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FOREWORD

The Nation made substantial progress during the last 6 months of 1956
in expanding the peaceful uses of atomic energy as well as in the basic
production of nuclear materials and the development of essential
applications for defense purposes.

INTERNATIONAL ACTIVITIES

In the international field, the Atoms for Peace program initiated
by the President in his memorable address before the United Nations
December 8, 1958, moved nearer fulfillment with the adoption of a
statute for the International Atomic Energy Agency by an 82-nation
conference in New York on October 26.

~ On November 18, the President and the Commission Chairman Lewis
L. Strauss announced charges for uranium 235 and buy-back prices for
fissionable products of power reactors built by other nations under
agreements for cooperation with the United States.

Carrying forward the proposal of the President made last July 22
at the Panama Conference that work be initiated to . . . “hasten the
beneficial use of nuclear forces throughout the hemisphere, both in
industry and in combatting disease,” the Commission has undertaken
three such programs. It issupporting development of the University
of Puerto Rico as a nuclear training center for Spanish-speaking
peoples, contributing to nuclear research and training at the Inter-
American Institute of Agricultural Sciences at Turrialba, Costa Rica,
and convening early next year a symposium in which scientists and
atomic energy officials of the 21 American States will exchange in-
formation and ideas.

Four additional agreements for cooperation became effective, and
three other new agreements for cooperation were negotiated, includ-
ing one covering power reactors, making a total of 41 agreements made
with 39 countries. An additional 22—14 of them including power
reactors—were being discussed. As of the year’s end, 32 agreements,
of which four covered power, had completed all necessary approvals
and were in effect.

Ten cooperating countries so far have announced plans to build
15 reactors, of which 3 would produce power.

Exchanges of documentary information with cooperating countries
continued at a high rate, as did reciprocal visits between the United
States and a total of 47 other countries.

The Commission opened overseas offices in London, England and
Paris, France, to assist the international program.
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International Agency

The International Atomic Energy Agency, first proposed by the
President in his December 1953, United Nations address, will become
operative when the adopted statute is ratified by 18 nations, including
three of the five major atomic energy powers—Canada, France, the
Union of Soviet Socialist Republics, the United Kingdom, and the
United States. Representatives of 72 nations signed the statute after
it was voted by the conference in New York.

At the closing session, October 26, Commission Chairman Strauss
delivered a message from the President announcing that the United
States was prepared to make available to the international agency
(contingent upon ratification by the Senate), 5,000 kilograms of ura-
nium 285 from the 20,000 kilograms allocated last February by this
country for distribution abroad. The United States will match allo-
cations of special nuclear material made to the agency by all other
member nations, for a period ending June 30, 1960. (Text in Ap-

pendix 10.)

DomEestic INDUSTRIAL, PROGRAMS
Power Reactors

The program of developing nuclear reactors for commercial power
continued to move ahead.

Two more industrial groups announced their intentions of designing
and constructing nuclear electric powerplants without financial assist-
ance from the Government, making a total of seven reactors planned
on this basis.

Under the Commission’s Power Demonstration Program, in which
the Government pays for new technology developed, contract negotia-
tions were in progress with three groups. Proposals of three other
groups were rejected as infeasible at this time, or promising too small
a technical contribution.

In the Commission’s Experimental Power Reactor Program, con-
struction moved ahead on the Shippingport Pressurized Water Re-
actor. Among the experimental reactors—a preliminary stage to
the building of prototypes—the Experimental Boiling Water Reactor
went critical November 30. Both of these reactors are expected to
generate electric power in 1957.

The Commission began contract negotiations for design and con-
struction of a powerplant for the first nuclear-powered merchant
ship, under a direction from the President that the Commission and
the Maritime Administration of the Department of Commerce, pro-
ceed as rapidly as possible with construction. A pressurized water
reactor is planned—of the general type used in the submarine USS
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Nautilus. The land-based prototype of the Nautilus reactor, during
this reporting period completed a nonstop full-power run of 66 days,
believed the longest full-power run ever completed by any type of
propulsion plant.

The Commission and the Maritime Administration let contracts
for feasibility studies of five other types of reactors to power merchant
ships for possible future application in this promising field.

As of December 31, a total of 90 reactors had been built in the United
States, of which 17 had served their purposes and been dismantled.
Of the 73 nuclear reactors now operating or licensed, 27 were either
testing or research reactors, 24 were critical experiments and zero
power reactors, 13 were production reactors, 5 were military power
reactors, and 4 were Commission civilian power reactor experiments.
Of 45 reactors being built as of that date in the United States, 21 were
in the research and testing category (including 10 critical experiments
and zero power), 15 were military power reactors, and 9 were civilian
power reactors. Thirty-three research and testing reactors were
planned in the United States as of December 31 (including 7 critical
and zero experiments), and, in the field of power, the Government
planned to build 23 military power reactors and 5 civilian power
experiments, and United States companies had announced plans for
12 civilian power reactors. (See Appendix 14.)

The Commission received 8 applications for permits to construct
nuclear reactors for research, 4 to construct power reactors. Two
construction permits were issued on a provisional basis, one to the
Power Reactor Development Corp., Detroit, Mich., for a large power
reactor. Three licenses were issued to operate reactors. Hearings
were scheduled for January 8, 1957, on a petition to intervene against
the granting of the Michigan permit. A new basic regulation was
issued prescribing standards for protection against radiation hazards.

Broadening Participation

Continuing its program of increasing private participation in the
Commission’s industrial activities, the Commission selected a com-
pany proposal for the manufacture of uranium fluoride, one of the
feed materials for its plants that produce special nuclear materials.
This will help meet Federal requirements for increased capacity.
Demonstrating the value of increased participation on a competitive
basis by private enterprise concerns, the company’s proposal suggested
a new process which by-passes a step now used in Commission plants.

After 75 firms expressed interest in the project, the Commission
in November issued its anticipated invitation for companies to bid
for purchase of uranium-magnesium-fluoride slag from Federal feed



XII FOREWORD

materials plants. The Government would purchase extracted uranium
at pre-established prices.

During the reporting period, the Commission contracted to buy a
million pounds of reactor-grade beryllium from two concerns over
a five-year period.

The first reactor fuel elements ever supplied commercially by pri-
vate industry were delivered to the Commission in July.

Patents

The Commission added 111 atomic energy patents to its list of
those available for licensing on a nonexclusive, royalty-free basis,
making a total of 1,100. About 580 nonexclusive licenses have been
granted to private industry.

On September 24, Canada, the United Kingdom and the United
States entered a patent and patent application interchange agreement.
Under the agreement, the United States may grant royalty-free li-
censes to United States industry with respect to United States patents
and patent applications, as of November 15, 1955, which it would ac-
quire from the United Kingdom and Canadian Governments. The
reverse arrangement holds good for Canada and the United Kingdom.
Each Government undertakes to acquire all rights in atomic energy
inventions in its own country and assign to the other two Govern-
ments the rights which it owns in the other two countries.

Nearly all Industrial Information Declassified

One of the major actions of the year both for the domestic industrial
program and for the overseas Atoms for Peace program was the Com-
mission’s action in December, declassifying additional information
required for peaceful applications of atomic energy.

This action will strengthen the Atoms for Peace program of co-
operation with friendly foreign nations. Much more can be accom-
plished through unclassified agreements for cooperation when the
new policies are applied.

Equally broad advance became possible in the domestic atomic
energy development with the essential information available for
industrialists, their service organizations and the industrial and en-
gineering press, and the technical book publishers, as well as the
faculties in charge of curricula and writers and publishers of text
books for the secondary schools, colleges and universities.

Effectively, with this declassification action, the Commission has
brought into the open literature and the realm of open technical dis-
cussion all the technology for industrial applications and the basic
data for fundamental science.
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The military applications of atomic energy remain classified and
these will continue to be closely guarded.

The Commission is undertaking a second program for accelerated
review under the new rules of declassification to determine what docu-
ments presently classified as secret or confidential may be made public.
After the first program of accelerated review, early this year, based
on the July 1955 Declassification Guide, only some 20,000 documents
remained classified. Approximately 2,000 new technical papers classi-
fied since that time also will be reviewed.

The United States undertook, in consultation with the United King-
dom, the study of a declassification guide on research dealing with
controlled thermonuclear reactions. The United States established
a principle that it was desirable to declassify all basic technical in-
formation in this field unless the information was deemed of critical
importance in solving the problems of developing a controlled thermo-
nuclear reactor.

Distributing Information

Applications from individuals and private organizations for per-
mits to have access to classified technical information continued to be
received at a rate of about 40 a month, and as of the end of the year a
total of 1,145 permits was in effect. The Commission issued T4
permits which include access to information about controlled thermo-
nuclear research.

On September 12, the Commission amended its access regulations
to provide that information about thermonuclear research could be
made available under present conditions to limited categories of
applicants.

To speed distribution of information and technical reports, the
Commission further broadened its program, by holding meetings on
selected technical subjects with interested industrial groups and pub-
lishing the proceedings, by planning a number of technical progress
reviews on 10 categories of Government-sponsored research, by pre-
paring to publish a monthly bulletin on Commission policies and pro-
grams for the information of management of industrial and scientific
organizations, by adding 17 more depository libraries, offering 15
libraries to universities and colleges, and directing that 6 classified
libraries be established in areas reasonably accessible to the majority
of access permit holders.

A total of 21 new volumes or revisions of existing volumes was under
preparation (9 contracted for in this reporting period), and 6 more
were planned, to summarize present knowledge in fields of most in-
terest to developers of civilian applications. A writing program
to comprise more than 75 additional volumes was organized.
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The Commission has contracted for a survey among access permit
holders to evaluate industrial information services to them.

OPERATIONS AND OTHER MAJoR ACTIVITIES

RBaw Materials

Supporting the expanding peaceful uses of atomic energy as well
as military applications, production of uranium ores and concentrates
from all free world sources continued to increase during the second
half of 1956. Increases in this country maintained the United States
as one of the world’s leading producers of uranium.

Uranium production in the United States totaled some 1.66 million
dry tons of ore, and 3,400 tons of uranium oxide (U;0Os) concentrate
during the last half of 1956, nearly double the 840,000 dry tons of ore
and more than double the 1,600 tons of concentrate produced during
the last half of 1955. The 12 mills presently in operation—including
3 new mills and a mill which has been greatly enlarged—have a total
daily capacity of 8,960 tons of ore, and additional mills to be built will
add a total of 4,775 tons a day. These figures were announced by the
Commission after the December 5 promulgation of its new Declassi-
fication Guide.

Additional large ore bodies were found. Typical of the expanding
provision of uranium in the United States is the reserves status. In
1956, there were 33 ore deposits with known reserves of more than
100,000 tons each, and at least 8 deposits in the million-ton class. Two
years ago, there were only 15 deposits with known reserves over
100,000 tons, and one reserve of over 1 million tons.

The Commission modified its rules for development of allowances
to permit payments to producers of uranium ore whose development
expenditures under present conditions usually are incurred before
production starts.

Production in other areas of the free world continued at a normal
rate, with Canadian and South African uranium output increasing,
and more mills under construction.

The Commission in September announced a broadened program of
international cooperation in exploration under which the United States
offers to assist friendly nations by providing scientific and technical
information on uranium geology and exploring, by offering training
opportunities for geologists and technicians, and by sending Com-
mission experts on request to other countries.
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Production

New Commission facilities for production of special nuclear mate-
rials resulted in the production of a greater quantity during the
second half of 1956 than in any previous 6 months.

Most new plants turning out feed materials for these new facilities
were in operation, and various units were expected to be ready in
time to meet capacity requirements.

Total Capital Investment

The Nation’s capital investment in atomic energy facilities of all
types, as of December 31, reached a total of about $6.8 billion, before
depreciation reserves, with costs incurred during the reporting period
estimated at $125 million.

Weapons

In its work with atomic weapons, Commission research and de-
velopment activities continued to emphasize increasing and improv-
ing the arsenal of weapons, with additional stress on defensive
weapons.

Construction continued to provide for research, engineering and
production activities, and new experimental areas were under devel-
opment. Test firings in Operation Redwing were completed in July.

Military Reactors

In the field of military reactors, construction of the Army’s Package
Power Reactor neared completion, and construction of another Army
reactor began.

A contractor was selected for design and construction of a food-
irradiation reactor.

Contract negotiations began on an Army experimental gas-cooled
reactor.

For the first time, a turbojet engine in a test was powered ex-
clusively with heat from an experimental reactor.

Design and construction of reactors to propel naval ships went
forward at various sites. Krection of a section of a ship hull to house
the reactor plant of the large ship reactor prototype (AIW) was
completed. The USS Nautilus nuclear propulsion plant continued
to operate satisfactorily. The Nautéilus has steamed over 50,000 miles,
over half the distance while fully submerged. Leaks in the steam
superheating system delayed completion of the sodium-cooled reactor
powerplant for the submarine Seawolf.
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The Commission signed a contract for sale of byproduct electrical
power produced experimentally by the land-based prototype of the
Seawolf plant and, as of the end of the year, had sold 765,160 kilowatt
hours at 3 mills an hour for a total of $2,295.45. The power went to
Niagara Mohawk Power Corp. after two public bodies, which pre-
viously had expressed interest, notified the Commission they could not
make arrangements for delivery.

Research

The Commission’s programs of research in the physical and life
sciences continued to make significant contributions to the fundamen-
tal knowledge of atomic energy and related sciences.

Research in high energy physics confirmed the existence of a nu-
clear particle called the “antineutron.”

A new nuclear phenomenon termed a catalyzed fusion was dis-
covered.

Conclusions on the effects of fast neutron bombardment on a wide
variety of metals were issued.

Results of biological and medical research on effects of radiation
upon man and of treatments of the effects are summarized in the
special section of this semiannual report dealing with radiation pro-
tection in atomic energy activities.

Research during the last 6 months summarized in the progress sec-
tion of the report includes fundamental work on the mechanisms of
division in plant cell nuclei, mouse genetics, mercury toxicity, and
other fields important in atomic energy activities.

A new irradiation center for plant breeders was opened at QOak
Ridge, Tenn.

Ewhibits

Besides its program for making technical information available,
the Commission undertook to provide additional public information by
placing two types of exhibits on Atoms for Peace on tour in the United
States during this reporting period. ,

Three units of a large type which occupies a floor space of about
5,000 square feet were displayed in the District of Columbia and 13
States.

Five smaller units, set up in truck trailers, ready in November, are
scheduled for showing through the next reporting period in 11 States.
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Education and Training

Expanding its participation in the Government-wide effort to in-
crease education and training for students seeking to develop scientific
and technical skills, the Commission initiated a program of making
direct financial grants to colleges and universities for purchase of
equipment and training aids needed to establish and conduct studies
in nuclear energy technology.

The Commission broadened its program of lending uranium and
neutron sources to include other materials particularly related to
nuclear energy technology.

The Commission launched four studies to calculate the needs of pri-
vate industry, Commission contractors, universities, and Government
agencies for technically and scientifically trained personnel.

Communities

Under the Atomic Energy Community Act of 1955, the first lots
and homes were sold in Qak Ridge, Tenn., 82 vacant lots, 119 leased
lots, and 728 houses.

At Richland, Wash., a community hospital was transferred to a
local group, and a zoning ordinance was approved.

At Los Alamos, the Commission obtained complete administrative
authority over some 67,000 acres of land formerly under control of
two departments of the Federal Government.

Personnel

The Commission held its first Annual Honor Awards Ceremony
on November 14, presenting 4 Distinguished Service Awards and
18 Outstanding Service Awards, and 35 awards of length of service.

The President appointed three new members of the General Ad-
visory Committee of the Commission for 6-year terms ending August
1, 1962. The new members are T. Keith Glennan, former Atomic
Energy Commissioner, president of Case Institute, Cleveland; Ed-
ward Teller, an associate director of University of California Radia-
tion Laboratory, Berkeley ; and Robert E. Wilson, president, Standard
Oil of Indiana, Chicago. They replace Dr. I. I. Rabi, Eger V.
Murphree and Dr. Walter G. Whitman, whose terms expired. Dr.
Warren C. Johnson replaces Dr. Rabi as committee chairman.

4110583—57—2
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Representative Hinshaw

The Commission grieves with the associates in the Congress and
the Joint Committee on Atomic Energy at the death of Representa-
tive Carl Hinshaw in August. His mastery of technical subject matter
and sense of public policy had greatly helped to guide the develop-
ment of the national atomic energy program from the time of his
appointment to the original Joint Committee in the 79th Congress
10 years ago, and through all succeeding Congresses. '

SpeCIAL REPORT ON RADIATION SAFETY

In addition to its report on major activities during the last 6 months
of 1956, this Twenty-first Semiannual Report of the Commission in-
cludes a special six-chapter section entitled “Radiation Safety in
Atomic Energy Activities.” The special section reports on the record
in all activities in which the Commission and its contractors are re-
sponsible for protection of workers and the public, and summarizes the
methods and administration of radiation safety, the provisions for
protection of health and safety through regulation and licensing, the
problems of controlling radiation hazards and the solutions found,
and the results of biological and medical research, the effects of radia-
tion upon man, and the treatments of those effects. The special sec-
tion, printed as Part Two of the report, begins on page 109.

The success of the Commission’s efforts to protect people against
radiation originating in its programs is best evidenced by its record.
‘The Commission has set very rigid standards and established radiation
exposure levels which experienced scientists in the field believe to be
conservative. Very few workers have received even this minimal
amount. Exposure records of more than 9 years of routine operations
by 32 principal Commission contractors of the Atomic Energy Com-
mission show that 99.4 percent of nearly 200,000 workers monitored
received less than one-third of the amount of radiation exposure
deemed acceptable. Accident records, going back to 1945 show that
in 11 years, there have been only 16 radiation accidents involving
overexposure of contractors’ employees. They caused 2 deaths in 1945
and 1946 and there have been overexposures of 67 others. Of the
total, 28 were exposed at one time when service men, after a 1954
weapons test at Eniwetok, were exposed to an unexpected concentra-
tion of radioactive fall-out following a detonation.

This was the same test in which 239 Marshall Islanders were ex-
posed to unexpected fall-out concentrations. After 2 years, the group
exposed generally were in good health and nutritional condition, and
none of the clinical findings of a check-up in March 1956, with the
exception of four cases showing various amounts of skin damage,
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could be attributed to the effects of radiation. Fall-out from the same
detonation also exposed 23 members of the crew of a Japanese fishing
boat. This is the only case in which any member of the public is
known to have received an overexposure to radiation as a result of
atomic energy operations.

ProGraM For SUPPLYING ENRICHED URANIUM FOR PEACEFUL
DEVELOPMENT

The President and Chairman Strauss announced on November 18,
1956, new steps taken by the United States to advance the develop-
ment of nuclear reactors to produce electric power in countries which
have agreements for cooperation with the United States under its
Atoms for Peace program.

In a statement issued on that day from the White House, the Presi-
dent announced his approval of new charges which the Atomic Energy
Commission recommended for uranium 235 supplied to friendly coun-
tries under agreements for cooperation in developing the peaceful
uses of atomic energy. The charges are the same as those which the
Commission makes to industrial users in the United States.

The President also approved prices which the Commission will
offer to pay for plutonium or uranium 233 produced in reactors
abroad that are fueled with materials supplied to cooperating coun-
tries by the United States. The President said that fissionable mate-
rials so purchased would be used only for peaceful purposes.

The schedule of charges to be made for uranium 285 varies accord-
ing to the degree of enrichment of uranium 235 in the fuel material
supplied. The value for uranium with 20 percent enrichment in
uranium 235—the upper limit for most exports—will be about $16
a gram for contained uranium 235 at the stage of the gaseous diffusion
plant product, uranium hexafluoride (UF,), and charges for proe-
essing into the desired fuel will be added. The unit process charge
will vary with the form in which the uranium 235 will be used (price
schedule in Appendix 11).

The former value, announced August 8, 1955, was $25 a gram for
uranium metal enriched to 20 percent in uranium 235. The prices
charged for normal uranium metal, $40 a kilogram, and heavy water,
$28 a pound, also announced August 1955, remained unchanged.!

The purchase price offered by the United States for plutonium metal
or uranium 233 nitrate are based on the fuel value of the materials:
for plutonium metal, $12 a gram, and for uranium 233 nitrate, $15 a
gram of contained uranium 233.

1 See p. 89, Nineteenth Semiannual Report (July—December 1955).
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The President’s statement declared, “This Nation attaches the high-
est importance to development of nuclear power both at home and
abroad. We are determined that this product of man’s inventiveness
shall be made available to serve the people of the world.”

His statement recalled that on February 22, 1956, he had approved
making available 20,000 kilograms of uranium 235 for distribution
abroad ; 2 observed that agreements for cooperation had been signed
with 37 countries to promote the peaceful uses of atomic energy; and
cited the Nation’s role in promoting and organizing the International
Atomic Energy Agency under whose statute signatory participating
nations of the United Nations and its specialized agencies would work
together to use atoms for peace.

The President said that these actions and the new steps he had just
approved ¢ . . . are designed to enable other nations or groups of
nations to have firm assurance of the fuel supplies necessary to the
continued operation of nuclear power installations, and thus to facili-
tate arrangements for financing. Today’s actions . . . will permit
closer estimates of net nuclear fuel costs, and will add firmness to the
planning now under way in friendly nations for nuclear power,
thereby accelerating their atomic power development.

“Tt will be our policy, of course, to seek to conduct our operations in
support of nuclear power development abroad in consonance with the
policy of the International Atomic Energy Agency, in whose endeavors
we shall take our full part.

“We shall strive ceaselessly,” the President concluded, “to attain the
day when the uses of the energy of the atom fulfill mankind’s peaceful
purposes.”

The statement issued by the White House on behalf of Chairman
Lewis L. Strauss of the Commission declared, “The policies and under-
takings . . . should substantially promote the advance of the free
world toward abundant nuclear power. The Commission will con-
tinue to explore additional means to encourage the development of
atomic power.

“There are obstacles to be overcome,” the Chairman said. “Skilled
manpower is presently in serious shortage. Large capital resources
are required. The best technology remains to be worked out area by
area.

“But I am confident that steps being taken in the United States and
the progress being made by our friends abroad, are speeding the day
when electrical energy from the atom will help lighten man’s burden
of work and lift the standards of living of peoples everywhere.”

220,000 kilograms of uranium 235 were simultaneously made available for domestic
use, see pp. viil-x, and Appendix 8, Twentieth Semiannual Report (Jan.~-June 1956).
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The six steps taken with the approval of the President to accelerate
the development of nuclear power abroad under the Atoms for Peace
program, as described in the Chairman’s statement, are:

a)

b)

)

Establishment of a schedule of charges for uranium 285 furnished
by the Commission to other nations or groups of nations for use in
power or research reactors under agreements for cooperation. The
schedule sets charges for various degrees of enrichment; for ex-
ample about $16 per gram of uranium 235 at 20 percent enrichment.
The charges are the same as those made by the Commission to do-
mestic users.

Adoption of a policy under which assurances can be made to nations
with agreements for cooperation that the Commission—within the
limits of the amounts of material made available from time to time
by the President—is prepared to furnish uranium 235 in specified
quantities based on estimated fuel requirements of a given power
installation over a fixed period, beyond the present term of 10 years.
Such commitments would, of course, be subject to observance of all
terms and conditions of the covering agreement for cooperation.
In carrying out this policy, it is recognized, the present term of
agreements for cooperation would require extension.

Establishment of prices to be offered by the Commission for plu-
tonium and uranium 233 produced in reactors abroad which are
fueled under agreements for cooperation. These prices are the
estimated fuel value of these special nuclear materials when a
practicable method of using them for fuel develops from the re-
search now being carried on. For plutonium metal, it is $12 per
gram; for uranium 233 nitrate, it is $15 per gram of uranium 233.
Material so acquired by the Commission will be used only for
peaceful purposes.

Decision by the Commission that it stands ready to purchase dur-
ing the period ending June 30, 1963, at the above mentioned prices,
all plutonium and uranium 233 produced in reactors abroad which
are fueled with material obtained from the United States. Under
existing authority in the Atomic Energy Act of 1954, such pur-
chases will, of course, be made on annual basis and subject to the
availability of appropriations.

The Commission expects to recommend at the forthcoming session
of the Congress legislation to provide authority to the Commission,
with the approval of the President, to establish guaranteed prices
for periods not in excess of 7 years for plutonium and uranium 233
which is delivered to the Commission and which has been produced
in reactors abroad fueled with material supplied by the United
States. Such authority will enable the Commission to provide the
same assurance to foreign nuclear power programs that the 7-year
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guarantee period for prices under existing law provides to the
domestic nuclear power program.

f) Decision to consider exchange of United States uranium 235 for
source material (for example uranium ore or concentrates) from
nations with agreements for cooperation.

Text of the statements issued at the White House for the President
and the Chairman are printed in Appendix 11. Also in the Appendix
are a summary of the general terms and conditions for governing
international transactions in special nuclear materials under agree-
ments for cooperation, the schedule of prices, and general background
information of the new actions.

The Commission also announced on November 18 the unclassified
guaranteed fair prices, identical with the prices offered to foreign
countries, to be paid for a period of 1 year after June 30, 1962, for
plutonium or uranium 233 produced in licensed reactors in the United
States. The Commission stated it intended to extend year by year
the period for which guarantee prices have been established so that
the guarantee period would always extend at least 6 years in advance
at any one time. Classified guaranteed prices already were operative
in the United States, effective for 7 years after July 1, 1955, and
extending to June 30, 1962, under authority of the Atomic Energy
Act of 1954 to make guarantees for periods of 7 years.

Financiar, SUMMARY

The report of the Comptroller to the Commission (Appendix 15)
sets forth the financial position of the Commission. In form and con-
tent, it is similar to an industrial financial statement. It might be
noted here that administrative expenses, compared to the total cost of
operations, continued to decrease. They amounted to 2.4 percent of
operating costs during fiscal year 1956, as compared to 2.6 percent in
fiscal year 1955, and 3.4 percent in fiscal year 1954.



Part One

Major Activities in the Atomic Energy
Programs, July-December 1956






Raw Materials

Uranium ore and concentrate production from all free world sources
continued to increase during the second half of 1956. New facilities
under construction or planned in the Union of South Africa, Canada,
and the United States will result in further increases.

In September the Atomic Energy Commission announced a pro-
gram for international cooperation in uranium exploration.

Domestic PropucTioN

The increase in domestic production of uranium ore and concentrates
maintained the United States position as one of the world’s leading
uranium producers. Completion of new mills under construction, and
construction of other mills under contracts now being negotiated will
further increase production.

Ore Production

Although the number of uranium mines in production has remained
about the same and no new uranium producing areas were discovered
in the last 6 months, production from existing mines has increased and
additional large ore bodies were found in known areas. Uranium
ore production in the United States totaled 1.66 million dry tons
during the last 6 months of 1956 as compared to 840,000 dry tons for
the second half of 1955. These figures, and the later figures on re-
serves and production of concentrates, were publicly reported after
promulgation on December 5 of the Commission’s new Declassifica-
tion Guide removed from classified categories of information data on
reserves and production subsequent to June 30, 1955..

Domestic Uranium Program Circular 5, Revised, was modified on
August 22, 1956, with regard to the payment of development allow-
ances to producers of uranium ore. Circular 5, Revised, which re-
mains in effect until March 81, 1962, established guaranteed prices
for uranium-bearing carnotite and roscoelite ores of the Colorado
Plateau area. It also provided for a development allowance of 50
cents per pound of contained uranium oxide, to be spent by ore pro-
ducers for the development or exploration of their properties. The
modification eliminates the provision that producers delivering more
than 1,000 short tons of ore per calendar year must, under the terms
of their contracts, submit proof that funds received as development
allowances have been spent for development or exploration during the
period of their contracts or within 6 months afterwards.

8
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The modification was made necessary by changed conditions in
domestic exploration and development. In early small-scale uranium
mining activities, development expenditures were generally incurred
while mining progressed and could be partly financed from receipts
from ore sales. Today, most ore deposits are explored and largely
developed before ore production starts, and consequently before con-
tracts are entered into with the Commission, and sales of ore con-
summated.

Ore Processing

During the last half of 1956, the production of uranium oxide
(Us0g) concentrate totaled 3,400 tons, more than double the 1,600
tons produced during the last half of 1955.

Three new mills started production during the last half of 1956:
at Tuba City, Ariz.; Edgemont, S. Dak.; and Moab, Utah. In addi-
tion, a new unit to the Union Carbide Nuclear Co. mill at Uravan,
Colo., was completed and put into operation. This new unit will
double the production of the mill.

There are 12 mills in operation, all privately owned and financed
except for that at Monticello, Utah, owned by the Commission. The
mills are:

Capacity,

Location Tons Ore per Day

The Anaconda Co___ . ____________ Bluewater, N. Mex_______ 3, 000
Atomic Energy Commission_____ . ___ Monticello, Utah_________ 600
Climax Uranium Co______________.___ Grand Junetion, Colo.____ 350
Kerr-McGee Oil Industries, Inc_______ Shiprock, N. Mex. _______ 500
Mines Development, Ine_ ____________ Edgemont, S. Dak________ 300
Rare Metals Corp___________________ Tuba City, Ariz__________ 250
Union Carbide Nuclear Co_.__ . _____ Uravan, Colo_ . _.._______ 850
Union Carbide Nuclear Co____________ Rifle, Colo._____.__________ 280
Uranium Reduction Co_______________ Moab, Utah_______ . ___ 1, 500
Vanadium Corp. of America.___ . _____ Durango, Colo.. ... _.___ 430
Vanadium Corp. of America__ . _.____ Naturita, Colo_ .. ___ 350
Vitro Uranium Co . _________ . _____ Salt Take City, Utabh_____ 550
Total ... . . el 8, 960

The Commission negotiated concentrate purchase contracts for pro-
duction from the following mills to be built:

Capacity,

Location Tons Ore per Day
Atomic Fuel Extraction Corp_._______ Bedrock, Colo._ .. .. ___ 200
Dawn Mining Co____________________ Ford, Wash______________ 400
Gunnison Mining Co._.__.__.__ ___._ Gunnison, Colo. _._______ 200
Homestake—New Mexico Partners____ Grants, N. Mex__________ 750
Lost Creek Oil & Uranium Corp_______ Split Rock, Wyo_________ 400
Lucky Me Uranium Corp_____________ Fremont County, Wyo____ 750
Texas Zinc Minerals Corp___________. Mexican Hat, Utah__..___ 775

Trace Elements Corp. .. _____________ Maybell, Colo_.________._ 300
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Contracts were signed which provide for increased production from
Salt Lake City mill of Vitro Uranium Corp. and a new mill of larger
capacity at Rifle, Colo., to be constructed by Union Carbide Nuclear
Co. Union Carbide Nuclear Co. will also install upgrading plants
at Slick Rock, Colo., and Green River, Utah which will ship con-
centrates to the Rifle Mill. The estimated investment in the privately
owned mills now in operation aggregates $50 million, with an addi-
tional private investment of about $35 million in mills under con-
struction or for which purchase contracts were signed.

New ore-buying station. The new Grants, N. Mex., ore-buying sta-
tion was officially opened on July 5, 1956.

Uraniwm in lignites. Pilot plant studies progressed in the attempt to
develop an economie process for recovering uranium from lignites.

Uranium from phosphates. Production of small tonnages of byprod-
uct uranium concentrates from Florida phosphate rock continued
during the reporting period.

