technology (Chemical Separation and Development, Fuels
and Materials, Reactor Components, Reactor FPhysics, and Sanitary and Envirommental
Engineering) is so broad in scope and the problem areas which require resolution
are 0 Imumerous that only an expanded program can be envigioned for the next ten

years., The national laboratories are the best qualified and equipped locations

‘at which to conduet the major part of this work.

ORNL is a large contributor in all areas of Nuclear Technology. The current
level of support is rela.tively high, and it is expected to increase by approximately
25 percent during the ten year period. Minor changes in emphssis will occur within

DOE ARCHIVES
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the over=-all program, with the largest increase in the Reactor Components
development programe.
The ANP program at ORNL has carried a substantial shielding program which

is expected to continue.

Physical Science Program: In baslic physics, ORNL over the next ten years will
continue to supply much of the nuclear date fundamental to the whole technology;
this task will be made easier by the new Oak Ridge Relativistic Isochronous Cyclotron
(ORIC), and by the acquisition of a 10 Mev Van de Greaff accelerator. The laboratory
will venture somewhat further into high energy physics, though these steps will be
teken carefully so that the demands in this field do not reduce ORNL's capacity to
perform precision work in the bindihg’energy region.

Basic chemistry, solid state physics, and mathematics will continue much as
they have been ﬁth ghifts in Vemphaeis &8s needed to shore up the applied programs,
The addition of the ORIC and the proposed High Flux Isotope Reactor (EFIR) will
stimilate research in heavy element chemistry,. and in this field some expansion is
anticipated, In metallurgy, expanded effort is expected in metal physiecs and
ceramics research, Space limitations will probebly keep solid state studies at
their present size., A large expansion is anticipated in the research materials
program, making use primarily of existing personnel and facilities.

Controlled thermomiclear research should develop naturally over the next decade
along the lines a]_ready established = high energy injection into & mirror geometry.
It may teke five years to bring the science of plasma physics to a point where it
will be possiblé to assess realistically the outlook for fusion power, The pro-
Jections must, therefore, be considered very tentative and almost sure to -be
modified as more information is acquired. It appears probable that the AEC may
call on ORNL for direct collsboration with other controlled thermonuclear laboratorie:
For example, if it becomes necessary to inject ions into a stellarator, a joint

effort on the part of Princeton and ORNL might be desirable.
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Biomedical Program:; The large project in cytology and genetics emphasizes

basic studies of cellula.f structure and function,and of the action of radiation
on the cell and especially on the genetic apparatus. This program will continue
at the present level.

ORNL is the site of the AEC's mgjor program in memmelian genetics. VWork here
has recently shown that the induction of gene mutations occurs at a lower rate when
the radiation exposure is protracted over a long period at a low dose rate, This
is extremely significant to consideration of the genetic hazards of fallout and
occupational exposures., The present level of activity will continue although new
projects will be initlated as major -studiea are completed.

Tn the mexmalian recovery wotk, laboratory studies of protection by chemicals
and by bone marrov trensplantation in the mouse have been em;:hasized.. The program
has developed into & broader one concerned with tissue ti*ansp].anta’.tioﬁ in general,
with emphesis upon related immunoclogical problems. No expansion of effort is
p]_.a.nned.

‘The pathology-physiology studies bave been eoncerned with the pathogenesis of
early and delayed somatic radistion effects in mammals with emphasis on the ine
duetion of leukemia and neoplasis. This program will be expanded to encompass
the life shortening end carcinogenic effects in mice of chronic low-level radistion.

The major objective of the work in cell physiology is the determination of
the moleculsr basis of cell function. The findings will provide & background
to facilitate determination of the effects of radiation and other insults on
cellular function. No major inerease in this program is anticipated.

The bicphysics research is concerned with the understanding of the basic
primary physical and chemicel events which underlie and gov;arn the action of
radiation in biological systems, Significant advances have been made by the
application of electron spin resonance methods to biological materials., It is

anticipated that these studies will be expanded in conjunetion with an overall

0015003 TI-5-22 ,
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i;lcrease in AEC supported effort in biophysics eand bioenergetics.

Radiation immunology investigations are concerned with the fundamental
immologicél aspects of bone marrow and other tissue transplantation, and with
fundamentel immunologleal investigations. A modest expansion is planned, with
exphasis on the j:mmunogenetic aspects of the problem.

The biochemistry projects at ORNL have been concerned with three major proble
intermediery metebolism in bacteria end plants, nuecleic acid biochemistry, and
protein synthesis, Considersble expension is planned with emphasis on the inter-
relationships and genetic control of nucleic acid and protein biosynthesis, bio-
chemical studies of gene action, and studies of cellular differentiation at the

molecular level.

-Isotopes m§m' Current planning contemplstes expansion to approximately.
double the current level of effort during the next five years. It 1s anticipated,
however, that thie level of effort will diminish gradually during the latter part
_of the next decade, An increased effort during the early years is needed to devel
information about the physical and chemical properties of radioisotope produets.
An accelerasted process development program is also required to make new radio-
isotopes svailable and to increase the purity, yield, and quantity of radio=-
igotopes currently available. The long ré.nge program ig directed toward developme

of information to stimulate epplied research in industrial laboratories.

| IT-5-23 "
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OAK RIDGE INSTITUTE 0? NUCLEAR STUDIES

The Oak Ridge Institute of Nuclear Studies is'a non-profit cor-
poration of 37 Southern universities and colleges. The Institute
serves as a device for facilitating research and training relation-
ships between Oak Ridge National Laboratory and the universities, in
addition to condugting programs of its own. Though not a multi-program
laboratory (its research activities being limited to the medical field)
it is included hereibecause of its olose t;es to ORNL. The Institute
consists of four divisions: Medical, Special Training, University
Rela#ions, and'Museum.
| The.HedicaI'DivisiOn was formally organized in January 1949 as a
research unit, the broad interests of which are directed toward the
rreliminary investigation of promising possibilities in the épplica-
tion of radiocactive-substanges to the study of cancer and related
disease. It was lecated in Oak Ridge with the intent of developing a
medical center which would exploit the special research opportunities
of that‘iocation. The presance’ and personal interest of a large staff
of outstanding electronic, quclear instrumentation and isotope produc-
tien speciaiists of the Oak Ridge National Laboratory has centributed

' greatly to the successful pioneer work in radioisotope therapy, tele-
£herapy design and patient treatment.

A primary reason for establishing a clinical research program at
Oak Ridge was the availability of short-lived isotoges from the reactors.
The extensive clinical evaluation of gallium-72 with a half-life of

fourteen hours is an example of a study carried out at ORINS that would

11-5-23a
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have been impossible to undertake at a more distant locatien frem an
isotope producing reacter. Currently the efforts in the clinical
program are directed toward the internal use of new isotopes plus
studies involving external irradiation followed by bone marrow
transplantation. Extensive basic and pre-clinical studies are being
pursued in an effort to learn more about the distribution and metabol-
ism of man in the dlseased state. Thus far, ever 1,000 patients have
been admitted for treatment.

An accompaniment ef this program is the trainingbof physicians
and scientists from the United Staées and foreign countries. One
hundred and forty-four American physicians and twenty-seven from'other
nations have spent from three months to two years in the Medical
Division, in #ddition to thirty-six scientists in thé life_S;iences.

It is contemplated that the Medical Division will continue to
operate at about the -present level of effort for the coming decads.
The completien of the Whole-Body Irradiation facility will undoubtedly
lead to an expanded fundaméntal study en the effects of whole body
irradiation with perhaps less emphasis on the use of new isotopes. - The
new facilities will permit radiation to be directed at patients from
several directions with a resulting more uniform dose distribution.

Efforts will be continued to develop biological tests that will help

- in determining doses so that persons exposed to known or unknown

amounts of radiation can be properly evaluated and treated.
It is expected that the leukemia and bone-marrow transplantation
will separate into two paths of investigation: One will be the evalua-

tion eof the treatment of acute leukemia by whole-body irradiaﬁien

I1-5-23b
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without the additien of bone marrow; the second will be further efferts
to transplant bone marrow. Greater emphasis will be given to questiens
of distribution and metabolism of isotepes. Training of physicians énd
scientists in the medical use of radieisotopes and teletherapy metheds
will be continued.

The Special Training Division was organized to train doctors,
scientists and other technically trained people in the use of radio-
isotopes. The first class was given in the summer of 1948 and since
that time three thousand participants from the United States and sk
foreign countries have completed the one-month céqrée' of basic isetope
training.

The University Relatiens Divisien facilitates 'participation in

t

ORNL research by university faculty members and students. In addi-
tion, members of the ORNL travel under ORINS auspices te the schoels
to give lectures and seminars. During the academic year of 1958-59,

§ a total of 1,701 student fe'llowships were handled by this Divisien.
These included 987 pre- and post- decteral fellewships, U452 in radie-
bielogical science, L6 in ipdustrial hygiene and 216 in nuclear science
and engineering. -

The American Museum of Atoemic Energy opened in Oak Ridge in March,
1949. Since that time three quarters of a million people have visited
this museum. A traveling exhibit program was initiated in order to
‘br:'mg portions of the museum to people throughout the United States.

It is estimated that 27 million people have seen these exhibits.
I11-5-23¢
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Completed Plant and Equip-

ment at June 30: ¢/
All other

Total Completed Plant

Research and Development: a/

OAK RIDGE INSTITUTE OF NUCLEAR STUDIES
Oak Ridge, Teunessee

Ten Year Trend - Costs, Staff and Facilities

(dollar amounts are in millions)

Fiscal Year

Biology and Medicine Program:
Beneficial applications of atomic
energy

Total Biology and Medicine

Isotope development

Training, education and development

Total Research and Development Costs

Personnel at June 30:

Sclentific and engineering

Other

Total employees

b/ Estimated

regsearch.

0015008

1960 1959 1958 1957 1956 1955 1954 1953 1952 1951
b/
$ $2.8 $2.4 $2.3 $2,1 $1.9 $1.6 $1.5 $1.7 $1.3
2.8 2.4 2.3 2.1 1.9 1.6 1.5 1.7 1.3
d/
1.1 1.0 .8 .8 .8 .7 =
1.1 1.0 .8 .8 .8 .7 .7 .7 .6 .6
.1 .1
1.9 1.6 1.4 1.0 .7 .5 .5 .9 1,2 4
$3.1 $2.7 §2.2 $1.8 $1.5 $1.2 $1.2 $1.6 $1.8 $1.0
105 98 80 69 63 62 61 60 60
140 139 143 136 121 127 111 86 69
245 237 223 205 184 189 172 146 129

/ Plant projects authorized but not completed at Jume 30, 1959, totaled $0.3.
/ Detail not available in this and prior years.

a/ Excludes depreciation on AEC facilities and the cost of source and special nuclear materials consumed in
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OAK RIDGE INSTITUTE OF NUCLEAR STUDIES

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

F. Y. 1958 F. Y. 1959 F. Y. 1960

Costs Costs Budget

TOTAL $2,249 $2,654 $3,120

Biology and Medicine Program - Total ) 871 962 1,055

Beneficial Applications of Atomic Energy - Total 871 962 1,055

Cancer Research 871 746 784

Medical Research - 216 271

Isotope Development Program - Total - 73 116

Radioisotope Technology Training - 73 116

Training, Education and Information Program - Total 1,378 1,619 1,949.

Operation of Schools 231 196 212

Fellowships 534 793 1,080

Assistance to Schools 4 - - 30
International Conferences, Exhibis, Studies

and other Assistance 8 17 25

Museums and Exhibits 601 613 602
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AMES LABORATORY

The Ames Laboratory haes grown from contract work underteken by Iowa State
University for the Manhatten Engineer District in February, 19%2. TIte principal
mission was conduct of basie research and development work in metallurgy and
chemistry, with special emphasis on the lesser known elments and metals.

Besides obtaining basie information needed in the design of the first
reactors, the laboratory was successful in developing inexpensive methods for
producing very pure uranium metal, These processes were turned over to industry
and ere still in use ttbday. ¥hile the 1ndus£ria.1 producers were being established,
Ames produeced over 2,000,000 pounds ofinetallic uranium for experimentsl use and
for the early reactors.

Other projects on which the laboratory has worked include devélopment of
technology concerning uranium and its alloys, including e very much cheaper
method of casting the metal; development of a process, now used industrially,
for produeing metallic thorium; and processes for separating the rare earths
and for produeing the pure rare earth metals, These processes, too, are now
in industrial production.

The Ames laborastory maintains strong groups in basie inorganie chemistry,
solid sté.te physies, physical and chemical metallurgy, surface chemistry,
keneties (rates of reactions), ion exchenge, struectural chemistry, etc., and
it is from these basic studies that the spplications mentioned ahove demioped.
Work is also carried on in muelear physiecs a_.nd nueclear chemistry.

The laboratory maintains a vigorous program in high temperature metallurgy
and has strong analytieal éroups to develop methods for analysis of the unususl
materials deslt with in the program.

The laboratory is housed in two AEC-built structures on campus land leased

from Jows State College. ‘A third building, the Metals Development Building, is

0015 010 | T7-5-24
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under construction at present, and & research reactor facility is in design,

The laboratory is close to the campus more than by reason of loecation alone;
its research staff is made up, to & substantial extent, or"persoﬁnelwho spend
part time at the laboratory and part time in academic pursuits. They range
from senior professors to graduate students., Thus, the leboratory plays a
significant training role, and benefits from close interrelation with academie
research. Over 240 PhD's and nearly 220 M.S.'s have been gran;ed by Iowe State

on the basis, in part, of work done at the Ames Laboratory.

. ‘-"‘ E
)
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AMES LABORATORY
Ames, Iowa

Ten Year Trend - Costs, Staff and Facilities

(dollar amounts are in millions)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951
b/
Research and Development Costs:i/ -
Production Program $ - $ .1 $ .2 % - § .1 $ .2 8% .1 % .6 8% .6 % -
Reactor Development Program:
General reactor research and development .6 .6 R4 .3 .2 .2 .2 - - -
Physical Research Program:
High energy physics .1 - - - - - - - - -
Other physical research 3.1 2,7 2.4 2.3 2.0 2.0 1.8 1.9 1.9 1,7
Total Physical Research 3,2 2,7 2,4 2,3 2,0 2.0 1.8 1.9 1.9 1.7
Total Research and Development Costs $3.8 $3.,4 $3,0 $2,6 $23 $2,4 $2,1 $2,5 $2,5 $1.7
Personnel at June 30: b
Scientific and engineering 336 324 © 310 287 256 225 247 233 ZZO-b-/J
Other 247 271 272 238 255 251 300 349 306
Total employees 583 595 Sg2 525 531 476 547 582 ;26—"-/
Plant and Equipment at June 30:%/ $7.6 $7.2 $6.7 $6.5 $6.3 $4.0 $3.1 $2.8 §2.3

8/ Excludes depreciation on AEC facilities and the cost of source and special nuclear materials consumed in research.

b/ Estimated.