ForeicN PROCUREMENT

The Commission announced on September 8, 1956, a program for
international cooperation in exploration for uranium deposits under
which the United States offers assistance to friendly nations along the
following lines:

@) Access to information on uranium geology and exploration tech-
niques. The United States has made substantial contributions to
world knowledge in this field and has included several hundred
reports on various aspects of uranium exploration and ore recovery
in the technical libraries that the Commission has presented to many
countries.

b) Geologists and technicians in interested countries will be encour-
aged to study uranium deposits and Commission exploration and
laboratory projects in the United States. The Commission con-
ducted an 18-day tour in September-October 1956 of uranium de-
posits and ore processing facilities in the western United States
for 31 geologists and engineers of other nations. The group, rep-
resenting 18 nations, visited major producing mines and various
types of uranium deposits found in the United States and observed
exploration techniques, milling procedures, and laboratory methods.

¢) Commission geologists upon request may visit other nations to
discuss uranium geology and exploration techniques and make
preliminary investigations of known uranium occurrences and
favorable areas.
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These activities may result in cooperative exploration projects in
other countries similar to those approved by the Commission over the
past several years. Since 1951, projects lasting from a month to sev-
eral years have been or are being carried out with Australia, Bolivia,
Peru, Venezuela, Colombia, the Philippines and Turkey. Brief pre-
liminary appraisals have been made in a number of other countries.

Belgian Congo

Production from the Shinkolobwe mine in the Belgian Congo
continued at a normal rate during the period.

South Africa

Production from South Africa increased with the completion of
two new processing plants. Sixteen of the authorized 17 uranium
processing plants now are in operation. It is expected that the full
production will be reached by the end of 1957.

Australia

The Port Pirie chemical plant continued to treat at a normal rate
low-grade mechanical concentrates produced at Radium Hill in South
Australia. Production of uranium concentrates from the Rum Jungle
operations in the Northern Territory was also as expected.

Portugal

Portuguese operations continued at a normal rate during the last
6 months.

Canada

Important developments continued in the three principal producing
areas. In the Blind River district of Ontario, Rio Tinto Mining Co.
of Canada (a subsidiary of the British owned Rio Tinto Co.), through
a merger with the Joseph Hirschorn interests, acquired control of six
major mining properties, including Pronto and Algom, which are in
production. Five other companies in the district are constructing ore
treatment plants of large capacity.

Production of concentrates from the Bicroft mill in the Bancroft
area of eastern Ontario began in October. Mill construction in the
area by Faraday Uranium Mines, Ltd., was well advanced.
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In the Beaverlodge area of Saskatchewan the substantial mill ex-
pansion program undertaken by Eldorado Mining and Refining, Ltd.
proceeded on schedule. Gunner Mines, Ltd. prepared for underground
mining operations to supplement and ultimately supplant ore pro-
duction from the open pit. It also completed installation of additional
equipment to increase mill capacity. Lorado Mines, Ltd. began build-
ing a custom mill to treat ores from a number of small mines in the
district.

Eldorado’s Port Hope refinery was in steady operation producing
metal grade uranium oxide for sale to the Commission.

Domestic ExpPLORATION

Private activity during the reporting period was concentrated in
large part on development work within previously discovered mineral-
ized areas rather than in the search for new areas. As a result there
was a steady increase in ore reserves in older mining areas and rapid
expansion of reserves in newer areas, many of which are now capable
of sustaining increased milling capacities.

The major sources of ore supply have shifted from areas containing
many small-to-medium-size ore bodies to new areas, such as Ambrosia
Lake and Laguna, near Grants, N. Mex., which contain multimillion
ton reserves. Large-scale integrated mining and milling enterprises
in these areas give assurance of a long-term uranium supply.

Today, there are 33 ore deposits with known reserves of more than
100,000 tons each and at least 8 deposits with reserves in the million-
ton class, in contrast to the end of 1954, when there were 15 deposits
with reserves over 100,000 tons and one deposit with reserves of more
than 1 million tons. Ten percent of presently known deposits now
contain 93 percent of estimated reserves.

Domestic ore reserves, by areas, were estimated as of November 1
as follows:

Measured, Indicated, and Inferred Ores

Pereent Grade of Ore,

of Total In Terums of

Area Tons Reserves Percent UzOs
New Mexico____ . ___._______ 41, 000, 000 68. 4 .24
Utah_ . _____ 7, 500, 000 12.5 .34
Colorado_ - __ . _______ _______ 4, 100, 000 - 6.8 .33
Arvizona . _ _ . __________.__ 2, 600, 000 4.3 .30
Wyoming___________._______ 2, 300, 000 3.8 .22
Washington_________________ 1, 500, 000 2.5 .18
Others. . ____.___ .. _________ 1, 000, 000 1.7 .24

Total . . ______._ 60, 000, 000 100.0
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Exploration activities conducted during the period by the Com-
mission with the assistance of the U. S. Geological Survey and the
U. S. Bureau of Mines included basic geologic studies of uranium ore
deposits, the dissemination of information useful to private operators,
and the evalution of ore reserves. Government drilling has ceased.
Total private drilling for the last half of 1956 was estimated at 4.5
million feet.

Process DEVELOPMENT

The development of uranium recovery processes continued in the
Commission-owned laboratory at Winchester, Mass., operated under
contract by the National Lead Co., Inc.; in the Bureau of Mines
Experimental Station at Salt Lake City; at Oak Ridge National
Laboratory, and in the laboratory of the Dow Chemical Co., Pitts-
burg, Calif. Physical beneficiation of ores was studied at the McKay
School of Mines, University of Nevada, Reno, Nev.

Commission-owned facilities at Grand Junction, Colo., also operated
under contract by National Lead, carried on pilot plant testing of
process improvements and of ores for projected mills.

Studies on recovery of uranium from Chattanooga shales on a lab-
oratory and bench scale continued at Columbia University.

Production of Special Nuclear Materials

The past 6 months saw the full effect on plant productivity of the
new production facilities completed during the first half of 1956.
With improved performance of other manufacturing facilities, output
of new facilities resulted in producing more of the special nuclear
materials required for the military and civilian application programs
than in any earlier half year.

Most of the major additions to the feed materials facilities at
Fernald, Ohio, St. Louis, Mo., and Paducah, Ky., construction of which
started in 1955, were in operation during this reporting period. Other
modifications which will provide additional capacity in the refineries
and uranium hexafluoride facilities are scheduled to be completed
early in 1958. Progress at the new Weldon Spring, Mo., feed materials
center was satisfactory. The various production units are expected
to be ready for initial operation in time to meet capacity requirements.

In response to the Commission’s invitation of October 27, 1955,
to private industry to supply up to 5,000 tons per year of uranium
oxide (U,0s) equivalent as uranium trioxide (UQs), uranium tetra-
fluoride (UFy) or uranium hexafluoride (UF,) over a 5-year period

beginning April 1, 1959, seven proposals were received by the October
1 deadline.
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The Commission on December 5 signed a letter contract with the
General Chemical Division of the Allied Chemical and Dye Corp.,
New York, N. Y., whose proposal provided the lowest cost to the Gov-
ernment. Utilizing uranium concentrates furnished by the Commis-
sion, the company proposes to supply 5,000 tons uranium oxide (U;05)
equivalent of uranium hexafluoride a year. The company will employ
a new process which permits bypassing a refining step presently used
in Commission plants, and will accomplish purification by distilling
the uranium hexafluoride. The company expects its new plant to be
in operation by April 1, 1959.

Production of uranium salts now is limited to Government-owned
plants operated for the Commission by contractors. Operation by
a corporation of privately financed facilities is a step in the Com-
mission’s program to broaden industrial participation in the atomic
energy program. This new contract will help meet Government re-
quirements for increased capacity.

On November 5, the Commission invited industry to submit pro-
posals for the purchase of uranium-magnesium-fluoride slag generated
at feed materials plants. The invitation foresees a 5-year contract
under which the uranium-magnesium-fluoride slag would be sold to
the contractor at a price established through competitive proposals,
and recovered uranium purchased by the Commission at preestablished
prices. The magnesium and fluorine content of the slag would remain
the property of the contractor. Since January 17, 1956, when the
program was first announced, some 75 firms have indicated an interest
in participating.

In connection with the invitation, the Commission conducted a
classified technical information meeting in St. Louis, Mo., on December
6 and 7. This meeting was attended by 88 representatives of 34
companies.

Military Application

During the period of this report emphasis has continued on research
and development activities designed to increase and improve the
United States arsenal of weapons. Work continued on designs for
defensive use and on methods of reducing the radioactive contamina-
tion resulting from weapons detonations,

The test firings of Operation Redwing, started during May of 1956,
were completed during July. No radiological hazard to populated
areas resulted from the Redwing test series.

Production on a wide variety of nuclear weapons continued, in
accordance with a directive of the President.
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ApprTioNs 10 THE WEAPONS CoMPLEX

The accelerated research, development and production programs
necessitated planning for certain expansions of the weapons research,
engineering, and production complex. For the most part these expan-
sions will be accomplished by modifying or adding to existing
facilities.

At the University of California Radiation Laboratory, Livermore,
Calif., architect-engineering began on facilities to be completed in the
near future at an estimated cost of $12 million. These facilities will
include additional laboratory, fabrication, and experimental struc-
tures. Also at Livermore, and adjacent to the University of Cali-
fornia Radiation Laboratory, the Commission soon will construct
facilities in which the Sandia Corp., a Subsidiary of Western Electric
Co., will perform ordnance engineering in support of the Radiation
Laboratory programs. Architect-engineering started and this con-
struction is scheduled for completion in early 1958 at an estimated
cost of $6 million.

Augmentation of the production plant at Rocky Flats near Denver,
Colo., proceeded satisfactorily.

Adjacent to the Nevada Test Site in southern Nevada and within
the U. S. Air Force Nevada Gunnery Range, new experimental
areas are being developed for the Commission. Initial construction
of a new technical area in the general vicinity of Jackass Flats was
planned for early 1957.

Construction started in July on a ballistics range located to the
northwest of the present test area. This range will be used by the
Commission for determining the ballistic characteristics of inert wea-
pons shapes dropped from aircraft.

Expansion of facilities during 1958 is programmed for the Iowa
Ordnance Plant at Burlington, Iowa, and the Pantex Ordnance Plant
near Amarillo, Tex. Cost of expanding the two facilities operated
for the Commission by the Army Ordnance Corps, is estimated at $7.5
million.

Additional laboratory facilities were under construction or pro-
grammed for early initiation at the Los Alamos Scientific Laboratory,
located at Los Alamos, N. Mex., and operated for the Commission by
the University of California. Also planned are expansions of the
Commission’s Kansas City Plant in Missouri operated by the Bendix
Aviation Corp. ; of the Commission’s Sandia Laboratory, at Albuquer-
que, N. Mex., operated by the Sandia Corp.; and of the Commission’s
South Albuquerque works at Albuquerque operated by ACF Indus-
tries, Inec.
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‘Weaprons TEsSTING
Operation Redwing

The last test firing of Operation Redwing was announced on July 23,
1956. The radiation protection area surrounding the Eniwetok Prov-
ing Ground was terminated on August 11,1956. As was planned and
reported earlier, the largest test of this series was of a yield substan-
tially below that of the maximum in the 1954 series.

Operation Redwing gave important information relating to develop-
ing means of reducing fall-out from weapons firing, weapons for
defensive purposes, and new design principles which will lead to more
efficient weapons that can be more effectively employed.

International Activities

Significant progress was made during this reporting period in carrying
out the objectives of the President’s Atoms for Peace Program.
Working closely with the Department of State, the Commission par-
ticipated in the 82-nation conference which adopted the statute for
the International Atomic Energy Agency.

Four additional agreements for cooperation went into effect, and
another three were negotiated, making a total of 41 with 39 nations;
22 other agreements were being discussed. Plans were made to pro-
vide financial assistance to other nations on research reactor projects.
Broader interchange was accomplished through joint working com-
mittees, and exchange of information, personnel and skills, and
through conferences, meetings, training programs and reciprocal visits.
Included were exchanges between the United Kingdom and the United
States on research on peaceful uses of controlled thermonuclear reac-
tions. Training and education programs for students from friendly
nations continued. The United States announced a three-part pro-
gram of early assistance to American states, and a second Atoms for
Peace Mission visited six of the countries. Two overseas offices were
opened.

A summary is given of the plans for construction of 12 research
reactors and 3 power reactors now being planned by 10 countries which
have agreements for cooperation with the United States.

The Commission assisted in United Nations discussions on disarma-
ment, and on radiation effects, accepted responsibility for preparing
for United States participation, in a second international conference
on the peaceful uses of atomic energy in 1958, was asked to assist
United States preparations for a world scientific exhibition at Brussels,
also in 1958.

411053—57——3
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INTERNATIONAL Artomic ENErGY AGENCY

The conference which approved a statute for an International
Atomic Energy Agency held at United Nations headquarters in New
York from September 20 to October 26, 1956, with representatives of
82 nations, included the largest number of nations ever to take part in
an international conference. Seventy-two nations, including the
United States, signed the agency statute.

At the closing session, Commission Chairman Lewis L. Strauss
delivered a message from the President ! announcing that the United
States would make available to the international agency, on terms to
be settled with the agency 5,000 kilograms of uranium 235 from the
20,000 kilograms allocated February 22 for distribution as needed
under agreements for cooperation.? The United States also offered to
match on comparable terms the allocations of nuclear materials to
the agency by all other member nations through June 30, 1960. These
proposals were made contingent upon (a) ratification of the agency’s
statute by the United States Senate, and (b) appropriate authority
from Congress to transfer special nuclear materials to the interna-
tional agency.

The signing of the agency statute brought nearer the successful
completion of negotiations begun after December 8, 1953, when the
President proposed establishment of an international agency in an
address before the General Assembly of the United Nations. The
Atomic Energy Commission has worked closely with the Department
of State on technical matters during all stages of the negotiations.
Representatives of the Commission served on the U. S. Delegation
to the 12-nation meeting which drafted the statute submitted to the
Conference. The Commission also was represented on the U. S.
Delegation to the Conference.

The agency will come into existence when the statute has been
ratified by 18 nations, including at least 3 to 5 major atomic energy
nations—Canada, France, the Soviet Union, United Kingdom and the
United States. Meantime a Preparatory Commission is already
planning the specific steps for its formal establishment. The United
States is represented on the Preparatory Commission and the Com-
mission is active in support of the U. S. Representative on technical
aspects.

1 See text, Appendix 10.
2 See p. viii and Appendix 8, Twentieth Semiannual Report (January—June 1956).
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AGrReEMENTS FOR COOPERATION

During this reporting period, four additional Agreements for Co-
operation became effective—that with France covering both research
and power activities and research agreements with Austria, Domini-
can Republic, and New Zealand. Negotiations were completed on
three additional agreements: a power agreement with Norway, and
research agreements with Guatemala and Iran. These three agree-
ments will not become effective until they lie before the Joint Commit-
tee on Atomic Energy for 30 days while the Congress is in session.

Six other agreements will become effective upon exchanges of notes.
These comprise research agreements with Costa Rica, Cuba, and Ire-
Jand, and power agreements with Australia, the Netherlands, and
Switzerland.

As of December 31, there was a total of 32 agreements in effect, of
which 4 were concerned with atomie power activities,

Since negotiations of agreements for cooperation began early in
1955, discussions have been held with a total of 49 countries, and as
of the end of this reporting period, negotiations were concluded for
41 agreements with 39 nations.

The 39 nations include: 15 in Europe, 11 in the Americas, 8 in Asia
and the Far East, and 4 in the Middle East. Research agreements
among this group total 33, itemized in the following tables. The 8
power agreements, besides those already mentioned, are with Belgium,
Canada, and the United Kingdom.

In addition to effective and pending agreements preliminary dis-
cussions on research agreements were held with 8 countries, and on
power agreements with 15 countries.

Reported previously were amendments to the research agreements
with Denmark, the Federal Republic of Germany and Sweden, in-
creasing from 6 to 12 kilograms the permitted quantity of uranium
235 which may be transferred to each, and authorizing small quantities
of highly enriched special nuclear materials for specific research pur-
poses. These amendments must lie before the Congress for 30 days.
Other countries are expected to seek similar amendments.

Amendments to power agreements with Canada and the United
Kingdom completed their 30-day waiting period before the Congress.
An amendment to the Belgium agreement still lacked a number of
days of fulfilling this requirement at the year’s end.

The current status of agreements for cooperation and pending
negotiations was as follows:
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ErrecT

3, 1956
18, 1955
30, 1955

. 29, 1956
. 11,1955

25, 1956
27, 1955
21, 1955
19, 1955

. 18,1956

18, 1956

. 13, 1956
. 10, 1955
. 13,1956

21, 1955

20, 1956

AGREEMENTS IN
1. Argentina_.__.____ July 29, 1955 14. Xorea__._________ Feb.
2, Austria._.________ July 13, 1956 15. Lebanon....__.__ July
3. Brazil.________.__. Aug. 3,1955 16. Netherlands__..__._ Deec.
4, Chile._ . .________ Aug. 8, 1955 17. New Zealand_____.. Aug
5. China, Republic of. July 18, 1955 18. Pakistan_________ Aug
6. Colombia__. _____ July 19, 1955 19. Peru_____________ Jan.
7. Denmark._____..___ July 25,1955 20. Philippines._.__.._ July
8. Dominican Repub- 21. Portugal.________ July
lie..___________ Dec. 21, 1956 22. Spain____________ July
9. Germany, Federal Apr. 23, 1956 23. Sweden_________. Jan
Republic of. ’ 24. Switzerland____.__ July
10. Greece._ ... -___ Aug. 4,1955 25. Thailand_ .. ______ Mar
11, Israel. _______.___. July 12,1955 26, Turkey. __.____.__ Jun
12, Ttaly. .o .o____ July 28, 1955 27. Uruguay..---____ Jan
13. Japan___________._ Dec. 27, 1955 28. Venezuela_ . ______ July
Negotiations Concluded Discussions in Progress
1. Costa Rica 1. Ceylon
2. Cuba 2. Ecuador
3. Guatemala 3. Haiti
4. Iran 4. Traq
5. Ireland 5. Liberia
6. Nicaragua
7. Tunisia
8. Yugoslavia
POWER AGREEMENTS
AGREEMENTS IN EFFECT
1. Belgium___________ July 21,1955 3. United Kingdom._.. July 21, 1955
2, Canada___________ July 21, 1955 4. France.__._________ Nov.
Negotiations Concluded
1. Australia 3. Norway
2. Netherlands 4. Switzerland
Discussions tn Progress
1. Argentina 9. Philippines
2. Brazil 10. South Africa
3. Cuba 11. Spain
4. Federal Republic of Germany 12. Sweden
5. Israel 13. Thailand
6. Italy 14. Tunisia
7. Japan 15. Uruguay
8. Pakistan

Financial Assistance Programs

Bank loans for reactors.

In October, the Commission and the

Export-Import Bank agreed to joint action to provide financial
assistance in the construction of nuclear powerplants and additional
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help on research reactor projects in nations which enter into agree-
ments for cooperation with the United States for development of
peaceful uses of atomic energy.

The bank will consider loans to both governments and private indus-
try. In order to qualify for bank assistance a nation would have to
negotiate an agreement with the United States, and to submit a com-
prehensive engineering survey of the project. The Commission will
then provide a technical report on the proposed reactor. A country
requesting a loan also must have an arrangement for getting atomic
fuels for the period of the loan, and to demonstrate the economic and
financial soundness of the project, the availability of funds to defray
local currency costs, and the ability of the country concerned, to
service the dollar debt involved. Loans could be spent only for
equipment, materials, and technical services purchased in the United
States.

Grants for reactors. As previously reported ® grants have been made
by the United States to assist foreign nations in financing approved
research reactor projects.

Procedures were established during this reporting period to carry
out the President’s offer of June 11, 1955, to contribute toward the cost
of research reactors projects undertaken by “free nations who can use
them effectively for the acquisition of the skills and understanding
essential to peaceful atomic progress.”* Contributions made pur-
suant to the President’s offer from funds authorized under the Mutual
Security Act of 1956 are available to nations only under agreements
for cooperation. The contribution to each nation is limited to
$350,000, or half the total cost, if that 1s less, Tor the total reactor pro-

Jec Mgwmmqmmmd supporting Tacilities and

activities necessary to make the reactor an efficient tralnmg and
research tool. _ T

Before funds may be obligated for a specific reactor project, the
Commission reviews the project proposal, usually prepared by the
applicant nation with the assistance of a contractor it has chosen.
The principal purpose of the review is to confirm that the project
qualifies for assistance, and that it conforms with the governing agree-
ment for cooperation. Technical aspects are considered, but approval
does not comprise indorsement of plans from the viewpoint of tech-
nical design.

Each applicant nation is asked to provide formal assurance that it
has available and is prepared to expend sufficient funds for completion
and operation of the reactor project. The United States financial

e -

2 See pp. 14-15, Twentieth Semiannual Report (January—June 19568).
¢ See pp. 12-13, Bighteenth Semiannual Report (January-June 1955).
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contribution is made as a grant and paid in dollars to the cooperating
nation upon appropriate certification of completion of the approved
project.

Grants of $350,000 each have been approved for projects in Brazil,
Denmark, the Netherlands, and Spain. Requests for grants are
pending from Belgium, Israel, Japan, and the Federal Republic of
Germany.

A summary of procedures entitled “Information for Nations Desir-
ing U. S. Financial Assistance on Research Reactor Projects” is avail-
able on request from the Commission.

Exchanges With Other Nations

The Commission continued its extensive program of exchanging
atomic energy information through conferences, visits, and documents
and through interchange of personnel skills and related activities.

Second Atoms for Peace Mission.® 'To assist certain American coun-
tries in planning their atomic energy programs, a second Atoms for
Peace Mission visited Chile, Colombia, Costa Rica, Ecuador, Panama,
and Peru. The mission was comprised of U. S. Government repre-
sentatives and scientific personnel from Columbia University, Uni-
versity of Illinois, Pennsylvania State University, and University of
California.

The mission discussed the President’s Atoms for Peace Program,
disseminated technical information on use of radioisotopes and radia-
tion in research, research reactors, and nuclear power, and appraised
local needs for nuclear training and education.

Patents. The United States, the United Kingdom, and Canada
signed an agreement on September 24 relating to inventions and dis-
coveries in the atomic energy field that were the subject of a patent
or patent application owned by one of the Governments as of Novem-
ber 15, 1955. (See Patents.)

Classified conferences. Belgium, Canada, and the United Kingdom
advanced international cooperation in nuclear technology through
classified conferences with the United States. Several joint working
groups were established among these nations, and notable progress
was made in studying the technical problems on selected nuclear
subjects.

A total of 214 classified conferences was held, and arrangements
were made for approximately 280 United States representatives to

8 The first mission was reported on p. 19, Twentieth Semiannual Report (January-June
1956).
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make classified visits to facilities in Belgium, Canada, and the United
Kingdom. Representatives from these countries visiting the United
States under the same arrangements totaled 212.

Unclassified Visits were arranged for 550 foreign representatives
from 47 other countries to visit Commission installations; and for
363 foreign nationals and embassy personnel from 32 countries to
visit Washington headquarters.

A special visit was arranged for 137 delegates from 54 nations and
4 international agencies represented at the International Atomic
Energy Agency Conference to see the nuclear powerplant under con-
struction at Shippingport, Pa., the first full-scale project for central
station nuclear power production in the United States. Officials of
the Commission, the Westinghouse Electric Corp., and the Duquesne
Light Co. conducted the visit.

Reciprocal exchanges made in many areas of atomic energy de-
velopments through joint efforts of cooperating countries are reported
below :

Discussions have been held in the hot-loop experimental programs
continuing in Canada, the United Kingdom, and the United States.
Tripartite meetings were held in Canada in September and October
on corrosion of aluminum alloys in water at high temperatures.
These materials are of use in power reactor studies. In Washington
on October 18-19, 1956, discussions were held on analytical and
sampling procedures used in fall-out studies. The Fifth Instru-
mentation Conference was held at Brookhaven National Laboratory,
Upton, Long Island, N. Y., late in 1956. The Tripartite Nuclear
Cross Section Committee met at Oak Ridge National Laboratory,
Oak Ridge, Tenn., November 5-7 for the third time since establish-
ment of the committee.

Commission representatives participated with Belgium in a classi-
fied Power Reactor Symposium held November 29-30, 1956, at the
new Belgian nuclear research center at Mol. Preceding the classified
discussions, a 2-day unclassified meeting was held in Brussels by the
Atomic Industrial Forum, Inc., and its Belgian counterpart.

Discussions were held between Canada and the United States repre-
sentatives on preparation, fabrication, and special handling tech-
niques of plutonium-base alloys; on the Chalk River program for
the separation of uranium and plutonium; on the establishment of an
exchange program on power reactor fuel development. A series of
meetings is expected to be arranged on problems related to economic
fueling of natural-uranium, heavy-water reactors.

Beginning the week of October 1, 1956, a conference was held with
United Kingdom representatives at Harwell, England, on liquid bis-
muth studies and a reactor physics program; at Oak Ridge National
Laboratory, on October 8, 1956, a conference was held on homogeneous
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reactors. Exchanges were made in October of chemistry staff mem-
bers from Argonne National Laboratory, Lemont, I1l., and Harwell
Laboratory for a period of 1 year or more. This development in co-
operative efforts will assist research studies in both countries.

Oontrolled thermonuclear research. In the furtherance of coopera-
tion between the United States and the United Kingdom to promote
and accelerate the peaceful uses of atomic energy, an exchange of
classified and unclassified information on research in the field of con-
trolled thermonuclear reactions was initiated under provisions of the
agreement for cooperation between the two countries.

Controlled thermonuclear research is directed toward the possibility
of controlling the release of the great amounts of energy produced
by reactions involving the fusion of nuclei of light elements. Diffi-
cult technical problems must be overcome, and long-range research
programs have been instituted in both countries in an effort to achieve
this objective.

Thirteen United States representatives participated November
16-20 in discussions on this subject at the British Atomic Eenergy
Research Establishment at Harwell, England. In October Commis-
sion officials visited British scientists in this field and British scientists
visited controlled thermonuclear research facilities in the United
States for discussions.

All classified technical discussions in this area are limited to United
States and United Kingdom programs on peaceful uses of atomic
energy (see also section in Declassification and Classification).

TRAINING AND EDUCATION
Assistance to American States

The Commission participated in the work of the Interdepartmental
Policy Group on the Inter-American Committee of Presidential Repre-
sentatives, established as an outgrowth of the President’s address July
22 at the Panama Conference. The Chairman of the Committee, Dr.
Milton S. Eisenhower, announced on September 17, the steps which
the Commission would take to accelerate the application of the peace-
ful uses of atomic energy in the American Republics through existing
components of the organization of American States.

These projects are, first, inauguration of a program of special as-
sistance to the University of Puerto Rico to enable that university to
offer training and education in nuclear energy in the Spanish lan-
guage; second, the institution of a program of cooperation with the
Inter-American Institute for Agricultural Sciences at Turrialba,
Costa Rica, in use of radioisotopes in agricultural research ; and third,
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planning for an Inter-American Symposium on Nuclear Energy to be
held next year at the Commission’s Brookhaven National Laboratory,
Upton, Long Island, N. Y. The Brookhaven Symposium will discuss
both scientific and economic aspects of atomic energy.

Puerto Rico Center. The program in support of the University of
Puerto Rico is expected by the opening of the 1957-58 academic year
to provide facilities for training programs in reactor physics and in
the use of radioisotopes in various fields of research. The facilities
will serve as a nucleus of a comprehensive educational and research
program in pure and applied nuclear sciences at the university.

In his press statement of September 17, Dr. Eisenhower declared
that because the facilities to be provided over the next few years would
be outstanding and instruction would be in Spanish, “the University
of Puerto Rico might well become a nuclear research and training
center of interest to many countries of this hemisphere.” He noted
that about 300 students from Central and South America were at-
tending the university. Dr. Eisenhower said that if more students
wished to enter nuclear training and research courses, the United
States would assist.

Institute at Twrrialba. A four-fold program to assist the Inter-
American Institute of Agricultural Sciences is being organized by
the Commission: (a) Offering training at the Oak Ridge Institute
of Nuclear Studies and Brookhaven National Laboratory for staff
members selected by the Director of the Institute at Turrialba;
(b) providing equipment for a radioisotope laboratory; (c) supply-
ing a radiation source (cobalt 60) for plant irradiation in the field,
radioisotopes, if desired, and help in the technique of using these
tools; and (d) providing irradiation of plants and seeds for ex-
periments as requested. The U. S. Department of Agriculture was
consulted in connection with these Commission plans.

Brookhaven Symposium. The purpose of the Brookhaven Symposium
1s to clarify the present and future possible uses of atomic energy
in American countries, and to call attention to the practical efforts
necessary to support and accelerate the development of atomic energy
In those areas if it is to be of value to their economic and industrial
development. Emphasis would be placed on those branches of nuclear
science which already are, or may soon be, providing benefits to the
peoples of the Americas. Thus, the discussions would center around
(1) the uses of radioisotopes in industry, agriculture, and medicine,
(2) reactors, including types, uses and costs, with collateral dis-
cussion on the realistic prospects of nuclear energy as a source of
power, and (3) safety standards and health aspects in the use of
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atomic energy. There also would be general discussions on raw
materials, such a geology, exploration, and processing. Training
would be stressed in discussions and by demonstration using the
laboratory’s equipment.

Five days of meeting at Brookhaven, during May 1957, would be
followed by tours to atomic energy facilities, hospitals, universities
and industrial establishments where the peaceful atom can be ob-
served at work.

Invitations would be extended to approximately 100 American
scientists and individuals prominently identified with the country’s
nuclear energy program.

Asian Nuclear Center

During a meeting in December at Wellington, New Zealand, of the
Colombo Plan nations, the United States indicated a continuing inter-
est in support of a cooperative effort to establish an Asian Nuclear
Training and Research Center as proposed to the consultative assembly
of the Colombo powers at Singapore in October 1955.° The Colombo
powers at the Wellington meeting were informed that the United
States is now prepared to contribute approximately $20 million for
capital expenditures and initial operating costs for establishment of
the Center, if mutually satisfactory arrangements can be worked out
with other participating countries. The financing would be provided
through the International Cooperation Administration from the Presi-
dent’s Fund for Asian Economic Development, established under the
Mutual Security Act.

Copies of a technical report on preliminary plans for the Center pre-
pared by the Brookhaven National Laboratory, acting under contract
with the International Cooperation Administration, were distributed
to each delegation attending the meeting at Wellington. The Com-
mission has provided technical assistance on this project, and will
continue such guidance.

International School at Argonne

The fourth course of the International School of Nuclear Science
and Engineering at Argonne National Laboratory began September 10
for foreign and domestic students. Students who on April 16 started
their work at the associated schools, North Carolina State College and
Pennsylvania State University, made a tour August 12-September 5
of Commission installations and other research establishments. They
began the final phase of their training at Argonne September 10.

¢ See p. 20, Twentieth Semiannual Report (January—June 1956),
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Fifty students from 24 other countries and 13 from the United
States were selected for courses starting at the universities this fall.
Fifty-nine students from 27 countries, and 11 United States students
were selected on November 21 to attend the fifth course, beginning
February 6, 1957. Since inception of the ISNSE in March 1955, a
total of 166 foreign nationals representing 40 countries has attended
the school.

ORINS Courses

Since October, 1948, the Oak Ridge Institute of Nuclear Studies has
been conducting courses in radioisotope tracer techniques in research,
to which a limited number of foreign scientists has been admitted.
In 1954, the Commission approved establishment of special courses
for them and authorized admittance to future regularly scheduled
courses.

The first special course of foreign students was held in May 1955,
a second course in October 1955. In September and October of 1956,
courses were held for equal numbers of foreign and United States
students.

The Radioisotope Tracer Techniques Course lasts four weeks and is
divided among laboratory work, lectures on laboratory experiments,
general background lectures, special topic seminars and laboratory
work.

Technical Libraries

With the approval for presentations of technical libraries on atomic
energy to the Governments of Cuba and Yugoslavia during this period,
the Commission had authorized libraries for 44 foreign nations.
Libraries have been presented also to three international organizations.

To increase the value of these libraries, the Commission has added
20 microcard reading machines to assist use of the technical informa-
tion supplied to each library on microcards.

Aromic ENErey ActiviTies 1IN OTHER NATIONS

Reactor Programs

Developments in atomic energy programs in which United States
industry will participate in countries which have agreements for
cooperation with the United States are listed in the following items.
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Argentinag. Plans are under way for construction of a 3-megawatt
pool reactor for research at Buenos Aires.

Belgium. The Syndicat ’Etude de L'Energie Nucleajre (SEEN), a
private Belgian organization, has under study the construction of a
powerplant which will include a pressurized water reactor. The
reactor was originally proposed for demonstration at the Brussels

World’s Fair in 1958.

Brazil. The Brazilian Government is interested in construction and
operation of a boiling water power reactor of 10,000 to 20,000 kilowatts
of electrical capacity.

Denmark. Construction is well under way for Denmark’s Atomic
Energy Research Center on an 130-acre tract on Roskilde Fjord, about
30 miles west of Copenhagen. A 5-megawatt, pool research reactor,
being constructed in the United States is expected to be installed and
in operation by December 1957.

Denmark has selected a United States contractor to build a solution-
type reactor to be completed by May 1957.

Germany, Federal Republic of. The construction of three reactors is
planned in Western Germany. The Technological Institute in Munich
(Technische Hochschule Muenchen) plans to construct a 1-megawatt
pool reactor. A second reactor al-megawatt will be located at Ham-
burg and a third, a 50-kilowatt boiling water reactor will be located
in Frankfurt.

Italy. Ttaly is building a research center about 40 miles from Milan.
A contract has been awarded for construction of a 5-megawatt re-
search reactor.

One Italian company has announced plans to purchase in the United
States a power reactor of 100,000 to 120,000 kilowatts electrical
capacity.

Japan. Representatives of the Japanese Government and leading Jap-
anese industries visited United States Commission and industrial in-
stallations from August through November. Their prime interest
was In nuclear power: developments.

In addition, government representatives of Japan concluded a lease
agreement with the Commission on November 23 under which fuel
containing 2 kilograms of uranium 235 at 20 percent enrichment would
be provided for a 50-kilowatt solution-type research reactor under an
agreement for cooperation.
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The reactor, to be installed at the new nuclear research center under
construction 75 miles northeast of Tokyo for the Japan Atomic Energy
Research Institute, is being built in the United States. On Novem-
ber 2, an export license was issued for export of the first components
of the reactor to Japan.

A second research reactor of CP-5 type will be constructed at the
Institute.

Netherlands. The Netherlands awarded a contract for construction
of a pool research reactor to be used at an International Atomic Ex-
hibition in 1957 at Amsterdam. During the Amsterdam Exhibition
the reactor will be operated at about 10 kilowatts. When relocated
at a permanent experimental facility for training and research in
the Netherlands, it will operate at 100 kilowatts.

Sweden. Sweden has indicated an interest in a materials testing re-
actor of the Oak Ridge Reactor (ORR) type for operation by the end
of 1958 at Sweden’s new Studesvik nuclear research center.

Veneauela. The Instituto Venezolano De Neurologia E Investiga-
ciones Cerebrales announced in October that two United States firms
will assist the Institute in its atomic energy programs, to include a
3 to 5 megawatt pool reactor.

Establishment of Commission Overseas Offfices

To assist the program of cooperation with other governments, in-
cluding distribution of nuclear materials and exchange of informa-
tion, the Commission established two offices overseas. During this
reporting period, offices were opened in Paris, France and in London,
England. The duties of the Commission representatives at the offices
relate primarily to operations under the agreements for cooperation
and are technical.

The Commission representatives will advise the United States Am-
bassadors and coordinate their own work with that of the Department
of State. They will maintain contact with the atomic energy estab-
lishments of the countries to which they are accredited and will report
on the technical aspects of atomic energy developments.

OrHER INTERNATIONAL A criviTiES

Disarmament

Commission representatives acted as advisers on the U. S. Delega-
tion at meetings of the United Nations Disarmament Commission,
held in New York July 8-16.
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United Nations Scientific Committee on Radiation

The United States presented 7 major reports at the October 19-
November 2 meeting of the 15-nation Scientific Committee on the
Effects of Atomic Radiation established by the Tenth General As-
sembly of the United Nations. United States representative was Dr.
Shields Warren, New England Deaconess Hospital, Boston, Mass.,
with Dr. Austin Brues, Argonne National Laboratory, and Merril
Eisenbud, of the Commission’s New York Operations Office, as
alternates. ‘

Including the United States and its contribution, 23 Governments
and one specialized agency of the United Nations submitted 44 reports.
In the United States contribution was the report of the National
Academy of Sciences-National Research Council “Biological Effects
of Atomic Radiation,” and data on levels of radiation by time and
location collected by the United States through its world-wide fall-out
collection system. In addition, the United States provided assist-
ance to nine countries (Brazil, Egypt, Sweden, Argentina, Pakistan,
Thailand, Union of South Africa, Burma, and Greece) in establish-
ment of their own collection stations, and agreed to train a selected
number of foreign scientists in analytical techniques and instrumen-
tation relating to radioactive fall-out. Brazil, India, Thailand, and
the Union of South Africa have requested this assistance.

The Committee (a) reviewed reports received in response to its
previous request on levels of radiation and radioactivity from natural
and artificial sources, (b) surveyed methods for measuring radiation
and endorsed programs of the World Health Organization and
the United Nations, Educational, Scientific and Cultural Organiza-
tion for supplying calibration standards and instruments, (c¢) dis-
cussed problems associated with the disposal of radioactive wastes
in the oceans, and (d) prepared a release of the Medical Press en-.
titled “The Responsibilities of the Medical Profession in the Use of
X-rays and Other Ionizing Radiations.” Because so few countries
had submitted material on the subject of genetics, it was decided to
postpone detailed consideration of genetic effects of radiation until
the next session in April 1957,

Second United Nations Scientific Conference

The Commission, at request of the Department of State, accepted
responsibility for planning and coordinating the technical participa-
tion of the United States in the second United Nations scientific con-
ference on the peaceful uses of atomic energy. The Commission per-
formed this same function in the International Conference on the
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Peaceful Uses of Atomic Energy held August 1955 in Geneva, Swit-
zerland, which the Commission initiated. The Commission also will
assume complete responsibility for organizing and coordinating what-
ever United States Government exhibit is planned in conjunction with
the conference. The Commission will finance the preparation and
the exhibit. The Department of State will bear the expenses of the
official delegation.

Plans for the second conference began to take shape with the meet-
ing in New York on September 28 of the Advisory Committee on
Atomic Energy affairs to the Secretary General of the United Na-
tions. The United States was represented by Dr. I. I. Rabi to whom
the Commission supplied staff assistance.

At the meeting of the Advisory Committee, the following major
decisions were reached :

a) The approximate date of the second Scientific Conference will be
September 1, 1958.

b) The conference will be of two weeks duration with an agenda wide
in scope but with priority being given to atomic power.

¢) The Secretary General will conduct a survey of suitable sites for
the conference.

d) Representatives of the specialized United Nations agencies will be
asked to make brief presentations at the conference, possibly at
night sessions, on atomic energy activities in which their agencies
have participated.

¢) The next meeting of the advisory committee will be held in May,
probably in Europe, to determine the location of the conference,
and the agenda.

Conference history. In connection with the first International Con-
ference on the Peaceful Uses of Atomic Energy, Mrs. Laura Fermi, as
historian for the United States delegation, prepared a book entitled
“Atoms for the World.” The book is an intimate and informative
account of hopes and plans of the participants, the problems encoun-
tered, the people involved, and the successful culmination of the
months of planning and work entailed by United States participation
in the Conference.

The book is being published by the University of Chicago Press and
will be released early in 1957. Mrs. Fermi is the widow of the Nobel
laureate, Enrico Fermi, who designed and built the first successful
nuclear reactor. She is the author also of “Atoms in the Family.”

Brussels International Exhibition of 1958

The Commission was requested to assist in planning United States
exhibits dealing with atomic energy for the three main types of ex-
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hibits which will be displayed at the International Scientific Exhibi-
tion, Brussels, Belgium, April to Ocotober 1958. The exhibits will
comprise an international science section on nuclear physics, chemis-
try, solid state physics, and biology; national pavilions featuring
nations’ resources, production and roles in science, and contributions
to world progress; and “The Atomium,” a symbolic structure in which
individual countries will have exhibits on peaceful uses of atomic

energy.

Civilian Application of Atomic Energy

Continued activity and interest in developing private and public
entities for a civilian atomic energy industry were evidenced during
this reporting period by new applications for access to restricted
data and for licenses to construct reactors and to obtain and use
nuclear materials.

Under the program for granting access to restricted data for
civilian use, 262 applications for access permits were received from
private individuals and organizations representative of a variety of
industries and professions. There were 1,145 such permits in effect
at December 31, 1956.

During the period, 6 applications were received for licenses to
construct nuclear reactors. A permit authorizing construction of a
nuclear power reactor, the fourth such permit under the Atomic
Energy Act of 1954, was issued on a provisional basis to Power Re-
actor Development Corp., Detroit, Mich. One construction permit
was issued for a research reactor.

The use of isotopes in medicine, industry, and agriculture continued
to expand. At November 30, 1956, there were 3,624 licensed users of
these important materials in the United States representing an in-
crease of almost 100 percent in the last 3 years.

In the regulatory field, the Commission issued regulations pre-
scribing standards for protection against radiation hazards (10
CFR Part 20), and established rules applicable to the Commission’s
public records relating to proceedings under 10 CFR Part 2
(Rules of Practice). The regulation on licensing of byproduct mate-
rial (10 CFR Part 30) was amended to place under general license
spark gap and electronic tubes, lightmeters and ion-generating devices
containing limited quantities of specified byproduct material, and
Part 50 and Part 55 also were amended.

Access to classified information on controlled thermonuclear proc-
esses was authorized under certain criteria by amendment of the
regulation dealing with access to restricted data (10 CFR Part 25).
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LicENsEs REQUESTED AND ISSUED

During the reporting period, the Commission received :
18 applications for production and utilization facility licenses;
53 applications for operators licenses;
33 applications for special nuclear material licenses;
2,194 applications for byproduct material licenses; and
909 applications for source material licenses.
During the same period the Commission issued:
2 construction permits authorizing the construction of nuclear
reactors;
3 licenses authorizing the operation of nuclear reactors;
1 license authorizing the export of a nuclear reactor;
8 operators licenses;
36 special nuclear material licenses;
2,209 byproduct material licenses including amendments; and
813 source material licenses.

Production and Utilization Facilities

Licenses applied for and issued during this period are listed in
Appendix 8. Thus far, under the Atomic Energy Act of 1954, the
Commission has issued 16 facility construction permits or facility
operating licenses, including 4 for power reactors, 8 for research
reactors, and 4 for critical experiment facilities.

In connection with the issuance on a provisional basis of a construc-
tion permit to the Power Reactor Development Co., Detroit, Mich.,
authorizing construction of a nuclear power reactor at Lagoona Beach,
Monroe County, Mich., petitions for leave to intervene and further
relief were filed on August 31, 1956, on behalf of the International
Union, United Automobile, Aircraft and Agricultural Implement
Workers of America, the International Union of Electrical, Radio
and Machine Workers, the International Union, United Paperworkers
of America, AFL-CIO.

The Commission on October 9, 1956, granted the petitions for leave
to intervene. A hearing was ordered for January 8 in Washington,
D. C., on the application upon a designated specification of issues. Jay
A. Kyle, Assistant Chief Hearing Examiner, Federal Communica-
tions Commission, was designated as presiding officer.

Naval Research Reactor Licensed

The Naval Research Laboratory in Washington, D. C., was licensed
to operate a 100-kilowatt atomic reactor for use in research, following

411053—57——4
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a preoperational inspection of the facility by the Commission. It is
similar in design to one which was in operation for several years at
Oak Ridge National Laboratory. A simplified version was exhibited
by the United States at the International Conference on the Peaceful
Uses of Atomic Energy held in Geneva, Switzerland, in August 1955.

Operators’ Licenses

Reactor operators’ licenses had been issued to 27 persons as of
December 31, 1956. Eight of these were issued during the period
covered by this report. ’

Special Nuclear Material

As of December 31, 1956, a total of 60 licenses for possession of
special nuclear material had been issued under the 1954 Act, chiefly
for research and development purposes. These licenses did not in-
clude material for production and utilization facilities. Licenses
applied for or issued during the period are listed in Appendix 9.

Source Material

Source material licenses were issued or renewed for 813 licensees
during the 6-month period ended December 31, 1956. These included
308 to producers, 19 to processors, 22 to distributors, 143 to consumers,
and 321 to exporters.

Byproduct Material

The number of byproduct (radioisotope) material licensees con-
tinued to grow during the past 6 months. By November 30, 1956,
there were 3,624 licensed users in the United States representing an
increase of 345 since May 31, 1956.

In the early days of radioisotope distribution, medical users far
exceeded other types of users. At the end of 1951, industrial users
outnumbered medical users. More recently, the medical users again
surpassed industrial users.

Total shipments from the Commission’s primary radioisotope
supplier, Oak Ridge National Laboratory, during the June-November
period amounted to 6,721 (see Physical Research). Under the revised
byproduct material licensing procedures, all shipments for export
must be reported to the Commission within 90 days. During this
period 730 export shipments were reported.
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Appendix 4 lists the types of radioisotopes for which licenses were
issued and also shows the number of users by class and location.

The Advisory Committee on Isotope Distribution and its Subcom-
mittee on Human Applications held their annual meeting in Washing-
ton on August 25-28. This committee was established in 1946 to fur-
nish advice and recommendations on the distribution of radioisotopes.
At its recent meeting, the full committee reviewed, in particular, radi-
ation safety problems incident to the operation of high-level radiation
facilities, introduction of byproduct material into the general environ-
ment, high school use of byproduct material and allocation of cyclo-
tron produced radioisotopes distributed by the Commission.

The Commission approved on September 12 the addition of three
items to those which may be possessed and used under a general license
in Section 30: 21, 10 CFR 30, when manufactured, tested, and labeled
in accordance with a specific license. General licensing now applies
to the following devices: (a) Static eliminators containing not more
than 500 microcuries of polonium 210 each as sealed sources; (b)
spark gap and electronic tubes each containing not more than 5 micro-
curies of cesium 137, or nickel 63, or krypton 85, or more than 1 micro-
curie of cobalt 60; (¢) light meters which contain not more than 200
microcuries of strontium 90 each as sealed sources; (d) ion generating
tubes for ionization of air containing not more than 500 microcuries
of poloninm 210 each as sealed sources.

During more than 10 years of the Commission’s radioisotopes dis-
tribution activities, byproduct materials have been used in practically
all phases of basic research and industrial development. Some of the
more recently developed uses are: (a) carbon 14 to trace fat absorp-
tion during frying; and (b) phosphorus 32 to produce labeled bacterio-
phage for testing the efficiency of gas masks.

Program for Access to Restricted Data

An average of 40 permits was granted each month during the period
to private individuals and concerns interested in obtaining access to
restricted data on the civilian applications of atomic energy. As of
December 31, 1956, 1,156 permits had been issued. Eleven permits
were terminated at the request of the permittees, leaving a balance of
1,145 in effect as of December 31,

Of the permits in effect, 579 were for access to Confidential material
under L-type clearances, and 566 for access to Secret material under
Q-type clearances. During the reporting period, 60 permits were
converted to allow access to Secret material.

The Commission announced on February 4, 1956, that it had issued
access permits for certain information on controlled thermonuclear
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reactions. The regulation covering access permits has been amended,
as reported in the later section on regulations. As of the year's end,
~ the Commission had issued 74 permits which include access to informa-
tion on controlled thermonuclear research. The Commission advised,
oris advising, 126 applicants that their applications failed to meet the
special requirements for eligibility as provided in the amendment to
regulations. In each instance, the applicant may submit additional
factual data. Eight companies have withdrawn their requests,
stating that their applications did not at this time meet the special
criteria.

The increasing use made of the permits was evidenced by the
growing number of reports purchased by permittees, which totaled
6,292 confidential reports during the last six months, and 1,704 secret
reports.

CUMULATIVE CLASSIFIED REPORTS PURCHASED

Confidential Secret

reports reports

Total, June 30, 1956 _ ___ . _______________________ 11, 329 1, 984
Total, December 31, 1956 _ _ _ . ____._. 17, 621 3, 68¢

Requests for amendments to access permits, principally to enlarge
the scope of access provided, stood at about 25 per month compared
with 35 per month during the first half of this year.

The distribution of permits by geographic area, industry, and ﬁeld
of interest is given in the following tables along with comparative
data for the permits in force as of June 30, 1956:

DATA ON ACCESS PERMITS

GEOGRAPHIC DISTRIBUTION

19566 1956
New England . _ ... .- 82 10¢
Middle Atlantic_ - _ ... 336 41:¢
East North Central . ______ . __________________.__ 186 23¢
West North Central - _ _ _ _____ ... ____________.__ 56 ‘
South Atlantic_ _ . _ .. ..o 82 11¢
East South Central _______ . ____________.___ 27 2!
West South Central __.____ ___ .. ______ 31 4(
Mountain_ _ _ _ . e 33 3!
Pacific_ . oo e 76 10:
Hawaii, Alaska, and Puerto Rico_______.________ 3 ’
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BusiNess orR OCCUPATION

Aireraft companies______ ______________._________
Auto manufacturers.___________________________
Chemical processing. - . ___ ______ . _______.______
Consultants. ____ . __ . ____ . _____...
Educational institutions__ _______ .. _____________
Engineering and construction_ _ . ________________
Federal, State and city governments and depart-

Financial organizations_. _____ . _______.________._._
Food companies__ _____________________________
Information serviees_ __________________________
Instrument manufacturing._______.______________
Insurance companies._ .. __ __ .. __.______.________
Lawyers and accountants_______________________
Metal mining and refining_ _____ ____________.___
Metal products manufacturing_ . ________________
Paper and pulp companies______________________
Petroleum companies_ . ______________.__________
Printing and publishers___._____________________
Railroad companies____ . ________ . ______________
Research organizations__ _____________________._..
Rubber companies___.__________________________
Shipbuilders__ . __________ e
Union, trade associations, and manufacturers’ rep-

resentatives______________ . _________________
Utilities - .

31

FieLp oF INTEREST

OPERATING AToMic FacrLiTies

Reactors for production of electric power_.______
Reactors for other purposes, such as research, pro-
pulsion of ships, ete._________________________
Plants to refine uranium and thorium ore and proec-
ess feed materials_ .- _________________________
Chemical plantsfor reprocessing spent fuel elements.

MANUFACTURE OF ATOMIC ENERGY PRODUCTS

Entirereactors. .. __ . ______._____ ...
Components, such as fuel elements, instruments,
and pumps for reactors and related facilities.. - _
Materials for atomic energy applications such as
zirconium, carbon, and special alloys__.____.__

s Including petroleum.
b Including lawyers and accountants.

June 30, Dec. 31,

19 1956
___________ 11
___________ 3
s 82 97
b 128 175
15 20
77 70
___________ 43
21 20
___________ 3
___________ 13
60 70
48 64
___________ 25
44 60
151 189
___________ 4
___________ 20
___________ 9
___________ 5
44 50
___________ 5
___________ 9
___________ 12
160 151
82 17
912 1, 145
June 30, Dec. 31,

1956 1966
158 168
35 47
62 76
31 46
72 100
193 241
94 121
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BELATED ACTIVITIES

MAJOR ACTIVITIES

FiELp oF INTEREST—Continued

June 30, Dec. 31,

Utilizing radioactive isotopes for sterilization of 1956 1956
food, radiochemistry research, ete_.________.___ 49 57
Design and construction of atomic energy facilities. 71 79
General nuclear research. . __.________________ 41 50
Consulting on atomic energy problems._.___.__.. 132 172
Investing and lending capital . _________________. 19 20
Evaluating insurance risks.__ . __________________ 47 59
Others not elsewhere classified . __________.___.___ 102 136

Nore.—These figures include permit holders with more than one field of in-
terest, resulting in a total greater than:the number of permittees.

ForereN AcrtiviTies oF UNITED STATES COMPANIES

Under bilateral agreements for cooperation, the United States com-
panies listed below were granted authorization to furnish to foreign
governments or persons, services or materials involving the communi-
cation of restricted data.

U. 8. Firm
AMF Atomics, Inc.,
New York, N. Y.

Sylvania Electric Prod-
ucts Co., Bayside,
Long Island, N. Y.

AMF Atomies, Inc.__

Norton Co., Worces-
ter, Mass,

Koppers Co., Pitts-
burgh, Pa.

Giffels & Vallet, Inc.,
Detroit, Mich,

Country
Canada____..__..

United Kingdom.

Canada____.___.

Canada.___._____

Canada________._

Scope of Approved Exchange

Design, development, and fabrica-
tion of fuel elements for specified
reactors.

Design, development, and fabrica-
tion of fuel elements and reactor
components for specified reac-
tors.

Engineering and design services for
an evaluation of AMF Boiling
Water Reactor in power program.

Technology of fabricating control
rods, shielding materials, and fuel
elements and crucibles for speci-
fied reactors.

Refining and processing source
materials and reprocessing of
spent reactor fuel.

Alloyed fuel fabrication and tech-
nology, separation facilities,
waste disposal systems for evalua-
tion of power reactor.

REecuraTioNs

Two new regulations, in addition to the eight deseribed in the
January~June 1956 Report, were put into effect. The scope of these
regulations (for text see Appendix 6) is as follows:
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“Standards for Protection Against Radiation,” 10 CFR Part 20,
effective February 28, 1952, establishes standards for protection of
workers and the public against radiation hazards arising from activi-
ties carried out under licenses issued by the Commission.

“Public Records,” 10 CEFR Part 9, was effective December 8 as a
notice of proposed rule making. It sets forth the rules governing
the Commission’s public records relating to any proceedings subject
to Part 2 (Rules of Practice) and Part 256 (Access to Restricted Data)
of the Commission regulations.

Five existing regulations were amended as described below (see
Appendix 6 for the text of these amendments) :

“Rules of Practice”,10 CFR, Part 2: An amendment was published
December 8, 1956, as a notice of proposed rule-making to establish
procedures for handling restricted data introduced in hearings un-
der Part 2, or otherwise required to prepare for hearings. This
amendment is based on Section 181 of the Atomic Energy Act of 1954
requiring that “parallel procedures” be established by regulation to
safeguard restricted data or defense information in such cases.

“Access to Restricted Data,” 10 CFR Part 25, was amended in
August 1956 to permit access to information on controlled thermo-
nuclear processes under two special criteria. These are (a) that the
applicant be engaged in a substantial effort to develop, design, build,
or operate a fission power reactor that is planned for construction, or
(b) that he possesses qualifications demonstrating that he is capable
of making a significant contribution to research and development in
the controlled thermonuclear field.

“Licensing of Production and Utilization Facilities,” 10 CFR Part
50, was amended December 1956 to state that the Commission will not
consider making a finding of practical value under Section 102 of the
Act as requiring conversion of a previously issued Class 104 construe-
tion permit or license.

“Operators’ Licenses,” 10 CFR Part 55, was amended September
1956 to eliminate the requirement that applications for licenses be
signed under oath or affirmation.

“Licensing of Byproduct Material,” 10 CFR Part 30, was amended
in October 1956 to place under general license certain consumer items
containing limited quamtities of radioactive materials.

State cooperation. Further steps were taken in the Commission’s pro-
gram for cooperation with the States. Meetings were held to discuss
matters of mutual interest and to exchange information in the regu-
latory field with State officials. Means of providing additional assist-
ance to the States were explored.

A second meeting of the Advisory Committee of State Officials,
which was organized following a July 1955 conference with State
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representatives, was held November 26. The Committee discussed
the Commission’s “Standards for Protection Against Radiation” (10
CFR 20) and means of further cooperation between the States and
the Atomic Energy Commission. These activities supplement the
Commission’s practices of providing technical advice to the States, in-
forming them of licenses issued, and inviting them to participate with
Commission representatives in making visits to licensees.

MATERIALS AND SERVICES

Plutonium 239 and Uranium 233

The Commission established guaranteed fair prices, for the fiscal
year July 1, 1962, to June 30, 1963, to be paid licensees for the pro-
duction of special nuclear materials. (See Foreword.)

Spent Reactor Fuel Elements

The Commission made available a limited supply of spent fuel ele-
ments for rental to licensees as sources of gamma radiation. These
elements are from the Materials Testing Reactor at the National Reac-
tor Testing Station near Idaho Falls, Idaho. They are available pri-
marily for research and development purposes and generally no one
user may possess more than four elements at any one time. They
are among the most powerful sources of gamma radiation distributed
by the Commission,

Reactor Development

The program of developing reactors for industrial power and for
military uses made progress during the last 6 months of 1956. Two
more industrial groups, Carolina-Virginia Nuclear Power Associates,
Inc., and the New England Electric System proposed to build atomic
power plants without direct financial participation by the Govern-
ment, making seven such proposals in all. Under the Commission’s
Power Demonstration Reactor Program in which the Government
does contribute, contract negotiations were in process wtih three
groups. One was concluded in June 1956, three proposals were re-
jected ; on several contracts negotiations have encountered delays.
Increased industrial participation in the atomic energy program was
further evidenced by the fact that private industry for the first time
supplied fuel elements for a Commission-owned facility; and that
industry contracted to supply the Commission’s needs for the reactor
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material, beryllium. Further, a contractor was selected to help
design, develop, and build a food irradiation reactor for the Army
Tonizing Radiation Center; while another company contracted with
the Commission to design, fabricate and operate a gas-cooled reactor
experiment.

Satisfactory progress was made in the Commision’s experimental
power reactor program during this reporting period. The Nation’s
first large scale civilian nuclear powerplant, the Pressurized Water
Reactor at Shippingport, Pa., neared completion and was scheduled
to begin operation the latter part of 1957; the Experimental
Boiling Water Reactor at Argonne National Laboratory, Lemont,
I1l., was scheduled to begin generating power early in 1957. The
Commission began contract negotiations for the design, construction
and test operation of a nuclear propulsion plant for the first atomiec-
powered merchant ship. Fabrication difficulties set back time sched-
ules on Homogeneous Reactor Experiment No. 2, and on the Sodium
Reactor Experiment.

In the field of military reactor development, construction com-
menced on a land-based prototype of a reactor plant to propel a small
submarine. The naval reactor test facility at National Reastor Testing
Station made a record full-power continuous run of 66 days—believed
to be the longest ever completed by any propulsion plant. Comple-
tion of the sodium-cooled reactor for the powerplant of the Subma-
rine Seawolf was delayed during the reporting period due to leaks in
the steam superheating system.

The Army Package Power Reactor neared completion at Fort
Belvoir, Va., with operation scheduled for early 1957.

A notable advance was made in the program to develop aircraft
nuclear propulsion.

The Commission, in October, made public a comprehensive listing
of nuclear reactors built, building, or planned in the United States.
This tabulation was revised as of December 31, 1956, and is reproduced
as Appendix 14 to this report.

The tabulation shows that, as of December 31, a total of 90 reactors
had been built in the United States, of which 17 had served their pur-
poses and had been dismantled. Of the 73 nuclear reactors now
operating or licensed, 27 were either testing or research reactors, 24
were critical experiments and zero power reactors, 18 were production
reactors, 5 were military power reactors, and 4 were civilian power
reactor experiments. Of 45 reactors being built as of that date in the
United States, 21 were in the research and testing category (including
10 critical experiments and zero power), 15 were military power
reactors, and 9 were civilian power reactors. Thirty-three research
and testing reactors were planned in the United States as of December
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31 (including 7 critical and zero experiments), and, in the field of
power, the Government planned to build 23 military power reactors
and 5 civilian power reactors, and United States companies had
announced plans for 12 civilian power reactors.

Civiriaxn Power Reacror Program

The objective of the Commission’s Civilian Power Program is to
achieve economic nuclear power production as early as possible, both
in the United States and for other cooperating nations. However, the
Commission recognizes that progress toward achievement of this objec-
tive is in its early stages, and that large amounts of manpower and
money will be required to attain it.

Hundreds of reactor types, capable of producing heat for conversion
to electric power, are possible because of (a) the alternative materials
available for use as fuels, moderators and coolants, (b) the range of
possibilities from a completely heterogeneous system to a completely
homogeneous system, and (c¢) the variation of neutron energies
possible.

Research and development work on any concept of a reactor which
seems promising goes through several phases. At the onset, concep-
tual ideas are studied in a theoretical and preliminary way, assisted in
some cases by some work on fuels and other materials. Well over 100
variations on reactor concepts have been considered in exploratory
work centered in Commission laboratories, with assistance from in-
dustrial contractors.

A considerably smaller number of concepts survived this first
scrutiny and passed into a second phase of research and development
work in which concepts are tested on an expanded experimental basis.
At this stage, more detailed studies were made of such matters as fuel
element design, control of the reactor, ways of transferring heat, and
fluid mechanies. This work also was done in Commission labora-
tories and by private contractors.

Reactor concepts which still looked promising after passing this
second developmental phase were proposed as subjects of reactor
experiments, Several are under way, as reported elsewhere in this
section. In this stage, design and construction of one or more oper-
ating reactors of a concept are undertaken to provide the most defini-
tive answers possible to remaining technological questions, including,
for example, performance of fuel elements, behavior of control systems,
safety of the reactor, and its general physics and engineering charac-
teristics. As indicated in the table, Appendix 14, nine such reactor
experiments have been completed at Commission laboratories. Five
were dismantled after they had served their experimental purposes.
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Four additional reactor experiments are under construction and
five more are planned. Progress on these is reported later.

Generally speaking, the fundamental scientific and many of the engi-
neering problems of a reactor concept have been solved after a reactor
experiment. Operation of these relatively small experiments generally
cannot demonstrate everything it is desirable to know about a similar
full-scale reactor operation. This is true particularly of construction
and operation costs. Concepts which still seem promising after a
reactor experiment, therefore, are carried through a further phase in
which a full-scale prototype, or demonstration powerplant is built.

As shown in the Appendix 14 table, 18 prototype plants have been
proposed and are in varying stages of advancement. Ground has
been broken for 3 plants, 4 others have received construction permits,
1 has received a Commission contract, and 6 others have been
approved as bases for contract negotiations. Progress on individual
prototype proposals is reported in succeeding sections.

Privately Financed Power Reactors

In addition Lo the new proposals, the industrial and utility organ-
izations or groups which, according to statements of the organizations
concerned, were building or propose to build nuclear powerplants
without any direct financial participation by the Government were:
Commonwealth Edison Co., Consolidated Edison Co., General Electric
Co.—Pacific Gas & Electric Co., Pennsylvania Power & Light Co. and
a group of Florida companies, including Florida Power & Light Co.,
the Tampa Electric Co. and the Florida Power Corp. Their plans
were reported in the Twentieth Semiannual Report.” In addition to
these facilities proposed by domestic utilities, American and Foreign
Power Co. has proposed to construct 10,000-kilowatt plants by its
subsidiaries in Brazil, Cuba, and Mexico.

Outstanding developments on various individual proposals during
the last 6 months are given below. Operating dates where given, rep-
resent estimates of the organizations concerned.