¢/ Plant projects authorized but not completed at June 30, 1959 totaled $6.4 million.
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AMES LABORATORY

. Current Budget and Recent Costs by Categories

of Work
(in thousands) :
F.Y. 1958 F.Y. 1959 F.Y. 1960

Costs Costs Budget

TOTAL $2,993 $3,418 $3,836

Produétion Process Development 139 80 -

Reactor Development - Total 388 615 645
Nuclear Technology and General Support ~ Total 388 615 645
Reactor Fuels and Materials Development 318 536 575
Seperations ~ Development Program 70 79 70

Physical Research Program - Total 2,445 2,716 3,191
Physics Research - Total 233 236 288
High Energy Physics 41 39 65

Nuclear Structure and Neutron Physics 192 197 223
Chemistry Research - Total 1,315 1,445 1,690
Process Chemistry 177 202 223

Chemical Properties and Reactions 1,056 1,119 1,326

Chemical Isotope Separation Studies 82 125 141
Metallurgy and Materials Research - Total 897 1,034 1,213
Production Treatment apd Eropirties 246 352 419

Alloy Theory and the nature of Solids 651 682 794

Effects of Radiations on Materials - - -

Training, Education and Information Programs - Total 21 7 -

21 7 -

Sumner Institute for Engineering Faculty

0015013



Puture Plans

The completion of the Metals Development Building and the Ames Laboratory
Research Resetor will round out faeilities needs as currently foreseen. Com-
pletion of these faecilities will not mean a corresponding increase in personnel,
The total increase now anticipated over the coming ten years is quite modest,
possibly about 10 percent above the presgent level.

While no major changes in the over-all objectives of Ames are envisioned
for the foregseeable future, the availebility of the Metals Development Building
in late 1960 will greatly enhance its ability to.produee quantities of highly
pure metals and alloys and will also free space for more basic regearch. In
addition, the availability of the Ames 'Resea.reh Reactor will remove a serious
limitation imposed upon the laboratory’s &blility to study the nuelear properties
of solids. _ .

. Regearch programs in the field of reactor development will consist of
work on metals, alloys, and cersamies, Emphasis will be eoncentrated on metals
such as thorium and its elloys, yttrium and its alloys, ra.re-e_a.rth metals and
their alloys, properties of metals and ceramics at temperatures above 1000°C,
effect of non-metallie impurities on metal properties, the measurement of
engineering properties such as fatigue and eorrosion rate at :elatively high_
témperatures, new pyroprocessing techniques, and the iea.aurenent of pl:wsié;.i
properties at high temperatures.

Fundamental research in the physieal sciences will continue in physieal
chemistry and metallurgy. Work in High Energy FPhysies will continue to use
nucleer emulsions, although it may be supplemented by the use of solid luminesecence
chaxbers. Work in Nuelear Structure and Neutron FPhysies will continue fo take
adventage of the unique charascterigtics of the Jowe State Synchrotron.

Chemistry researeh will consist of fundamental studies on the mechanism of

various separation processes such as ion exchange, solvent extraction, and
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sublimation &s well as the development of analytical and spectrochemical
analytical methods.

Future work in inetallurgy and materials research and solid state physics
will take advantage of new techniques such as de Haas-van Alphen effect measure-
ments on single erystals, the use of ionie erystals, the measurement of magneto-
acoustic effects on metallic crystals at eryogenie temperature, high-pressure
work, and the measurement of fundamental properties that will help determine
the real nsture of the solid state.

The laboratory will continue to develop fundemental pyrometallurgicsl datQ.
in support of low-decontemination, closed cyecle separations systems, Advanced
metallurgical studies will be continued in the development of alloys for nuclear
energy applications. The level of effort will gradually be expanded by approxi-
mately 25 percent in materials development, but the program will remain relatively

small in the over-all materials development program.
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LAWRENCE RADTATION LABORATORY - BERKELEY

The Iawrence Radiation Iaboratory (LRL) at Berkeley has developed, with
the support first of the Manhattan Engineer District and later of the AEC,
from the Radistion Iaboratory established by Professor Ernest Lawrence at
the University of Californie in 1936. Much of the present character of the
laboratory derives from this historical background., It still maintains elosge
connections with the academie departments of the University, and is oriented
toward basie research, with a strong interest in graduate and post~doectoral
training.

Early in the mttw project the laboratory devised and developed the
Calutron for separaiicn of isotopes, and assigted in the'design and eonstruetion
of the eleectromagnetie separation plant at Osk Ridge which used the ealutron
technique for the first separation of uranium 255 from normal uianiun. The
laboratory also digcovered the element plutonium, and undertook work on its
chemistry prior to transfer of plutoniqf'ehenistry r§sponsibilities to the
Metallurgical Laboratory at Chicago. )

The leboratory started with the cyclotron idea, and its aectivities are
gtill largely eentered around the development of and research with partiele
accelerators and their produets. Nuclear physies at low and high energy,
radio-chemistry, and radio-biology are obvicus applications. These led
naturally into broader fields in physics, chemistry, biology'énd nedieine,
IRL 1is partieulaily noted for its high energy nuelear physics and for its
work in the transuranie elenentg, many of whieh were discovered there.

The aceelerators now Eperating at the laboratory are the Bevatron
(6.2 BEV), the synehroeyelotron (74O MEV), the electron synehrotron (300 MEV),
the 60-inch eyelotron, and the heavy ion linear aceelerator (HILAC). Under
construetion is a high-ecurrent spiral ridge eyelotron, which will replace the

60~ineh eyelotron,
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Experimental Physics is the largest division of the laboratory. It is
engaged almost entirely in high energy physies, vhiech investigate the ele-
mentary partieles, and is an extremely active and growing field. 1In addition
to large accelerators, it needs large and elaborate observing equipment ,. such
as bubble chambers,

The Theoretical group covers & wide range of setivities; Elementary
particle theory, nuclear strueture; aceelerator theory, magneto hydrocdynamies,
ete, Part of this work is in support of Livermore activities,

The Cheuiétry D_:lvigion is econcerned with transuranic elements, nuclear
spectroscopy, systematics of nuclear reactions and radiocactivity, and some

~ general chemistry.

The Rio-Medical Division is coneerned with radiation biology, use of
radioactive tracers, therapeutic use of radiatién, and related fiélds. The
Bio«Organic Division started with the use of. radiocarbon in gtudies of photo-

gynthesis; now it covers a wider ra.nge in the field of molectﬂ.e.r'biology.\
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LAWRENCE RADIATION LABORATORY - BERKELEY
Berkeley, California

Ten Year Trend - Costs, Staff, and Facilities
(dollar amounts are in millions)

Fiscal Year 1960 185¢ 1958 1357 1956 1955 1954 1953 1952 1951

b/
Research and Development Costs:i/
Production Program $ - $ -~ § - $ - $ - $ - % - § - $29 % -
Weapons Program - - - - - - - - .5 .2
Physical Research Program: .
High energy physics 11,8 9.6 7.2 5.8 3.6 2.8 2.8 3.0 2.5 2.8
Controlled thermonuclear research 1.3 1.0 .8 ] - - - - - -
Other physical research 4,4 4.1 3.3 3.3 3.6 2,2 1.8 1.7 2.3 1.9
Total Physical Research 17,5 14,7 11.3 9.6 7.2 5.0 4.6 4.7 4.8 4.7
Biology and Medicine Program:
Radiation effects on biological systems S b .2 .2 .2 .2 </
Combating radiation detrimental effects .1 .1 .2 .1 .1 .1
Beneficial applications of atomic energy 1.2 1.4 1.4 1.2 1.4 1.3
Biomedical problems in
atomic energy operations .2 - - - - -
Dosimetry and instrumentation .1 1 .1 .1 .1 .1
Total Biology and Medicine 2,1 2.0 1,9 1.6 1.8 1.7 1.7 1.7 1.6 1.5
Total Research and Development Costs $lo.6 $167 $3.2 $1L,2 $9.0 $67 $63 $64 $9.8 564
Personnel at June 30:
Scientific and engineering 693 624 588 536 495 493 519 556 546
Other 1,501 1,283 1,177 1,173 1,029 1,048 1,149 1,024 1,035
Total Employees 2,194 1,907 1,765 1,709 1,524 1,541 1,668 1,580 1,581
Completed Plant and Equipment at June 30:2/
Accelerators 13.2 12,6 13.0 10.9 10,9 10.8 2.3 2.3 1.8
Other 18,5 15,0 12,7 12,1 _11.6 9,2 _10.4 8.8 7.4
Total $31,7 $27,6 $25.7 $23,0 $22.5 $20,0 $12,7 $11,1 $9.2

a/ Excludes depreciation on AEC facilities and the cost of source and special nuclear materials consumed in research,
b/ Estimated.
¢/ Detail not available in this and prior years,

d/ Plant projects authorized but not completed at June 30, 1959 totaled $16.4 million,
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LAWRENCE RADIATION LABORATORY ~ BERKELEY

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

F.Y. 1958 F.Y. 1959 F.Y. 1960
Costs Costs Budget
TOTAL $13,263 316,687 $19,660
' Physical Research Program - Total 11,379 14,631 17,534
Physics Research - Total 7,698 10,023 12,200
High Energy Physics 7,266 9,471 11,810
Nuclear Structure and Neutron Physics 432 293 320
Design and Development of Devices for
Physics Research - 260 70
Chemistry Research ~ Total 2,887 3,538 4,034
Chemical Properties and Reactioms =~ Total 2,887 3,538 4,034
Controlled Thermonuclear Research 794 1,070 1,300
Biolog and Medicine Program - Total 1,855 2,040 . 2,125
Radiation Effects on Biological Systems - Total 204 400 575
Medical Research 130 150 435
Biological Research : 37 121 140
Biophysics Research ' 37 129 -
Combating Radiation Detrimental Effects ~ Total 148 150 49
Medical Research . 55 89 49
Biophysics Research 93 61 -
Beneficial Application of Atomic Energy - Total 1,447 . 1,392 1,217
Cancer Research 193 94 ‘ 109
Medical Research 864 791 634
Biological Research 390 507 474
Biomedical Problems in Atomic Energy Operations -
Total - - 2686
Medical Research D - - 130
Biophysice Research - - 76
Dosimetry and Instrumentation =~ Total 56 98 79
Instrumentation 4 56 98 79
Training, Education and Information - Total 2 16 . -
International Conferences, Exhibits, Studies
and Other Assistance - Total 2 16 - -
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'\Future Plans

~ Current planning for the Lawrence Radiation Ldboratory, Berkgley,
envisionq a personnel strength of about 3,300 of which appraximateiy
50 percent will be directly associated with the scientific wprk of the
1abora£ory. Laboratory strength as of the end of FY 1960 is expected
to be somewhat greater than 2,300; thus, current plans based upon the
research program, would call for an increase of somewhat more than
LO percent over the ten year period.

Mhngéwa“; The nurber of employees at Berkeley has increased from
1200 tg 2200 inb£he last ten ysars. There are a number of reasons for
projec£ing an increase similar in size, though a; half the rate, during
the next ten years. This is partly due to the fact that the experiments,
~especially in high energy physics, have chomg_more complex. .The.simplor
experiments have been done. The equipmsnt requirements and support facili-
ties and people have increaéed with the size of the accelerators. 1In
addition, the number of experimental areas has increased, resulting in
better utilization of the machines.

New or enlarged ar;as of research, such as the recently proposed
Inorganic Materials Program, will add to the size of the laboratory. In
%en years, this program would add LOO people tprﬁhe staff. The size of
the ﬁniversity of California at Berkeley is expected to increase from 20,000
to h0,000 in the next ten &ea;s. The number of gradgate students and post
doctorals who wish to work.in and can contribute to £he work of the labora-
tory will probably also double. Requiremsnts for equipment and facilities
mist keep pace with- the resea;ch program aﬁd the siz? of the staff.

Physics: The immediate progrém in the area of ?hysics is based upon

increasing the éffectiveness and utilization of the Bevatron, 18L-inch
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cyclotron, and related experimentai eciuipment (such as the 72-inch
1iquid hydrogen bubble chamber) by increasing the experimental and
support facilities and by accelerating the developnent of detection
spparatus and data handling techniques. In the very near future, the

electron synchrotron will be c¢losed down and the ‘high energy program will be con-

goncentrated on the major machines_. A low-energy progrﬁm of modest proportions
will continue to utilize the 60-inch cyclotron (a.nd its successor, the &8-inch
cyclotron) and the Rilac. -

For the next period of approximately two to five years, three

programs must take place concurrently. These are: the continued utilization
and imprbvement of techniques and apperatus, the development of accelerator
{mprovements for the short range future, and the study of new accel’era.to.r
possibilities. The accelerator development program, which is expected to
opén up higher energy a.nd higher current ranges presently una.vailé.'ble to
high energy physics investigatiohs s, will take a period of five to seven
Years vfor development and eonstruction. |

Chemistry: The lsboratory has a unique standing in the field. of muiclear
chemistry., The 60-inch cyclotron and the heavy ion linear accelerator are
the principal machines being utilized. The 18k-inch eyclotron and the
Bevatron are also being used but to a somevbat lesser extent. The future
chemistry program will utilize the accelerators to an increasing extent,
The 88-inch cyelotron will replace the 60-inch cyclotron as the major tool.
The Hilac and the 88«inch eyelotron will have a unique partnership é.rra.nge-
ment, For example, the discovery and pioneering studies of some isotopes
of partiecular interest are now being made at the Hilac, The 88~inch cyclotron
will then produce the isotopes in sufficient quantity to permit intensive
studies, The 18L-inch cyclotron and the Bevatron, particularly after the
beam intensity improvements, will find increased utilization for nuclear

reaction studies.
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All of the chemistry vprograms depend on the contimuous development

of techniques and spparatus as a means of refining and extending the work.
New techniques in chemistry, electronic instrumentation, radiation deteetion,
the handling of radiosetive materials (wlth special problems in the trans-
uranium region), eryogenies, and in computer data processing and evaluation
are under constant, vigorous development. TInereasing applieations of these
techniques and apparatus are being made to problems far removed from those
for wvhieh they were originally developed. These practical developments ,’ T
well as the basic research findings and training of scientists, constitute

2 major eontribution by this laboratory to the nation's needs.

Biology end Medicine:; In terms of size, this program will remain fairly
stable during the next deeade, though there wni be a mumber of changes within
1t. , .‘

It is antieipated that greater emphasis will be placed on the use of
the partiele«accelerators available at IRL to study the effeets of heavy-
particle radiation on eells and eell _compbnents. These studies at first
will be basie but, no doubt, will have practieal therapeutie applications,
There is the pessibility that a partiele aceelerator specifieally designed
for deep X-ray therapy may be designed h.n_d»b‘uilt. Research on the bilologlieal
effeets of deuterium will also be éxpe.nded. |

The experiments coneerned with photosynthesis and basie molecular
radiation chemistzy will continue to provide the major stimulus for many
of the idees responsible for the progress in understanding the effeets of
radiation on living tissue. It would not be improper to anticipate within
the next ten years a major breekthrough in this field on photosynthesis and
energy accumulation in living tissues whieh would have major effeects on the

whole field of biochemistry.
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The studies on the distribution of radiocaetive matérials in the
mammal will gradually be terminated as the leboratory animals involved ‘
die off. The space used for this program will be employed to develop a
colony of pathogen-free animals which will be particularly useful for
analyzing the role of stress from infectious diseases in the acute and
chronic radiation syndrome. . Other studies which may expand abruptly if
& breskthrough develops are concerned with: the erythropoletie principle
obtained from urine; the pinhole camera technique of scanning; the re-
lation of fatty materials and foods to disease of the arteries and to the
aging process; and the use of lebeled hormones and biologieal eampounds to
study blologieal processes and diseases. The training effort at the Donner
Research Laboratory should probably expand in s gradual, well-controlled
fashion to about 50 pereent greater than its present size and activities,

The role of the lawrence Radiation ILaboratory may also inelude inereased
attention and expansion of theofetical and laboratory studies of weapons
effects, phenomenology of blast, thermal, prompt radiation, and fallout.

Tnorganic Materials: Within the Chemical Division, there hass been a

contimuing program of modest proportions concerned with the basie physieal
chemistry of matter, with some emphasig on high-temperature thermodynamies.
A.propoeqlfor theEeétablishment of & msjor Inorganic Materials Research
Program ig now being considered by the AEC., This work would be directed
toward inereasing the knowledge of the properties of materials, with
gpecial emphasis on the high temperature regions. The immediate plan,

i.e., through the next five years, is to establish and to start the work

in the four areas of primary interest: high temperature chemistry; ph&sical
chemistry of the solid state; metallurgy and eeramics; and general inorganie

and physleal chemistry. The longer range plan is to expand the areas of
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primary interest and to intensify the work on particuler subjects whieh
become of major importanece,

This program is currently staffed by personnel within the chemistry
progrﬁm. It is possible that upwards of L00-500 persons might be engaged in

it by the end of the ten'year period.
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LAWRENCE RADIATION LABORATORY - LIVERMORE

Iivermore was esteblished in 1950 as a site for the classified MTA
projeet being earried on jointly by the Radiation Laboratory and the
Californis Research and Development Corporation. In 1952 a branch of the
Radiation Laboratory, with the prinecipal funetion of augmenting the nuelear
weapons development program, was established there, and the MTA program was
coneluded 1n the next few Yyears.

Livermore has approximately 5,600 employees. The main funection of the
laboratory continues to be the development of nuclear weapong. DMore reeently
the laboratory has been asgsisting the Sandia Corporation in the engineering
of prdven nuclear weapons. ﬁxe 1laboratory possesses extensive skills and
equipment in the theoretical prediction of nuclear explosions, in experiments
invo_lﬁng components of nuelear exblosives , and in performing and observing
muclear tests. The major portion of this work proeeeds in Livemore.v Con-
ventional high explosives facilities-are located at Site 300 in the vieinity
of Iivermore. A small, permanent group, stationed in Neveda, is eoneerned
with preperation of tests.

The interest in th.ermonuclear explosions has been extended to the study
of eontrolled thermonuelear reactions. This work is carried on ,joifxtly with
IRL =~ Berkeley, vwhere a smaller fraetion of the facilitles are located, The
Livermore's work in this field involves:

1. - Exploration of contaimment of ionizgd gases 1n the mirror arrangement.

2. Exploration of the pineh effect.

3. Construetion of equipment leading to the establishment of a eir-
culating layer of electrons with the purpose of containing ionized
gases,

The laboratory is also investigating high temperature, air eocoled nuelear

reactors with the ultimatey purpose of achieving urmanned, nuelear-propelled

flight. A part of this work consists of tests on uneonventional reactors; these
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tests take pié.ee at the Nevada site. The seope of this project at Livermore

eneompasses:

1.

2.

Se
L,

Theoretieal and systems study of a nuelear propelled ram-jet.

Materials investigation of possible eomponents of a high tem
perature airecooled reactor.

Asgembly of eritieal masses of model reaectors at various temperatures.

Running of an air-cooled full-scale reactor prototype on the ground.

In the last year increaging attention has been paid to the peaceful uses

of nuelear explosives. The program as now visualized ineludes:

1.

2.

Se

ko

Theoretical investigation of possible peaeeful uses.

Exeeution of exeavation shots aimed at the establishment of harbors
and other faeilities.

Execution of shots aimed at novel methods of oil produetion.

Exeeution of shots in various media (salt, grenite, 1imes'tone) R
aimed at the exploration of speclal effects and proeesses. '

All these aetivities are supported by a modest program of bagle research

in nuelear physies and in related subjeets,
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LAWRENCE RADIATION LABORATORY - LIVERMORE
Livermore, California

Eight Year Trend - Costs, Staff, and Facilities
(dollar amounts are in millioms)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953

b/
Research and Development Costs:i/
Weapons Program $44.7 S$40.6 $35.0 $26.3 $20.5 "$13,5 $12.8 $ 6.0
Reactor Development Program:
Missile propulsion 11.5 6.9 2.9 3.3 1.5 - - -
General reactor research and development .1 - - - - 2,5 1.5 1.2
Total Reactor Development 11.6 6.9 2.9 3.3 1.5 2.5 1.5 1.2
Physical Research Program:
Controlled thermonuclear research 5.5 5.3 5.6 4.1 3.2 2,2 .7 .3
Civilian applications of nuclear explosives
(Plowshare) 4.0 1.3 .3 - - - ~ -
Total Research and Development Costs $65.8 $54.1 $43.8 $33.7 $25,2 $18.2 $15.0 $ 7.5
Personnel at June 30:
Scientific and engineering 931 885 778 654 535 428 275
Other 2,711 2,141 1,883 1,418 969 611" 350
Total Employees 3,642 3,026 2,661 2,072 1,504 1,039 625

Completed Plant and Equipménc at June 30:5/ -
Accelerators . $3.0 $4.1 $3.9 $3.8 § .5 8% .2 § -
Reactors 1.5 .8 .3 .3 .3 .3 -
Other 45,0 34.4 28,0 _25,1 22,7 5.1 1,6
Total $49,5 $39,3 §32,2 $29,2 $23,5 _§__5!6 $1.6

a/ Excludes depreclation on AEC facilities and the cost of source and speclal nuclear materials consumed in research.
b/ Estimated.

¢/ Plant projects authorized but not completed at June 30, 1959 totaled $6.4 million.
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LAWRENCE RADIATION LABORATORY - LIVERMORE

Current Budget and Recent Costs by Categories of Work

(in thousands)

F. Y. 1958 F. Y. 1959 F. Y. 1960

Costs Costs Budget
TOTAL ) $43,750 $54,110 $65,800
Weapons Development - Total - 34,955 40,540 44,700
Reactor Development - Total 2,867 6,939 11,600
Missile Propulsion Reactors 2,867 6,939 11,500
All other reactor resgearch and development - - 100

Physical Research Program - Controlled Thermonuclear

__Research - Total 5,602 5,292 5,500
Civilian Application of Nuclear Exglosives Program-Total 326 1,339 4,000
Design, Development and Test Direction 326 1,064 2,500
Demonstration Tasks - 275 1,500
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Future Plans

The personnel strength of IRL - Livermore, as of. the end of fisesl year
1960 is expected to be approximately 4,000, Iivermore has expanded repidly
in reecent years, with a large part of the effort going into weepon research.
In the long run, however, greater effort will be devoted to the non-military
fields. With or without a test moratorium, the lasboratory should lnerease
very graduslly for two or three years (st about 200 per year). Thereafter,

the overall strength should remain néarly eonstant unless weapons needs fall
off significant]y because of disarmament progress.

Weabous | - aT oo e FRTeRERRY

There aré currently slightly over 1600 technical personnél dirsctly
engaged in this aetivity. This may grow to the order of 2000 by 1963, _
Pollowing that, it 1s expected that Livermore's weapons development aetivity
will stabilize., In the absence of full-seale nuelear testing, & zra.dual man-
power reduetion amongthe wegpons group might then begin. However, any

shrinkege probably would be slow. : e

’ » . . 3

Nuelear Bamjet Propulsion: The present work is direeted toward eventual ground

tests of military high-tanpgrature _propulsion reactors, Project Pluto., Suecess

- at that stage may lead to lsboratory partiecipation in the developneni; of a flyingr
prototype. If the Pluto coneept appears feasible, it is also likely that the
la'bora.tor} will shift its emphasis somewhat from the military to broader eivilian
applieations. The lsboratory would, in this ecase, plan to eonstruet and operate

| snall prototype reactors to pursue feasibility of this system further. As fore-
seen now, the laboratory's level of effort, in this area, should inerease slightly
over the ten-year perilod.

Controlled Thermonuelear Research: This is another non-weapons researeh prog:

being pursued vi&ofously &t the lsboratory. Approximstely 270 personnel, primaril;
technieal, are direetly involved. Considering the teehnieal diffieulties surround

ing this projeet, it is difficult to foresee any general lessening of seientifie
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effo:rt in this area. Indeed, &s Sherwood progress identifies new problems in
the eontrol of this type of energy release, we can expeet it to lead into

further studies of the behavior of hot ionized gases and to result in new teehniques '
for the hendling of electrieal discharges and related phenomena.

Peaceful Uses of Nuelear Explosions: At present, some 100 professional

personnel are assigned to the effort, This number will inerease to sapproximately
150 by 1961 and should remsin relatively eonstant thereafter.

Other Aetivities: In the event any cessation or limitation on muelear testing

affeets the Livermore level of aetivity, ,considerqtion will be given to emphasizing

one or more basie or applied seientifie programs in whieh the laboratory has

unugual eompetenee and in vhieh it is presently eondueting a limited amount of

reseerech setivity., TIneluded emong these might be: geophysies, partieularly es

related to meteorologleal predietion, seismology, end high atmosphere physies

low energy physies; stellar e’dnstitution; end behavior of elementary partieles.
These basic research programs also would serve to broaden the seientifie

base of the laboratory, tend to maintain its standing in the .scientiﬁg eomminity,

and thus, be of extreme importanece in attraeting and retaining outstanding people.
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10S ALAMOS SCIENTIFIC TABORATORY

The IDQ Alamog Seientifie Leboratory was established under a contragt with

- the University of California in the early part of 1943 to provide a foeal point
for the previously diversified research directed towards the feasibility of an
atomie bomb. Its initial staffing was partly military and partly_ civilian. .. .
although the major teehnieal direetion was primarily the latter, It attalned its
wvartime peek strength during the summer of 1945 with sbout 1500 eivilians and 2000
military personnel more or less direetly involved in laboratory aetivities.

. The laboratory eondueted ihe first nielear weapons test at Almagordo on

July 16, 1945, and provided the setual weepons and the teehnieal erews assoeiated
with them for the bomb drope the following month.

By the time of the adoption of the Atomie Energy Act of 1946, the teehnieel
.ﬁilita.ry staff of the laboratory had essentially venished and the eivilian staff
had deereased to about 1300. - Nevertheless, the la.bdratory suecessfully provided
the nuelear deviees for use 4n Operation Crossroads at Blkini in 19146» and partieipated
in other teehnieal aspeets of this operation.

Following: the deeision by ‘the AEC to eontinue the laboratory as a permanent
institution, "the leboratory "bega.n to Inereage in sgize, as shofm on the aeeompanying
ehart. - |

During the first half dozen years after the war the laborastory eoneentrated
almost all of its applied reséarch and development on problems of atqmic weapons
development, elimaxed by the sueecessful development of the thermonuelear fusion
Prineiple for wespons in 1951l. Sinee then the lesboratory hase broadened the base
of its aetivities by a.pplyiné to other areas of national interest various of the
gkills and teehnologies developed in eonneetion with weapon aetivities, |

The eurrent missions of LASL inelude general conduct of basic and applied |

research in the fields of nmuclear weapons, thermonuclear and fission power progrems,
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and nuclear rocket propulsion systems. The laboratory contains research facilities
and equipment appropriate to fundemental research in nuclear physics, chemistry,

metallurgy and cryogenics; computational techniques, biophysics s and diochemistry. '\

—— s
-

Research 1s conducted in all these fields.
The primary mission of the laboratory is weapons development. In the weapons
field the lsboratory is specifically reaponsible for:

1. Erperimental, theoretical, and applied research in the various sciences
related to the use of atomic energy in weapon systems,

2. Design and development of gll components for assigned weapon progrems
vhich specifically relate to the production of & nuclear explosion.

3. Participation in weaspon system studies with other laboratories and/or
military sgencies. '

L, Development of suitable production techniques, engineering eveluation,
and maintenance of design intent in production, and sssurance of quality
of weapon nuclear components. '

5. Participation in the scientific and dlegnostic aspects of nuclear test
operstions including certain operatlonal support activities.

Investigetion of the feasibility of nuclear rocket propulsion 5:8 another
important mission, In this field the leboratory is responsible for theoref.ica.l
design and system studies of verious types of potential uses of nuclear energy
for rockét prdpulsion, materiels, Qtudies s construction and operationsl test of
-prototype and preliminary models, partiéipation with National Aeronautics and
Space Administration and other agencies in system studies potentially 'utilizing
nuclear rocket propulsion, and participation in the nuclear aspects of full scale
nuclear motor or nuclear flight tests in collaboration with NASA.

Another msjor mission of the laboratory 1s the study of the production of ~
power from the fission process. In this field the laboratory primerily concerns
itself with homogeneous or mobille fuels; systems which burn plutonium; very high
tempsrature gas cooled systems whose character, in part, may be related to
technologies developed in the nuclear rocket systems, and systems in which there

ig a direct conversion of thermal to electrical energy such as the plasma thermocouple.
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; * Another misaion of tﬁe laboratory is the study of the possible production
of power from the thermonuclear fusion process. In this field the laboratory
pﬂ;narily concerns itself with the theory and expérjmental characteristics of
the pinch effect and with the construction, study, and understanding of variocus
laboratory-size devices exploring the contaimment, stability, temperature, and
neutron production of differently generated and contained plasmas.

The biomedical activities grew up in recognition of the unique and difficult
health problems that Ios Alamos workers would face as & result of handling plutonium.
¥ost of the biomedical work has continued to be directly related to weapons résea.rch,
development, and testing, but many of the problems encountered have necessitated
basic research on ra&ia.tion biology, blochemistry, biophysics, radiochemistry,
and instrumentation.

A final mission of the laboratory is participation in the scilentific life
of the United States through besic research and its publication in those areas )
which are peripheral to and stimulate the more specifically programmatic missions

of the laboratory, and through cooperation with education and industrial research

institutions..
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L0S ALAMOS SCIENTIFIC LABORATORY
Los Alamos, New Mexico

Ten Year Trend - Costs, Staff, and Facilitles
(dollar amounts are in millions)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951

b/
Research and Development Costs:i/
Weapons Program $35.6 $35.6 $36,9 $35.4 $35.7 $36.6 $39.9 $40.6 $38.2 $27.6
Reactor Development Program:
Missile propulsion 15,8 121 7.9 5.9 2,8 - - - - -
General reactor research and development 5.5 3.3 3.0 2,2 1,6 - - - ~ -
Total Reactor Development 21.3 15,4 10,9 8.1 4.4 - - - - -
Physical Research Program:
Controlled thermonuclear research 3.3 3.0 2.3 1.8 1.1 1.0 3 .1 .1 .1
) Biology and Medicine Program:
Biomedical problems in 7
atomic energy operations 1.0 1.0 .9 .9 .8 .7 .7 .7 .6 i
Total Research and Development §61,2 $55,0 $51.0 $46.2 $42,0 $38,3 $40.9 $41.4 §38!2 $28.4
Personnel at June 30:
Scientific and engineering 979 934 857 778 725 679 -, 602 529 464
Other 2,322 2,301 2,320 2,218 2,220 2,317 2,290 2,233 2,176 °
Total Employees 3,301 3,235 3,177 2,996 2,945 2,996 2,892 2,762 2,640
Completed Plant and Equipment at June 30:21
Accelerators $ 20% 20$% 208 20% $ $ $ $
Reactors . .6 .6 .6 .6 .
Other 138.0 125.2 120.4 119.4 117.4 119.9 95.3 _63.4 _49.4
Total $140,6 $127.8 $123,0 $122,0 $117.4 $119,9 $95,3 $63,4 $49.4

a/ Excludes depreciation on AEC facilities and the cost of source and special nuclear materials consumed in research.

b/ Estimated.