Carolina-Virginia Nuclear Power Associates, Inc. The Carolina-
Virginia Nuclear Power Associates, Inc., formed as a nonprofit cor-
poration for developing atomic power in the area served by the com-
panies, includes: Virginia Electric and Power (Co., Richmond, Va.;
Carolina Power and Light Co., Raleigh, N. C.; Duke Power Co.,
Charlotte, N. C.; and the South Carolina Electric and Gas Co.

The new company plans to construct a multimillion dollar nuclear
power facility to produce electricity for commercial distribution.

7 See pp. 35-38, January~June 1956 report.
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Details such as plant location, capacity in installed kilowatts, type of
reactor, etc., were yet to be determined.

New England Electric System. The New England Electric System
informed the Commission that it plans to construct a nuclear power
reactor with a capacity of 200,000 kilowatts of electricity. The site
and the type of reactor remain to be determined, but plans call for
completion by 1964. The company would expect to finance the re-
actor without Government assistance.

The New England Electric System is one of the participating com-
panies of the Yankee Atomic Electric Co. which in June signed a con-
tract with the Commission under its Power Reactor Development
Program, in which the Government does make financial contributions.

Pennsylvania Advanced Reactor Project. Some 50 representatives
from the Pennsylvania Power and Light Co., Westinghouse Electric
Corp., Union Carbide Nuclear Corp., Westinghouse Commercial
Atomic Power Activity, and the Commission attended the first annual
progress report meeting of the Pennsylvania Advanced Reactor Proj-
ect held on October 2 at the Westinghouse Engineering Center, Pitts-
burgh, Pa.

A report was presented on various phases of the project, including
the slurry-fuel development program, mechanical engineering pro-
gram, plant study, chemical reprocessing and plant layout and main-
tenance. Program plans and problems were also discussed.

The Pennsylvania Advanced Reactor Project—a joint program of
Westinghouse Electric Corp. and Pennsylvania Power and Light Co.—
was initiated in July 1955 to build a nuclear powerplant of at least
150,000 kilowatts using an aqueous homogeneous reactor. If research
and development are successful, construction would be planned to
start about 1958, operation by about 1962.

Commonwealth Edison Reactor. The Commonwealth Edison Co. re-
ceived authorization in September from the Illinois Commerce Com-
mission to build its 180,000 electrical-kilowatt boiling water nuclear
powerplant at Dresden, I11., near Chicago. The company was granted
a construction permit on a provisional basis by the Commission in
May 1956, and is planning to begin construction in 1957. Authority
from the Commission and the Illinois Commission will be sought to
operate the plant. Completion is expected in 1960.
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Power Demonstration Reactor Program

Contract with Yankee. A contract was signed in June 19568 with
the Yankee Atomic Electric Co., of Boston—the first signed under the
Commission’s Power Demonstration Reactor Program. Westiing-
house Electric Corp. was selected by the company as subcontractor to
develop and design a 184,000-electric-kilowatt pressurized water
nuclear powerplant to be operated at Rowe, Mass., by 1960 according
to company announcements. (Government representatives and officials
of Yankee and Westinghouse met in Boston on September 5-6 to work
out additional details of subcontract administration and of research
and development programs.

On December 6 representatives of Yankee Atomic Electric Co. and
their principal contractors, Westinghouse Electric Corp., and Stone
and Webster Engineering Corp., met in Washington with top Com-
mission management to review progress.

The companies reported that research and development and pro-
curement programs were on schedule and that the reactor was expected
to be completed early in 1960 as planned.

The Yankee contract grew out of one of three proposals received by
the Commission in response to its first invitation, issued in January
1955, under the Power Demonstration Reactor Program. This pro-
gram enlists private resources in a cooperative effort with Govern-
ment to demonstrate the technical and economic feasibility of power
reactors in a wide range of capacities and design concepts.

Conitracts being negotiated. As a result of other responses to this first
invitation under the Power Demonstration Reactor Program, two
further contracts were being negotiated at year-end—with the Con-
sumers Public Power District of Columbus, Nebr., and with the Power
Reactor Development Co., Inc. (Detroit Edison and others) of Detroit,
Mich. A twice-postponed hearing in the matter of the Power Reactor
Development Co. construction permit was to be held in Washington,
D. C., starting January 8, 1957 (see Civilian Application).

Consumers Public Power District proposes to build a thermal so-
dium-graphite reactor plant of 75,000 kilowatts electrical capacity, to
be located at Hallam, Nebr., and scheduled for completion in 1960;
the Power Reactor Development Co., a sodium-cooled fast breeder
plant of 100,000 electrical kilowatts at Monroe, Mich., to be com-
pleted in 1960. The Consumers Public Power District proposal was
altered, after discussion, to a new basis involving Commission owner-
ship of a part of the plant.

8 See pp. 39-40, Twentieth Semiannual Report (JTanuary-June 1956).
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Small powerplants under the second invitation. Further contract
negotiations resulted from seven proposals submitted in response to
the Commission’s second invitation under the Power Demonstration
Reactor Program. This invitation specified that proposals be for
reactors with capacities between 5,000 and 40,000 kilowatts of
electricity.?

On August 2, the Commission authorized negotiation of a contract
with Chugach Electric Association of Anchorage, Alaska, and Nuclear
Development Corp. of America of White Plains, N. Y., based on a
proposal for a 10,000-kilowatt electricity plant to be located at Anchor-
age. This plant would be liquid sodium-cooled, heavy water-moder-
ated, and would use slightly enriched uranium as fuel.

The Commission authorized negotiation of a contract providing a
ceiling on Federal costs for preliminary research and development
work, and further providing that the project will be continued through
design, construction, and operation stages if the contracting parties
agree, after preliminary work, that the concept continues to hold
promise for economic power.

Three other contracts were being negotiated as a result of the second
group of proposals. These were with Rural Cooperative Power
Association of Elk River, Minn., the Wolverine Electric Cooperative
of Big Rapids, Mich., and the City of Piqua (Ohio). The Rural
Cooperative Power Association proposed a 22,000 electrical kilowatt
boiling water reactor ; Wolverine Electric Cooperative a 10,000 electri-
cal kilowatt- aqueous homogeneous reactor; and the City of Piqua a
12,500 electrical kilowat organic moderated reactor. Contract nego-
tiations have been delayed in some cases because of difficulties in
reconciling proposals with criteria of the power demonstration
program.

The Commission in January rejected the remaining proposals—
those from the University of Florida, the City of Orlando, Fla., and
the City of Holyoke (Mass.). The proposals of Holyoke for a 15,000-
electrical kilowatt gas-cooled reactor with a closed-cycle gas turbine,
and of Orlando for a 25,000 to 40,000 electrical kilowatt station using
a liquid-metal reactor were rejected on the basis that the technical
feasibility of the proposed reactor concepts had not yet been estab-
lished. The proposal of the University of Florida for a 500-kilowatt
pressurized water reactor was rejected on the basis that it would not
demonstrate its practical value as a power producer and thus did not
constitute an acceptable basis for contract negotiation under the
Power Demonstration Reactor Program.

? See p. 4, Twentieth Semiannual Report (January-June 1956),
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Experimental Power Reactor Program

With the exception of the Pressurized Water Reactor, which is a
prototype plant, the major projects in the Commission’s Experimental
Power Reactor Program reported here, are all reactor experiments.

Pressurized Water Reactor. During the last 6 months of 1956 sub-
stantial progress was made in the construction of the Nation’s first
large-scale (at least 60,000 kilowatts) civilian nuclear powerplant—
the Pressurized Water Reactor at Shippingport, scheduled to be com-
pleted in the latter part of 1957. The Duquesne Light Co. of Pitts-
burgh, Pa., is building the non-nuclear portion of the plant and will
operate the entire plant when it is complete.

The steel containers which will house the reactor portions of the
plant were accepted after pneumatic testing. The four heat ex-
changers and the pressure vessel were installed.

Design of the reactor’s second core is proceeding at the Commis-
sion’s Bettis Plant which is operated by the Westinghouse Electric
Corp., Pittsburgh. Emphasis is being placed on obtaining a nominal
power rating of 100,000 kilowatts of electricity. Details of this and
other reactor systems were summarized in the last report.!® Safety
characteristics of reactors are summarized in the section on radiation
protection, Chapter II1.

Experimental Boiling Water Reactor. The Experimental Boiling
Water Reactor (EBWR) at Argonne National Laboratory will begin
producing power early in 1957. It went critical on November 30.

The EBWR powerplant is designed to produce 20 megawatts of
heat and 5,000 kilowatts of electricity. This is considered to be the
minimum capacity necessary to provide the experimental data desired.
Power produced by EBWR will be used to meet the needs of the
laboratory. .

Architect-engineer for the EBWR was Sargent & Lundy Co. of
Chicago, I1l. The Sumner Sollitt Co., Chicago, constructed the reactor
building under a lump-sum contract. The turbine-generator, con-
denser, circulating water pumps, and associated equipment were fab-
ricated by the Allis-Chalmers Co., Milwaukee, Wis.

Current work by Argonne National Laboratory in the boiling water
reactor program will be supplemented by the construction and opera-
tion of an experimental reactor facility at the National Reactor Test-
ing Station in Idaho. The new facility, to be operated by ANL, will
be known as the Argonne Boiling Reactor Facility (ARBOR).
Argonne will be responsible for the conceptual design of the reactor
and the detailed design of the reactor core, controls, and instrumenta-

1 See p. 43 et seq. ‘Twentieth Semiannual Report (January-June 19586).
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tion. An architect-engineer, to be selected later, will design the reactor
building and other features of the reactor system.

The facility will consist of a reactor core and pressure vessel, steam
condensers, heat exchangers, pumps and the necessary valves, controls
and auxiliary equipment. It will have sufficient flexibility in size,
power removal equipment, and design pressure to simulate experi-
mentally a wide range of operating conditions pertinent to the per-
formance of boiling water reactors. Experiments conducted at the
new facility are expected to contribute materially to the progress of
design studies now under way of several large central station power-
plants using boiling water reactors,

Cost of the facility is estimated to be $8.5 million and it is expected
to be in operation in late 1959.

Sodium Reactor Ewxperiment. Preoperational design, development
and fabrication of reactor components for the Sodium Reactor Ex-
periment (SRE) at Santa Susana, Calif., were completed in November
by Atomics International, a division of North American Aviation,
Inc. Installation of components neared completion, Startup was ex-
pected during the first half of 1957. Construction difficulties occurred
during this reporting period, leading to schedule delays and increases
in costs.

In a central station powerplant direct contact of radioactive sodium
with water can be avoided by use of separate intermediate heat ex-
changers. In such a case the radioactive sodium exchanges heat with
nonradioactive sodium (or a mixture of sodium and potassium having
a much lower melting point), which in turn generates and superheats
the steam. This technique does not eliminate the possibility of liquid
metal-water reactions, but limits such reactions to non-radioactive
substances.

Fast Breeder Reactors. The Commission planned at Argonne Na-
tional Laboratory, a new core for the Experimental Breeder Reactor
No. 1 (EBR-1) to replace the second one, damaged at the National
Reactor Testing Station in the November 29, 1955 incident.® In the
new core possible thermal warping of fuel elements will be better con-
trolled by mechanical design. Because it is believed that bowing in-
ward of fuel elements was largely responsible for nuclear instabilities
noted in the EBR~1, the new core is being designed to minimize the
possibility of such bowing.

Conceptual design of the Experimental Breeder Reactor No. 2
(EBR-2) was completed at Argonne National Laboratory. H. K.
Ferguson Co. of Cleveland was awarded a contract for the architec-

1 See Twentieth Semiannual Report (January-June 1958), pp. 45-46.
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tural-engineering phase of the project. Construction was scheduled
to start in June 1957.

Molten Plutonium Reactors. Los Alamos Scientific Laboratory is ex-
ploring the possibilities of developing reactors using molten plutonium
as fuel. Los Alamos Molten Plutonium Reactor Experiment No. 1
(LAMPRE-1) is under development and may possibly be tested for
operational characteristics by about January 1958. If this experiment
is successful, LAMPRE-2 will be developed on a larger scale. Should
LAMPRE-2 proceed as planned, the reactor experiment will have a
thermal output of about 10 megawatts as compared to 1 megawatt for
LAMPRE-1.

Neither of these reactor experiments is designed to be power pro-
ducing but will serve as engineering guides in designing a larger
reactor (LAMPRE-3) which will be an electric power producing
plant. At this early stage it is hoped that LAMPRE-3 might be
capable of producing about 15,000 kilowatts of electricity.

Because of the health precautions required in experimenting with
molten plutonium, progress in this program is not expected to be
rapid. Problems of containing molten plutonium are being investi-
gated at Los Alamos and samples have been prepared for irradiation
in the Materials Testing Reactor in Idaho.

Homogeneous Reactors. The program of preoperational testing of
various components and associated equipment for the Homogeneous
Reactor Experiment No. 2 at Oak Ridge National Laboratory was
interrupted for a period of 6 weeks during this reporting period be-
cause of chloride contamination in the small diameter steel tubing
used in the leak-detector system.

Attempts were made to remove this contamination. Preoperational
testing was resumed but was halted because of leaks in the flanges to
which the contaminated tubing had been attached. These flanges are
being examined to evaluate the nature and extent of the problem and
to determine what effect it will have on the startup date of the HRE-2.

In addition to HRE-2 at Oak Ridge, homogeneous reactor experi-
ments are being conducted at Los Alamos Scientific Laboratory. Los
Alamos Power Reactor Experiment No. 1 (LAPRE-1) went critical
for very short periods the last of October. Heat-exchanger leaks
forced a shutdown. After considerable study and evaluation, it was
decided to abandon the experiment.

Or.gamlc Moderated Reactor Ewmperiment. Construction of reactor
buildings and utilities for the Organic Moderated Reactor Experi-
ment (OMRE) by Atomics International at the National Reactor

411053—57——5
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Testing Station, Idaho, proceeded on schedule. Critical loading was
expected to be completed in the next reporting period.

The OMRE, which carries forward research previously done by
North American Aviation, Inc. for the Commission will simulate
conditions of heat transfer, temperature, and coolant flow, which
would exist in a practical power reactor. It will be designed to gen-
erate 5 to 15 megawatts of heat.

Liquid Metal Fuel Reactor Ewperiment. During this reporting
period The Babcock & Wilcox Co., New York, N. Y. undertook a
review with Brookhaven National Laboratory, Upton, Long Island.
N. Y., of recent technological developments by the laboratory in the
liquid metal fuel reactor program.

The Commission signed a contract with the company November 14
for development, design, fabrication, and operation of a Liquid
Metal Fuel Reactor Experiment (LMFRE). The Union Carbide
Nuclear Co. of Union Carbide & Carbon Corp. (New York, N. Y.),
will be subcontractor primarily in chemical processing of fuel.

Plutonium recycle program. A research and development program
aimed at demonstrating the feasibility of recycling plutonium in
thermal power reactors has been initiated by the Hanford Works.
Richland, Wash. Future plans include the construction of a heavy
water moderated reactor which will be used to test the feasibility of
plutonium recycling.

Advanced design studies. The Studebaker-Packard Corp., Detroit.
Mich., and Ford Instruments Co., a division of the Sperry-Rand Corp..
Long Island City, Long Island, N.Y., submitted to the Commission
for review a final study of gas-cooled reactors, designed to provide a
better understanding of the potential economics of this reactor con-
cept, and to delineate the research and development remaining to be
accomplished. (Additional developments in the gas-cooled reactor
program are reported in the section on the Army Reactors Program.)

E. 1. du Pont de Nemours & Co., Inc., Wilmington, Del., undertook
a design study of a heavy water power reactor, and prepared a pro-
posal indicating the scope of the program, the required development.
and the economic feasibility of this system. The work, which will
pay particular attention to natural uranium as a fuel, will be per-
formed under the Commission contract with du Pont to operate the
Savannah River Plant in South Carolina.
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Maririme ProrPursioNn REACTORs

First Atomic-Powered Merchant Ship

In October the Commission accepted as a basis for contract negotia-
tions a proposal by The Babcock & Wilcox Co. to design and construct
a nuclear propulsion plant for the first nuclear-powered merchant
ship.

Public Law 848 passed in July 1956, authorized the construction of
this ship for foreign trade. Approximately $42.5 million is available
for the purpose. The President, on October 15, directed the Com-
mission and the Maritime Administration to proceed as rapidly as
possible with its construction, stating that, “The reactor itself will be
a definite step forward in nuclear propulsion.” The Law made the
Commission responsible for providing the powerplant, the Maritime
Administration for providing the ship and all equipment other than
that provided by the Commission, for training crews, for providing
shore handling facilities, and for future operation of the ship. The
contract for the ship was not yet placed at the end of the year.

Under the proposed contract The Babcock & Wilcox Co. will design
and construct a 20,000 shaft-horsepower pressurized water reactor
system of advanced design. Project completion is scheduled for 89
months from the contract date.

The merchant ship will be powered by a pressurized water reactor,
the same general type of system used in the first nuclear-powered
submarine, USS Nautilus. The system was selected because expe-
rience with it has proved it to have excellent performance qualities
and to be inherently safe. Choice of a system which has already
proved satisfactory permits construction of the ship and demonstra-
tion of its operating characteristics to proceed without any delay due
to using a previously untried reactor concept. Information about the
reactor will not be classified so that, in this country and in cooperating
nations, there will be opportunity to become familiar with nuclear-
powered ships.

The Babcock & Wilcox proposal was among four made to the Mari-
time Administration in response to its invitation.

Economically Competitive Nuclear-Powered Merchant Ships

The application of nuclear power to merchant ships is one of the
more economically promising applications of atomic energy. It also
would make a contribution to national defense by providing a ship
with independence from the need for frequent refueling. It would
contribute to world-wide economic development by conserving the
dwindling world supply of fossil fuels.
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Contracts were signed by the Commission and the Maritime Ad-
ministration for design feasibility studies on advanced reactor con-
cepts which show promise of producing commercially competitive
nuclear propulsion for merchant ships.

The contractors and the concepts to be studied are: Atomics Inter-
national Inc., organic-moderated and -cooled reactor; Ford Instru-
ment Co., gas-cooled reactor (nitrogen-graphite moderated) closed-
cycle turbine; American Machine & Foundry Co., New York, N. Y.,
boiling water reactor; General Motors Corps., Detroit, Mich., gas-
cooled (helium-graphite moderated), closed-cycle turbine; General
Atomic, San Diego, Calif., gas-cooled reactor (hydride moderated),
closed-cycle turbine.

GENERAT, ENGINBERING AND DEVELOPMEN'T

E'ngineering Test Reactor

It was found that a delay of several months in completing the
Engineering Test Reactor (ETR) at the National Reactor Testing
Station may be caused because of late delivery of an 8-inch stainless
steel grid, holding up installation of mechanisms in the reactor tank.
Effects on estimated costs were under investigation.

The proposal of The Babcock & Wilcox Co. to fabricate a year’s
supply of fuel and control elements for the reactor on a fixed-price
basis was the most favorable received, with a proposal of $357.91 per
fuel element and $408.16 per control element.

Architect-engineering and construction of the reactor were per-
formed by the Kaiser Engineers Division of the Henry J. Kaiser Co.,
Oakland, Calif. Nuclear design of the reactor core and facilities
within the tank was being performed by the Atomic Power Equipment
Department of General Electric under contract to Kaiser. Fuel
elements were being designed by the Oak Ridge National Laboratory.
Phillips Petrolenm Co., Bartlesville, Okla., will operate the facility
for the Commission.

First Fuel Elements from Industry

During July, reactor fuel elements were supplied commercially
by private industry for the first time when The Babcock & Wilcox
Co. supplied the elements for the Materials Testing Reactor at the
National Reactor Testing Station, Idaho.
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Enriched Fuel Elements for Reactors Abroad

Consistent with 1ts policy of procuring fuel elements from private
sources, the Commission has asked industry to manufacture fuel
elements enriched to 20 percent with uranium 235 for use in research
reactors under agreements for cooperation with other countries. The
Phillips Petrolenm Co. as been requested to procure from commercial
suppliers a core loading with 20 percent enrichment for the Materials
Testing Reactor so as to provide performance data.

A program undertaken by Oak Ridge National Laboratory will
study several approaches to the fabrication problem. The laboratory
is studying the use of uraninm carbide and uranium-aluminum alloys
as well as uranium oxides.

Industry to Meet Beryllium Needs

The Commission contracted to buy 1 million pounds of reactor-
grade beryllium from the Beryllium Corp. of America, Reading, Pa.,
and Brush Beryllium Co., Cleveland, Ohio, with each company
supplying 500,000 pounds on a unit-price basis. Procurement con-
tracts were negotiated on the basis of proposals submitted by com-
panies responding to a general invitation issued by the Commission
in January 1956.> Deliveries will be made over a 5-year period at
an average cost of about $47 a pound.

Conference on Experimental Reactors

The Commission held a classified conference on the Sodium Reactor
Experiment (SRE) and the Organic Moderated Reactor Experiment
(OMRE), at which Atomics International was host for access permit
holders and Commission contractors at the Institute of Aeronautical
Sciences auditorium at Los Angeles, Calif., on November 8-9. The
2-day meeting was one of a series designed to keep industry informed
of progress in the Commission’s civilian power programs.

Sanitary Engineering

Representatives of the Commission met in San Francisco on August
22 with officials of California’s Department of Public Health and
Division of Industrial Safety to discuss the use of radioisotopes and
disposal of radioactive wastes. Better understanding and closer liai-
son were gained and the way paved for future meetings on specific

12 See p. 56, Twentieth Semiannual Report (January-June 1956.)
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problems. Disposal and treatment of radioactive wastes are reported
in detail in Chapter IV of the special section, Radiation Safety in
Atomic Energy Activities.

Reactor Safety

During this reporting period transient tests continued with the Spe-
cial Power Excursion Reactor Test (SPERT-1), a heterogeneous
reactor facility, located at the National Reactor Testing station and
operated for the Commission by the Phillips Petroleum Co. Of con-
siderable significance in recent tests was a preliminary finding of
instability ** which occurred under conditions of boiling when
reactivity was gradually increased. The causes of this instability
are being investigated. Design work on SPERT-2, another hetero-
geneous reactor, progressed satisfactorily. Design of reactor internals
and control drives for SPERT-3 (which is to be a pressurized water
reactor) was completed by Phillips and fabrication of components
begun.

Experimental tests have started on the Kinetic Experiment on
Water Boilers facility (KEWB), a homogeneous reactor for transient
testing operated by Atomics International, a division of North Ameri-
can Aviation, Inc., at Santa Susana, Calif. Initial data on operating
characteristics were obtained and transient tests conducted. Prelimi-
nary planning started for a second test facility, KEWB-2.

Chemical Engineering

Volatility separation. As reported previously** Argonne National
Laboratory and Oak Ridge National Laboratory are developing new
separation processes based on fluorination of spent reactor fuel
elements.

Preliminary results of research at Argonne on applying the fluoride
volatility process to fuel elements appear promising. The process
involves dissolving uranium in molten fluorides and then generating
uranium hexafluoride which volatilizes readily. Fewer steps are
required than in conventional solvent extraction methods and for cer-
tain fuels the economies of the fluoride volatility process appeared
more attractive than aqueous methods.

13 I'nstability in the SPERT-1 Reactor (Preliminary Report), by 8. C. Forbes, F. Schroe-
der, and W. BE. Nyer, AEC Research and Development Report TID-4500, Ed. 12, October
10, 1856. For sale by the Office of Technical Services, U. 8. Department of Commerce,
Washington 25, D. C., price 20 cents.

1 See p. 59, Twentieth Semiannual Report (January—June 1956).
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High Temperature Chemical Separation

Under a Commission contract Atomics International will experi-
ment with pyrometallurgical processing of spent fuel elements in
order to attain sufficient purification of fuel to permit its reuse in
sodium graphite reactors.”® This processing method will be tested on
a pilot-plant scale.

Mivitary REAacTOoRS PROGRAM

Naval Reactors Program

Submarine Thermal Reactor (SI1W/S2W). The Naval Reactor
Facility (S1W) plant continued during the reporting period to oper-
ate at the National Reactor Testing Station, Idaho, for testing and
training of naval personnel. This reactor, prototype of the propul-
sion plant in submarine USS Nautilus, was routinely shut down on
August 8, 1956, at the end of what is believed to have been the longest
full-power run ever completed by any type of propulsion plant. Ona
single charge of uranium fuel (and using only part of that charge),
the reactor operated at an average power of 100 percent for 1600
hours, the equivalent of 66 days.

In this test, designed to prove the reliability and stamina of pres-
surized water reactors for ship propulsion, the SIW met the most
exacting requirements that could be placed upon it. If the Nautilus
itself had made a cruise for this length of time—1,600 hours—she
could have steamed at top speed, submerged, around the world and
many thousands of miles more, without refueling. A similar cruise
by a diesel-powered submarine would require about 1,600,000 gallons
of fuel—enough to fill 160 railroad tank-cars, a freight train over one
mile long.

The USS Nautilus itself, powered by the S2W nuclear propulsion
plant, now has operated satisfactorily for nearly two years. Nautilus
has steamed over 50,000 miles and was fully submerged for more than
half the distance.

Submarine Intermediate Reactors (S1G/S2@). Operation of the
S1G, land-based prototype of the nuclear propulsion plant for the
submarine Seawolf, continued at West Milton, N. Y., for testing and
training of naval personnel. Since leaks developed in the superheat-
ers, the prototype operated at 40 percent of rated power with the
leaking superheaters by-passed. Cause of the leaks remained to be
determined.

* See pp. 59-80, Twentieth Semiannual Report (January-June 1956).
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The Seawolf reactor is cooled by liquid sodium—the only plant of
this type installed or planned for installation in a naval vessel.

Completion of the sodium-cooled reactor for the Seawolf’s plant
(S2G) was delayed also because of leaks in the steam superheating
system. The exact cause of this failure has not yet been determined.
No difficulty has been experienced with the nuclear reactor itself and
the safety of the plant has not been impaired.

The molten sodium coolant comes out of this propulsion reactor
at a high temperature and is highly radioactive. The problem is to
transfer this heat to water in order to produce steam to drive the
propulsion turbines. Since sodium may react violently with water,
the exchange of heat directly between radioactive sodium and water
is undesirable until considerably more experience has been gained.

For this reason, the Seawolf uses a double tube heat exchanger. Ra-
dioactive sodium is pumped through the inner tube, nonradioactive
sodium-potassium is maintained (not flowing) between the central
tube and the second tube, and steam is generated outside of the double
tube. The tubes are bent into a “U” to provide freedom for linear
expansion and rolled and welded into tube sheets. Pressures are
maintained so that flow due to a leak would always be from the non-
radioactive sodium-potassium into the radioactive sodium system
or into the water side.

Such heat exchangers are subject to mechanical stresses from fabri-
cation, from the pressures and expansions caused by the operating
temperature, and from transient temperatures which may be large
and rapid with liguid metal cooled reactors. Corrosion effects may
oceur in the sodium sides if impurities, particularly oxygen, cannot
be maintained at extremely low levels. The water side is subject to
corrosion from water as well as from impurities such as chloride ion
which is particularly difficult to keep out in a naval plant. Both the
water and sodium sides also are subject to corrosion if there is any
leakage, and subject to formation of reaction products between the
sodium or sodium-potassium and water. Choice of suitable materials
and fabrication methods under these circumstances is obviously
difficult.

In the development of a sodium-cooled reactor to propel a submarine
a whole new technology has been explored. Fabrication techniques
and components to handle high temperature sodium have already been
substantially developed.

Submarine Advanced Reactor (83G/S{G)

Construction of test site facilities for the land prototype of the
Submarine Advanced Reactor continued at West Milton, N. Y.
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Submarine Reactor Small (S10)

Combustion Engineering Inc., New York, N. Y., under Commis-
sion contract, continued design and development work on a nuclear
propulsion plant for a small submarine. The land-base prototype
will be built at Windsor, Conn., the site of Combustion Engineering’s
Nuclear Engineering and Development Laboratory. A small critical
assembly installed at the laboratory for experimental work went
critical in December.

Large Ship Reactor (A1W). Design and development of the Large
Ship Reactor prototype propulsion plant by Westinghouse Electric
Corp. continued at the Bettis Plant, Pittsburgh, Pa. Construction
of conventional site facilities continued at the National Reactor Test-
ing Station. The erection of a section of ship hull to house the reactor
plant was completed.

Sale of West Milton Power. In July the Commission signed a con-
tract with the Niagara Mohawk Power Corp. for sale of byproduct
electrical power produced experimentally by the land prototype
(S1G) of the nuclear propulsion plant for the Seawolf at West
Milton, N. Y. The sale price was set at 3 mills per kilowatt-hour at
the West Milton bus bar, and, as of December 31, the Commission
had sold 765,160 kilowatt-hours for a total of $2,295.45. The con-
tract extends through December 31, 1957, subject to termination for
the Government’s convenience on 15 days’ notice. Because of the
experimental nature of the West Milton nuclear powerplant opera-
tions are intermittent and assurance as to the amount and timing of
available power cannot be given to the purchaser.

In January 1955 the power at West Milton was offered to prefer-
ence groups—public bodies or cooperatives—as required under the
Atomic Energy Act of 1954. The City of Holyoke, Mass., and the
village of Ilion, N. Y., each contracted in February 1956 to take half
the power, subject to their ability to work out before May 1, 1956
arrangements for transmitting the power from the West Milton site
to their own systems. The two communities stated in May that they
were unable to make transmission arrangements.

Under the termination article of the contract with Niagara Mohawk,
the Commission may enter appropriate agreements with preference
customers if at any time they can arrange to take the power at the
West Milton bus bar.
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Army Reactors

Army Package Power Reactor. Construction of the Army Package
Power Reactor (APPR-1) neared completion at Ft. Belvoir, Va.,
during this reporting period. The building to house the reactor was
completed and essentially all the primary loop, except the core, was
installed and tested under the supervision of the prime contractor,
Alco Products, Inc., Schenectady, N. Y. The plant, scheduled for
operation early in 1957, is expected to produce 1,825 kilowatts of
electricity.

The Engineering Research Development Laboratories, Department
of the Army, contracted with the Glenn L. Martin Co. of Baltimore,
Md., to conduct theoretical and experimental investigations of systems
of the APPR type to improve their design and operating
characteristics.

Argonme Low Power Reactor. Construction of the Argonne Low
Power Reactor (ALPR) began at the National Reactor Testing Sta-
tion. The ALPR is one of several prototype reactors being developed
as power sources for remote military installations. The plant, which
will generate both electric power and space heat, is expected to cost
about $1,225,000. The Argonne National Laboratory is in charge of
overall development of the reactor. Pioneer Service and Engineering
Co., Chicago, is providing architect-engineer services for the non-
reactor components of the plant.

Food Irradiation Reactor. The Commission has selected Kaiser Engi-
neers, Oakland, Calif., to design and construct a Food Irradiation
Reactor (FIR) for the Army’s Ionizing Radiation Center. The De-
partment of the Army selected Sharpe General Depot, Stockton, Calif.,
as the site after a joint Commission-Department of the Defense survey
of possible locations.

Eleven concerns, including Kaiser, made proposals in response to a
general invitation issued by the Commission on July 23, 1956.

The Food Irradiation Reactor will provide an intense source of
gamma radiation to test preservation of food by irradiation for the
Army Quartermaster Corps and for experiments with other materials.
It will be water-moderated and have solid fuel elements. Its design
will be based on a conceptual study made by the Internuclear Co.