¢/ Plant projects authorized but not completed at June 30, 1959 totaled $22.8 million.
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LOS ALAMOS SCIENTIFIC LABORATORY

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

F.Y., 1958 F.Y, 1959 F.Y. 1960
Costs Costs Budget
TOTAL $51,076 $54,940 $61,210
Weapons Development - Total 36,918 35,572 35,599
Reactor Development - Total 10,868 15,420 21,270
Nuclear Technology and General Support - Total 2,999 3,242 5;470
Engineering Physics and Advanced Reactor

Development 2,999 3,242 - 5,450
Residue Disposal Development - - 20
Missile Propulsion Reactor ~ Rover - Total 7,869 i 12,178 15,800

Research and Development 6,791 ! 7,956 -

Fuel Fabrication 97 600 -

Operations 446 3,177 -

Reactor Experiment 535 445 -
.Controlled Thermonuclear Research 2,355 2,989 3,350
Biology and Medicine - Biomedical Problems in L
ATOmiT EMEYEY Uperations 935 959 991

ﬂ-{é\;
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. Future Plans -

Current plans for LASL contemplate contiﬁued operation of the leboratory
at near its present sfrength of ebout 3,400 employees, includ.iné ebout 1,000
scientists and engineers. Over the decade, a slow growth (of the order of 10
or 15 percent of the present strength) may occur if the weapons development
effort remaing strong and other programs develop as anticipated.

The relative stability in size anticipated for the futﬁre is the result of
two factors: (1) the desire to maintein the capebilities of the laboratory
intact during any weapons testing moratorium, and (2)' the limitation on growth
imposed by the site and the dwelling space in the community.

The experience of LASL in the Rover project, in controlled thermonuclear
research, and advanced reactor concepts indicates iha.t staffl ca.n’be transferred
to other assigmments if freed from weapons development. Such transfers would )
not be in the nature of make;vprk; o the extent that it can be made availsble,”
the Los Alamos staff can be expected to meske first rate contributions in many of
the research and development areas in which increased effort is required.

Weapons: For the next few years, the task of weaponizing newly~-developed
devices and continuing the development of new devices based upon present test
data should absorb the mejor portion of LASL's manpower. However, unless nuclear
testing on some basis occurs, this workload probably will decrease slowly but
significantly, over the next ten years. Approximately two-thirds of the technical
staff is presently engeged in LASL's weapons programs or on basic research re-
lated directly, or indirectly to the weapon effort. A long-term severe test‘

~ limitation or ban would result in a very sizeble reduction in this number by
1970. ' |

Rover: A little over 300 persons (primarily technical) are now directly

engaged In work on nuclear rocket propulsion, with employment expected to level

off at 400-500 by 1963. Depending upon the success of the prototypes, by the
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mid-1960s, the effort will shift from feasibility demonstrations of the initial
reactor concept to a greater emphasis upon advanced concepts and technical support
for the rising agency or agencies. Additional related laboratory work is eipepted
to be assigned as a result of NASA activities.

Civilian Reactorg: The advanced concept work on mobile fuels, high temperature

systems, and plutonium burners is expected to remain fairly stable in size unless
weapons activity permits the assigmment of additional staff,

Controlled thermonuclear research: No major change in the level of effort

in this area is currently foreseen,

D:!.rect Conversion: This program, the elimination of the thermal cyele in

converting nuclear energy to electricity, engages sbout 40 people at present.
Tt is expected to grow to & sta;ff of 70 to 100 if weapons work pemitg. Con=-
siderably greatér emphasis may be placed upon this activity in the event of a
significant breakthrough.

Biomedical Research: The total program will remain quite steble in the

coming years, Continued emphasis will ‘63‘ placed on seintillation eounting
techniques for monitoring and whole body counting purposes. Attempts to re- -
create under laboratory eopditions the exposure rates of a fresh fallout gamma
field will expand slightly along with measures of changes in recovery mechanisms
and resistance to stress. Smaller studies in cell injury and metabolism will
provide data pertinent to the whole body effects of rediation under investigation.
Some eiia.nsion in studies on the toxicity of tritium and tritiated compounds is
anticipated, offset by the completion of other studies of fission product
metabolism and effects. The program on the long term effects of partial body

and vhole body irradiation will continue. The close adherence of the Los Alamos

Scientific Laboratory program to the programmatic needs of the Commiasion will

continue,
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BETTIS LABORATORY

The execution of a contract between the AEC and the Westinghouse
Electric Corporation on December 29, 19);8 for the development of a nuclear
propulsion plant for submarine application marks the origin of the Bettis
Plant, The Bettis Plant is wholly owned by the govermment and 1s operated
for the AEC by the Westinghouse Electric Corporation.

The Submarine Thermal Reactor was the first large-scale development
project assigned to the Bettis Plant. This project resulted in the development,
construction, and test of the land prototype (SIW) of the water-cooled re=-

actor plant for the USS Feutilus , followed by installation of the first sube

marine reactor plant in the Nautilus itself (S2W). The prototype was con-
—_— :

structed at the National Reactor Testing Station; power operation began in
May, 1955, The Nautilus went to sea in January, 1955.

In order to quickly exploit the Nautilus development and Bettis’ experience
in the field of water reactor technology, the AEC assigned the Bettis Plant the .
responsibility for the development of the USS Skate type of submarine nuclear
propulsion plant; the development of the Pressurized Water Rea.cto:_‘(PWR) 'Plant
for the nation's first full scale central station atomic power plant &t
Shippingport, Pennsylvania; the development of the nuclear propulsion plent for
uge 1n gingle screw, high speed, attack and Poleris missile launching submarines;
end the development, construction, operation and test of a pro’c;otype nuélear
propulsion plant for application to large naval surface ships such as sircraft
carriers and gulded missile cﬁisers.

The Bettis Plant has about 600,000 square feet of engineering offices,
lasboratories, fuel febrication and test facilities and shop space, and leases
an edditionsl 300,000 square feet of offices and laboratory space in the Pittsburgh

arest.
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BETTIS LABORATORY
Pittsburgh, Pennsylvania

Ten Year Trend - Costs, Staff and Facilities
(dollar. amounts are in millions)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 195z 195t

Research and Development Costs:é/
Production Program $ - § - $ .1 8% - $§ - % - % - $ -85 - % -
Reactor Development Program:
Civilian power reactors 16.2 15.5 16.7 14.4 14,6 10.0 7.2 - - -
Merchant ship - - - - ~-.1 - - - - -
Naval propulsion 37.1 39.7 47.2 40.9 18.8 8.4 8.4 19.3 _11.9 7.1
Total Reactor Development 53,3 _55.2 63.9 55,3 33.5 18.4 15.6 19.3 11.9 7.1
Total Research and Development $53.3 § 5529640 $ 55,39.33,59_18,4%15.6 $_19.3 $1L9 $ Z.1
Personnel at June 30:
By Types
Scientific and Engilneering 1036 1109 824 </
Other : 2591 3630 3197 -
Total Employees 3627 4739 4021 1366 1180
By Location
Pittsburgh, Pennsylvania 2917 3940 3472 1366 1180
National Reactor Testing Statiom, Idaho 710 799 549 - -
da/
Completed Plant and Equipment at June 30:—
By Type -
Reactors $46.6 172 Y63% 158 ¥ 2,2%022 Y 0 F. F
All other 48.9 35.5 31.0 _23.0 20,1 17.9 16.9 _14.4 _6.2
Total $95.5$52.7 $ 47.3 $38.8 $42.3540.1 $16.9 $14.45 6.2
By Locations
Pittsburgh, Pennsylvania 39.7 36.0 31.8 23.6 20.9 19.1 16.9 14.4 6.2

National Reactor Testing Statiom, Idaho 55.8 16.7 15.5 15.2 21.4 21.0 - - -

/ Excludes depreciation on AEC facilities and the cost of source and nuclear materials consumed in research.
/ Estimated.

/ Detail not available in this and prior years.

/ Plant projects authorized but not completed at June 30, 1959, totaled $18.9. '0f this amount, $9.7 will be
- located at Pittsburgh and $9.2 at NRTS.

Iulo Iois
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BETTIS LABORATORY

Current Budget and Recent Costs by Categories of Work
{In thousands)

F.Y. 1958 F.Y. 1959 F.Y. 1960

Costs Costs Budget
TOTAL $ 64,022 $ 55,202 $ 53,2715
Production Process Development ~ Total - 75 .15 -
Reactor Development Program - Total 63,9047 55,185 53,275
Pressurized Water Reactor - Total 16,698 15,476 16,185
Research and Development 15,847 12,837 9,910
Fuel Fabrication 596 1,975 5,540
Test Operations - 255 ' 664 735
_ Naval Propulsion Reactors - Total 47,29 39,709 37,090
Attack Submarine Reactor 5,059 2,907 6,10
Natoral Circuolation Test Plant - - 780
Largs Ship Reactor ~ Total 28,116 22,955 - 19,350
Research and Development : 1h,361 12,252 13,540
Fuel Fabrication 13,755 6,973 2,275
Oparationa - 3’730 3’535
Guided Missile Cruiser Reactor 4,338 2,811 2,600
Submarine Thermal Reactor - Total 7,828 7,292 4,290
Research and Development 1,527 4,065 1,k00
Fuel Fabrication 2,879 599 Loo
Operations : 3,h22 2,628 2,490
Expanded Core Facility 66l 1,138 1,310
High Temperature Test Facility - 1,148 1,700
Naval Reactor Design Studies 1,244 1,458 700
Training, Education and Information Programs - Total - 2 -
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Future Plans

To teke care of the simultaneous development of the Submarine Fleet
Reactor Project (S3W/SWW), the High Speed Submarine Reactor Project (s5w),
Guided Missile Crulser Project (CILW), Large Ship Reactor Project (AIW/A2W)
and the Pressurized Water Reactor Project (PWR) power plants, the number of
personnel at Bettis increassed to nearly 5,000. This number of developmental
projects could not have been carried out on schedule without such a buildup
.in personnel. This expansion alsc required additional facilities, &nd it
was necessary to lease additional office and laeboratory space in the Pitts-
burgh area.

Although this expansion was necesgsary, it has been concluded that, in
thé Navel reactor Development program, research and development laboratory
of 5,000 people is too large to insure continued efficient operation and
program control. With the completion of some phases of some of the naval
reactors projects, the number of personnel, primarily non-technical personnel,
is being reduced to permit more effective utilization of the development
potential of Bettis. As the preceding chart shows, such & personnel cut-
beck is elready underway.

The use of leased facilities, requiring that Bettis' operations be
cerried on at two separate locations, complicates the operation of the
laboratory.  With & reduction in the nmumber of personnel at Bettis, a con-
solidation of the lsboratory at the main Bettis site becomes feasible.

This will require the construction of an engineering building at Bettis.

It is now expected that the total level of employment at Bettis will

drop somewhat below 3,000 early in the ten<year 'period' and remain below

this figure.

62 \2dd
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CONNECTICUT ATRCRAFT NUCLEAR ENGINE LABORATORY (CANEL)

CANEL is an Air Force owned facility, specifically designed to
provide for the development of an indirect cycle nuclear powerplant for
aircraft propulsion. The facility is operated by the Pratt & Whitney
Aircraft Division of United Aircraft Corporation, under contract with
the Air Force. The major effort at CANEL at the present time is being
sponsored by the Atomic Energy Commission. This effort consists of
research and development leading to high p@rformgnce, liquid metal
cooled, aircraft.propulsion reactors. A less extensive rese#rch and
devélopment effort, on propulsion components external to a reactor-
shield assembly, is being sponsored by the Air Force and the Navy.

The CANEL faéility is located on the west bank of the Connecti-
cut River, approximately 18 miles south of Hartford. The facility
site is roughly circular with an exclusion radius of approximately
1000 feet. Construction was initiated by the Air Force during
calendar year 1955. The site was chosen “ecause of its prqximity
to the Pratt & Whitney main plant at East Hartford, Connegticut,
because it is relatively remote from cities and tewns, and because of
the availability of large quantities of cooling water, a navigable
river, and adequate electric powsr.

The CANEL facility provides about 680,000 square feet of labora-
tory, shop, and administrative space which currently houses approxi-~
mately 1,600 people, including abbut 375 technical employees. The
facilities either presently in place, now under construction or
planned for the immediate future represents an Air Force investiment

of about $60,000,000. These facilities provide for the design,

I1-6-3
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develbpment, fabrication, test and pogt~test inspection of experimental
airecraft reactors and eomponents external to the reactor-shield assembly,
The present work at CANEL is directed primarily towards solving materials
problems associated with high temperature reactor fuel elemepts and other
components such as heat exchangers, wvalves and pumps peculiar to liquid
reactor systems,

The upward trend in activity is expected to continue through fiscal
year 1961, after which & fairly stable level should be maintained until
the mid-60's. An increagse will be required during the major hardware
phase of the progrim leading to & ground test prototype, and agsuming
tuccessfni cohpletion of ground tests, & further step-up of activity

would be required in preparstion for flight tests.
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CONNECTICUT AIRCRAFT NUCLEAR ENGINE LABORATORY
Hartford, Connecticut

Nine Year Trend -~ Costs, Staff, and Facilities
(dollar amounts are in millions)

Fiscal Year 1960 1959 1958 = 1957 1956 1955 1954 1953 1952

b/
Research and Development Costs:ij
Reactor Development Program:
Manned aircraft propulsion $17.5 $16.0 $14,2 $14.8 $10.0 $3.8 $1.6 $ - $§ -
Total Research and Development $17,5 $16,0 $14,2 814,8 $10.0 $3.8 $1,6 § - §$ -
Personnel at June 30:
Scientific and engineering 401 391 388 270 135 62 40 45
Other . 1,193 1,067 741 264 57 13 8 5
Total Employees 1,594 1,458 1,129 534 192 75 48 50
Completed Plant and Equipment at June 30:¢/ $4,3 $28 $2.3 $1,9 $1.1 $ .2 § - § -

a/ Excludes depreciation on AEC facilities and the cost of source and special nuclear materials consumed in research.
b/ Estimated.

¢/ Principally equipment; the buildings are owned by the Air Force.
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CONNECTICUT AIRCRAFT NUCLEAR ENGINE LABORATORY

Current. Budget and Recent Costs by Categories of Work
(In Thousands)

F.Y. 1958 F.Y. 1959 F. Y. 1960
TOTAL Costs Costs Budget
TOTAL $14,186 $15,977 $17,500
Reactor Development - Aircraft
Propulsion Indirect Cycle - Total 14,186 15,977 17,500
Low Power Reactor Experiment - - 9,700
Advanced Research and Development 14,186 15,977 7,800

001504b



0015047

KNOLLS ATOMIC POWER LABORATORY

The Knolls Atomic Power Laboratory had its inception in 1946 when the
AEC signed a contract with the General Electric Company for the operation
of a laboratory for research and development in atomic energy.

The primary effort during the early histroy of the Laboratory was
.phe spdiup-coolad breeder reactor. Supporting work for Hanford also was
ca&;igd on. When work on the sodium breeder reactor stopped, the effort
of the Laboratory was reoriented to the SﬁbmariueAIntermediate Reactor
project. This was the first large scale development effort for navel
ship application to be undertaken at the Enolls Atomic Power Laboratory.
This project resulted in thé devélopment, construction, and test of the
land prototype (§1G) of the sodium-cooled reactor plant for thaéﬁSS Seawolf.
This prototype was constructed at West Milton, New York; it achieved eriti-
cality in March, 1955, and was operated fo€‘test and evaluation until it
vas shut down in February, 1957. The sodium reactor plant (520) installed
in the ﬁééféééﬁblf achieved criticality in June, 1956. This plant
operated fgr two years during which<the ship sﬁeamed over 71,000 miles.
However, the Sﬁbmarine/Intermediat@ Reactof project was discontinued at
Knolls because sodium proved less suitable than pressurized water as a
coolant for naval reactors, and the Seawolf's reécﬁbr is now being re-

placed by a water-cooled reactor plant similar to that of the USS Nautilus.

Knolls is currently assigned three major reactor development projects
for naval application; the Submarine Advanced Reactor project (83G/54LG),

the Destroyer Reactor projéct (D16/D2G), and, most recently, a natural
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circulation pressurized water plant for submarine application. The

Submarine Advanced Reactor project provides for the design, construc-

tion, development and test of a two-reactor pressurized water nuclear

propulsion plapt for the radar picket submarine Triton. A land proto-

type of one reactor of this plant was constructed ap West Milton, New

York and is now undergoing test and evalnation.‘ The Destroyer Reactor

project.(DlG/b2G) was assigned to Knolls in fiscal year 1957. This pro-

Ject covers the developmenp of a pressurized water ngclear propulsion

planﬁ fPrbinstgllation in a large destroyer-type naval ship. Because

of the developmental nature of this plént a lanplﬁrototype.is being con-
| structed at Wbét Milton, New York in the 22S-foof diameter sphere which

preyiogsl}ihoused the land prototype of the Sqawolf sodium-cooled pro-

Pulsion plant. ,

’ The Knolls Atomic Power Laboratory has’about 580,000 square feet

of gpg;neéring bffices, laboratories and shop space and employs about

2,200 people, about 700 of whom are engineers aﬁd scientists.

| The size of the staff at Knolls has been tplatively stable since |

1952, and no significant changes are expected in the foreseeable future.

II-6-6
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KNOLLS ATOMIC POWER LABORATORY
Schenectady, New York

Ten Year Trend - Costs, Staff, and Facilities
(dollar amounts are in millions)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951

b/
Research and Development Costs:il
Production Program $ - $ - %5 .1 % 3 8% .5 8% .9 $1L4 $2,6 $2,7 $2.8
Weapons Program - - - - - -~ - .3 .1 -
Reactor Development Program:
Naval propulsion 32,6 31,3 32,2 24,2 20,0 18,1 16,0 13,4 9.3 7.7
General reactor research and development - - .3 1.3 1.1 1.1 1.1 .8 1.1 .8
Total Reacior Development 32.6 1.3 32.5 25,5 21.1 19.2 17.1 14.2 10,4 8.5
Physical Research Program .5 3 4 .8 .9 .3 .1 - - .2
Biology and Medicine Program - .1 .1 .1 .1 .1 .1 .1 - -
Total Research and Development Costs $33,1 $31,7 $33.1 §26!7 $22,6 $20,5 $18,7 $17,2 $13,2 $11.5
Personnel at June 30: ) .
. Scientific and engineering 670 606 484 473 440 353 375 307 238
Other 1,508 1,553 1,633 1,670 1,757 1,717 1,802 1,610 1,408
Total Employees 2,178 2,159 2,117 2,143 2,197 2,070 2,177 1,917 1,646
Completed Plant and Equipment at June 30:5/
Reactors $34.7 $12,2 $11.3 $32.4 $30.7 § - $ - $ - § -
Other 38,7 38,1 35,1 34,1 34,4 34,1 33,4 _32.0 _30.5
Total 73,4 $50,3 $46.4 $66,5 §65,1 $34,1 $33.4 $32,0 $30,5

a/ Excludes depreciation on AEC facilities and the cost of source and special nuclear materials consumed in research.

b/ Estimated.

¢/ Plant projects authorized but not completed at June 30, 1959 totaled $38.0 million.
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KNOLLS ATOMIC POWER LABCRATORY

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

F.Y. 1958 F.Y. 1959 F.Y. 1960

Costs Costs Budget
TOTAL ) $ 33,068 $ 31,655 _$ 33,051
Production Process Dervelgment - Total 65 - -
Reactor Develorment Program - Total 32,526 31,255 32,598
Reactor Systems 329 - -
Nuclear Technokogy 1k 23 13
Naval Propulsion Reactors - Total 32,183 31,232 32,585
~  Submarine Advanced Reactor - Total 2L, 216 15,501 13,290
Research and Development 17,503 14,915 10,790
Fuel Fabrication 5,792 1,043 -
Operations - 921 2,943 2,500
Natural Circulation Test Plant - - 3,200
Destroyer Reactor - Totel 7,717 12,166 16,095
Research and Development Ts 117 12,188 15,520
Fuel Fabrication S - - . 75
Operations : - - ‘ 500
Naval Reactor Design Studles 250 165 -
Physical Research Program - Total 395 3l 453
Specisl Projects | 365 3 - L3
Metal and Materials Research - Total - 30 - -
A% Theory and the Nature of Solids ¥ - -
Effects of Irradiations on Materials 22 - -
Biomedical Problems in Atomic Energy Operations 82 59 -
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LOCKLAND ATRCRAFT NUCLEAR PROPULSION LABORATORY

Although the Lockland facility is owned by‘the Air Force, it is
included in this discussion because it is a major govermment~owned
institution carrying on an AEC development program. Performance of
‘the work b& the General Electric Company has been supported jointly
by the Air Force and the Commission since 1951. The project as a whole
is aimed at the development of a direct cycle, nuclear propelled air-
craft engine. _ 4

The Air Force is responsible for the propulsion machineryé other

,.than the reactor itself,iand the AEC sponsors tﬁe work on the reactor.

The major problems toward which the work is directed incldde the
devélopment of fuel eleﬁepts and‘structural material capable of with=-
standing the high tempérgfures which mist be reached in order to
achieve the necessary performance, and the shieid problems which re-
sult from the weight limitations within which the machine'must be
designed. Facilities for testing reactors developed at Lockland
have been constructed at the National Reaétor Tésting Station in
Idaho where a substantial supporting facilityfi§ operated by the
Generél Electric Company as a part of its AEC contract. ﬂ

Thq facilities at-Lockland used in the AEC work represent an
Air Force investment of approximately $38,000,000, about. 3,000
people are currently empleyed on the AEC work, of ;hom 625 are

scientific and engineering personnel.

-+ N
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Tpg Lpgkland facilities include mstallurgy, physics and :
chemical laboratories, critical exﬁeriment c¢lls, and fabricatipn
shops. The fabrication capability is approximately two reactor-
shielq assemblies per year. _

?hgmggrrent JQVel of e;fort appgarsAappropriate for ﬁhe next
few years, with some increase during the majorAhardware phase of the
program leading to a ground test prototype. Assuming successful cém—
pletion of ground tests, a higher level of activity will be required

as the work is directed toward flight tests.

IT-6-8
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LOCKLAND AIRCRAFT NUCLEAR PROPULSION LABORATORY
Lockland, Ohio

Nine Year Trend - Costs, Staff and FPacilities

(dollar amounts are in millions)

Fiscal Year

a/

Research and Development Costs:=
Manned aircraft propulsion

Total Research and Development Costs

Personnel at June 30:
By Type:
Scientific and Engineering
Other
Total Employees

By Location:
Lockland, Ohio
National Reactor Testing Station, Idahe

Completed Plant and Equipment at June 30:5/

By Type:
Reactors
All other

Total

By location:
Lockland, Ohioil
National Reactor Testing Station, Idaho

1960 1959 1958 1957 1956 1955 1954 1953 1952 1951
b/
541.3 $45.7 $40.0 $32.2 §17.9 $8.1 $5.8 $9.6 $ 3.5
$41.3 545.7 $40.0 $32.2 $17.9 $8.1 §$5.8 §$9.6 § 3.5
625 487 435 328 187 127 179 156
2356 1948 1981 1233 701 451 68l 420
2981 2435 2416 1561 888 578 860 576
2490 2000 2006 1228 695 535 860 576
491 435 410 333 193 43 - -
$1.5 ¢ .1 §- $ - § - $ - - §- $ -
39.4 28.2 19.1 15.3 1.5 1.0 .6 .1
$40.9 $28.3 $19.1 $15.3 $1.5 $ 1.0 $ .6 5 .1
$ 7.6 $59 $36 $20$1.5$1.0 $§.6 $.1
33,3 22.4 15.5  13.3 - - - -
research.

a/ Excludes depreciation on AEC facilities .and the cost of source and nuclear .materials consumed in

b/ Estimated.

¢/ Plant projects authorized but not completed at June 30, 1959,

at NRTS.

d/ Principally equipment; the buildings are owned by the Air Force.
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LOCKLAND AIRCRAFT NUCLEAR PROPULSION LABORATORY

Current Budget and Recent Costs by Categories of Work
(In Thousands)

F.Y. 1958 F.Y. 1959 F.Y. 1960
Costs Costs Budget
TOTAL $39,961 $45,681 $41,332
Reactor Development - Aircraft
Propulsion Direct Cycle ~ Total 39,961 45,681 41,332
Heat Transfer Reactor Experiment No, 2 - 3,035 2,300
Research and Development - 809 70
Fuel Fabrication : 406 1,200
Operations - 719 1,000
Reactor Experiment Fabrication - 1,101 30
Heat Transfer Reactor Experiment No. 3 ] - 5,043 1,100
Research and Development - 22 60
Fuel Fabricatiom - 1,974 40
Operations - 931 R 900
Reactor Experiment Fabrication - 2,116 100
Propulsion System Ground Test - 17,292 5,100
Research and Development - 13,856 2,100
Fuel Fabrication C- 168 -
Operations - 102 -
Reactor Experiment Fabrication » - 3,166 3,000
Advanced Core Test - - 5,000
Advanced Research and Development - 20,311 27,832
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SANDIA LABCRATORY

The wartime mechanical work of assembling atomic weapons was
performed at Sandia Base, near Albuquerque, by scientists of the
Los Alamos Laboratory working'uith personnel of the Armed Forces.
After the war, the facilities at Sandia Base were expanded some-
what and were operated for several years by the University of
California as an extension of the Los Alamos Laboratory.

In order to relieve Los Alamos of production préblems, the
operation of the Sandia Laboratory was transferred on November 1,
1949, to the Sandia Corporation, a wholly-owned subsidiary of
W%stgrn'Eléctric Company; formed specifically to take over this
contract. The Sandia téborétory has been expanded to keep pacé.
with the number of different weapon types. The presenf strength
of the Sandia Corporation as a whole is 8000, of whom about 6,900
are employed in the Albuquerque facilities. |

In 1956, when the decision was made to “weapbnize“ designs
of IRL - Livermore, a branch of the Sandia éorporation was, es-
tablished at Livermore, California, po support directly the efforts
of the Léboratory. Ab pre§ent, its facilities are being completed,
and it is near its planned’strength of 850. The Iivermore install;-
tion provides such support as must be located close to Lawrence
Radiation Laboratory, but leans heavily on the Albuquerque facility
for work that can effectively be accomplished there. In addition
to the Albuquerque and Livermore locations, some 100 employees of
the Corporation operate range-test facilities at Salton Sea,
Ca}?fornia, Tonopah, Nevada, and the ballistic ranges and approxi-
mately 125 carry out manufacturing-related and inspection tasks

at vendors! plants and related locations.
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The basic mission of the Sandia Laboratory is the development
of those portlons of atomic weapons for which the AEC is responsible,
exclusive of the high explosive and nuclear components whlch are de- ’
veloped by LASL ano IRL - Livermore. For free-fall bombs, AEC
respogg%@@liﬁy_lngludes the complete,weapon;:fgr missile applications,
AEG normally provides a warhead including.a firing set only.

In the exercise of this development respoﬁelbility, Sandia
Laboratory also conducts component development, gquality control,
relisbility engineering, tool and test equipment development,

military liaison, and mamufacturing relations.

I1-6-10
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SANDIA LABORATORY
Albuquerque, New Mexico

Ten Year Trend - Costs, Staff and Facilities
(dollar amounts are in millioums)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951

Research and Development Costs:ﬂ/

Weapons Program (Includes production costs) $121.8 § 96.4 $101.6 $ 90.3 $ 56.5 $ 60.8 $ 59.6 $ 69.3 § 58.1 $ 37.1
Total Research and Development Costs $121.8 $ 96.4 $101.6 § 90.3 $ 56.5 $ 60.8 $ 59.6 § 69.3 § 58.1 § 37.1

Personnel at June 30:

Scientific and engineering 1907 1753 1521 1296 1289 1258 1155 <f
Other 6034 5698 5361 4613 1&4‘317 4162 4251
Total Employees 7941 7451 6882 5909 5706 5420 5406

Completed Plant and Equipment at June 30:2/

By Type:
Accelerators $ .28 2% - § $ $ - $ - $ - $
All other : 82.8 70.0 61.3 59.2 57.0 _S53.8 _47.2 _39.1 _30.8
Total $ 83.0$ 70.2 $61.3 $59.2 $57.0 $53.8 .$47.2 $39.1 $30.8

By Location:
Albuquerque, New Mexico 75.3 68.7 61.1 59.2 57.0 53.8 47.2 39.1 30.8
Livermore, California 7.7 1.5 .2 - - - - - -

a/ Excludes depreciation on AEC facilities and the cost of source and muclear materials consumed in vesearch.
b/ Estimated.
c/ Detail not available for this and prior year.

d/ Plant projects authorized but not completed at June 20, 1959, totaled $16.5, of which $15.7 will be
located at Albuquerque.
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Under test moratorium conditions, it is intended to continue

the Sandia Laboratory at mear its present strength permitting only

a gradual reduction through 1970 for the following reasons:

1. It represents an invaluable collection of out-

standing people and superior technical facilities which
can make a distinct contribution to technical programs
of importance to the nation.

2. It is necessary to retain, as a going organiza-

tion, able individugls of varied qualifications who would
be available as needed to work-on weapons réquirements as
they arise.

3. Since weapon technology has so fully exploited the

existing art of electronics, materials, and related fiselds,
there is considerablq need for concentratad*research in .
those fields to prepare for the more sophisticated weapon
needs of tomorrow. Weapon improvement in the mechanical-
electrical field is less dependent upon nuclear test than
gimilar 1mprovements in the nuclear field.

with time, and if Sandia's -weapon-load-decreases, other actiwi~ .

ties such as the followlng will be initiated or increased within the

technical capacity and fagilities available.

1. Increased effort in basic research and exploratory development.

This work is expected to provide better componénts, materials,

and non-nuclear systems which can be employed without test; and to add

gréatly to the weapons teghnology available if and when testing is re-

opened.

Major fields of investigation include: hydromagnetics, high

-temperature phenomena, solid-state physics, physiqal'electronics, and

combustion processes.

0015058
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2. Study of Radiation Effects:

/ 'This work 1s concerned with the problem of the effects of
the radiatibn environment created by a nuclear explosion on a
ballistic miSSiie warhead. Sandia Laboratory, with its new SERF
reactor now under construction, can play a significant role in such

studies:and developmental work.