Gas-Cooled Reactor Experiment. During this reporting period the
Commission began contract negotiations with the Aerojet-General
Corp. of Azusa, Calif. for the design, fabrication, and initial operation
of a Gas-Cooled Reactor Experiment (GCRE) at the National Reactor
Testing Station. This experiment is intended to develop engineering
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data and provide experience for the design and construction of gas-
cooled reactors to meet military needs and for possible civilian require-
ments for small central power stations.

Twenty proposals to undertake the design, fabrication and operation
of the reactor were received in response to the Commission’s invitation
of June 22, 1956,

Gas-cooled loops which will serve to screen and test components
considered for use in the GCRE are being designed. These loops will
be in reactors operated by Battelle Memorial Institute, Columbus,
Ohio, O2k Ridge National Laboratory, and at the Engineering Test
Reactor at the National Reactor Testing Station.

The Sanderson and Porter Co., New York, N. Y., under contract
to the Army’s Engineering Research and Development Laboratory,
completed the design of a closed-cycle gas-turbine test facility to pro-
vide experimental data for adaptation of closed-cycle, gas-turbine,
power-generating equipment to nuclear reactors.

QARR LR

Adwanced reactor systems. (During the latter part of 1956, the
General Motors Corp., Detrpit, Mich., under Commission contract,
neared completlon of an engi eermg ana1y51s of a nuclear propulsion
system for use in a cargo Gilbert Associates, Inc.,
Washington, D. C., continued work on the design of a 20,000 kilowatt
powerplant for constructlon overseas. The study of Raytheon Corp.,
Waltham, Mass., on a conceptual design of a liquid-metal-fuel pack-
age reactor proceeded satisfactorily with completion scheduled early
in 1957.

Aircraft Reactors Program

Atomic power in turbojet engine. For the first time, a turbojet engine
was powered exclusively by heat from an experimental reactor. This
oceurred in the Heat Transfer Reactor Experiment No. 1 operating
on the ground at the National Reactor Testing Station.

Although this reactor-turbojet engine combination was a laboratory
model, the fact that it operated solely on nuclear power marked a
significant advance toward the ultimate goal of achieving atomic-

powered flight.

Additional test facilities. During this reporting period, Burns and
Roe, Inc.,, New York, N. Y., was awarded a contract for architect-
engineering work on additional aircraft reactor test facilities at the
National Reactor Testing Station.

Construction of laboratory. Construction of facilities by the Air
Force for the Connecticut Aircraft Nuclear Engine Laboratory
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(CANEL) at Middletown, Conn., to be operated by the Pratt and
Whitney Aircraft Division, United Aircraft Corp., East Hartford,
Conn., progressed satisfactorily during the last 6 months of 1956.
The laboratory will be used as a research and development center for
work being sponsored by the Air Force and the Commission.

Declassification and Classification

The Commission put into effect on December 5, 1956, a new Declassifi-
cation Guide for Responsible Reviewers which provides for main-
taining security of information by safeguarding selected technical in-
formation. This revision of the Guide, based on the recommendations
of the Eighth International Declassification Conference held in Wash-
ington in April with the United Kingdom and Canada, will permit
declassification from confidential and secret categories of a large body
of documents which will be available to the public and will facilitate
the development of the peaceful uses of atomic energy.

Under this Guide, it will be possible to declassify documents con-
taining sufficient information to enable industry to design, construct,
and operate civilian power reactors and their associated processing
plants. This action will strengthen the Atoms for Peace program of
cooperation with friendly foreign nations. Much more can be accom-
plished through unclassified agreements for cooperation when the new
policies are applied. At the same time, the Guide recognizes the pro-
tection of information which is significant to the military security of
the United States, and also retains classification on applications of
atomic energy in the reactor field which are primarily of military
interest.

In addition, under the new Guide it will be possible to declassify
data on the effects of radiation on various reactor materials; the
technology of heavy water manufacture; liquid thermal diffusion
methods of concentrating uranium 235, the fissionable isotope of
uranium ; metallurgical data on production of fuel elements including
some using plutonium alloys; considerable material on chemical re-
processing of spent fuel elements; information on current and future
reserves of uranium ores, and on current and future production of ore
concentrates; information on final stages of separating zirconium and
hafnium, two metals used in reactors; and all data on mass spectro-
graphs,

Consistent with the Commission’s policy of declassifying as quickly
as possible all information which, as defined in the new Guide, will not
adversely affect the common defense and security, arrangements were
made to launch early in 1957 a second program for accelerated review
and declassification of accumulated technical information. The ob-
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jective was to put into the open literature all technical information
that may be declassified under the provision of the revised Guide so
that it may be employed by the public, United States industry, and
cooperating foreign nations. After the first program of accelerated
review, based on the Declassification Guide put into effect July 1,
1955, nearly 20,000 documents remained classified as confidential or
secret.’® These documents will be reviewed again to see if the new
Guide permits declassification as will some 2,000 additional documents
clagsified under the previous guide, and issued during the past year.
The routine functioning of the Commission’s classification program
keeps abreast of current material as it is produced, and makes it avail-
able to the public and to industry in accordance with the existing
Guide; hence the material produced in the coming year will be classi-
fied under the new Guide’s provisions, and most of the technical in-
formation contained in the peaceful applications field will never bear
a classification mark.

In a statement issued with the announcement of the new Declassifi-
cation Guide, Chairman Strauss pointed out, “The information will
provide a practical basis for enlarging and improving high school,
college, and university curricula on nuclear science and engineering,
and text book publishers will be enabled to produce new, updated texts
and general study aids on nuclear energy applications.

“A like opportunity is opened up for the general, technical, and
business press to provide a wider scope of information to those readers
who need to know more about nuclear energy and its uses.

“We are confident that the benefits of the actions announced today
will have equal application in the United Kingdom and Canada. For
the United States, the new large volume of information to be declassi-
fied should speed the development of civilian nuclear power here at
home and at the same time enable us to be of greater assistance to
other nations in fulfilling the broad aims of President Eisenhower’s
Atoms for Peace Program.”

Supplementary Guides Issued

On August 23, 1956, the Commission and the Department of Defense
put into effect a new Classification Guide for their joint use to provide
a common basis for protection of information pertaining to the military
application of atomic energy.

In recognition of the Commission policy to conduct basic research
efforts with a minimum of classification, a revised Guide to Unclassified
Fields of Research was prepared.

19 See p. 13, Nineteenth Semiannual Report (July—Dec. 1955), and p. 64, Twentieth
Semiannual Report (Jan.—June 1956),
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Controlled T hermonuclear Research

In November, United States representatives met with United King-
dom representatives at Harwell, England, to discuss a joint guide to
the classification of research on controlled thermonuclear reactions.

The Commission also permitted exchange of classified information
on controlled thermonuclear reactions with the United Kingdom,
subject to the terms of an agreement for cooperation that now exists
between the two countries. (See International Activities.)

Information

ExuiBrr Program

The Commission’s program to provide several traveling exhibits on
the peaceful uses of atomic energy for showing in the United States
made considerable progress during this reporting period.'” Two types
of Atoms for Peace exhibits were prepared for the Commission and
are operated by the Oak Ridge Institute of Nuclear Studies. They
comprise: (1) a large exhibit requiring about 5,000 square feet of floor
space for display, and (2) a smaller mobile exhibit set up in truck
trailers. The exhibits are available to qualified exhibitors free of
rental and transportation charges.

Three large exhibits were put on tour and are scheduled well into
1957. During the reporting period, they were shown in the District
of Columbia and in 13 States.

In the fall of 1956, five smaller mobile units, designed for ease of
presentation in rural and small urban areas, were made available.
Four of these units, sponsored by the National University Extension
Association, an organization with membership of the extension divi-
sions of 76 colleges and universities, and the United States Junior
Chamber of Commerce, were scheduled for showing through June 30,
1957, in 11 States. The fifth mobile unit will be scheduled directly
from Washington headquarters of the Atomic Energy Commission.

The sponsoring organizations make advance arrangements to assure
widest possible participation of adults and of junior and senior high
school students during the showings. Students and teachers are
assisted in following up their viewing of the exhibit by devoting
further classroom attention to the subject of the peaceful uses of atomic
energy.

Tours of high school demonstration units are reported in the section
on Education and Training.

17 See pp. 67-68, Twentieth Semiannual Report (January-June 1956).
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Between January and December of 1956, the Commission’s 12 film
libraries loaned films on 60 atomic energy subjects for a total of over
9,913 showings viewed by some 400,000 persons.

New TECHNICAL INFORMATION SERVICES

Throughout the latter half of 1956 technical information activities
continued to reflect the progressively broadening interest of industry
and science in atomic energy and its applications. As demands for
information grew, the Commission responded with practical steps to
aid access permit holders and industry generally in getting technical
information more easily and quickly.

The provision of more technical reports and more and hetter refer-
ence tools to aid their use by industry generally, by science, and by
the holders of access permits has been reported earlier.'* This widen-
ing and improvement of the system of publishing reports and pro-
viding reference services continued during this reporting period.

Summary Volumes Under Preparation

At the same time, the program to consolidate the knowledge in
reports, journal articles and monographs for more rapid and more
effective use by industry and science gained speed. By year’s end,
the Commission had under preparation, mostly by contract, 21 new
volumes or revisions of existing volumes, 12 of which were reported
previously.’® It was planning to contract for six more volumes cover-
ing in summary fashion the present knowledge in the fields of most
interest to developers of civilian applications.

Technical Progress Reviews

New knowledge is continually emerging from the work of labora-
tories and contractors in the atomic energy projects. Ieeping up
with the literature reporting technical developments and advances
in atomic energy is essential to the vigorous growth of industrial
applications of atomic energy. This task is a major one. The Com-
mission initiated a program to prepare and publish a number of
quarterly Technical Progress Reviews, some classified and some un-
classified, covering government-sponsored research and development
in the atomic energy field.

18 See pp. 96-98, Nineteenth Semiannual Report (July-December 1955), and pp. 68-73,
Twentieth Semiannual Report (January-June 1956).
1® See p. 68, Twentieth Semiannual Report (January-June 1956).
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For the purpose of organizing the Technical Progress Reviews,
atomic energy information was divided into 10 general categories:
reactors, radiation applications, instrumentation, spent fuel process-
ing, raw materials, feed materials, fuel element fabrication technology,
materials, radiation safety, and nuclear physics (includes thermo-
nuclear). Within each category scientists and engineers of recog-
nized competence will, under contract, prepare reviews covering and
evaluating significant developments in technology and science. The
first of the Technical Progress Reviews to appear will be in the cate-
gory of Radiation Applications and will be published early in 1957.

Monthly Publications for Management

Commission policy and program information is as important to
management of industry and science organizations as technical infor-
mation is to the scientist and engineer. To meet the needs of man-
agement for this type of information, the Commission will publish
a monthly bulletin, the first issue to appear early in 1957.

The monthly bulletin will carry the title, ALEC—This Month. Pol-
icy and Program Developments, and will print, as regular features,
departments reporting month-by-month the actions of the Com-
mission on policies affecting industry and science, new Commission
programs of interest and benefit to management, new contracts, briefs
on developments in basic and applied science performed by Commission
contractors, developments in education and training programs, and
progress in the Atoms for Peace program. In addition to these and
other regular departments, the publication will have reports on special
subjects of broad interest to management of industry and science
organizations, as for example, a survey of industry opportunities to
supply materials now manufactured by the Government.

Publications

Nine additional unclassified publications, printed or released dur-
ing the last 6 months and available from the Office of Technical
Services, Department of Commerce, Washington 25, D. C. comprise:
“Polonium” (TID-5521) July 1956, edited by Harvey V. Moyer;
“Rare Earths in Biochemical and Medical Research: a Conference
Sponsored by the Medical Division, Oak Ridge Institute of Nuclear
Studies, October 1955,” (ORINS-12), September 1956, edited by
Gravil C. Kyker and Elizabeth B. Anderson; “Fourth Atomic Energy
Commission Air Cleaning Conference Held at Argonne National
Laboratory,” November 1955 ('TID 07513, Pt. 1) June 1956; “Papers
Prepared for Radiation Effects Review Meeting, Congress Hotel,
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Chicago, July 31-August 1, 1956,” (TID-7515-Pt. 1), August 1956;
“Feasibility Study of Pressure Vessels for Nuclear Power Generating
Reactors,” (AECU-3062), December 1955, compiled by Frank W.
Davis; “AEC Materials Management-Contractor Representatives
Meeting, Washington, D. C., May 7-9, 1956” (TID-7516-Pt. 1) Sep-
tember 1956; “Aqueous Homogeneous Reactors,” (PNG-T7), Febru-
ary 1956 ; “Army Package Power Reactor,” (AECD-3731) October 14,
1955 ; and “Papers Presented at The Technical Briefing Session Held
at Idaho Falls, Idaho, November 1-2, 1955” (TID-7506-Pt. 1) July
1956.

Depository Libraries

The Commission added 17 new depository libraries in the United
States to bring to 66 the number of official reference centers housing
complete collections of the Commission’s nonclassified reports and
reference tools. The 17 libraries will be located at Baltimore, Md.,
Birmingham, Ala., Charlotte, N. C., Dallas, Tex., Houston, Tex., In-
dianapolis, Ind., Louisville, Ky. Memphis, Tenn., Miami, Fla., Mil-
waukee, Wis., New Orleans, La., Portland, Oreg., Providence, R. 1.,
Rochester, N. Y., San Antonio, Tex., San Diego, Calif., and Youngs-
town, Ohio.

In addition, as part of its program of educational assistance, the
Commission is providing 15 depository collections to universities and
colleges which are offering training courses in nuclear technology.

The Commission also authorized establishment of six classified de-
positories, to be located in areas reasonably accessible to a majority of
access permit holders.

A complete reference center on Government-developed information
on atomic energy, both classified and unclassified, was established in
the Technical Information Service quarters in Oak Ridge. The
services of this center are available to any citizen. Classified informa-
tion, of course, is restricted to authorized access permittees.

Literature Search Service

To assist access permit holders and industry to obtain desired and
useful information from the large number of documents on atomic
energy currently available, the Commission has established a new
literature search service. For a charge of $6 an hour, the Technical
Information Service searches its collection of reports and supplies
specific data, or lists of reports pertinent to a specified subject area.
This service is particularly useful to individuals and small concerns
Iacking large files and resources.

411053—57——6
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Survey of Access Permit Holders

The Commission awarded a contract in October to McKinsey & Co.,
Washington, D. C., for a survey of access permit holders to evaluate
the effectiveness of present technical information services, and to ob-
tain suggestions for improving them. The survey is intended to: (1)
Determine what access permittees believe they need in the way of
technical information services; (2) determine how useful they find the
existing services and what deficiencies they have noted; (3) find the
facts about the character and extent of technical information service
provided to permittees by Commission contractors; (4) ascertain what
needs to be done to assure maximum information assistance to per-
mittees consistent with the overall objective of the Civilian Applica-
tion Program and the general policies of the Commission; and (5)
ascertain the investment of industry in plant and talent devoted to
atomic energy purposes.

Industrial Exhibits

The Commission assisted in designing and preparing the National
Science Foundation display for the Fourth International Measure-
ment Instrument Exhibition, Stockholm, Sweden, September 15 to
23. A Commission booth at the Trade Fair of the Atomic Industry,
Chicago, Ill., September 24-28, drew more than 9,000 visitors.

Education and Training

The Commission, its contractors, and private industry continued to
face problems in the recruitment, retention, and compensation of
scientists and engineers.

The Commission continued and expanded its program efforts to
solve these problems by assisting educational institutions and indus-
tries in training engineers, scientists, and medical personnel with spe-
cialized knowledge and skills in the field of atomic energy. These
efforts included the start of a program of making direct financial
grants to colleges and universities for securing equipment and teach-
ing aids needed to establish and conduct curricula in nuclear energy
technology. In addition the Commission’s existing program of loan-
ing uranium and neutron sources was broadened to include other
materials peculiarly related to nuclear energy technology.

The Commission is continuing to cooperate in Government-wide
efforts to develop solutions for the problems. During this reporting
period, the White House established its Steering Committee on Engi-
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neers and Scientists for Federal Government Programs, upon which
the Commission is represented and for which a Commission employee
is staff director. This committee is expected to make recommenda-
tions concerning the Government’s use of engineers and scientists, both
as direct employees and as employees of Government contractors.

Assisting Educational Institutions

Provision of materials, facilities, equipment, and services. The Com-
mission began a program of making direct financial grants to colleges
and universities for furnishing teaching aids, demonstration appa-
ratus, and laboratory equipment needed for laboratory course work in
nuclear energy technology. Evaluation of requests received was
under way and initial grants were to be announced during the next
reporting period.

Three institutions have received loans of natural uranium and
neutron sources for suberitical assemblies, and 12 others have been
approved for similar loans. The institutions that have received loans
are New York University, the University of Florida, and Virginia
Polytechnic Institute. Those approved are: Alabama Polytechnic
Institute, City College of New York, Cornell University, Georgia
Institute of Technology, Iowa State University, Massachusetts Insti-
tute of Technology, North Carolina State College, Ohio State Uni-
versity, Reed College, Stanford University, University of Maryland,
and Yale University.

The Argonne National Laboratory designed and built a reactor, the
Argonaut,®® designed primarily for educational and training pur-
poses. Further progress in the development of such reactors and in
the use of subcritical assemblies for educational purposes was planned.

The “Oracle” Applications Program of the Oak Ridge Institute of
Nuclear Studies (ORINS) got under way in July 1956. Conducted
by the University Relations Divisions, ORINS, and the Mathematics
Panel of Oak Ridge National Laboratory, the program’s purpose is
to make available to universities throughout the region the services of
the high-speed digital computer, Oak Ridge Automatic Computer
and Logical Engine, “Oracle”. University personnel will have not
only computer time, but also the combined experience and knowledge
of members of the Mathematics Panel to assist with computational
problems arising in research activities.

College conference. A conference was held in September 1956, at
Gatlinburg, Tenn., at which Commission personnel discussed with
deans of the colleges of engineering and university and college presi-

% See p. 78, Twentieth Semiannual Report (January—June 1956).
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dents the need for scientists and engineers and the Commission’s
program of assistance. A total of 293 representatives from 151

institutions attended.

Teaching and libraries. Scientists from Commission facilities lec-
tured, conducted seminars, took part in colloquia, and carried on re-
lated activities at universities.

The Commission is providing nonclassified depository libraries on
nuclear technical information to a number of universities and colleges
(see Information Services).

Faculty training. Two 2-month institutes in nuclear reactor tech-
nology were conducted in 1956 in cooperation with the National
Science Foundation and the American Society for Engineering Edu-
cation. Ninety college faculty members took part.

Because of the demand, this program is being expanded during the
coming summer to include additional Commission facilities offering
such institutes. Present estimates are that approximately 200 faculty
members will participate.

Faculty members from universities also continued to participate in
research at national laboratories, Last summer approximately 285
college faculty members took summer employment at Commission fa-
cilities. Plans to expand these programs are under way. The Com-
mission during this period approved and issued a statement of policy
and criteria governing on-the-job participation.

Research contracts. Through Commission support of research in the
physical and biological sciences at colleges, universities, and other
nonprofit institutions, more than 2,000 students received assistance and
training. The schools gained in experience for faculty and often ac-
quired additional facilities for postgraduate programs.

Fellowship Program

The Commission continued its already established special fellow-
ship programs in radiological physics with 75 participants, in indus-
trial hygiene with 9 participants, and in industrial medicine with 8
participants, all administered for the Commission by the Oak Ridge
Institute of Nuclear Studies.

The University of Kansas, Lawrence, was added to the group of
universities at which special fellowships in radiological physics are
offered. The university, in cooperation with the Hanford plant, Rich-
land, Wash., offers 9 months of formal graduate work; a succeeding
3 months of specialized study and field work is carried out at the
Commission installation.
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To help provide scientific and reactor engineering personnel for ex-
panding activities, 150 special fellowships in nuclear energy tech-
nology may be awarded during the 1957-58 academic year. The fel-
lowships will be administered for the Commission by the Oak Ridge
Institute of Nuclear Studies. In addition to increasing the number
of professionally trained personnel, this program will encourage col-
leges and universities to establish or enlarge their graduate courses
of nuclear study.

Graduate School

The Commission proceeded with its previously announced plan to
double the capacity of the International School of Nuclear Science
and Engineering, Argonne National Laboratory, Lemont, I1l., and
expects next year to double the capacity of the Oak Ridge School of
Reactor Technology through a cooperative program of education
carried on by both the Oak Ridge School and universities.

On September 10, the International School of Argonne, in co-
operation with Pennsylvania State University, University Park, and
North Carolina State College, Raleigh, began its fourth session.
Details are reported in the section on International Activities.

The 53rd basic radioisotope-techniques course offered by the Special
Training Division, Oak Ridge Institute of Nuclear Studies, opened on
September 3 with an enrollment of 15 United States scientists from
12 States, and 15 scientists from 13 other countries. Participants
were teamed so that each United States student had a foreign “part-
ner” for the duration of the course. This is the method planned for
future courses with a large complement of foreign participants; it is
believed to offer more advantages to the noncitizen scientists than the
two previous all-foreign courses presented by the Institute.

High School and Other Programs

In an effort to stimulate interest at the high school level in scientific
careers in atomic energy, the Commission and the National Science
Foundation this past summer jointly sponsored radiobiology training
courses at Duke University, Harvard University, and the University
of New Mexico. Fifty-nine high school science teachers participated.
Because of the initial success of the program, plans were laid to expand
the work next year when summer courses will be conducted at 5
universities. Participants who successfully completed the course were
presented by the Commission with demonstration kits of equipment
to be used in high school teaching. The kits contain sufficient equip-
ment to enable the teachers to perform simple experiments and effec-
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tively demonstrate the principles of radiobiology to high school stu-
dents. Each kit includes a simplified scaler, 2 Geiger counter tubes,
an ultra-violet source, a spinthariscope, and X-ray films and equip-
ment for using and developing them.

The second annual 1-month Summer Institute in Secondary-School
Science Teaching, sponsored by the National Science Foundation in
cooperation with the Commission, ended on July 6, with a total at-
tendance of 96. The first Summer Institute in College Science Teach-
ing, also sponsored by the Foundation in cooperation with the Com-
mission, was held at the Oak Ridge Institute of Nuclear Studies,
July 9~August 8. It was attended by 48 teachers.

These institutes, which enlisted the services of outstanding scientists
as lecturers, were designed to give a selected group of teachers in the
physical sciences an up-to-date review of scientific developments, to
stimulate interest and to increase subject matter competence. The
ultimate purpose was to help teachers interest a greater number of
qualified students in scientific careers.

Three high school demonstration units, operated for the Commis-
sion by the Oak Ridge Institute of Nuclear Studies, were sent on tour.
Each unit includes a panel truck containing demonstration equipment
consisting of such items as a power reactor model, a visual and auditory
chain reaction device, 2 Van de Graaff generator, a Geiger counter,
and other scientific demonstration equipment. For the fiscal year
ended June 30, 1956, these units had conducted 222 high school demon-
stration programs for a total of 148,000 high school students. The
three units are expected to be booked into 480 high schools and will
reach approximately 300,000 students during the current fiscal year.

Under the Ocek Ridge Traveling Science Demonstration Lecture
Program, administered by ORINS under the sponsorship of the
National Science Foundation with the cooperation of the Atomic
Energy Commission, 7 high school science teachers started in Sep-
tember on visits to more than 200 high schools in 48 States and the
District of Columbia. The program is designed to stimulate interest
among high school students in science and science-teaching careers.

Each teacher spends a week in each selected high school in his
assigned area, giving lecture demonstrations before science classes and
consulting with faculty members on science-teaching techniques. The
teachers travel in station wagons equipped with more than 800 pounds
of demonstration equipment. At the conclusion of the school year,
the teachers will return to Oak Ridge to help evaluate the program.

At the University of California Radiation Laboratory, Berkeley, 26
high school teachers from the surrounding area were given an 8-week
training program during the summer, the second program of this sort
at the laboratory. The teachers received lectures and served as junior
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members of experimental groups in physics, chemistry, and biology-
chemistry.

There has been considerable acceleration in the number of requests
received by the Commission for kits of published material on atomic
energy from elementary and high school students and their teachers.
Between July 1954 and June 1955, a total of 5,781 kits had been dis-
tributed ; in the year ended June 1956, the Commission distributed
7,983 kits. The number distributed during the period covered by
this report nearly doubled over a comparable period last year.

Other activities of assistance to elementary and secondary educa-
tional institutions included, during this reporting period, some 150
talks to high school audiences, and between January and December,
over 9,000 screenings of films on atomic energy.

Simultaneously, the Commission started a detailed inventory of the
training and education programs of Commission contractors, both
for their own employees and for employees of private industry.
Detailed information is being gathered on numbers of persons trained,
the content and level of the instruction, and the financing of the
training.

Completion of these studies will enable the Commission to reach
more definitive judgments on requirements for scientific and engineer-
ing manpower as a guide to developing training activities.

Another study which began in this period covers the present em-
ployment, utilization, and compensation of graduates of the Qak
Ridge School of Reactor Technology, Oak Ridge, Tenn. This study
is being conducted by the Bureau of Labor Statistics, Department of
Labor, costs being reimbursed by the Commission.

Staff Studies of Needs and Training Activities

As indicated in the previous report, the Commission embarked on
a series of surveys to determine overall national needs for professional
persons trained in nuclear science and engineering. This four-part
manpower study is based on the principle that the rate of advance-
ment of nuclear science and engineering in this country depends on
the availability, now and in the future of an adequate number of
persons trained in engineering and in the physical, mathematical, and
natural sciences. The studies are:

a) A study of the needs of private industry by the Atomic Industrial
Forum, Inc., New York, N. Y., under contract to the Commission.

b) A study of the needs of Commission contractors by Commission
staff.
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¢) A study of the needs of universities and nonprofit research
institutions.

d) A study by Commission staff of the needs of other Government
agencies and their contractors.

Physical Research

During the past 6 months, the Commission’s physical research pro-
gram continued to make significant contributions to the fundamental
knowledge of atomic energy and the related sciences. The impor-
tance of accelerators to the program was proved once again by the
research accomplished on the cosmotron and bevatron during this
period. A number of interesting particles were studied by university
groups and a new neutral theta particle was discovered with the
cosmotron at Brookhaven National ILaboratory. Following an
important basic experiment on the “collision cross section” of antipro-
tons in liquid hydrogen, the antineutron was discovered at the
Bevatron at the University of California Radiation Laboratory,
Berkeley. A new nuclear phenomenon interpreted as catalytic fusion
by mu-mesons, was discovered.

In the field of isotopes, the amount of radioactive material shipped
increased about 100 percent. Development work continued on pro-
cesses for separating fission products from waste and another large
cesium 137 teletherapy source was fabricated. The stable isotope
inventory also was expanded.

Metallurgists continued their studies on the effect of irradiation on
the mechanical and physical properties of a variety of materials.

In chemistry, research with californium 254 has provided some
interesting information which has contributed to the understanding
of the astrophysical processes while other developments include the
development of a tantalum monoboride compound to retard uranium
corrosion, and the discovery of a new analytical method with the

X-ray spectrograph.

Puysics

A gamma ray spectrometer was constructed at Argonne National
Laboratory to study gamma radiation emitted by neutron-capturing
materials that have been placed in a region of high neutron flux in the
CP-5 reactor. This instrument, a bent-crystal, transmission type, is
useful for measuring gamma rays in the energy range from 20,000
electron volts to 7,000,000 electron volts (20 kev to 7 Mev) and is
especially suited to the low energy range below 2 Mev in which no
other method known has comparable accuracy and convenience. It
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produces very sharp spectrum lines, so that the gamma ray energies
can be determined to an accuracy of about 1 to 2 parts in 10,000.

The first results were obtained using gold 197 as the source of gamma
rays resulting from neutron capture. More than 30 different gamma
ray emissions have been found between 90 kev and 439 kev. From
these, a tentative scheme of the energy levels of gold 197 was developed.
Its predictions are being tested by a further search for gamma lines at
energies above and below the region studied so far.

This was a beginning of a systematic study planned for all ele-
ments.

Accelerator design. The Midwestern University Research Associa-
tion?* (MURA) is continuing its research, design, and development
program on some of the most advanced particle accelerators. The
main effort was in design of accelerators using a fixed field and alter-
nating gradient, a type invented by MURA scientists which gives
promise of high intensities as well as high energies. High intensi-
ties have application to the ultra-high energy field of nuclear physics
where it may be possible to construct the equivalent of an accelerator
in the 1,000-billion-volt range. A major part of the effort has been
theoretical and computational. Digital computors were employed in
the study of the equations involved.

Equipment constructed as a part of a study program using models
includes two accelerators of the fixed-field, alternating-gradient type;
magnet models and measuring equipment ; and model radio-frequency
testing equipment. Within the limits of available funds, this equip-
ment is being used to supplement theoretical work.

Cosmotron and Bevatron Research

Cosmotron research. In one experiment conducted at the cosmotron,
at Brookhaven National Laboratory, a Columbia University group
discovered a new particle as part of the summer’s work of the Brook-
haven high-energy physics research program. One of the heavy
mesons first discovered in cosmic rays, a neutral particle now called the
theta-one meson, decays into two pions with a mean life of about 10 -°
seconds (one 10-billionth of a second). It was predicted that another
form of this neutral particle should exist which would exhibit a con-
siderably longer mean life and would decay into three particles.

This theoretical prediction followed from the rigid application of a
concept closely related to that of the existence of antiparticles which
has been confirmed by research at the bevatron at the University of Cal-

21 For a list of member universities to which the University of Kansas is added, sce p. 81,
Twentleth Semiannual Report (January—-June 1956).



68 MAJOR ACTIVITIES

ifornia and elsewhere. A proof of the existence of the predicted
neutral theta particle would constitute support for a theory of funda-
mental importance.

The group from Columbia University obtained 8,000 cloud chamber
photographs which revealed 23 events in which particles were found
that decayed into three other particles and for which the mean life was
50 to 1,000 times more than 10-'° seconds. It thus appears that the
predicted neutral theta meson does exist with characteristics agreeing
with those predicted. This new information has no known practical
value at the present time, but adds to the fund of basic data underlying
atomic energy development.

Two other interesting heavy mesons known as the tau and theta
mesons have identical masses, within experimental error, according to
investigations carried out by a group at the University of California
Radiation Laboratory. These two particles are known to have differ-
ent modes of decay. The tau meson decays into three pions, and the
theta meson into two pions. It is nearly impossible theoretically to
see how these two modes of decay can occur for the same particle.

Two experiments have been completed at Brookhaven in a search for
possible differences between the particles other than the two modes of
decay. A group from Princeton University determined that, within
an uncertainty of 8 percent, the mean lives of the two mesons were
identical. A second experiment, performed by a group from the
Massachusetts Institute of Technology, scattered both tau and theta
mesons, and then compared the ratio of the two when scattered to their
ratio when not scattered. No differences in scattering cross section
were found for the two particles. The results of these two experi-
ments, therefore, support the hypothesis that the tau and theta mesons
represent simply alternate modes of decay of the same particle.

Antineutron discovery. As a result of the discovery last year of the
antiproton **—a particle with a proton’s mass, but carrying a nega-
tive electrical charge instead of a positive charge—the University of
California Radiation Laboratory, Berkeley, initiated an intensive
program to discover a counterpart of the neutron, namely the antineu-
tron. The discovery of the antineutron was made in this reporting
period by a team of physicists composed of Drs. Bruce Cook, Glen
Lambertson, Oreste Piccioni and William Wenzel. At the present
time the bevatron is the only accelerator of sufficiently high energy to
produce these two antiparticles. This is the third instance in recent

%2 See pp. 5960, Nineteenth Semiannual Report (July—December 1955) and pp. 84-86,
Twentieth Semiannual Report (January—June 1956).
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months in which existence of an hypothecated particle has been con-
firmed, the third being the neutrino, reported previously.?