3. Davelopmént of Detection Systems.

SandiafLaﬁoratory is well qualified to assist the DOD in
developing a seismic system for detection of -underground explosions
And caé;algo contribute %o programs fof the deVglopment of instrumenta-

tion and auxiliary equipment for sensing outer space detonations.

Y. 'Suppo%t"of Project Plowshare.

.“¥fﬁ%6fzﬁfoject Ploﬁshare, Sandia Laboratory is currently con-
ducting’éﬁudies in cratering phenomena and containment of radioactive
pfoduc%s. In additidn, Sandia will support with effects instrumenta-
tion qctual Plowshare shots, as it has done in previous de#elopment
ﬁest series. Alsb, they will participate, as for their normalfmission,
in the product engineering of any devices developed specifically for

Plowshare use. -

I1-6-13
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SECTION SEVEN

PRODUCTION' PLANT LABORATORIES
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*.  HANFORD LABORATORY

During the approximately 15 years of operation of the Hanford Works,
lsboratory and semi-works facilities valued at more than $ik,000,000 .i:a.ve
been insgtalled at that site; additional facilities are now undef congtruetion,
at a cost of about $25,000,000. Of the total Hanford technically trained
staff of about 1,400, approximastely 700 are currently ehgaged in research and
develbpment programs. This organization was created to proﬁde technical
support for the production of plutonium and plutonium weapons components at
Hanford. - The scope of the research and development effort emphasizes
applied research, process and equipment development, design development,
prototype testing, a.nd engineering evaluation of new and- imprioved processes,
Thege activities are carried on by the General Electric Company, qperator
of the entire Hanford complex.

Since Hanford was the first major reactor site, the research and
development program to support the production activities was established
on & relativély broad base, encompagsing not only reactér degign and operation,
but also the study of nuelear and chemical safety, i:lutonim and uranium
metallurgy, chemical separations technology, waste diiposal‘, and environ:
mental effects. The staff, in carrying out these veried activities in
support of the production program, acquired skill and experience which cquld be
epplied beneficially to othé.r atomie energy programs. Upon ecmpletion of the
major efforts in connection with the expangion of the plutonium production
facilities, the opportunity was taken to utilize these gkills to advantage
in other progrems. The research and development program has thus been \
broadened to include important peaceful aspects of atomic energy.

The biology program originated with the need to insure an adequate

redietion protection program, and to determine the possible effects of the

IT=T=1
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Treactor cooling water on a.c;_ua',tic 1ife in the Columbia River. In recent yeara,
the character of the research program has gradually changed towards & more
basic approach to the problems being studied. In addition, & closer liaigon
between the northwestern universities .a.nd Hanford is developing which promiges
to be beneficlal both to the university community and to the AEC,

Other non-production activities currently utilizing Hanford la'borétory
staff and facilities are the plutonium recyele program, power reactor fuel
processing development, and fission product recovery and utilization studies.

Of these, the plutoniinn recycle‘ program, involving development, desigh,
and construction of the Flutonium Recycle Test Reactor and assoclated fuel

fabrication facilities, is by far the largest; it engages about 20 percent of

- the effort of the laboratory.

IT-7-2
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HANFORD LABORATORY
Richland, Washington

Ten Year Trend - Costs, Staff, and Facilities
(dollar amounts are in millions)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951

b/
Research agd Development Costs:fl—/
Production Program $12.4 $12.6 $10.4 $83 $9.0 $8.8 $87 $81 $6.3 $4.9
Weapons Program .9 .7 .3 .2 .2 .1 .2 .8 R -
Reactor Development Program:
Civilian power reactors 6.3 5.4 3.6 1.2 - - - - - -
Merchant ship .2 .6 .3 .1 - - - - - -
General reactor research and development 3 3 - - - - - - - -
Total Reactor Development 7.0 6.3 3.9 1.3 - - - - - -
Physical Research .6 .3 .3 .2 .2 .1 .1 - - -
Biology and Medicine Program:
Biomedical problems in e/
atomic energy operations 1.8 1.7 1.6 1.4 1.2 1.1 =
Dosimetry and instrumentation .4 -3 .3 .3 2 .2
Total Bilology and Medicine 2.2 2.0 1,9 1,7 1,4 1.3 1.3 1,3 1.1 .9
Total Research and Development $23,1 $21,9 $16,8 $11.7 §v10.8 $10,3 $10,3 $10,2 $7,8 $5.8
Personnel at June 30:
Scientific and engineering 722 688 677 672 667 662 658 587 456
Other 958 912 559 563 549 532 518 491 482
Total Employees 1,680 1,600d—/1.236 1,235 1,216 1,194 1,176 1,078 938
Completed Plant and Equipment at June 30:5/
Accelerators $ 3¢ .38 3 %8 3§ 3§ - 8§ - 8- § -
Reactors . 1 L1 - - - - - - -
Other 45,3 41,5 36,7 33,2 31.4 _21.7 15.0 6.5 6.0
Total $45,7 $41,9 $37,0 $33,5 $31,7 $21,7 $15,0 $ 6,5 $ 6,0

af Excludes depreciation on AEC facilities and the cost of source and special nuclear materials consumed in research.

b/ Estimated.
¢/ Detail not available in this and prior years.
d/ Allocation of full personnel overhead was not made until July 1, 1957.

e/ Plant projects authorized but not completed at June 30, 1959 totaled $24.5 million.
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HANFORD LABORATORY
Current Budget and Recent Costs by Categories of Work
(In Thousands)

F.Y, 1958 F.Y. 1959 F.Y. 1960

Costs Costs Budget

TOTAL $16,808 $21,890 $23,096

Production Process Development - Total 10,391 12,606 12,500

Heapons Development - Total 277 644 _900

Reactor Development Program - Total 3,945 6,29 6,975

Civilian Power Reactors - Tc.Jtal 3,601 5,417 6,350

Plutonium Recycle Reactoxr : 3,470 5,215 5,000

Gas Cooled Reactor 131 202 1,350

Nuclear Technology - Total - 307 450

Maritime Gas Cooled Reactor 344 570 175

Physical Research Program - Total 279 334 574

Chemistry Research -~ Total 228 270 504

Chemical Properties and Reactions - - 100

Special Projects 228 270 404

Metallurgy and Materials Research - Total _ 51 64 - 70

Biolo d icine Program

Biochemical Problems in Atomic Energy - Total 1,603 1,664 1,857

Biological Research 1,067 974 1,086

Biophysics Research 536 445 476

Envirommental Research - 245 295

Dosimetry and Instrumentation - Total 310 311 341

Dosimetry 188 192 209

Instrumentation 122 119 132

Training, Education and Information - Total 3 37 49

Assistance to Schools 3 25 39
International Conferences, Exhibits, Studies

and other assistance - 12 10
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Future Plsns

Production Process Improvement: Opportunities continue to exist for
significaﬁt improvement in the production processes employed &t Hanford and
in the economics and safety of plant opera.tions.' However, barring major
changes in production activities, the needs for support of prodﬁction will
decrease in the future, making possible the progressive reassigmment of

technieal pergonnel to other programs.

Reactor Development: The plutonium recycle program is equcted to continue
at about the seme level.

Nuclear technology develorment programs have only recently been inltiated
at HAPO in the areas of Fuels and Materisls and Sanitary and Envirommental
Engineering, and the -scope of the programs was necessarily m&st -at the oute
set, The HAPO staff is extremely competent iIn these areas, and the level
of support will be increased substantially during the ten<year period as
personnel presently engaged in production procéss development become availsble.

' Biology: Regearch endeavors concerning the Wn of internally
deposited radicisotopes on organs and orgaen systems in small g.nd large animals
will be maintained and expanded where necessary, since little valid information
18 currently avalilsble to delineaste dose-effect relationships and to permit
scceptable extrapolation of effects and hazards to man.‘ Chronic feeding exe

- periments employing verious fission proiiucfs and reactor effiuent radioisotopes.
have been emphagized. Particular attention is directed toward radlation effects
on nucleic acid metabolism of the gastrointestinal tract. Projected studies
over the next ten years will be e_xpanded to ineclude comprehengive metabolic
and bilologic response studies concerning Pu-239, Sr-90, Ce-hS5, Ra-226, Zn-65,
P-32 and Ru-106.

Development of the use of miniature swine ag an experimental animal will

be emphasized. Studies concerning removal of internally deposited isotopes,
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such as p‘]_utonium will be expended. The addition of studies on the factors
affecting the permesbility and absorptive properties of cells toward radio-
mieclides is urgently needed.

In total, the level of effort in the biology program 1s expected to be

inereased by about fifteen percent over the decade.
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SAVANNAH RIVER LABORATORY
The Tirst reactor st the Savannah River Plant began operation six years
8go. Process development work at the site, however, had begun two years
earlier and, from thé'beglnning, the results of that work made possible economies
in design and operation of the production facilitles. The last of the production
reactors went eritieal in early 1955 and, until that time, research and develop-
ment activities were directed almost exclusively toward the primary produetion
misgion of the p;ant. Por that purpose, laborato:y, gemi.works and support
facilities valued at $45,000,000 have been provided at the plant site. The
laboratory 1s operated by the E,I. du Pont de Kemours Co., which also operates
the production facilities.

The experience galned in the design, construction, an& operation of the
héavy weter moderated and eooled production reactors by the Savannsh River
Leboratory steff 1s now being utilized in the development of powér resctors.

In November, 1957, the laboratory was assigned responsibility for éngineering
stﬁdies and development work on natural uranium fueled, heavy water moderated
power reactors, Design studies of plants having capacities in the range of
100 MWE to 425 WWE have been completed, and the work is being carried forward.
In sddition, a Heavy water Component Test Reactor, now under construection, will
be completed early in 1961 at & cost estimated to be $9,300,000. This reactor
will be & useful toolrfor obtaining power reactor design date and for testing
various types of fuel elements,

Other Savannah River Iaboratory capsbilities include fisgion product re-
covery, techniques of fuel fabrication, chemiecal seperation and tritium

technology, in gome of which its experience and equipment are unique.
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SAVANNAH RIVER LABORATORY
Aiken, South Carolina

Ten Year Trend - Costs, Scaff and Pacilities
(dollar amounts are in millions)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951

a/ b/
Research and Development Costs: :
Production Program $9.6 58.7 $10.0 $9.8 $9.4 $85 $6.4 §9.3 $14.2 § 2.5
Weapons Program .1 .1 .1 .2 - - .1 .2 - -
Reactor Development Program:
Civilian power reactors 7.0 2.6 1.1 .3 - - - - - -
Total Research and Development Costs $16.7 S$11.4 $11.2 $10.3 $ 9.4 $85 $6.5 §$9.5 §14.2 § 2.5

Personnel at June 30:

Scientific and engineering - 300 300 296 291 292 265 162 31 E/
Other - 335 330 315 299 299 204 89 23
Total Employees 635 630 611 590 591 469 251 54

Completed Plant and Equipment at June 30:

Resctors $16.2 $le.1 $16.1 $16.1 § 8.6 - - - ,
Other 8.4 25.2 .24.8 21.3 - - - . -
Total S44.6 $4l.3 $40.9 $37.4 3. 8.6 :

a/ Excludes depreciation on AEC facilities and the cost of source and nuclear materials consumed in research.
b/ Estimated.
¢/ Detail not available.

d/ Plant projects authorizea but not completed at June 30, 1959 totaled $45.0.
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Future Plans

It is expected that numerous opportunities will exist for significant
though perheps less major improvements in the produetivity, economy, and
gafety of nearly &ll of the eurrent plant processes., Increasing emphasgis will
be placed upon development of produetion reactors of improved deslign, as the
present reactors reach the limit of economic exploitation. Other asgsigmments
will include the problems associated with varisble quality of "natural" uranium,
corrosion problems from elumimm reactor materials, recycling : natural and
enriched uranium, end adeption of separations processes to different types of
fuel elements,
Over the decade a stable staff size is visualized. The present distribution_
“ of effort, as shown on the preceding chart and tables, will shift somewhat toward

civilian reactor work, barring mejor changes in produetion activities.
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UNIVERSITY LABORATORIES

In the discussions making up this section, only thqse AEC activities
1’.ha1:i are carried on in facilities meeting the criteria of "AEC Laboratories"
stated in Section Four are included. In additien te these iactivities
each of the universities carries on contract research for the AEC in its

own facilities, using varying typeés and amounts:of government owned

equipment.

I1-8-1

0015011



ARGONNE CANCER RESEARCH HOSPITAL

The Argonne Cancer Reséarch Hogpital began its elinical and laboratory
experimental program in the spring of 1953. Its purpose and program ere
directed toward the exploitation of high energy radiation sourcea for the
treatment of malignaneies; utilization of radioisotopes in the d;agnosis

_ and therapy of diseage states; and basic research in oncology and hematology;
a8 well as to the elueldation of ecertain blologic effects of ionizing
radiations.

The physical faeilities comprise 56 patient beds available for clinical
research, radiochemical lsboratories, animal guarters, and three sources
of high energy radiations. These latter are & 50-Mev linear electron
accelerstor, & 2-Mev Van de Greaff accelerator, and a 2é00-curie Co 60
unit designed for rotational therapy. The rtdiamion sources are availsble
for blological experimentation as well as the therapy of tumors in the
humean ﬁeing.

The scientific program of the Argomne Cancer Research Hospital is
correlated in general with the broad scientific program of the University
of Chicago's Divisien of the Biological Sciences and the University Clinic
of which it is a part. In addition, clese liaison is maintained with the
scientific program of the Argenne National Laberatory. As, for example,
in jeint studies of radium dial painters to determine the effects of the
bedy burdsn of radium they carry.

Future Plans

With the recently cempleted 50 Mev linear accelerater new in eperatien
~ and being used in the 4reatment of patients, this cancer research facility
has reached a stable operational level. The main mission of the Hospital
will continue to be that of conducting extensive studies on hospitalized
patients using radioisetopes therapeutically, diagnostically, and as tracers
in metabelic experiments.

I1-8-2
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ARGONNE CANCER RESEARCH HOSPITAL
Chicago, Illinois

Nine Year Trend - Costs, Staff, and Facilities
(dollar amounts are in milliomns)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952

b/
Research and Development Costs:i/
Biology and Medicine Program
Beneficial applications of atomic energy $20 $1.9 $1,7 $1.6 $1.4 $1.1 $ .8 8 .5 § .2
Total Research and Development Costs $20 $1,9 $1,7 $1,6 $1,4 $1.1 § .8 3 .5 § .2
Personnel at June 30: b/ b/ b/
Scientific and engineering 50 51 53 52 52 37-1;/ 37~b—/ 2();/
- Other 142 140 132 131 140 117~ 112~ 60—
Total employees 192 191 185 183 192 154 149 80
Completed Plant and Equipment at June 30:&/ $4.6 $45 $4.2 $4.2 $4,2 $4,1 §3.7 § -

a/ Excludes depreciation on AEC facilities and the cost of source and special nuclear materfals consumed in research.
b/ Estimated.