When the antiproton was discovered last year by a process actually
producing a proton and antiproton pair by converting energy into
mass, physicists assumed that by a similar process a neutron-antineu-
tron pair could be produced in the bevatron. Since the antineutron,
like the neutron, has no electrical charge, its detection would prove to be
more difficult. A method of detection called the “charge-exchange
process” was developed, however, and the discovery was made. This
method required a much larger supply of antiprotons that had
previously been attained. In the entire experiment last year only
about 600 antiprotons had been identified. As a result of technical
improvements the yield of antiprotons has been increased to a max-
imum of 6,000 per day. Six months were required to set up the
equipment and perfect the procedures before the actual experiment
was started on July 4, 1956.

The discovery was preceded by a basic experiment considered by
some physicists to be even more important than the discovery of the
new particle. That basic experiment was the determination of what
is called the “collision cross section” of antiprotons in liquid hydrogen.
This cross section is a measure of the forces acting between the funda-
mental particles of ordinary matter and the antiproton. It wasshown
that antiprotons interacted in the hydrogen 2 to 4 times as often as
positive protons; a fact that present theories do not as yet explain
satisfactorily.

To permit observations of the antineutrons, a high intensity beam
of antiprotons was made to pass through an absorber. Some negative
or antiprotons lost their negative charges to positive protons in the
absorber, making them neutral, converting the proton and antiproton
into neutral particles, a neutron and an antineutron. The anti-
neutrons, which annihilate when colliding with ordinary matter, just
as do antiprotons, continued on through the experimental apparatus
which discriminated against antiprotons and occasionally gave a large
annihilation star which could be detected in a lead-glass Cerenkov
counter. Only a relatively small number of such events have been
found, and much more has yet to be done to learn about the basic
properties of the antineutron.

The antineutron does not differ from a neutron in carrying a positive
or negative charge since both neutrons and antineutrons are neutral
electrically. But these nuclear particles, like the parent protons and
antiprotons have a magnetic moment, that is they behave like tiny
magnets. An antineutron has a magnetic moment opposite to that
of a neutron.

2 See p. 82, Twentieth Semiannual Report (January-June 1956).
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Catalyzed Nuclear Reaction

The discovery of a heretofore unknown interaction which forms
a mesic molecule with a subsequent release of energy similar to that
which occurs in thermonuclear reactions was made during this report
period by a team of University of California Radiation Laboratory
scientists: Drs. Luis W. Alvarez, Hugh Bradner, Frank S. Crawford,
Jr., John A, Crawford, Paul Falk-Vairant, Myron L. Good, J. Don
Gow, Arthur H. Rosenfeld, Frank Solmitz, M. Lynn Stevenson,
Harold K. Ticho and Robert D. Tripp. The observations were made
in studies of photographs of tracks in a 10-inch hydrogen bubble
chamber used with the bevatron.

It had been expected that all mu-mesons that came to rest in hydro-
gen would simply decay by electron emission. It was noticed at the
laboratory, however, that occasionally a particle that appeared to be
a mu-meson came to rest, but instead of decaying, flung out another
particle that also appeared to be a mu-meson which went a short
distance, came to rest and decayed. In some of the photographs
there was a gap between the two tracks of particles in the bubble
chamber.

The phenomenon now is understood as follows: When the negative
mu-meson comes to rest it becomes attached to a proton forming a
“mu-mesic atom” similar to an ordinary “electronic” atom, but scaled
down two-hundred-fold in total size. In natural hydrogen, one atomic
nucleus in 5000 has a neutron attached to its proton, and is called a
deuteron. It can be shown that a mu-meson prefers to form an
atom with a heavy particle at its center ; so the mu-meson will form an
atom selectively with a deuteron, even though the protons are much
more abundant. Any mu-mesic atom will eventually attach itself
to another hydrogen atom to form a molecule.

The gaps are explained as a drift of the tiny neutral mu-mesic
deuteron atom as it dashes away from the proton from which it stole
its mu-meson. Any complete atom, regardless of its size, is a neutral
system, and does not make a track. Being neutral, the mesic atom
makes no track.

The result of all these processes is that shortly after a mu-meson
comes to rest in hydrogen it finds itself holding a deuteron and proton
together in the form of a tiny molecule. The deuteron and the proton
are bound so closely that soon they fuse to form helium 3. The mass
of helium 3 is less than the combined mass of a proton and a deuteron,
and the difference is available as energy—5.4 million electron volts.
This energy release is of the same type that occurs during thermo-
nuclear reactions.
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In order to test this hypothesis of their observations, the physicists
added deuterium to the naturally occurring deuterium already in
the bubble chamber. As expected, there was an increase in the frac-
tion of photographs in which there was an ejected mu-meson or a
gap at the end of a mu-meson track. Two pictures out of 10,000
showed a “chain” reaction two links long—where a single mu-meson
catalyzed two nuclear reactions before decaying.

The new phenomenon is described as a catalyzed nuclear reaction.
This term was selected because of the comparison with a chemical
catalyst which is used to speed up a reaction but is not consumed in
the reaction itself,

A catalyzed nuclear reaction is similar to a thermonuclear reaction
in that the same nuclear fusion reactions are common to both, but
the conditions of the surroundings are quite different. Thermonuclear
reactions take place only at extremely high temperature—in stars or
thermonuclear weapons—between nuclei propelled together by the
great heat; a mu-meson can pull nuclei together and catalyze a
nuclear reaction at any temperature.

At the present time, the energy-producing reaction is only a labora-
tory phenomenon. The chain of catalyzed reactions cannot continue
long enough to generate commercially useful amounts of power be-
cause mu-mesons decay into other particles after only two-millionths
of a second. Unfortunately from the point of view of thermonuclear
power, mu-mesons can be generated only in high-energy nuclear col-
lisions of particles accelerated by cyclotrons and other expensive
machines. However the scientists described as “interesting” the pos-
sibilities if a much longer lived particle, with properties similar to
that of the mu-meson, was ever found. The Russian physicist Alik-
hanian has reported evidence for such a particle.

Rabrorsorope Probucrion

Radioisotope production at Oak Ridge showed a steady increase.
The amount of radioactive material shipped increased about 100 per-
cent during 1956 over 1955 totals, but the number of shipments re-
mained at the level of 1,100 per year, indicating a trend to larger
shipments. The increased volume was mainly a result of demand for
large cobalt 60 and cesium 137 radiation sources and recently intro-
duced materials with short half-lives.

Development work continued on processes for separating fission
products from waste, and another large cesium 137 teletherapy source
(2,000 curies) was fabricated for use at the University of Michigan.
This source was fabricated by pressing cesium chloride into pellets
and double-sealing them in stainless steel, making a source similar to
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the first one now undergoing tests by the Medical Division of the
Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tenn.

The Multicurie Fission Products Pilot Plant, now under construc-
tion, was scheduled for completion in July 1957. This plant will be
used to separate large quantities of cesium 137 and other fission
products from reactor wastes and to fabricate kilocurie sources for
use in research and development work in medical teletherapy, food
sterilization, and catalysis of chemical reactions.

Stable Isotope Separation

The stable isotope inventory at Oak Ridge National Laboratory
was expanded to include separated isotopes of europium and dys-
prosium, bringing the total number of elements in the electromagnetic
separators to 53. All but four elements that can be processed by this
method now are made available. There are not yet sufficient quanti-
ties of lutecium, ytterbium, and erbium for starting material, and
osmium is so toxic in vapor form that separation has not been
attempted.

Silicon 28 with a purity of 99.9 percent and calcium 40 with a
purity greater than 99.9 percent have been made with a single cycle
in the separators. Very high purity boron 10 and boron 11 are being
collected, using enriched charge materials. Rare gases such as neon
and krypton, enriched oxygen 17, and oxygen 18, are now being
separated by thermal diffusion. The oxygen isotopes are of particular
interest as tracers in biological studies.

METALLURGY

Irradiation can affect materials by changing their mechanical and
physical properties; by altering the kinetics of solid state reactions
such as precipitation from solid solution, diffusion, etec.; by increasing
the chemical reactivity of solids with liquids or gases, and so on. Only
a few of the many interesting projects carried on during the last half
year in the research program in metallurgy, solid state physics, and
ceramics, can be reported in this summary.

At the Knolls Atomic Power Laboratory, Schenectady, N. Y., a
study has been in progress for some time to determine the effect of neu-
tron bombardment on the properties of a wide variety of metals. The
experiments are designed to show the changes in tensile properties,
hardness, metallurgical structure, and electrical resistivity as affected
by temperature, irradiation time, and flux of neutrons. Thus far,
work has been completed (partly in this period) for exposures up to
7 x 10* fast neutrons per square centimeter at a temperature of 70
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degrees to 90 degrees centigrade in the Materials Testing Reactor,
National Reactor Testing Station, Ydaho. From metal tests under
these conditions of radiation the following conclusions can be made:

) With the exception of titanium, all metals which, prior to irradia-
tion, show continuous yielding in a tension test (that is, the strain
in the sample increases continuously with the increase in applied
stress), will after irradiation develop a discontinuous yielding
(that is, they give way abruptly when a certain point in strain is
reached).

b) The temperature at which molybdenum makes the transition from
ductility to brittleness is increased 100 degrees centigrade by
irradiation.

¢) Yield strength of the various metals increased by 63 to 453 percent
under tension tests after irradiation. The increases in electrical
resistivity ranged from 3.1 to 23.8 percent.

d) Neutron bombardment caused no changes in the microstructure of
the metals.

e) Annealing treatment sufficient to reduce the hardness of metals to
preirradiation levels does not cause recrystallization or grain
growth.

These conclusions supply engineers with information as to what per-
formance they can expect from metals under neutron bombardment,
and assist reactor designers who may wish to use the metals as strue-
tural or other components in reactors.

E'ffect of Irradiation on Elastic Properties

The distribution of defects in the lattice of atoms making up a solid,
around the point of collision between an energetic particle and a lattice
atom, is a very important question in the theory of radiation damage
and one which as yet has not been satisfactorily answered. Recent
studies at Oak Ridge National Laboratory, Oak Ridge, Tenn., of the
effects of fast neutron bombardment at 20 degrees Kelvin (253 degrees
below zero, centigrade) on the elastic properties of single crystals of
copper have thrown much light on this problem.

It has been shown that, in single crystals of copper, the internal fric-
tion, i. e. the dissipation of vibrational energy as heat by the movement
of linear lattice defects, or dislocations, is markedly decreased by fast-
neutron bombardment. It is believed that lattice defects produced by
irradiation impede the movement of the dislocations through the
crystals, therefore, after exposure, most of the vibrational energy can
be dissipated as sound. This effect has been dramatically illustrated
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by use of a copper tuning fork which, after exposure, rings with a fine
tone, but will not ring beforehand.

Because of the distribution of linear dislocations in the crystal ex
pected after bombardment, and the small amount of bombardment re
quired to produce a large change in elastic behavior, the point defect:
produced in the metal by bombardment and which are capable o
stopping the movement of dislocations, apparently move appreciable
distances in pinning down the dislocations. At 20 degrees Kelvir
thermal migration of the point defects should be almost entirely
stopped. Since an effect, though not so large as that at room tempera
ture, still was observed at 20 degrees Kelvin, it must be concluded tha
some point defects caused by reactor irradiation do move a considerable
distance before coming to rest.

Calculations show that dislocations are rendered motionless as fa
as 150 atomic distances from a neutron hit creating a point defect
This conclusion was confirmed by the disordering rate of a copper-golc
sample (CuzAu) during exposure at 20 degrees Kelvin. This concep
has important consequences in developing a theory to explain the
effect of irradiation on metals.

Gamma Rays Damage in Germanium and Copper

Until recently, studies of radiation damage in solids have been con
fined almost entirely to lattice damage resulting from fast neutrons
electrons, and cyclotron particles. It now has been shown at Oal
Ridge National Laboratory that energetic gamma rays also may pro
duce lattice defects, presumably interstitials and vacancies in the
normal structure of atoms through the agency of Compton electron:
and photoelectrons released from atoms when they absorb gamm:
rays. The results of gamma ray irradiation thus are the same as for
electron bombardment and gamma rays penetrate more deeply. Stud-
ies of the electrical properties of germanium, and the internal frictior
in single crystals of copper, show that the gamma ray effect is only
one-thousandth as great as that observed for a similar flux of fas
neutrons. However, since the distribution of gamma ray lattice de
fects throughout the specimens is quite uniform, in marked contrasi
to the highly heterogeneous distribution of defects produced by neu
trons, the results of exposure are considerably sharper. They are alsc
less complicated by interactions between closely spaced defects anc
with effects associated with thermal resonances.

Techniques of this kind for fundamental studies of lattice defects
are of great importance; for example, important energy levels asso-
ciated with defects in germanium have been located with high
precision in gamma-irradiated specimens.
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CHEMISTRY
Astrophysical Processes

A very interesting scientific aspect of a thermonuclear test held at
the Eniwetok Proving Ground in November 1952 was the discovery
in the resulting debris of many new heavy isotopes, including isotopes
of elements 99 and 100.* One new isotope of element 98, californium
254, produced in this thermonuclear explosion was of particular in-
terest in that it was the first reported example of a radioactive nuclide
which decayed primarily by spontaneous fission.

Scientists at the Mount Wilson and Palomar observatories and at
the California Institute of Technology made the suggestion that the
spontaneous fission of californium 254, with a half-life of 55 days, was
responsible for much of the tremendous output of light from type I
supernovae, or extra large “new stars”—actually suns which flare to
brilliance, or explode, and afterwards fade. In these fast-fading suns,
the rate at which their light output decays, after an initial period, has
an exponential form with a half-life of 55 days. These scientists
evaluated various alternatives and showed that the buildup of cali-
fornium 254 by very rapid successive neutron captures, starting with
iron, provided a reasonable explanation for production of this type
of supernova. It is particularly striking that scientific work in con-
junction with a program as nonbasic in its objectives as weapons
development, can provide information which contributes to the under-
standing of astrophysical processes. Experiments were in progress
to measure the half-life of this isotope more accurately.

Pyrometallurgical Research

The development of a pyrometallurgical separations process, a
molten-metal method of removing some fission products from irra-
diated uranium, requires considerable fundamental research effort.
One principal problem studied was the reaction of molten uranium
with materials used to contain it.

For some operations it would be desirable to use a metal container
for the molten uranium, but uranium attacks metals too rapidly for
this to be feasible. Thermodynamic data indicated that some metal
borides would stand up, and work at Argonne National Laboratory
led to developing a promising and practical boride film.

Tantalum, a metal which is attacked by molten uranium, can be
protected by forming a surface layer of tantalum monoboride (TaB).

2 See p. 41, Sixteenth Semiannual Report (January-June 1954) for the description of
laboratory method of production.

411053—57 7
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The layer is formed by painting a film of boron on the tantalum and
heating for a few minutes at 1400 degrees centigrade. This treat-
ment forms tantalum diboride (TaB;) which, by further heating at
1900 degrees centigrade, is converted into the desired TaB film.

Crucibles of borided tantalum contained molten uranium for sev-
eral days with only negligible corrosion.

Analytical Chemistry

In connection with evaluation and control of separations processes,
the use of the X-ray spectograph was extended to provide rapid anal-
yses of a variety of systems. A method was developed for determin-
ing the ruthenium and molybdenum content of uranium alloys with-
out destroying the alloy by using an X-ray emission spectrograph
with a topaz analyzing crystal.

This method made it possible to analyze a sample in about 10 min-
utes, compared with about 8 hours for the wet chemical method pre-
viously used.

An X-ray spectrophotometric method was devised for rapid anal-
ysis of uranium or plutonium solutions in very low concentrations.

Spectrometry of Vapor Polymerization

Thermochemical studies at University of California Radiation Lab-
oratory, Berkeley, have shown that the vapor state of many com-
pounds is complex and that considerable quantities of polymers of
the simple species may be present. Mass spectrometric techniques are
doubly useful in sorting the various species and measuring them
quantitatively.

Simple metal strip ovens made of platinum, tantalum, or iridium
strips about 1 mil thick, and 30 mils wide by 14 inch long, served as
electrical resistance heaters to produce the temperature necessary
to vaporize almost any compound. The vapor was ionized by a stream
of electrons and the positive ions were analyzed in the mass spec-
trometer.

It was found that the trimer—-that is, a molecule consisting of three
atoms of the metal plus three atoms of the halogen (bromine, iodine,
or chlorine) is the most abundant species in a vapor of the halides of
both copper and silver. The similarity in the mass spectra of the
silver and copper halides, together with the magnitude of the heat
of trimerization of silver chloride (which has been determined to be
110,000 calories per mole), suggests that the molecular structure of
the trimers of both metals is the same, and that this structure might
be a molecule with the six atoms formed in a ring-like configuration.
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Heats of activation for vaporization also were measured for species
such as lithium bromide, lithium iodide, sodium chloride, and potas-
sium chloride, and found to be in good agreement with values deter-
mined by equilibrium thermochemical methods.

The results of these experiments emphasize the complexity in the
vapor phase at high temperatures and indicate that a reevaluation of
earlier vapor pressure data is needed.

Biology and Medicine

During the last half of 1956, research related to the effects of radia-
tion upon living systems, the treatment of effects, and upon the appli-
cation of radiation and radiation techniques to increasinng knowl-
edge in the life sciences, continued to make constructive contributions
to progress in the biomedical and biochemical fields. Many of the
previous results of the portions of these broad programs of research
applicable to health problems in atomic energy activities are summar-
ized in the special section later in this report dealing with radiation
protection. Here, the Commission summarizes work during the last
6 months of radiation effect, cancer, agriculture, and toxicity in pro-
duction operations, and reports on contributions to civil defense, and
on the progress of the new medical research center being built at
Brookhaven National Laboratory, Upton, Long Island, N. Y.

BrooxraveNn Mebpican ResearcH CENTER

Construction of the Medical Research Center at Brookhaven Na-
tional Laboratory was about 11 percent complete at the end of the
reporting period.

Preliminary designs for the center were developed by the labora-
tory and an architect-engineering contract for design and construc-
tion supervision was awarded by the Atomic Energy Commission to
the firm of Eggers and Higgins, New York, N. Y., in April 1954. The
one-story center will have 118,000 square feet, and will include lab-
oratories for medical physics, pathology, microbiology, biochemistry,
and physiology, a 48-bed research hospital, and an industrial medi-
cine branch for the laboratory.

Heavy building excavation was finished. The entire Medical Re-
search Center including the medical reactor is scheduled for comple-
tion in 1958. Malan Construction Co., Long Island City, N. Y., was
awarded a contract to construct the buildings.?

= See p. 100, Twentieth Semiannual Report (January-June 1956).



Medical Research Center. A drawing of the Brookhaven National Laboratory Medical Research Center, being constructed at the labora-
tory near Upton, Long Island, N. Y. The cylindrical building in the rear will house the special medical research reactor; the four circular
structures at the ends of wings house groups of hospital rooms, each group opening on a central nursing station.

SHILIALILDV dOIVIA
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Work on the design of the medical reactor which will be housed
separately has been under way for 3 years. In 1953 the Nuclear De-
velopment Corp. of America, White Plains, N. Y., conducted a survey
for the Brookhaven Medical Department of radiation sources, includ-
ing accelerators, radioactive isotopes and reactors, to determine which
would best meet the specified needs. The Nuclear Development Corp.
recommended and prepared a preliminary design of the general type
of reactor required. Detailed design was executed by a design com-
mittee composed of representatives from the Laboratory. A contract
with the Daystrom Nuclear Division, Daystrom, Inc., Elizabeth, N. J.,
for building the medical reactor was executed in September.

This first nuclear reactor designed specifically for medical therapy
and research will be cooled and moderated by water and will use an
alloy of enriched uranium and aluminum as fuel. Two ports, one
on either side of the reactor, will permit beams of neutrons to pass out
into treatment rooms. Each port will be controlled by a 43,000-pound
shutter which can release or close off the neutron beam within a period
of three seconds. Operators will be further protected by a 2-foot
thick shielding wall. The shutters were fabricated and poured by
Baldwin-Lima-Hamilton, Philadelphia, and were being tested.

A third face of the reactor will be equipped for the irradiation of
large objects and the fourth face will have three injection holes to be
used for production of special, short-lived radioisotopes. The availa-
bility of the short-lived radioisotopes at the hospital site will make
possible a much wider range of medical investigation into fundamental
body processes than can now be conducted.

The need for a medical reactor has developed over the last 6 years
during which time Brookhaven scientists have used the available
research reactor for neutron capture therapy in certain types of brain
tumors. In this treatment, the patient receives into the blood stream
an injection of a boron compound which tends to localize in the tumor
and to capture neutron particles. A stream of neutrons from the re-
actor is directed at the brain tumor at a time when the tumor has
concentrated the boron so that the radioactivity generated in the boron
destroys the tumor cells with minimal effects on adjacent normal
tissue. The technique is experimental at present.

This new medical reactor will produce a beam of thermal neutrons
having an intensity 50 times greater than that available from the
Brookhaven general research reactor for treatment purposes. It will
thus permit both wider medical application of neutrons and greater
flexibility of treatment.

In addition to research on neutron-capture therapy, a program of
investigations was under way utilizing radioactive isotopes in the
diagnosis and treatment of a wide variety of diseases. These problems
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ranged from laboratory studies of molecular structure to the care and
management of patients receiving specialized diagnostic tests and
treatments.

ResearcH RESULTS

Radiation Effects

Radiation and blood-cloiting. Heparin, a recognized anticoagulant,
is a member of a group of substances known as mucoproteins, some
of which influence blood clotting. Recent work at the University of
Rochester, Rochester, N. Y., showed that the level of mucoproteins in
the blood of dogs is increased by a factor of two to four by radiation
doses just under the lethal range. Work was under way in experi-
mental animals to determine whether or not these substances, perhaps
released from tissue damaged by radiation, are an important factor
in the tendency toward hemorrhage resulting from radiation in man
and other mammals.

Other research on radiation effects and treatments is reported in
Chapter VI of the special section on radiation protection.

Agricultural Research

Plant biochemistry. An effect of ionizing radiation in inhibiting
photosynthesis was investigated at Oak Ridge National Laboratory,
Oak Ridge, Tenn. (Photosynthesis is a process by which plants build
their substance from elements in earth, air, and water using the energy
of sunlight—a complex process which thus directly and indirectly
accounts for all food and chemical fuel sources.) It was found that
dosages of greater than 100,000 roentgens of gamma radiation are
necessary to reduce the rate of photosynthetic carbon dioxide fixation
to 25 percent of normal in wheat leaves. This inhibition of photo-
synthesis by a single dose of 100,000 to 400,000 roentgens is temporary.
Recovery is nearly complete 24 hours afterwards. During the period
of inhibition there is no change in distribution among the products of
the photosynthetic carbon cycle.

The photosynthetic process in green plants was thus found not
radiation-sensitive in the sense of suffering permanent harm, and out-
side the area of blast and heat, the ability of plants to maintain this
vital process would be undamaged by dosages of radiation from the
detonation of nuclear weapons.

The effect of radiation on induction of the photosynthetic process
was tested by growing plants from seed in total darkness and then
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exposing them to gamma radiation before placing them in the light to
induce greening. This process of turning green in the light reflects the
formation in the plant cells of chloroplasts and all the activity of
many enzymes needed for photosynthesis. Inhibition of this green-
ing process was found also to require 100,000 roentgen or more of
radiation. Therefore, neither the photosynthetic process itself nor its
initiation is radiation-sensitive at dosages high enough to stop all
further cell division and plant growth.

Seed and plant irradiation. The University of Tennessee-Atomic
Energy Commission Agricultural Research Project, Oak Ridge,
Tenn., built a central irradiation facility for plant breeders of the
Southern Agricultural Experiment Stations. The facility provides
a cobalt 60 irradiation field to irradiate seed, and to investigate the use
of ionizing radiations for plant improvement.

The first actively growing tissue (as distinet from dormant seeds),
from species including peach trees, pine seedlings and grape cuttings,
was irradiated with a range of doses. In addition, a field study of
the radiation response of first generation material was started by giv-
ing 5 doses of gamma rays and 5 doses of neutrons to 19 different spe-
cies or strains, as follows (one variety except where noted paren-
thetically) : erimson clover, button clover, birdsfoot trefoil, red clover
(2), sweet clover, orchard grass, fescue, alfalfa (2), vetch, wheat (2),
oats (2), barley (2), and rye (2). A control group of each was un-
treated.

Plantings were staggered according to optimum dates for each crop.
Information is sought on germination, seedling vigor, survival to
maturity, and fertility. Favorable dominant mutations also are
looked for. The experiment was performed four times, using 10,000
treated seeds of each strain in each test.

Genetics Research

Genetics of mice. Extensive experiments at Oak Ridge National
Laboratory on the genetic effects of radiation in mice have sought to
obtain better estimates of the genetic hazard of radiation in man.
Earlier estimates of this hazard were based mainly on mutations in
the fruitfly. Results already obtained from the mouse work have
necessitated a revision of estimates based on fruit fly data.

In contrast to the fruit fly work, most of which was done by irradia-
tion of spermatozoa, or late germ cell stages, the mouse data were ob-
tained from irradiation of spermatogonia, the cells from which new
batches of germ cells are constantly being developed. The mouse
experiments were made in this way because, in man, the conditions
of radiation exposure are such that most of the total dose received



82 MAJOR ACTIVITIES

by a germ cell prior to fertilization will usually have been accumu-
lated in the spermatogonial stage, not in the spermatozoal stage. This
point is important because it has been shown that mutations from
irradiation at these different stages differ both quantitatively and
qualitatively.

From the immediate practical point of view, the most important
result of the mouse work was the estimate that mouse genes are about
15 times more mutable per roentgen of X-rays than are comparable
genes in fruit flies.

A second important discovery was that offspring conceived a long
time after exposure of the father to radiation were just as likely to
inherit induced mutations as those conceived a few weeks after ex-
posure. This point had not been investigated before for mutations
induced in spermatogonia, or for an animal as long-lived as the mouse.

A third important finding was that more than half the induced
mutations studied in the mouse have proved to be lethal when in-
herited from both parents.

A fourth finding was that there was measurable damage in the
first generation offspring of an irradiated parent. The magnitude
of this effect was higher than supposed by many geneticists and in-
dicates that, even on genetic grounds, it was desirable to set a dose
limit for individuals as well as a dose limit for the population.

Considerable expansion in studies of human and medical genetics
was being undertaken at the University of Michigan Medical School.
Determinations of spontaneous mutation rates of specific inherited
traits continued. In addition, present accumulation of deleterious
genes in human populations were investigated through analysis of
the Japanese data on the outcome of consanguineous marriages; by
direct estimates of the frequency of hereditary diseases; and by the
use of biochemical methods to detect genetic carriers. The action
of selection on human populations was being followed in genetically
controlled serological systems.

Studies of the frequencies of deleterious genes in humans were also
in progress at Argonne National Laboratory through analysis of the
outcome of consanguineous marriages in American populations.

The recent development at the University of Colorado School of
Medicine of methods whereby colonies of cells can be grown from
suspensions of single cells with close to 100 percent efficiency opened
up the possibility of direct experimental comparisons of effects of
radiation on human and other mammalian material. Studies were
initiated at the Johns Hopkins and Yale Universities and at the Long
Island Biological Association to compare the effects of ionizing ra-
diations on chromosome breakage and mutation rates in tissue cul-
tures of human and other animal cells.
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Mechanism of chromosomal replication. The mechanism of chro-
mosome replication during cell division was investigated at Brook-
haven National Laboratory in an autoradiographic study using a
solution of thymidine labeled with tritium. Seedlings were grown
for a limited time in a solution containing the thymidine, a precursor
of desoxyribonucleic acid (DNA). Roots then were taken from the
solution containing the radioactive tritium tracer and grown in a
nonradioactive solution containing colchicine.

Colchicine treatment permits determination of the number of di-
vision cycles, or replications, the chromosome goes through after the
tracer isotope is incorporated in the chromosome.

At intervals, roots were fixed, stained, smeared, and placed on auto-
radiographic film. The autoradiographs showed that the daughter
chromosomes resulting from the first division after incorporation of
the tracer were both labeled equally and uniformly. In an ensuing
replication, after withdrawal from the tracer solution, the label ap-
peared in only one of the two daughter chromosomes.

These findings indicate that (a) DNA is synthesized as a unit which
extends throughout the length of the chromosomes and remains intact
through subsequent cell divisions, (b) that a chromosome is composed
of two such units, both identical to each other, and (c¢) that after each
unit divides to form a chromosome with four units, the chromosome
divides so that each of its daughter chromosomes regularly receives an
“original” unit, and a “new” unit.

Cancer Research

Localizing treatment. Since cancer is rarely controlled once it has
spread widely in the body from the place of origin, effective treatment
of metastisized cancer with radiation from radioactive isotopes re-
quires a means by which the body will transport them specifically to
the cancer growths. At the University of Rochester, research is aimed
at producing labeled antibodies that, after intravenous injection, will
localize in cancer tissues, and so serve as carriers of radioactivity for
therapy. Some success was achieved in using this method to localize
radioactivity in various tissues of the bodies of experimental animals.

Tracer Research

Radioiron. At Argonne Cancer Research Hospital, the presence of a
powerful stimulus for the formation of red blood cells has been demon-
strated even in the blood of anemic individuals—those whose blood is
deficient in red cells. The anemia apparently does not arise from the
absence of this stimulus.
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Radioiron was used successfully as a tracer in experiments bearing
on this point. The presence of the stimulating substance in the blood
of anemic individuals had been suspected for some time. In the studies
on animals, uptake of radioiron in developing red cells was measured
as an indicator of the rate of blood cell regeneration.

Thyroid physiology. A tracer study at University of Tennessee and
the New England Center Hospital on the action of the thyroid gland,
made possible by using radioiodine to label the thyroid hormone,
demonstrated that in rats a diet of wheat and soy beans causes a rapid
loss of the hormone from the body. To replace the lost hormone, the
rats’ thyroid gland attempted to increase the rate of production, a
process that can result in goiter. Casein in milk products and fibrin,
or plant fiber, were found to counteract this effect in rats.

Toxicity Studies

Mercury. Biological investigations of the toxicity of various metals
used in the atomic energy field were under way at the University of
Rochester and the Mound Laboratory, Miamisburg, Ohio. The
Rochester studies include work on mercury and ionium, another name
for thorium 230.

The use of mercury poses certain safety problems in protecting per-
sonnel against chronic toxicity from this metal. Studies were under
way on the mechanisms of the effects of mercury and similar agents
on cells and tissues. The binding of mercury to the surface of the cells,
its penetration into the interior of cells, and accompanying physiologi-
cal effects have been described. Among the several actions of mercury
that may be of consequence in chronic mercury poisoning the most
important seems to be an effect on mineral metabolism.

Living cells are normally rich in potassium and low in sodium
whereas the reverse is true of the blood plasma and body water sur-
rounding them. It is generally believed that the condition is main-
tained by so-called “sodium and potassium pumps” located in the
surface membranes of the cell. Actually little is known about the
specific mechanisms by which these “pumps” operate. Nevertheless,
the maintenance of the proper mineral balance between the cells and
the surrounding medium is of vital importance to all cells.

It was found that mercury in small amounts interferes with the
ability of cells to retain potassium, presumably by modifying the
action of the “potassium pump”. It does so by combining with certain
parts of protein molecules in the cell surface called sulfhydryl groups.
It is of some interest that radiation can also influence these same
sulfhydryl groups.
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Studies of the action of mercury on potassium metabolism of cells
may lead not only to important knowledge concerning the nature
of chronic mercury poisoning, but at the same time to a greater under-
standing of cellular metabolism.

Ionium. In general, since predictable fractions of most accidentally
inhaled radioactive elements are excreted daily in the urine, estimates
can be made of the amount present in the body—the “body burden”—
from the amount excreted in the urine over a certain period of time.
Studies were made to determine if this pattern holds true for ionium,
an alpha-emitting thorium isotope of high radioactivity formed dur-
ing the radioactive decay of uranium 238 which may be accidentally
inhaled or ingested by workers during its production and separation.

At the University of Rochester, this problem was approached by
injecting a solution of an ionium salt directly into the lungs of test
animals and subsequently studying excretion over a period of months.

Some of the injected solution is coughed up, or is moved to the
mouth by action of the hair-like ciliary projections in the lining of
the air passages, is then swallowed and soon appears in the urine or
feces. The object of this long-term experiment was to determine if
there would be a detectable urinary or fecal excretion after coughing
or ciliary action no longer was a factor; and further, to determine if
over a prolonged period of time body processes might remove the
element from the lung and deposit it in another organ.

Since it was very difficult to prevent cross-contamination between
the feces and urine in these experiments, a short-term experiment was
designed to obtain urine for analysis before ionium could appear in
the feces. The results of the acute experiment showed that no detect-
able amounts of ionium were found in the urine. The long-term
experiment showed that at no time was there ionium in the urine
that could not be accounted for by contamination from the feces.
During the first week after injection, the amount in the feces de-
creased rapidly with time, so that after the first week, little or none
was found in the feces. In growing rats, 1 to 2 percent of the ionium
dose was deposited in the bone.

These data indicate that examination of the urine would be of no
value in determining the amount of ionium in the lungs, but that the
amount appearing in the feces would give a very rough idea of the
content of the lung within a week following an exposure.

Ciliary action. Another study at Rochester was on the effects of ciliary
action in relation to inhaled dusts. Billions of these microscopic hair-
like projections, the cilia, are attached to and blanket, like blades of
grass in a thick lawn, the mucous membranes that line most of the
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inside of the nose, the trachea, and the small air ducts in the lungs
of man and other mammals. Cellular processes cause the cilia to
wave back and forth in a regular rhythm, with the result that there
is a movement of the thin film of mucus overlying these cilia. Asa
result mucus is continuously carried upward to the back of the throat
where it can be swallowed or expectorated. The mucus carries with
it insoluble particles of dust which are entrapped when air is inhaled.

This entire process is a special type of excretion which serves to
protect the lungs and, indirectly, other organs from toxic dusts (in-
cluding radioactive particles) that may be breathed in.

Little is known about the factors which control the rate and force
of ciliary action. In an attempt to learn more about this process,
isolated strips of living mucous membranes have been illuminated
with a flashing light. When the flash frequency is adjusted to equal
that of the beating cilia, the cilia appear through a microscope to be
standing still. This stroboscopic technique shows that cilia beat as
rapidly as 25 times each second.

The influence of several drugs on this contractile rhythm is under
current investigation.

Polonium and actinium. Biological investigations of the toxicity,
metabolic fate, and the gross effects of polonium on rats have been per-
formed at the Mound Laboratory. Between 35 and 45 microcuries
of injected polonium were found to kill 50 percent of the rat popula-
tion in 20 days. In less than lethal doses, polonium may produce
lesions in the visceral organs. It will damage blood cells and blood-
forming tissues, but this effect is not prominent at low dosage levels.
Polonium also will cause loss of appetite, some diarrhea, and decrease
in weight gain of animals. Although the effects of polonium on
humans were not completely evaluated, a retention half-time of 36.6
days was determined from the routine analysis of urine samples.

Similar studies were conducted on actinium 227 and radium
223. Approximately 50 percent of the actinium administered to rats
lodges in the skeleton where it may cause considerable damage to the
blood-forming cells. This effect is caused by the ionizing effects of the
high alpha-activity of its short lived daughter products. Other
organs are not damaged to the same extent. Although they absorb
much of the injected or ingested actinium, they also tend to excrete
the daughter products quite readily. Orally administered actinium
is almost wholly excreted.

An interesting product of this experiment has been the development
of a strain of rats highly susceptible to chloro-leukemia. Such a
strain may be useful in future experimental work. Results also indi-
cate that radium 223 and thorium 227 may be transferred in the milk
from an injected female to her offspring.
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An analytical method for determining radium 226, actinium 227,
and thorium 228 in urine was devised. The procedure involves copre-
cipitation of radium with barium nitrate in 80 percent nitric acid, and
coprecipitation of actinium and thorium with cerium phosphate.
Results are derived from differential analysis of alpha activity
measurements.

The studies of polonium and actinium toxicity and metabolism
required the design and construction of special counting apparatus
and the use of special mathematical analysis of the counting results.

Instrumentation

Radiation dosimetry studies. At the Oak Ridge Institute of Nuclear
Studies experiments with a dosimeter needle of silver phosphate glass
developed by the Naval Research Laboratory, demonstrated that this
instrument offers unique possibilities in studies of radiation dosage
because it is small and inert.

Using the needles, an attempt was made to estimate experimentally
the maximum permissible ingestion of yttrium 90, based on the dose
rate to the gastrointestinal tract of the dog. Five needles were placed,
by surgical procedure, 1 or 2 millimeters under the mucosa at speci-
fied points from the stomach to the lower large intestine of each dog.

Yttrium 90 then was administered either as a single dose, or as a
daily dose for 7 days. Several days after the last treatment, the dosim-
eters were recovered, measured, and calculations were made of the
radiation received by the intestinal mucosa. From this value and the
dosage of radioactivity, the intake of yttrium 90 required to produce a
dose rate of 0.3 roentgen per week was calculated.

Neutron exposure reinterpretation. New techniques of neutron dosim-
etry, applied by Oak Ridge National Laboratory in cooperation with
the Los Alamos Scientific Laboratory and the School of Medicine,
Randolph Air Force Base, during Operation Z'eapot weapons test
series in the spring of 1955, indicated the need to revise some of the
earlier concepts of the variation of neutron doses and spectral dis-
tribution as a function of distance from the point of detonation.
The Los Alamos Laboratory combined dosimetry data with weapons
information on the Hiroshima and Nagasaki-type bombs and prelimi-
nary results indicate that the average lethal dose of radiation to man
is somewhat higher than the usually accepted figures.

Information collected by the Atomic Bomb Casualty Commission
at Hiroshima and Nagasaki, Japan, where atomic weapons were ex-
ploded during the war, now can be combined with better estimates of
dose, and will yield more accurate indications not only of the average
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lethal dose, but of the doses that produce loss of hair, temporary
sterility, cataracts, and leukemia.

CwviL Errects ProGRaM

Loans of Radiation Sources

During the reporting period cobalt 60 sources were lent, upon
endorsement by the Federal Civil Defense Administration, to the fol-
lowing territorial, State and local civil defense and cooperating organ-
izations for demonstration and training use: Territorial Civil Defense
Agency, Honolulu, Hawaii; Division of Civil Defense, State of Ken-
tucky, Louisville, Ky.; Office of Civil Defense, Park Forest, Ill.;
University of Missouri, Columbia, Mo. ; Eastern Illinois State College,
Charleston, Ill.; St. Procopius College, Lisle, Ill.; and Chicago
Teachers College, Chicago, I11.

Radiation Survey of Test Site Environs

In connection with the continuing field research pregram on radio-
active fall-out from continental tests, the Commission arranged with
the Geological Survey, Department of the Interior, to supplement
information gained through ground monitoring by an aerial radio-
logical monitoring system, using techniques and instrumentation sim-
ilar to those applied to aerial prospecting for radioactive materials.
A survey was made October 22-November 5, 1956, in a radius of about
100 miles from the Nevada Test Site.

The Federal Civil Defense Administration participated in this pilot
survey, which further demonstrated the feasibility of measuring
ground radiation by aerial methods.

ActioN 1N¥ DaMace CraiMm Surrs AGAINST GOVERNMENT

After a trial lasting two weeks and two days before U. S. District
Court in Nevada, Judge Sherman Christenson on October 27, 1956
found for the Government in the pilot case of seven suits alleging that
death or injury of some 11,000 sheep ?® had been caused by fall-out
after test activities at the Nevada Test Site during the spring of 1953.
The decision in the case of Bulloch et al. vs. United States found
that the plaintiffs had failed to establish their case by a fair prepon-
derance of the evidence.

The court said, *. . . the maximum radioactive doses to which the
Bulloch sheep could have been subjected, whether as a result of direct

% See pp. 50-51, Fifteenth Semiannual Report (July-December 1953).
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fall-out, residuals therefrom, ingestion of plants or water, or through
other means, was substantially less than would have caused damage;
that the expected and actual fall-out . . . was well within the permis-
sible maximums for human or animal body tolerance . . . no negli-
gence on the part of the Government has been established . . .”

As a result of the decision, on November 16, the six other cases
were dismissed with prejudice but without costs. The case was decided
on its merits. The Court indicated that the fact that the Government
had discretion to conduct the tests did not eliminate liability for
possible negligence, and pointed to the Commission’s duty to warn
persons who might be damaged by impending fall-out.

A consolidated suit involving three persons filed for alleged personal
damages from radioactive fall-out in the same 1953 weapons test was
dismissed under a Stipulation and Order signed October 25 in the
U. S. District Court of Southern California. Separate suits for
$100,000 each were filed by Elma Mackelprang and Dewey A. Horrt
in the Southern District of California, and for $75,000 by Aaron
Leavitt, in the U. S. District Court in Nevada, and these suits were
later consolidated.

The sites where the alleged exposure took place were from 60 to 105
miles from the Nevada Test Site.

The Stipulation and Order was entered into at the request of the
plaintiffs after a pretrial conference disclosed deficiency in the pro-
posed proof. At that time, plaintiffs stipulated they would feel dis-
posed to withdraw unless certain anticipated testimony from an
acknowledged expert in the field of radiological medicine could be
obtained. The Stipulation further indicated that if such testimony
could not be obtained, a motion to dismiss would be made by the
plaintiffs,

Security

On September 12, 1956 the Atomic Energy Commission approved an
amendment ** to its Criteria and Procedures for Determining Eligi-
bility for Security Clearance, 10 CFR Part 4, (See appendix 6). This
revision provides for the appointment to each Personnel Security
Board of a nonvoting member to serve as Counsel to the Board. As
a nonvoting member, Counsel to the Board will not be permitted to
take part in the deliberations of the Board nor advise it as to the
merits of a case. Prior to this modification, the regulation required
the appointment of an attorney to serve as Counsel to the Board but
Counsel was not to be a member of the Board.

* See pp. 117-118, Twentieth Semiannual Report (January-June 1956).
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The modified regulation will make eligible a greater number of
attorneys in private practice for appointment to such Boards by af-
fording limited exemptions as prescribed in Section 163 of the Atomic
Energy Act of 1954, Section 163 allows members of Commission ad-
visory boards, while serving as such, to receive compensation in cer-
tain instances from other activities directly or indirectly involving
the Government except that they cannot receive compensation from
any matter in which the Commission is directly interested.

Nuclear Materials Management
Standards Program

Reports were received from the Committee for Uranium Isotopic
Standards which was established during the previous reporting
period 28 to evaluate the suitability for reference of a series of uranium
isotopic standards and the study group established at the same time
to consider the broader question of an overall standards program for
materials peculiar to the atomic energy industry. The committee
recommended that certain additional work be performed before final
aceeptance of the materials as reference standards.

Both groups recommended that the National Bureau of Standards,
Department of Commerce, be requested to assume the standards work
and discussions with the Bureau were under way.

Materials Budgeting

Administrative arrangements were made to assure that nuclear ma-
terials are efficiently used by Commission installations and that enough
materials are available for such nonweapon program needs as Com-
mission research, distribution under domestic programs and to friendly
foreign nations under research and power agreements for coopera-
tion. The Commission assigned to the Division of Nuclear Materials
Management the function of reviewing, controlling, and reporting
on all requests for material, and providing mechanisms within pro-
duction exigencies and the authorization of the President whereby
requests for nuclear materials can be satisfied. To meet this re-
sponsibility, a Materials Budgeting Branch was organized.

Peaceful Uses of Nuclear Materials

Domestic. So that domestic private industry should have the benefit
of Commission experience in handling and accounting for nuclear

2 Sce Appendix 2.
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materials and know first-hand the Commission’s requirements, plans
were formulated to hold a symposium during the spring of 1957 to
which representatives of private industry licensed to handle nuclear
materials were invited.

Another symposium on “Modern Approaches to Isotopic Analysis
of Uranium”, will be held at Chicago in February 1957. It will
largely deal with methods which may result in reducing capital out-
lay while still providing satisfactory precision and accuracy of
measurements. To the extent possible, the meeting will be opened
to private industry.

Foreign. A control system was being worked out to provide adequate
safeguards for special nuclear materials to be distributed abroad
under the Atoms for Peace program. A manual was being prepared
for use of foreign nations in handling and accounting for nuclear
materials, describing the United States requirements for records, in-
ventories, and reports on holdings.

Inspection
Inspection of Licensees

Nine inspections covering the pre-operational and startup activities
of five reactors were made during the reporting period. The program
for inspection of byproducts (radioisotope) and source material
licensees was under way. Responsibility for inspection of material
licensees was assigned to Commission operations offices, each office
having responsibility for a specific geographical area. Organization
of inspection groups was initiated in most field offices and they are
now performing inspections.

A number of conferences was held with State officials to acquaint
the States with the Commission’s inspection program and to arrange
cooperation,

Procedures for systematic investigation of any incidents which
may involve unplanned release of radioactive substances, or un-
planned exposure of personnel, are being formulated.

Inspection of Commission Offices and Contractors

Surveys of the systems of inspection employed by headquarters
offices and divisions of the Commission were substantially completed
and continuing test checks of their operation in the field were carried
forward. Several operations offices initiated programs to combine

411053—57—8



92 MAJOR ACTIVITIES

the results of inspections of contractors into annual appraisals of con-
tractor performance.

Construction and Supply

Construction

The Nation’s capital investment in atomic energy facilities continued
to rise steadily during the reporting period, and as of December 31,
1956, had reached about $6.8 billion, before depreciation reserves.
During the 6-month period ended December 31, 1956, costs incurred
by the Commission for new plant and equipment were estimated to
be about $125 million. Activity during the second half of fiscal year
1957 was expected to continue at substantially the same level, and
construction costs for the year should approximate the $300 million
incurred during fiscal year 1956.

Construction continued to progress satisfactorily throughout the
program. Work continued on major new facilities for the production,
weapons, reactor development, and physical research programs,

Motor Vehicle Management

The Annual Motor Vehicle Report showed substantial improvement
in cost of operation of the Commission fleet during fiscal year 1956 as
compared with fiscal year 1955. The average operating and mainte-
nance cost dropped 1 cent per mile to show $700,000 savings on the 71
million miles operated. Mileage was down approximately 12.9 million
resulting in a reduction of expenditures of about $1 million. The net
active fleet is 591 vehicles less than the fleet of a year ago, a 6 percent
reduction.

Awuction Sales

Gross returns from four auction sales of used equipment and other
property held at Oak Ridge, Tenn., Richland, Wash., and two at
Portsmouth, Ohio, during the past 6 months, averaged 23.7 percent of
the original cost of the property. During the past 3 years, used prop-
erty which originally cost approximately $41 million has been sold at
20 auctions held at 7 different locations. Total returns were approxi-
mately $10.4 million, or 25.2 percent of the original cost.
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Bartering Farm Commodities for Strategic Materials

Procedures were developed for cooperation with the U. S. Depart-
ment of Agriculture through the Commodity Credit Corp. in disposing
of surplus agricultural commodities by bartering these commodities
for strategic materials required in the Commission programs.

Under this system, offers received from commercial and industrial
agents and principals to furnish foreign strategic materials are re-
ferred by the Commission to the Commodity Credit Corp. The
Commission also referred to Commodity Credit Corp. any substantial
requirement it had for foreign materials so that CCC could arrange
for possible barter of agricultural commodities. For purposes of this
program, “strategic materials” may include any material of foreign
origin required in substantial quantities in the Commission programs,
and materials produced in the United States from raw materials origi-
nating in other countries. Proposals were being considered for the
exchange of sizable quantities of thorium nitrate and zirconium
sponge for surplus agricultural commodities.

Small Business

During the past 6 months, the Commission participated in numerous
Small Business Administration Small Business Conferences held
throughout the country by providing speakers and contractor exhibits
on subcontract opportunities. In furtherance of the Commission pro-
gram to assist small business, its contract finance policies were
amended, pursuant to a recommendation of the President’s Cabinet
Committee on Small Business, to assure that a small business concern’s
need for advance or progress payments shall not be treated as a handi-
cap in the award of contracts.

The share of Commission subcontract dollars going to small busi-
ness continues to be substantial and showed a further increase in
fiscal year 1956 with 45.7 percent or $211.1 million out of a total of
$461.8 million subcontract dollars being awarded to small business.
From July 1, 1951 through July 1956, Commission cost-reimbursable
contractors awarded 40.5 percent or $1.194 billion to small business
out of a total of $2.993 billion. Direct contract awards to small
business during the same period amounted to $280 million or 3.2
percent of $7.29 billion.

The Commission’s policies and procedures for increasing small
business’s share in the Government dollar through efforts to have its
prime contractors emphasize letting its subcontracts to small business
concerns was reviewed during the first half of 1956 by the Select
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Committee on Small Business of the Senate, as reported previously.”

Initsreport * on the results of its review, the Committee concluded :

“The Atomic Energy Commission is to be complimented on its
subcontracting program. In operation since 1951, the program
requires all AEC cost-type prime contractors to follow AEC re-
quirements on subcontracting. As a result of aggressive and
imaginative implementation of the program by AEC procurement
officials and the prime contractors, the share of AEC subcontract
dollars going to small business has risen from 26.7 percent in 1951
t0 47.6 percent in the first half of 1956.”

New Headquarters Office Building

The construction of the Commission’s new headquarters at German-
town, Md., proceeded according to schedule and is expected to be
completed by November 1957. It will be a modern brick-faced subur-
ban office building, air-conditioned, and containing approximately
400,000 gross square feet. There will be a cafeteria, auditorium,
garage, warehouse, and parking facilities for 700 cars. Provisions
have been made for future expansion of the building if necessary.

The building is situated on a knoll of 109 acres of rolling farm land
and is so designed as to take advantage of the vista across the country-
side and to permit all offices to have outside exposure. Access to the
building will be from Route 118 near the Germantown interchange
of Route 240.

Arrangements have been made for the General Services Admin-
istration to operate and maintain the building and for the Govern-
ment Services, Inc. (GSI) to operate the cafeteria.

Mobilization Planning

Active participation in the various mobilization readiness programs
of the Office of Defense Mobilization (ODM) was continued.

The most comprehensive test so far of the Commission’s Emergency,
Disaster, and Mobilization Plans was held in connection with Opera-
tion Alert 1956 (July 20-25). More than 600 Commission and operat-
ing contractor personnel were engaged in the activities at the Head-
quarters and Field Emergency Relocation Centers. The exercise
demonstrated the ability of the relocated personnel, under the assumed
attack conditions, to effect the emergency transfer plan for nuclear
weapons and components, to assess bomb damage in terms of its effect

28 See p. 136, Twentieth Semiannual Report (January—-June 1956).
% See p. 39, “Government Procurement—1956,” Report No. 2827, the Select Committee

on Small Business, United States Senate, on Small Business Participation in Government
Procurement, 84th Cong., 2d Sess.
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on production capability, to reschedule production, and to take appro-
priate administrative actions including those growing out of the
simulated Emergency Proclamations and Executive Orders.

Community Operations
Oak Ridge

On July 11, 1956, the Housing and Home Finance Agency made a
finding that it was feasible under the Atomic Energy Community
Act of 1955 to sell the real property in Oak Ridge. The sale of
property began with the offering on July 31 of 680 residential lots
to resident priority holders. Beginning September 7, four groups of
houses, comprising 1,648 single and 735 duplex buildings, were of-
fered for sale to occupants. As of the end of this reporting period
82 vacant residential lots and 723 houses had been sold as had 119
leased lots. The sale of commercial property will begin early in 1957.

The church sale program was completed with 38 groups purchasing
building sites and, as of the year’s end, 26 congregations had built.
Three congregations occupied chapels bought from the Commission
and two others were building churches.

A zoning ordinance developed by a private consultant for the Town
Council was submitted to the Anderson County Court for enactment.
Public discussions were held on a proposed municipal charter and on
estimated municipal revenues and expenditures. The Town Council
held public hearings on legislation for community incorporation, and
established a legislative committee to work with the Tennessee Gen-
eral Assembly on a new incorporation statute.

Richland

The residents of Richland protested as too high the appraised
valuations placed by the Federal Housing Administration (FHA)
on Richland property. A private appraiser was retained by the FIIA
to review its appraisals of Richland property and was expected to
report early in 1957. ‘Pending publication of this review, the Hous-
ing and Home Finance Administrator withheld his finding regard-
ing the feasibility of selling real property in Richland which must
precede 2 sale.

The Kadlec Hospital was transferred to the Board of Hospitals
and Homes of the Methodist Church on September 9, 1956, without
interruption of service. A contract was executed to provide for
assistance payments under the provisions of the Community Act.
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This is the first transfer of a “municipal installation” to a local
entity to be completed under the provisions of the statute.

Negotiations were begun with the General Telephone Co. of the
Northwest for sale to the company of the Richland telephone system.

The Richland City Council agreed upon land-use regulations which
it will recommend to county authorities for enactment. The Com-
mission has prepared and will file with the County Recorder before
the first sale of property a declaration relating to the use of land.
The final report of a study on municipal personnel prepared by the
Public Administration Service has been released through the City
Council.

The Richland School District Board which has operated the schools
under contract is studying the feasibility of accepting transfer of
school facilities, and is planning to correlate takeover with the incor-
poration of the city. Due to the delay in initiating property sales, the
probable date for incorporation is uncertain.

Los Alamos

The program for eliminating substandard housing at Los Alamos
continued during this reporting period with the start of construction
of 226 replacement housing units, expected to be completed by Janu-
ary 1958.

Amendment in June 1956 of the Atomic Energy Act of 1954 per-
mitted Federal negotiation of commercial leases on Government
property at Commission communities. Previously, the 35 Los Ala-
mos concessionaires, whose leases on Government-owned commercial
facilities originally were granted under open bidding, had no assur-
ance of lease renewal.

With transfer to the Commission by act of the Eighty-fourth Con-
gress of full administrative control over about 67,000 acres of land
formerly under the Departments of Agriculture and of the Interior,
the Commission administers the lands of all Los Alamos County.
These lands include some 45,000 acres in the Santa Fe National Forest,
and from the Ramon Vigil Grant administered under the Bankhead-
Jones Farm Act by the Department of Agriculture plus about 22,000
acres of the public domain administered by the Department of the
Interior. The Manhattan Engineer District, which established the
Los Alamos laboratory and community, originally had purchased
about 3,600 acres from private owners. Although the Manhattan
District and the Commission had use of these lands, they did not
previously have full administrative control.
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The Commission now may grant long-term leases on, or sell, par-
ticular portions of the transferred lands, as homesites, store locations,
and the like. This will further plans for sale of land to individuals
for home construction.

Organization and Personnel

PERSONNEL ACTIVITIES

Incentive Awards Program

The Commission held its first Annual Honor Awards Ceremony on
November 14, 1956. Distinguished Service Awards were presented
to Richard W. Cook, Deputy General Manager; Jesse C. Johnson,
Director, Division of Raw Materials; William Mitchell, General
Counsel; and Charles Vanden Bulck, Assistant Manager for Adminis-
tration, Oak Ridge Operations Office.

Eighteen employees received Qutstanding Service Awards. Thirty-
five employees were recognized for number of years of Federal service,
three receiving 40-year Length-of-Service Awards and 32 receiving
30-year Awards. Previous recipients of the Distinguished Service
and Qutstanding Service Awards were presented the Atomic Energy
Commission medal struck since the presentation of their awards, gold
for distinguished and silver for outstanding awards.

Increased activity took place in the suggestion and superior per-
formance award program, as shown by the following figures for fiscal
years ended June 30, 1955, and June 30, 1956:

Superior Per-
Suggestions Suggestions Jormance Special Act or

Made Adopted Awards Service Awards

1956 . 85 4 15 0
1956 . 342 45 77 2

Cash Awards
FY 1955 FY 1956

Suggestions. - ool $665 $2, 305
Superior Performance_ _ . _ . _____ . ____._________._. 1, 825 23, 260
Special Act or Serviee. . . o e meeoo 900
Total _ _ e $2, 490 $26, 465

Net first-year dollar benefits from suggestions were $49,824.46 for
1955, and $234,703.44 for 1956.
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Awards. Medals presented by the Atomic Energy Commission: Above is the
Enrico Fermi Medal, presented with the annual Enrico Fermi $50,000 award
for an especially meritorious contribution to the development, control, and use
of atomic energy. Below is the gold Commission’s Distinguished Service Medal,
the first of which were presented in special ceremonies November 14. The
silver Outstanding Service Medals are identical in appearance except for the
change in wording to designate type of award.
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Principal Personnel Changes

The President appointed on October 26, 1956, three new members
of the General Advisory Committee of the Atomic Energy Commission,
to hold the posts for 6 yeais, expiring August 1, 1962,

The three new members are Dr. T. Keith Glennan, president of
Case Institute, Cleveland, Ohio, and former Atomic Energy Com-
missioner; Dr. Edward Teller, an associate director of University of
California Radiation Laboratory, Berkeley, California, and Robert E.
Wilson, President, Standard Oil of Indiana, Chicago, Ill. They were
sworn in by Atomic Energy Commission Chairman Lewis L. Strauss
in his office on October 29. Dr. Warren C. Johnson was named
chairman of the committee.

The new members replace Dr. I. I. Rabi, retiring chairman, who
was one of the original General Advisory Committee, Eger V. Murphree
and Dr. Walter G. Whitman, whose terms had expired.

Organizational Development

An area office was established by the Atomic Energy Commission
at Los Angeles, California, primarily to administer contracts with the
North American Aviation Co. The office reports to the San Francisco
Operations Office, Oakland, Calif.

The Burlington, Towa, Area Office was established to work with
Army Ordnance and the Mason and Hanger-Silas Mason Co. in the
performance of appropriate Commission functions related to the
weapons program. The Burlington Office reports to the Albuquerque
Operations Office, Albuquerque, N. Mex,

Representatives abroad. Establishment of offices of Commission repre-
sentatives in certain foreign countries is reported in the section dealing
with International Activities,

SarFery AND FireE ProreEcTIiON
Industrial Safety

All frequency rates (personal injuries per million man-hours) for
the 11-month period ended November 30, 1956, showed an increase
over the exceptionally low rates for the same period last year:

Noo. 30, 1956 Nop. 30, 1956

Production, Research, Services_ .. ___ . ______________ 1. 62 1. 97
Construetion ___ . ____ . ___._._ 3. 23 5. 28
Federal Employees_ . _ . ___ . . _____________. 2. 18 1. 80

These rates compare favorably with the National Safety Council
overall industrial rate of 6.96 published for 1955, the latest available
figures.
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From January 1 through September 30, 1956, 7 fatal accidents oc-
curred in Commission activities; 1 involved a fall, 1 an electrocution,
1 a motor vehicle, and 4 resulted from explosions of which 3 involved
metal reactions.

Fire, Explosion, and Property Damage

The total property damage losses due to fires and explosions during
the first 11 months of 1956 were estimated at $3.7 million. This loss is
far below private industrial property loss expectancy for an amount
of property equivalent in evaluation to that of Commission-owned
facilities.

The fire loss for the fiscal year ending June 30, 1957, will be in-
creased by approximately $3.5 million because of a fire which partly
destroyed one of the smaller buildings at the Paducah Gaseous Diffu-
sion Plant on November 11, 1956. Activities in the building were
partly resumed next day; repairs are being made. The original cost
of the building was about $14 million.

Radiation Incidents

“A Summary of Accidents and Incidents Involving Radiation in
Atomic Energy Activities, June 1945 through December 1955,” TID-
5360, was published during this reporting period, and is available
from the Office of Technical Services, Department of Commerce,
Washington 25, D. C. Details are reported in chapter V of the
special section on Radiation Safety in Atomic Energy Activities
included in this report.

Accident Reporting

Definitions of injuries or overexposures to radiation, similar to the
definitions in the American Standard Method of Recording and
Measuring Work Injury Experience, Z216.1-1954, were adopted. This
action will improve reporting procedures.

Research

A research program has been initiated to resolve some of the un-
known factors involved in the pyrophoric and explosive properties
of a number of metals widely used in the atomic energy program.
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Training and Education

In order to improve the understanding of problems related to radia-
tion in fire fighting by public fire departments, arrangements have
been made to inform teachers and instructors in State fire schools
and large municipal firefighting groups.

Safety Performance Awards

Eleven Commission Awards of Merit and five Awards of Honor were
made to contractors, during the period January 1 through September
20, 1956. On July 12, 1956, the National Safety Council Award of
Honor was presented to the Commission in recognition of the improve-
ments in the industrial safety performance of the Commission and its
contractors during the year 1955.

EMPLOYMENT, EARNINGS, LABOR-MANAGEMENT

Employment Increases

Total employment increased in the last half of 1956 from 110,143 in
June to 115,241 in November. Contractor employment increased to
108,605 during the period while Commission employment remained
level at 6,636.

Operating contractor employment continued upward and the
November 1956 figure of 93,476 was more than double the strength
6 years ago. The ratio of operating contractor to Commission per-
sonnel rose from 8 to 1 to 14 to 1 over this same 6-year period. The
increase in recent months is chiefly related to expansion of reactor
projects. Other research and development activities account for the
remainder of this year’s rise.

Following a plateau during the first half of 1956, construction and
design employment rose by about 1,500, or 11 percent, numbering
15,043 in October. The greatest activity in the second 6 months of
this year was at Savannah River, Hanford, Oak Ridge, St. Louis,
Idaho Falls, and Pittsburgh.

Earnings of Atomic Energy Workers

Gross earnings of production and other manual workers employed
by the Commission’s operating contractors have increased 3.7 percent
during 1956 to an average of $2.49 an hour in October. Earnings
among atomic energy contractor employees continued to average
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between the two industries selected for their similarity in process and
equipment. During the period earnings of production workers in
products of petroleum and coal increased 7.1 percent to $2.57 and
those for the industrial inorganic chemicals industry increased 4.4
percent to $2.36.

Labor-Management Relations Panel

The Labor-Management Relations Panel intervened in five labor-
management disputes during the 6-month period between June 1 and
November 30, 1956. Two of these involved construction contractors
and building trades unions.

In a dispute between Hanford construction contractors and Team-
sters, Operating Engineers, and Cement Finishers, which was re-
ported in the Twentieth Semiannual Report (p. 133), the panel issued
recommendations on July 12. The dispute concerned whether or not
to abandon special project conditions which had been in effect for
several years and to follow area practices since construction had de-
creased. The panel recommended that the parties continue isolation
payments and free transportation for the remaining period of the
area agreements.

Following objections to the recommendations by the Associated
General Contractors who head bargaining rights for Hanford con-
tractors, the panel held further hearings on August 18, 19, and 20 in
Spokane, Wash., and later the parties were asked to maintain status
quo for one year. Status quo in this case was interpreted to mean
continuation of the travel conditions of the project agreement. Al-
though no formal agreement was entered into, the parties returned to
work under conditions as recommended by the panel.