¢/ Plant projects authorized but not completed at June 30, 1959 totaled $0.1 million.
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CAMBRTDGE ELECTRON ACCELERATOR

New discoveries in high energy physics and extemely heavy operating
schedules demanded of the Cosmotron &t Brookhaven and the Bevatron at
Berkeley clesrly demonstrated the need for additional high energy
accelerators. .Consequently, in 1955, the Commission approved & program
to econstruet and operste two additional multi-Bev acecelerators at university
sites. In Mareh 1956, the Commission selected the joint proposal of
Barvard University and the Massachusetts Institute of Teehnology to eon-
struet and operate one of the two machines.

Following authorization by the Congress, work on this facility started
in April 1956, The accelerator consists of six mejor ecmponents, magnet,
magnet power supply, radio-frequency power supply, eleetron source and
injector, vacuum syste—m, and eontrols and special equipment. The project
buildings, located on the Harvard esmpus, inelude a laboratory, and experi-
mental area, a& power house, magnet ring housing, housing for the electron
injector, and a eryogenics area. These are interconneeted by tunnels and
passagevays since the working level of the machine is below ground for
reasons of shielding. The orbit radius of the aynehrotron will be 118 feet
end the frequeney of operation is designed to be 60 cycles per second.

The 'buildings for the accelerator, laboratory, offices and experimental

areas are essentially complete., FMabrication of several of the major eomponente.-

II-8-3
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is underway. According to the present schedule, all major ecmponents will be

in procurement by mid-1960 and will be ingtelled by early 1961. Testing and
tune-up is scheduled for the Spring of 1961, and construction will be considered
complete when accelerstion of injected electrons is demonstrable. It is ssti-
mte;l that construetion costs will be $11.6 million.

The maehine will provide an intense beam of six billion electron volts
energy; it will be the most powerful electron synchrotron presently known to
be .operating or building anyvhere in the world. ‘

The Canbridge Electron Aceelerator will be used by one of the largest eon-
centrations of high energy physicists in the world, and 1t will be en importent
faeility for the education and traihing of future scientigts. - The FPhysles
faculties at Harvard, M.I.T., Yale, and other universities are planning ex-
periments to be conduected on the machine, |

The gseale of operation envissged includes 30 to 40 senior seientists in-
volved in about 12 major experimental setups. To utilize the aceelerator most
effectively, future plans of the lsboratory call for shielding the different
beems in the experimental area from one another, so that work on the sesembly
of one apparatus can proceed while snother experiment 18 in progress. The

shielding would be pertly movable to provide the necessary flexibility.




PRINCETON-PENNSYLVANIA PROTON ACCELERATOR

One of the two high energy partiele accelerators suthorized by the
Congress for fiseal year 1956 is being built at Princeton University as a
Joint projeet of Princeton and the University of Pennsylva.nia.; Iocated at
Princeton University's Porrestsl Research Center, this projeet 1s known as
the Princeton-Pennsylvania Proton Accelerator (PPA).

This three billion electron volt proton synehrotron is scheduled to be
completed in m1d-1960. Tt will be similar to the Cosmotron at Brookhaven,
but is designed to provide & much higher number of protons per second in its
beam, largely because of its higher pulse rate. It is hoped to achieve a

‘ béa.m c&mnt that 1g at least one hundred times as great as that of the
Cosmotron. This feature will meke possible experiments involving events that
ocecur too rarely for suceessful study with lower intensity machines.

This project is expected to eost nearly $12 million. Work was under-
taken in April 1956, Prineeton and Pennsylvania are contributing some
$500,000. Component parts of the accelerator will be magnet, masgnet power
supply, injection system, radio-frequency power system, vaecuum system . and
eontrols, and necessary buildings, laboratories and other supporting faellities.

Certain clagses of experiments ean not 'be performed with the presently
planned internal proton beam; full extraction of external proton besms will
be neeessary if the full research end utility potential of high energy machines
ere to be realized. Experiments such as proton seattering, study of direet
proton interactions using bubble chambers, and detection of very short lived
particles would be practicable only with a well-shielded external besm. There-
fore it is antiecipated that, during the period under review, full externsal beam

facilitles will be provided for the PPA.
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PRINCETON STELLARATOR

Princeton University operates one of the four major laboratories
doing research to determine the feasibility of controlling thermo-
nuclear reactions. A research program based on the so-called stellara-
tor concept was initiated in 1951 at Princeton's Forrestal Research
Center. A stellarator is a device in which ionized gas is confined in
an endless tube by means of e very strong externally applied.magnetic
field. , _

A nnﬁber of small stellarators have been constructed in succession,

'beginningﬁin 1952}. Stellarators, with their novel magnetic field con-
fignretions and plasma heeting schemes, are inherentiy complex devices
requiring a great deal of careful design and fabrication.

Because the small ones have limited capabilities, a facllity,
_known as the Model C complex, is under construction, for completion 1n t
calendar 1961. This facility should opon the way for new and more
meeningful'studieeZOf plasma behavior using a succession of devices.

The finEt of these, called Model C, will have a "racetrack“ tube about
LO feet in circumference and 8 inches in diameter, equipped with helical
etab;lnzlng w:md}ngs° It will be strlctly a research faclllty, designed
to yieiduinfprmaticn, and is not intended to be a net power producer.
The initial cost of Model (H including‘buiidings, supporting facilities,
and experimental apparatus, is expected to be about $35 million, of
which:tne‘plant facilities will be $9.9 million.

‘Tt is not anticipated that the Model C device will supersede or
replace all of the smaller devices under study at Princeton. It is
likely that for several years there will be areas of research on piaSma

confinement, Stability and heating, which can be carried out more

I1-8-5
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economically and quickly on the smaller devices than on Model C.
Furttermore, the Princeton theoretical group has made excellent
contributions to plasma theory, especially to the study of insta-
bilities. It can be expected that Model C, and any succeeding de-
vice would each require a period of experimentation lasting at
least two years.

It is difficult to make predictions for this program beyond
1965, Instability phenomena have come to light that make 1t
doubtful that the original plan for ohmic heating of the plasma
up to energy levels of 100 volts will be sufficiently successful
in Model C. If this proves to be the case, another method --
ion cyclotron resonance heating -- is available. If this mcthod
in turn experiences serious difficulties, it is to be presumed that
Model C, or its immediate successor, would make use of injection
methods. In that case, a joint effort with ORNL, IRL, or with
both, would seem desirable-from the standpoint of saving time
ﬁhd funds, because of the costs that would otherwise be involved
invdeveloping a group of injection experts independently at
Princeton, the construction of apparatus for them, and_the standby
costs for Model C whenever it is not fully used.

The design, construction and utilizatioh of one or two injec-
tion stellarators, of the same general size as the Model C device,
might well be expected to occupy a five year period, say from
1965 to 1970. Any other alternative dictated by future dévelop—

ments would probably require a similar period of time.
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PRINCETON STELLARATOR
Princeton, New Jersey

Nine Year Trend - Costs, Staff and Facilities

Fiscal Year 1960
R Y]

Research and Development Costs:a/

Physical Research Program:
Controlled thermonuclear research

Total Research and Development Costs

Personnel at June 30:
Scientific and engineering
Other

Total

Plant projects authorized but not
completed at June 30, 1959

a/ Excludes depreciation on AEC facilities

b/ Estimated.

0015019

(dollar amounts are in millions)

1959 1958 1957 1956 1955 1954 1953 1952
b/

$19.4 $12.0 $4.9 $2.6 $1.5 $1.0 $ .6 $ .4 §$ .1
$19.4 $12.0 $4.9 $2.6 $1.5 $1.0 $ .6 $ .4 § .1
- 89 77 70 54 34 18 13 7
- 194 130 1i4. 70 28 9 3 1
- 283 207 184 124 62 27 16 8

$ 9.9

and the cost of source and nuclear materials consumed in research.

1951
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PRINCETOR STELLARATOR

Current Budget and Recent Costs by Categories of Work

(In thousands)
F. Y. 1958 F.Y, 1959 F.Y, 1960
Costs Costs Budget
Yhyaical Research Program - Total $4,897 $11,975 $19,364
Controlled Thermonuclear Research ~ Total 4,897 11,975 19,364
General Research and Development - 330 629
C Stellarator Series - Fabrication - 8,470 14,697
C Stellarator Series - Operation and Modification - - 460
N Stellarator - Research and Development - 3,175 3,578
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UNIVERSITY OF ROCHESTER BIOMEDICAL FROJECT

The University of Rochester Biomedical Project had its begin-
ning in 1943 under the Manhattan Engineering District. Its mission
was to develop experimental data that would enable the establishment
of safe levels of exposure to various chemicals and radioactive sub-
stances used in the development of the atomic borb.

After the establishment of the Atomic Energy Commission, the
biological and medical program at the University of Rochester was
placéd on a more permanent basis, ané more closely associated with the
University. The physical proximity of.the AEC facilities to the
Medical School has contributed to élbée association and integration
withjtﬁé’ﬁérent university. ThefProJeét is administered by the ﬁe-
partment of Radiation Biology in the Medical School. Nine members
of the ?roject staff hold the rank oi.fﬁll proféssor, andrthere are
many mbre in the other faculty grades. The total scientific staff
numbérs ébout forty-five. | |

An important edu&aﬁional and training program is operated by the
Project. In addition to AEC-supported coursesvin Radiologicai Physics
and Industrial Medicine, which supply many of the‘health physicists
for AEC and contractor facilities, more than half of the graduats .
students enrolled in the life sciences in the University Graduate
School are under the Department of Radiation - Bielegy. These students
may major in biophysics, radiation biology, pharmacology, or biochemistf&.
The graduates of these courses have filled many responsible positions in

AEC installations, both in research and in operations.

I1-8-%
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Although the Rochester Pfoject now has strong training and
basic reseafch programs, the AEC continues to rely on this laﬁora—
tory for much of its toxiaological data. The Division of Pharma-
cology and Toxicology cooperateé-in studying the toxicity, retention,
excretion, and movement within the body of materialsg in the atomic
energy industry suspected of chemical or radioclogical toxicity or
other detrimental effects. Uranium, thorium, radium, radon,
beryllium, polonium, thallium, indium, and mercury are examples.

The alpha-iphalation laboratory is well équipped to study the re-
lation of various particle sizes to the inhalatign, retention and
distribution of aerosols. The studies are expected to continue for
many years and'will.be increased by the addition of strong progréﬁs'in
aerosol physics, pulmonary physiology, and instrqmentation. Other pro-
grams in this division are devoted to bonevmetabglism and the study of
the transport of ions acrogs cellular mermbranes.

The Radiology and Biophysics Division is oriented primarily toward
the study of biological prbcesses by physical techniques and of certain
aspects of c¢hronic radiation damagé and recovery. These programs are
expectéd to continue for a number of years at the present level of
effort. Arrangements are expected to be made in the near future for
transfer of a relatively small program concerned with amino acid metabo-
1lism to other University departments.

The Medical Division carries out metabolic studies in irradiated ;

'animals, and devises and tests various clinical procedures for promoting
recovery ffom acute radiation damage. This program is expected to de-

crease in activity unless radically new anti-radiation drugs are developed.

I1-8-8
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It is anticipated that the Medical Division will decrease the level
of its experimental program with animals and pay increased attention
to long-term effects as they may be observed in human populations
occupationally exposed to radiation and radiocactive materials.

A small but significant program, both basic and applied, on the
production of burns by short, intense flashes of thermal radiation has
supplied the AEC with most of its knowledge of the processes involved
and possible méthods for protection from burns caused by nuclear
weapons. This work is essentially complete and will be phased out
during the next two years. The basic program in physical measure-
ments will probably be transferred to the Institute of Optics.

During the past few years the staff of the Project has paid in-
creasing attention to the programs dealing with long-term, low;level
effects of radiation in several species of laboratory animals. These
studieé are expected to c¢ontinue for a number of years and may be
further increased to meet specific AEC needs. However, no significant
increase in the number of scientific personnel is planned, and it is
expected that the level of operations will remain essentially constant

during the next tem years.

11-8-9
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UNIVERSITY OF ROCHESTER BIOMEDICAL PROJECT
Rochester, New York

Ten Year Trend - Costs, Staff and Facilities
(dollar amounts are in millions)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951

b/
Research and Development Costs:E/
Biology and Medicine Program:
Radiation effects on biological
systems $ .3 § .3 § 3 S 3% .3 % .3 8% ¢/$ - $ - $ -
Combating radiation detrimental
effects .1 .1 .1 .1 .1 - - - - -
Beneficial applications of atomic
energy .2 .1 .1 .1 It .1 - - - -
Biomedical problems in Atomic Energy
operations 1.0 1.0 1.0 .8 .8 .8 - - - -
Dosimetry and instrumentation .1 .1 - .1 - - - - - -
Civil effects - - - - - - - - - -
Total Biology and Medicine 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1.1 1.1
Training, Education and Information .1 .1 .1 - - .1 .1 .1 - -

Total Research and Development Costs $ 1.8 § 1.7 $1.6 §$ 1.4 $1.3 $1.3 1.3 s 1.2 1.1 g1.1

Personnel at June 30:

Scientific and engineering - 45 46 77 95 94 88 105 10 69
Other - 133 140 106 92 87 82 82 78 103
Total employees - 178 186 183 187 181 170 187 179 172

Completed Plant and Equipment
at June 30: 4/
All other $ $ 5.0 $2.5 $26 $2.46 $32.4 §$24 $2.3 $23 31.1

Total $ $ 5.0 $2.5 $2.4 $24 $2.4 $2.4 §$23 $23 $1.1

a/ Excludes depreciation on AEC facilities and the cost of source and special nuclear materials consumed in
research.

b/ Estimated.
¢/ Detail not available iun this and prior years.

d/ Plant projects authorized but not completed at June 30, 1959, totaled $0.5.
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OUNIVERSITY OF ROCHESTER BIOMEDICAL PROJECT

Curxent Budget and Recent Costs by Categories of Work
(In thousands)

F.Y. 1958 F.Y. 1959 F.Y. 1960
Costs Costs Budget

TOTAL $1,618 81,708 $1,812

Biology and Medicine Program -~ Total 1,510 1,576 1,672

Radiation Effects on Biological System - Total 291 314 321

Medical Research 89 111 113

Biological Research 202 203 208

Combating radiation Detrimental Effects - Total 84 114 90
Medical Research 84 - -

- Biological Research ' - 114 90

Beneficial Applications of Atomic Energy - Total 103 ' 137 150

Cancer Research 60 96 104

Medical Research 43 41 . 46

Biomedical Problems in Atomic Enexgy Operations -

_ Total 960 954 1,050

Medical Research 387 954 1,050
Biophysics Research 573 - -

Dosimetry and Instrumentation 56 57 61

Instrumentation 56 ’ 57 61

Civil Effects Program - Total 16 - : -

Training, Fducation and Information Program - Total 108 132 140

Fellowships 86 99 100

Other Training, Eﬁ%{%ﬂe?d Information 22 33 40
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NATIONAL REACTOR TESTING STATION

The National Reactor Testing Station was established in mid-
1949 as a site for the testing and operation of various nuclear
reactors and their associated auxiliary processing, administrative,
and development facilities. The site area presently covers almost
900 square miles on the Snake River plain about LO miles west of
Idaho Falls in southeastern Idaho. In the ten years of its ex-
istence, the station has grown to become a major establishment of
the Atomic Energy Commission; completed and authorized plant invest-
ment exceeds'$300 million. It has a permanent: operating force ‘of
about 3,400 (excluding‘about'égo Navy and:Navy contractor employées).
As -of mid-1959 there were 18. operating reactors or critical facili-
ties and six more ﬁﬁder construction. (Update)

Seven‘major research and development contractors have responsi-
bilities at the NRTS: Aerojet-General Corporation, Atomics International,
Conbustion Engineering Company, General Eisctric Company, Phillips Petro-
eum Company, University of Chicago (ANL), and Westinghouse Electric
Corporation. This multiplicity of operating contractors at a single
si%e represents a unique aspect of the NRTS operatioms.

The AEC's Idaho Operations Office maintains a complex,-on—énd
off-site radiation monitoring network and furnishes personnel metering,
analytical, instrﬁment, inspection, and other services essential to a
comprehensive health and safety program. It also coordinates the acti-
vities of U. S. Wéather Bureau and U. S. Geological Survey offices
at the station.

In addition to managing the NRTS as a whole, the Idaho Operations
Office also administers the research and development activities assigned to

the Phillips Petroleum Company.
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Phillips has the largest single operating force at the NRTS,
with a staff of over 180Q of whom more tham LOO are professicnal
scientists and engineers. It is responsible fo? an engineering
development laboratory consisting of six major facilities: the
Materials Testing Reactor (MIR), the Engineering Test Reactor (ETR),
the Chemical Processing Plant (CPP), and the series of reactors
used in the reactor safety program (SPERT-I, SPERT-II, and SPERT III).
Auxiliary supporting facilities include: an ETR:critiéal facility;
the Reactivity Measurement Facility (RMF), a uniqne and highly sensi-
tive development tools h?t cells and assembly areas; a hot pilot
Plant and a éhemical engineering laboratory; cemputer éqnipmént and
a variety of service, ma@ntenance and engineering facilities. The
scope of projects perfog@ed in these facilitieg extend over the en-
tire development field from the gathering of basic muclear data
(the cross sections progtam) through various phases of nuclear
technology; both reactor and chemical, to nuclqar engineering and
plant operatien. |

The Materials Testing Reactor and Engineering Test Heactor,
operating at power levels of LO MW and 175 MW respectively, are the
AEC major radiation testing facilities. Thoy'lcentain complex, multi-
million dollar loa‘p experiments and capsule tests from every major
AEC si% and operating contractor. Commercial irradiations are also

.performed to the extent facilities are available. In addition,
research and development work is conducted in the fields of nuclear
physics; reactor physics, reactor materials, and component engineer-
ing, making use of the special facilities pro#ided by the high flux
testing reactors and the technical staff which is essential to their

operation.
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The SPERT reactors, of which there are presently three with a
SPERT-IV planned for 1961, are an essential part of the AEC's reactor
safety program; since 1955, séveral hundred planned -excurisons in the
SPERT-I facility have provided a wealth of information
on reactor Stability and behavior under varying conditions. .SPERT-II
‘and IIT will extend reactor parameters into high temperature and high
pressure areas and permit study of several moderator and coolant con-
ditions. |

The Idaho Chemical Processing Plant is the AEC's only multipurpose
productieﬂ facility for the recovery of enriched spent reactor fuels.
A $2 million*ﬁer year chemical and engineering’develepment program is
integratéd with this major facility and has pfodﬁced significant.
contributiens and advancements in tﬁe processing field including the
demonstration of continuous dissolution and the separation of highly
radicactive isotopes by the "Rala®: process.

In addition tb Phillips, Combustion Engineering Company and
Aerojet-General Corporation aléovcenduct reseérch and development
programs at NRTS for the Idaho Operations Office. These latter
two organizations are engagéd in the Army Reactors program -- Com-
bustion Engineering as operator of the Stationary Low Power Reacter
#1 and Aerojet-General as developer and oﬁerator of the Army Gas
Cooied Reactor Experiment. Aerojet-General is also at work on
design of a small; trailer-mounted, gas-cooled nuclear power plant
scheduled for completion in April, 1961.

The NRTS activities of ANL, Bettis and Lockland are referred
to in previous sections, and the work of Atomics International is

dealt with in Appendix A.
II-9-4
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NATIONAL RERACTOR TESTING STATION
Idaho Falls, Idahe

Ten Year Trend - Costs, Staff and Facilities
(dollar amounts are in millions)

Fiscal Year 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951
Research and Development Costs :i/ b/
Production Program $2.3 $1.0 $ .6 § .1 $ - $ - $ - $ - $ - $ -
Weapons Program .5 N A .5 .1 .1 1 - - -
Reactor Development Program:
Civilian power reactors 2.1 4.2 3.3 .9 .1 - - - - -
Army power 5.9 6.2 2.7 .7 - - - - - -
Naval gropulsion 2.6 1.9 1.5 1.3 2 - - - - -
Manned aircraft propulsion 3.5 1.0 .8 .7 .2 - - - - -
General reactor research and development 9.9 7.3 _10.7 6.1 7.3 5.5 1.4 7.2 5.7 2.0
Total Reactor Development 25.0 20,6 19.0 9.7 7.8 5.5 7._4 7.2 5.7 2.0
Physical Research: .
Other physical research . ' .1 .6 .2 .2 - - - - - -
Biology and Medicine: -
Beneficlal applications of atomic energy .1 - .1 = = - - - = =
Total Research and Development Costs $28.0 $22.6 $20.3 $10.5 $7.9 $5.6 $ 7.5 $7.2 5.7 2.0
Personnel at June 30:2/ .
Scientific and Engineering 412/ 378 318 251 223 203 96 90 45
Qther 1426 1302 1158 954 819 nz 181 157 11
Total Employees 1838 1680 1476 1205 1042 920 277 247 56
Completed Plant and Equipment at June 30:51./
By type:
Reactors
Idaho Operations Office $24.8 $24.1 $14.6 S$13.5 $22.9 §11.9 $11.0 $ 1.5 § -
Argonne National Laboratory 3.2 1.4 1.4 .8 .8 .8 .8 .8 .8
Atomics International 1.8 .3 - - - - - - -
Bettis Laboratory 46.6 13,4 12,5 12.0 18.4 18.4 - -
Lockland ANP Laboratory 1.5 .1 - - - - - - -
Total reactors 77.9 39.3 28.5 26.3 42.1 31.1 11.8 2.3 .8
All Other
Idaho Operations Qffice 80.8 75.7 61.8 61.2 45.6 44.6 40.9 8.2 4.1
Argonne National Laboratory .7 .3 3 .3 .3 .3 .3 .3 .3
Atomics International .3 .1 - - - - - - -
Bettis Laboratory 9.2 3.3 3.0 3.2 3.0 2.6 - - -
Lockland ANP Laboratory 31.8 22.3 15.5 13.3 - ~ - - -
Total all other 122.8 101.7 80.6 78.0 48.9 47.5 41.2 8.5 4.4
Total Completed $200,7 $141.0 §109.1 $104.3 $91.0 $78.6 $53.0 $10.8 $ 5.2
By management:
Idaho Operations Office 105.6 99.8 76.4 74.7 68.5 56.5 5L.9 9.7 4.1
Other 95.1 41.2 32.7 29.6 22.5 22.1 1.1 1.1 1.1

a/ Excludes depreciation on AEC facilities and the cost of source and nuclear materials consumed in research.

b/ Does not include Argonne, Atomics International, Bettis, or Lockland ANP Laboratory data.

c/ Estimated,

&/ Plant projects authorized but mot completed at June 30, 1959, totaled $114.9, as follows:

Idaho Operations Office - $39.5
Argonne National Laboratory 31.8
Atomics International .3
Bettis Laboratory 21.2
Lockland ANP Laboratory 21.9

0015090




NATIONAL REAC1OR TESTING STATION

Current Budget ana Recent Costs by Categories of Work
(In Thousands)

F. Y. 1958 F.Y. 1959 F.Y. 1960
Costs Costs Budget
TOTAL _$20,234 $22,605 $27,960
Production Process Improvement - Total 596 965 2,300
Heapons Development - Total 431 371 4790
Reactor Development - Total 18,957 20,671 25,032

Civilian Power Reactors - Total 3,321 4,230 - 2,130
Water Cooled Reactors - Total 519 - 778 640
Pressurized Water Reactor Res. & Dev. 314 508 500
Boiling Water Reactor Res. & Dev. 205 249 140

Heavy Water Reactor Res. & Dev. - 21 -
Organic Moderated Reactor Res. & Dev. 88 109 620
Sodium Cooled Reactors - Total 272 332 420
Fast Breeder Reactor 253 272 400
Research and Development 51 25 400
Operations-NRTS Services Allocated to EBR 202 247 -
Sodium Graphite Reactor Res. & Dev. 19 60 20
Gas Cooled Reactor Res. & Dev. 2,308 2,851 350
Fluid Fuel Reactors '~ Total 134 160 100
Homogeneous Reactor Res. & Dev. 129 40 100

Liquid Metal Fuel Reactor Res. & Dev, 5 120 -
Muclear Technology & Gen. Support - Total 7,518 5,562 9,440
Engineering Physics and Advanced Reactor Dev. 777 951 1,065
Reactor Fuels & Materials Dev. 1,107 772 775
Reactor Components 65 - -
Separations and Development - Aqueous Chemical Proc. Dev. 400 462 885
Radioactive Residue Processing and Controls 806 748 1,000
Residue Treatment Development 733 685 900
Residue Disposal Development R 73 62 100
Thermal Reactor Safety - Total 4,363 2,629 5,715

Research and Development - 47 -

Fuel Fabrication - 205 -

Operations - 1,465 -

Reactor Experiment Fabrication - 912 -

o e
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NRTS Cont'd

F.Y. 1958 F.Y., 1959 F.Y. 1960
Costs Costs Budget
Army Power Reactors - Total 2,664 6,190 6,910
Pressurized Water Reactors 55 - 50
Stationary Low Power Plant No. 1 -~ Total 1 259 600
Army Gaa Cooled Reactor Systems - Total {(GCRE) 2,608 5,906 5,940
Research and Development 1,568 2,467 4,365
Fuel Fabrication 44 586 950
Operations - - 575
Reactor Experiment Fabrication 996 2,853 50
General Support - - 320
Advanced Reactor Studies - 25 -
Naval Propulsion Reactors 1,505 1,945 2,600
Submartue Iatermeflliatée Reactor(SIG & S2G)

Research & Development 32 22 -
Submarine Advanced Reactor Res. & Dev.{S3G) 542 534 _ 500
Small Submarine Reactor (S1C) Res. & Dev. .76 69 50
Attack Submarine Reactor (S5W) Res. & Dev. 144 114 130
Natural Circulation Test - - -20
Large Ship Reactor (AIW) -~ Total 31 497, 900

Research and Development 16 13 -
NRTS Services Allocated to AlW 15 359 -
Destroyer Reactor (DIG) Res. & Dev. ‘ 46 273 450
Naval Beactor Operational Dev.S1W Reactor Fac. 634 320 360
Research & Development 415 -
NRTS Services Allocated to NRF 219 320 -
Expended Core Facility - Cost of Operations - 91 190
High Temperature Test Facility Res, & Dev. - 15 -
Naval Reactor Design Studies - 4 -
Alrplane Propwision Reactors - Total 786 971 3,500
Indirect Cycle Reactors - Total 91 75 =
Low Power Reactor Experiment Res. & Dev. 1/ 65 -
Intermediate Propulsion Reactor Res.&Dev. 1/ ) 10 -

1/ Detail not available

0015092

~n



NRTS - Cont'd F.Y. 1958 F.Y. 1959 F.Y. 1960

Costs Costs Budget
Direct Cycle Reactors - Total 675 888 3,500
Heat Transfer Reactor Experiment
No, 2 (HTRE Z) =~ Total 1/ 670 1/
Research and Pevelopment 1/ 94 -
NRTS Services Allocated to ANP - 576 -
PropulsioRegys& ﬁgg?nd Test (XMA) 1/ 218 1/
Geuneral Support 20 8 -
Missile Propulsion Reactors Tory 11 Res. & Dev. - 2 -
Auxiliary Power Sources SNAPP I1I Res. & Dev. 2 1 -
Operational Services - Total 3,099 1,770 _ 452
{ Materials Testing Reactor - - -
Cost of Operations - Cross 4,299 3,958 1/
Dist, Credits -~ AEC Users (4,029) 3,186) 1/
Dist. Credits - NON-AEC Users @70) 72) LY
Engineering Test Reactor - Net 2,634 ’ 1,555 1/
ETR - Cost of Operations - Gross 2,708 4,273 1/
ETR - Dist. Credits - AEC Users 74) 2,715) 1/
ETR - Dist. Credits - NON-AEC Users (3)
National Reactor Testing Sta. =~ Net 465 _ 215 1/
NRTS - Cost of Opefations - Gross 5,446 5,845 1/
Advanced General Site Planning 169 215 1/
Cost of Operations - Other 5,277 5,630 1/
NRTS - Distribution Credits &,981) (5,630) X/
Trangportation & Security Shipments 62 45 1/
Physical Research - Total 153 579 100
Physics Research - Total 13 257 20
Nuclear Structure and Neutron Physics 2 23 10
Extra Nuclear Properties of Matter 11 99 10
Physical Methods of Isotope Separation - 135 -
Chemistry Research - Total 134 322 70
Process Chemistry 2 51 10
Chemical Properties and Reactionms 126 219 50

Special Projects 6 52 10

1/ Detail not available
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NRTS ~ Cont'd F.Y. 1958 F.Y. 1959 F.Y. 1960
Costs Costs Budget
Metallurgy and Materials Research
Effect of Irradiation on Materials 6 - 10
Biolo and Medicine - Beneficial Application
—Tancer Research 95 18 60
2 -

Ixaining, Education and Information - Total
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_Future Plans

With the primary mission of the NRTS one of support for the
reactor development program, the fﬁture trend of activit.y there
is necessarily dependent on future trends of the individual de-
velopment programs which are discussed elsewhere. HowéVer, 'Q\:'Lth
the completion of facilities now authorized, and the probable
construction of additienal facilities which will require the re-
mote location and unique facilities of the NRTS, an increase in
total permanent empleyment for the statien as a whole to about the
L, hOO level over the next few years (excluding Navy and Ravy centract A
employees), and possibly beyond that by the end of fen years, is anticipat.ed.

The only major activity which may be expected to be tramfemd
out within the next ten years is the recovery of enriched uranium:
spent fuel presently performed'at ‘the ICPP. The present process
development and improvement programs and the work in the areas of
waste disposal are all directed toward providing industry the in-
formation and background essential to their entering this field s an;]
the AEC is committed to performing this recovery operation at the ICPP
only until industrial plants are able to assume the load. The preseht.
target schedule fer such transfer is within ten years.

The continuing need for research in reactor safety would indigate
a relatively constant lével of work in this field.

An expénding need for irrsdiation facilities in test reactors will
require support of the MIR-ETR complex at or above the present level.
Agditional test reactor requirements not yet met will require censtruc-
tion of a test reactor of advanced design. If this requirement is not
met by private industry, comstruction by AEC wouldprobably be at an

eastern location. ' e
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In the nuclear technology field, a modest program of heat
transfer studies is planned for the near future. In nuclear

technology as a whole, a program expansion of approximately 80

percent is anticipated for the ten year period with increasing
emphasis on fuels and materials, reacter physics, reactor com-
ponents, and sanitary and enviranmental angineering programs.

However, the increase on work of this nature would have only a

minor effect on total NRTS employment.
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SUMMARY AND CONCLUSIONS
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(This part will be developed following staff discussions
of Parts I and II)
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