A second construction dispute at Hanford, this one involving car-
penters and laborers, was settled by a panel recommendation issued
during its hearings on August 20. This dispute involved applica-
bility of building, or heavy construction and highway, rates under
the parties’ area agreement. In its recommendation the panel in-
terpreted the agreement to mean building construction rates.

The three disputes in Commission operations involved: (1) Sandia
Corp., a subsidiary of Western Electric Co., at Albuquerque and three
unions representing production and maintenance employees, office and
clerical workers, and guards; (2) ACF Industries, Inc., and the Inter-
national Association of Machinists, AFL-CIO, representing ACFI
production and maintenance workers at the Commission’s South Albu-
querque Works; and (8) ACF Industries, Inc. at Buffalo and the
United Steelworkers, representing office and clerical employees.
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The Sandia dispute involved failure of the parties to agree on wages
under their contracts which were opened under wage reopener pro-
visions. The three contracts, one involving Atomic Projects and
Production Workers, Metal Trades Council, AFL-CIO, the second,
Office Employees’ International Union, AFL-CIO, and the third,
International Guards Union of America, expire in 1957.

After meeting separately with the various parties to the disputes,
the panel issued recommendations on August 14 which were accepted
by the parties as a basis for settlement. On August 16, following
similar discussions with ACF and the International Association of
Machinists, the panel issued recommendations in the second dispute.
These were also accepted by the parties as a basis for settlement.
Neither of these disputes involved a work stoppage.

The dispute at the ACF-Buffalo plant arose out of the inability of
the parties to agree on the terms of an initial collective bargaining
agreement following certification of the union to represent office and
clerical employees. The office and clerical workers walked out on
June 29 and established a picket line. The production and mainte-
nance workers, who were also represented by the Steelworkers, re-
spected the picket line and the plant was closed down from June 29
until August 16 except for 2 days immediately preceding and follow-
ing the July 4 holiday when there were no picket lines. The plant
would normally have been closed down for vacations during the week
of July 9. On August 16, work was resumed in accordance with a
panel request that the status quo be maintained while the case was
being considered. On August 21, before the panel had an opportunity
to hold hearings, the parties gave notice that they had come to agree-
ment on all issues and that a dispute no longer existed.

The lengthy work stoppages on Hanford construction and at the
ACF-Buffalo plant resulting in sizable increases in the percentage of
time lost as a result of work stoppages during 1956. During the first
11 months of 1956, the time lost as compared to scheduled hours in
the Commission construction program was 2.9 percent. This com-
pared with 0.9 percent in 1955 and 2.2 percent in 1954 during com-
parable periods. In the operation of atomic energy plants, time lost
during the first 11 months as a percentage of scheduled working time
was 0.2 percent. This is twice as great as the figure for the same
period in 1955 and 1954.

Transfer of labor disputes panel. The Atomic Energy Labor-Man-
agement Relations Panel, located within the Federal Mediation and
Conciliation Service for the last 3 years was transferred to the Atomic
Energy Commission, effective July 1, 1956. This change was recom-
mended by the Service’s Director, the Chairman of the Commission,
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and the Chairman of the Panel, and was made with the approval of the
President. The panel membership remains the same: Cyrus S. Ching,
Chairman ; The Rev. Leo C. Brown, S. J.; Vice Adm. O. 8. Colclough,
USN, Retired; Thomas W. Holland ; Arthur M. Ross; and Russell A.
Smith. Members are selected by the President but serve under con-
tract with the Commission.

Patents

The portfolio of Commission-owned patents available for licensing on
a nonexclusive, royalty-free basis, including 111 added during this re-
porting period, now totals some 1100 (see Appendix 5). About 580
nonexclusive licenses have been accorded to private industry.

On September 24, the Governments of the United States, the United
Kingdom and Canada entered into an interchange agreement as re-
spects inventions and discoveries in the atomic energy field on which
patents were held or applied for by one Government in one or both
of the other countries as of November 15, 1955. Each Government
acquired all rights in the inventions in its own country and assigned to
the other Governments the rights owned by it in the other two coun-
tries. Each assigning Government retained a nonexclusive license for
its own governmental purposes, and for purposes of mutual defense, in
the other two countries.

The agreement permits the United States Government to grant
royalty-free licenses to American industry with respect to the United
States patents and patent applications acquired from the United
Kingdom and Canadian Governments. At the same time it permits
the United Kingdom and Canadian Governments to follow their
domestic policies as respects patents in their countries. A non-
discrimination provision in the agreement binds each Government to
grant licenses to nationals of the other governments on the same terms
and conditions as it accords licenses to its own nationals.

The agreement is deemed to be of particular benefit to the growing
American atomic energy industry by eliminating the question of
patent infringement as respects United Kingdom and Canadian in-
ventions patented in the United States and assigned to the United
States Government. Furthermore, the nondiscrimination provision
prohibits discrimination against United States industry by United
Kingdom and Canadian Governments as respects the issuance of
licenses on United Kingdom and Canadian patents and patent appli-
cations under the agreement.

The inventions embraced within the agreement fall into two classes:
(1) inventions which arose from wartime cooperation among the
three Governments in which the rights have been held in trust pending
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final settlement; and (2) inventions within the cooperative arrange-
ments which were independently developed and owned by one govern-
ment. The date of November 15, 1955, was selected as the terminal
date for the latter group of inventions since that date ended the period
before which atomic energy operations were largely a government
monopoly in each of the three countries. The agreement does not
commit the governments as respects future inventions, nor as respects
inventions made under Agreements for Cooperation negotiated be-
tween the United States and a number of friendly nations (see Inter-
national Activities).

The power Agreements for Cooperation with other countries have
patent provisions which provide for acquisition from signatory coun-
tries of rights in inventions resulting from the exchange of classified
information. These are somewhat similar to the provisions of the
Tripartite Agreement reported above. These agreements also have a
nondiscrimination provision. The research agreements contain no
patent provisions.

Detailed procedures were worked out with the United Kingdom and
Canada for handling patent applications based on classified inventions
which come within the purview of the United Kingdom and Canadian
Agreements for Cooperation. Detailed procedures were being de-
veloped with other governments for handling of classified inventions
resulting from the exchange of information under power bilateral
agreements,

During the last 6 months, the number of patent applications re-
ferred to the Commission by the Commissioner of Patents under Sec.
151c of the Atomic Energy Act of 1954 has doubled.

Since January 1956, the Commission issued waivers of rights under
Section 152 of the Act of 1954 as respects three general categories:
(1) Inventions and discoveries made or conceived as a result of access
to restricted data (the waiver was incorporated in Part 25 of Title 10,
CFR, Section 25.8, issued on February 4,1956) ; (2) Licenses issued by
the Commission (the Opinion of the General Counsel was published
as an interpretation in Title 10, CFR, Part 8 on March 2, 1956) ; and
(3) Inventions and discoveries made as a result of use of materials
sold, distributed or leased, or otherwise made available, including
radioactive and stable isotopes and services sold or otherwise made
available including irradiation services. (Final rules were published
in the Federal Register in December 1956, as Part 83 of Title 10, CFR;
the proposed rules were published on September 10, 1956.)

The Commission has pursued a policy of having contractors, when
reporting inventions, indicate whether the contractor desires to file
a United States or foreign patent application. If the contractor
desires to file a United States application, the Commission has
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promptly notified the contractor to file a patent application. If no
classified subject matter is involved, approval has been given to file
foreign applications as the contractor deems advisable. Where re-
stricted data is involved, the filing of a United States application has
been authorized, provided the contractor complies with security re-
quirements. A United States Patent Office Secrecy Order prohibiting
dissemination of information on any such application is promptly
issued.

‘Where restricted data is involved in the filing, the filing of foreign
applications can be accomplished only where the subject matter falls
within the scope of an Agreement for Cooperation. However, in
these instances where contractors have indicated a desire to file on in-
ventions falling within the scope of such an agreement, filings have
been accomplished by the contractor under appropriate security safe-
guards, or the Commission, after determining that the subject matter
was of sufficient value to warrant the filing, has proceeded to file the
foreign application.
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Radiation. Under 20 feet of shielding water, a fuel element withdrawn from the
Material Testing Reactor at the National Reactor Testing Station, Idaho, throws
off violent radiation. The radiation itselfis not visible, but the so-called Cerenkov
effect, caused by the effects of radiation on the surrounding medium, is visible as
a white blur in the photograph. The Cerenkov halo actually is a clear blue.
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Radiation Safety in Atomic Energy
Activities

A STAFF REPORT TO THE ATOMIC ENERGY
COMMISSION

T his special report was prepared at the direction of the Com-
mission by the Divisions of Biology and Medicine, Civilian
Application, Information Services, Inspection, Organiza-
tion and Personnel, and Reactor Development, with the
assistance of the Commission’s field operations offices and a
number of contractors operating Commission installations.
The purpose was to bring together in one place the data, the
policies, and the procedures, that apply to this important
field of atomic energy activities for the information of the
Congress. The resulting report is included in the Twenty-
first Semiannual Report.

I

RADIATION HAZARDS AND THE COMMIS-
SION’S ROLE

Encouraged under the Atomic Energy Act of 1954 to develop peace-
ful uses of atomic energy, private and public organizations through-
out the country are undertaking to design, construct, and operate
nuclear reactors for the generation of electricity, to perform testing
and experimental functions, and to carry out other types of activities
formerly reserved to the Federal Government. Greater numbers of
engineering and research groups are undertaking experiments in sup-
port of reactor design and reactor safety, and helping develop other
peaceful uses of atomic energy. All these activities involve placing
increased quantities of radioactive materials, or special nuclear
materials in more hands; in many cases, nuclear reactors will gen-
erate considerable additional quantities of radioactive material.
This wide participation is permitted only under Federal control.
"The Act of 1954 made the Atomic Energy Commission responsible for
licensing, regulating, and inspecting all atomic activities other than
certain ones performed under contract with the Commission and the
Department of Defense. The Commission is charged with assuring
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that the common defense and security are safe-guarded, and that the
public, including workers are protected against the hazards of nuclear
radiation arising out of these programs. Under the Atomic Energy
Act of 1946, the Commission exercised these same responsibilities
over Federal installations and over the distribution and use of Fed-
erally produced radioisotopes for research, industrial, or medical
activities. Before December 31, 1946, when the Commission took
over, the Manhattan Engineer District, Corps of Engineers, U. S,
Army, which was in charge of the atomic energy program beginning
in 1948, had a similar responsibility.

In this special section of the Commission’s Twenty-first Semiannual
Report to the Congress, the Commission summarizes its record and
experience in assuring radiation safety in its own operations.! It
reports the steps it has taken to provide for the protection of the pub-
lic, including workers against nuclear radiation in the expanding field
of private and other atomic energy activities.

Nuclear radiation exists in nature and everyone is exposed to it
throughout his life. This so-called natural background radiation
comes from radioactive materials like radium which exist in the soil
and from cosmic rays which descend from space. Many people also
are exposed to X-rays in medical or dental work.

The nuclear radiations from atomic energy operations are gener-
ated in many steps of the Government’s production chain, as well as
in research. In the handling of raw materials, exposure to the radio-
active gas, radon, has to be controlled ; in the processing of uranium
concentrates, the dust of uranium compounds is a possible hazard.
Problems also arise from concentrations of fissionable uranium or
plutonium which could, if improperly handled, initiate a chain
reaction and throw off very powerful radiations. Plutonium and
various other substances of importance in the atomic energy program
are poisonous if allowed to enter the body. Problems arise also from
the processing of materials which have been passed through reactors;
from radioactive industrial wastes; and from the testing of atomic
weapons. Many of these same problems arise with development of
nuclear power by private, city, State, and cooperative organizations,
or with industry’s efforts to advance other peaceful uses of atomic
energy.

Public hazards could arise from excessive releases of process gases;
from plant or reactor ventilation which might contain radioactive
gases and airborne radioactive material ; from reactor coolants where -
these are released to the environment; from radioactive fall-out after
weapons tests; from radioactive industrial wastes that are not stored;

1 A detailed report of protection methods was given in July 1950 in the Commission’s
Eighth Semiannual Report (January—June 1850).
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and from miscellaneous contaminated materials—tools, machinery,
clothing, etc.—from atomic energy installations. The safeguards
taken by the Commission and its operating contractors have protected
the public against these hazards.

The hazard of nuclear radiation arises from the fact that the various
types of these radiations are capable in quantity of harming living
things. Some radiations are thrown off from the fission of special
nuclear materials in reactors or weapons tests. Others are emitted
by unstable radioactive elements as they gradually decay toward
stable conditions. (In the process known as “radioactive decay,” they
emit energetic particles or electromagnetic rays from their nuclei, or
cores.) One type of nuclear radiation is the gamma ray, which is like
the X-ray used in medical diagnosis and therapy except that generally,
it is more powerful. Other radiations are nuclear particles such as
neutrons, alpha and beta particles. Gamma rays may penetrate deeply
within the body; so may neutrons, but neutrons are produced in
quantity only in chain reactions or by the machines known as particle
accelerators, or “atom-smashers.” Gamma rays may be emitted in
radioactive decay. The alpha and beta particles are dangerous chiefly
if the substances emitting them manage to get inside the body. Beta
particles also can cause severe skin burns if a beta-emitting material
is allowed to remain on the skin, or over close to it, for a sufficient
time.

All these radiations affect living things in much the same way:
basically, the radiations have the power of disrupting the forces
which hold together the molecules, such as proteins, that make up the
body. One of the main consequences of the nuclear radiation, there-
fore, can be the death of the cells which contain the damaged mole-
cules. For example, if enough radium were to lodge in the bones,
the continual bombardment of the cells by alpha particles could cause
tumors to form and have other deleterious effects. Large amounts
of gamma rays or neutrons striking a person’s entire body could
cause damage to various organs and bodily functions. Severe damage
could cause sickness or, in extreme cases, death.,

The Commission, and the Manhattan Engineer District before it,
have met the problems of safely handling radioactivity with such
success that, during the 13 years since the atomic energy program
began, radiation injuries to workers have been infrequent,? and the
exposure of atomic energy workers usually does not exceed that they
receive from such natural sources as radium in the earth and cosmic
rays. Over 9 years and more of Commission operation, the record
of routine operations is that 99.4 percent of nearly 200,000 workers of
the Commission’s 32 principal contractors have averaged an exposure
of less than one-third the amount of radiation allowed by strict safety

3 See Chapter V for details.
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standards. In accidents, only two persons have been killed by radia-
tion in the atomic energy program, and these deaths occurred in 1945
and 1946. In the 13 years the program has existed, a total of 69 per-
sons in the Federal program (including the two who died) has re-
ceived overexposures in accidents and some of these were minor.
Eight workers among the 69 suffered skin burns; 8 others were ex-
posed in the criticality accidents that killed the 2 workers in 1945 and
1946. Of the remaining 51 overexposures, more than half—28 in
all—occurred in fall-out from a weapons test. Among these, 11 suf-
fered skin injuries.®

During that same period, no member of the public is known to have
suffered an overexposure to radiation as a result of living near atomic
energy production or laboratory centers. No significant exposure of
the public is known to have occurred as a result of weapons tests at
the Nevada Test Site. Tests at Eniwetok Proving Ground in the
Pacific did cause overexposure and radiation injuries in the Marshall
Islands.

Unexpected weather conditions after a weapons test on March 1,
1954, at the Eniwetok Proving Ground caused heavy radioactive fall-
out on four Pacific Islands.* In this same test, 23 members of a
Japanese fishing boat, the Fortunate Dragon, were exposed by fall-
out. In the island fall-out, 28 members of the Armed Forces (in-
cluded in 69 exposures listed earlier) recelved 78 roentgens® on
Rongerik Island. On three other atolls, 239 Marshall Islanders were
exposed: 157 to 14 roentgens on Utirik; 18 to 69 roentgens on
Ailinginae; 64 to 175 roentgens on Rongelap. Ninety percent of the
islanders from Ailinginae and Rongelap developed skin injuries, com-
pared to 40 percent among the service men on Rongerik. The Utirik
people did not develop any skin injuries that could be attributed to
irradiation. After 2 years, residual findings were minimal for all of
those exposed to this fall-out accident except for four cases which
showed various amounts of skin damage.

The total record of radiation safety in atomic energy operations
is believed to be without parallel in industrial history. In this in-
dustry, the most careful precautions to protect the public and workers
were taken from the first, and thorough study of its problems con-

3 These occupational incidents, through December 31, 1955, are reported in “A Summary
of Accidents and Incidents Involving Radiation in Atomic Energy Activities,” by D. F.
Hayes; Office of Technical Services, Department of Commerce, Washington 25, D. C.;
45 cents,

4Full details are given in “Some Effects of Ionizing Radiation on Human Beings,” by
E, P. Cronkite, V. P. Bond, and C. L. Dunham ; Superintendent of Documents, Government
Printing Office, Washington 25, D. C.: $1.25.

5 The roentgen is a unit of radiation measurement, which with other units similarly used
i8 explained in detail in the later section on Standards of Radiation Exposure. Workers
in atomic energy projects may receive the equivalent of 15 roentgens a year, or 3.9
roentgens a quarter, without exceeding permissible levels.
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tinues. The potential hazards faced during the wartime program by
the scientists, engineers, and other workers, were completely without
precedent. The radiation produced by nuclear reactors might have
proved unmanageable. Many experienced men in the program an-
ticipated great difficulties. The problem was camplicated by the fact
that men might be receiving a fatal exposure to radiation without
knowing it, since the unaided human senses could not detect radiation.
The materials that were processed were as radioactive as tons of
radium—a material usually handled only in thousandth parts of a
gram, and then only with extreme caution. Many materials issuing
from reactors never had been known to man in the form, and in the
quantities, generated there. Knowledge about how they would be-
have, and the toxic threat they posed, was extremely fragmentary.
Yet they were handled successfully, as the record shows.

The Manhattan Engineer District, the Commission, and their con-
tractors, met the potential hazards with a strict take-no-chances
caution at every point. The levels of exposure to radiation which
workers might be allowed to undergo were set at a point which people
experienced with medical and experimental radiation—chiefly with
X-rays and radium—believed would be acceptable. The machinery
of plants, the industrial management, the discipline and supervision
of all activities, were all designed to prevent unnecessary radiation
exposure of workers or the public, and to assure that those most ex-
posed would receive much less than the amount of radiation believed
to cause detectable injury.

To limit exposure to radiation, various safeguards have been used
since the beginning of the atomic energy program. Massive shield-
ing around all sources of highly penetrating radiation enables workers
to operate within a few feet or yards of the chain reactions within
reactors. Where massive shielding is not possible, workers are pro-
tected by using remote-control instruments, or by keeping a safe dis-
tance from a radioactive source. Limits may be set on the time a
worker may stay in an area where radioactivity exists, or combinations
of these various methods may be used. The danger of getting radio-
active material into the body by inhalation is controlled by ventilation
and air-cleaning that keeps concentrations of harmful gases, vapors,
and dusts, out of the air. This is reinforced by strict “housekeeping”
to prevent or limit radioactive surface contaminations. Housekeep-
ing, and personal hygiene and discipline reduces the possibility of
ingesting harmful materials. As necessary, respirators, dust-masks,
and other protective clothing may be worn. Workers are trained to
respect radiation and to maintain a disciplined handling of any radi-
ation source. Day-by-day records of exposures are measured by in-
struments and radiation-sensitive films worn by workers, and period-
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Protection. Two key methods of protecting workers against radiation: massive
shielding, and tools for handling radioactive materials from a distance, are shown
here. At the National Reactor Testing Station, Idaho, a “hot cell” has concrete
walls seven feet thick. The general purpose manipulators—the clawlike in-
strument pendent from a motor in the center of the photograph—are operated
from outside the cell.

ical medical examinations help to assure that radiation exposure
standards are maintained.

The release of industrial wastes is strictly regulated and regularly
monitored. Many highly radioactive wastes are stored indefinitely.
Under rigid restrictions, diluted or mildly radioactive materials may
be released under controlled conditions to the environment. Pro-
tection of the environment is guided by automatic monitoring of
wastes, and of air and water near installations, supplemented by tests
of soils, vegetation, wild life, and other useful indicators of radiation
contamination in the environment.
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The contractors of Manhattan District and the Commission who,
from the first, have carried out atomic energy operations deserve pri-
mary credit for the methods of radiation control that have been
worked out, and for their successful administration. The necessity
of protection against radiation, as established by the Manhattan dis-
trict and its contractors during the war, was emphasized in the first
Atomic Energy Act (1946), which after the war established civilian
control over atomic energy activities by the Atomic Energy Com-
mission. The Atomic Energy Act of 1954 which authorized licensing
and non-Federal ownership of materials and facilities continued this
insistence on radiation safety, making the point in section after
section of the Act.®

8 Typical of provisions of the Atomic Inergy Act of 1954 dealing with health and
safety in the conduet and management of atomic energy activities are the following
excerpts from the act:

SEC.2 anmcs——

* * *

b. In permltting the property of the United States to be used by others, such use must
be regulated * * * to protect the health and safety of the public.

d. The processing ang utilization of source, byproduct, and special nuclear material
must be regulated * * * to protect the health and safety of the public.

e. Source and special nuclear material, production facilities, and utilization facilities
are affected with the public interest, and regulation by the United States of the produc-
tion and utilization of atomic energy and of the facilities used in connection therewith
is necessary * * * to protect the health and safety of the public.

Sec. 8. PURPOSE.—It is the purpose of this Act to effectuate the policies set forth above
by provxdmg for—

* * * * * *

d. A program to encourage widespread participation in the development and utilization
of atomic energy for peaceful purposes to the maximum extent consistent with * * * the
health and safety of the publie.

SEC. 31. RESEARCH ASSISTANCE.—

a. The Commission is directed to exercise its powers in such manner as to insure the
continued conduct of research and development activities in the fields specified below,
by private or public institutions of persons, and to assist in the acquisition of an ever-
expanding fund of theoretical and practical knowledge in such fields. 'To this end the
Commission is authorized and directed to make arrangements (including contracts,
agreements, and loans) for the conduct of research and development actlvitles relatmg to—

(5) The protectmn of health and the promotion of saiety during researr'h and produc-
tion actlvities.

* * * *

c. The arrangements made pursuant to this section shall contain such provisions (1) to
protect health, (2) to minimize danger to life or property. * * *

SEC 41. OWN'ERSHIP AND OPERAI‘ION OF PEODUCTION FA(,ILITII‘S —

* [ ]

b. Operatlon of the Commlsswn s Production Facmtles—- * *ox Any contract entered
into under this section shall contain provisions * * * (2) obligating the contractor * * *
(C) to comply with all safety * * * regulations which may be prescribed by the
Commission.

SEC. 53. DOMESTIC DISTRIBUTION OF SPECIAL NUCLEAR MATERIAL. —

b. The Commission shall establish, by rule, minimum criteria, for the issuance of
specific or general licenses for the distribution of special nuclear material depending
upon the degree of importance to the common defense and security or to the health and
safety of the public, * * =

* * * * * * *

e. BEach license issued pursuant to this section shall contain and be subject to the
following conditions—
* » * * * * *

(7) special nuclear material shall be distributed only pursuant to such safety standards
as may be established by rule of the Commission to protect health and to minimize danger
to life or property; * * * (Continued on next page.)
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The Commission requires that licensed activities conform to stand-
ards for protection against radiation based on Federal experience
throughout 10 years of Commission operations. It prepared regula-
tions and set up enforcement machinery which it believes will assure
radiation protection while allowing management freedom of action
for efficient operation (see Chapter II, Radiation Safeguards for
Licensed Activities).

To improve safety in future design of Government reactors, and
to assist Commission administrators in licensing, regulation, and
inspection, as well as to advance the knowledge available to the public
and to interested industry, the Commission is carrying out a broaden-
ing series of experiments and research programs. One group of
programs is dedicated to reactor safety, in design, in instrumenta-
tion, in controls (see Chapter III, Safety Factors in Reactor Design
and Operation). The Commission’s program of studies on handling,
processing, and disposing of radioactive wastes will reinforce na-
tional efforts on radiation safety ; it is designed to hold to & minimum
the possibilities of environmental hazards (see (ﬁmpter 1V, Radio-
active Wastes). Chapter V, Radiation Protection in Commission
Activities, reports on how the Commission and its contractors ad-

SEc. 63. DOMESTIC DISTRIBUTION OF SOURCE MATERIAL—-

L] . *

b. The Commissxon shall establish, by rule, mlnimum criterla for the issuance of specifie
or general licenses for the distribution of source material depending upon the degree of
importance to the common defense and security or to the health and safety of the
public, * * *

SEc. 81. DOMESTIC DISTRIBUTION.— * * * The Commission shall not permit the distri-
bution of any byproduct material to any licensee, and shall recall or order the recall of
any distributed material from any licensee, who is not equipped to observe or who fails to
observe such safety standards to protect health as may be established by the Com-
mission. * * *

SEC. 103. COMMERCIAL LICENSES.—
* [ ] [ ] * * * *

b. The Commission shall issue such licenses on a nonexclusive basis te persons apply-
ing therefor * ¥ * (2) who are equipped to observe and who agree to observe such
safety standards to protect health and to minimize danger to life or property as the
Commission may by rule establish, * * *

SEC 104. MEDICAL THERAPY AND RESEARCH AND DEVELOPMENT.——
* * . *

b. ’l‘he Commission is authoxned to issue licenses to persons applying therefor for
utilization and production facilities involved in the conduct of research and development
activities leading to the demonstration of the practical value of such facilities for
industrial or commercial purposes. In issuing licenses under this subsection, the Commis-
sion shall impose the minimum amount of such regulations and terms of license as will
permit the Commission to fulfill its obligations under this Act to * * * protect the
health and safety of the public. * * *

SEC, 161. GENERAL PROVISIONS.—In the performance of its functions the Commission

is authorized to—
* * * - .

L] *

b. Establish by rule, regulation, or order, such standards and instructions to govern
the possession and use of special nuclear material, source material, and byproduct ma-
terial as the Commission may deem necessary or desirable to * * * protect health or
to minimize danger to life or property ;

1. Prescribe such regulations or orders as it may deem necessary * * * (3) to govern
any activity authorized pursuant to this Act, including standards and restrictions gov-
erning the design, location, aud operation of facilities used in the conduct of such activity,
in order to protect health and to minimize danger to life or property ;
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minister radiation safety and give details of the record of achieve-
ments in controlling radiation exposures.

To gain greater knowledge about the effects of radiation upon
people, the hazards from different radioactive materials, the tolerance
levels for various forms and compounds of radioactive materials, and
the treatment of radiation injuries, the Commission is continuing its
comprehensive programs of biological and medical research (see
Chapter VI, Research on Radiation Effects and Treatments). Studies
are carried out not only in Federal laboratories and installations but
also through contracts in research hospitals, universities, and other
scientific institutions throughout the country. These and other con-
tracts for research on radiation safety and on handling radioactive
wastes are periodically reported to the Congress. The current list is
contained in Appendix 7. Classified and unclassified information
generated in these programs is circulated as appropriate through pro-
fessional and scientific journals, or through the Commission’s own
publishing and distributing activities.

Research through contracts totals about $8.8 million a year for
biology and medicine projects, and an additional $22 million is ex-
pended in general support of national atomic energy laboratories and
special university projects in the biology and medicine field. While
not all this expenditure goes for research which will contribute to
radiation safety, either through better understanding of effects, pre-
vention, or treatment of injuries, by far the major portion of the funds
does go for these purposes. 1In the field of reactor safety, expenditures
are increasing as experiments are undertaken to develop new and
economical methods of generating power. In the current fiscal year,
ending June 30, 1957, expenditure of $6 million for reactor safety re-
search has been scheduled. Waste disposal takes a portion of the
biochemical research budget, and, as sanitary engineering in the re-
actor program, was at a level of nearly $1.5 million during fiscal 1957,
with another $900,000 for studies of waste treatment systems which
might reduce storage requirements and costs.

The Commission believes that the record of radiation safety in Fed-
eral activities achieved by the Manhattan Engineer District, the
Atomic Energy Commission, and the operating contractors is one in
which the people of the United States may well take pride. The
effort of the Commission is to assure continued safety in its own ac-
tivities, and in those it will license, regulate, and inspect. The goal is
to limit radiation exposure to acceptable limits, to prevent accidents
and to take such steps, that, if in spite of all precautions, accidents
should occur, the unfavorable results are minor.
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RADIATION SAFEGUARDS FOR LICENSED
ACTIVITIES

Under the Atomic Energy Act of 1954, private individuals and or-
ganizations and non-Federal public organizations, such as those of
cities, states and cooperative groups, as well as Federal agencies other
than the Commission may own and operate nuclear facilities and
possess and use nuclear material and otherwise engage in nonmilitary
uses of atomic energy. In laying the statutory groundwork for a
private atomic energy industry, the Congress gave the Atomic Energy
Commission responsibility for licensing, regulating, and inspecting
these activities in the interest of the common defense and security and
to protect the public health and safety. The emphasis in this special
report is on protecting health and safety.

The regulation of the licensed atomic energy industry during its
formative period posed a unique problem. The Commission pos-
sesses wide experience, of course, in coping with radiation in its own
industrial and research installations. It has licensed the milling and
manufacturing of source materials, and the use of radioisotopes and
source materials for research, industrial, and other purposes through-
out its history. The problem was to convert this experience into an
effective pattern of licensing, regulation, and inspection during the
formative period of the private industry, instead of permitting form
and methods of enforcement to grow out of industrial experience.

In meeting the problem, the Commission determined to avoid a rigid
pattern of licensing and regulation that might in practice prove un-
workable or excessive and, instead, proposed to seek a maximum fea-
sible degree of flexibility in its controls.

The Commission believes that its regulations, as issued, adhere to
this basic principle—that within the limits of assuring protection of
public health and safety, they do not impose unnecessary restrictions
upon private participation in the development of the civilian uses of
atomic energy, or unnecessarily interfere with management practices.
Too, enforcement of the regulations is believed to be practical.

Six basic regulations designed to protect the health and safety of
the public have been put into effect :

10 CFR Part 20—Standards for Protection Against Radiation,
effective February 28, 1957.

118
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10 CFR Part 30—Licensing of Byproduct Material, effective
February 10, 1956.

10 CFR Part 40—Control of Source Material, -effective
March 31, 1947, and amended from time to
time.

10 CFR Part 50—Licensing of Production and Utilization Fa-
cilities, effective February 18, 1956.

10 CFR Part 55-—Operators’ Licenses, effective February 3,
1956.

10 CFR Part 70—Special Nuclear Materials Regulations, ef-
fective March 4, 1956.

These regulations prescribe such things as the information which
must be submitted by applicants for licenses; the criteria for radiation
protection ; the criteria for approval or disapproval of licenses; rules
respecting the transfer of licensed materials; record-keeping require-
ments; and rules relating to the amendment, modification, suspension,
or revocation of licenses. The text of these regulations has been
published in the Federal Register and in the Semiannual Reports.”

Basically, the regulations make such requirements as:

@) Each licensee or his staff must have suitable training or experi-
ence to possess and use the material or facility safely for the
purpose for which it is licensed.

b) Equipment and facilities of each licensee must be appropriate to
protect health and minimize danger to life and property.

¢) The location of the proposed activity must be suitable for the
purpose.

d) The material or facility may be used only for a purpose stated
in the license.

e) The material or facility may not be transferred except to persons
authorized to receive it.

Because of the complexity and diversity of technical problems the
Commission’s regulations do not spell out precise requirements as to
" the kinds of training or experience, or equipment and facilities, which
licensees must have. The general health and safety regulation—10
CEFR Part 20 “Standards for Protection Against Radiation”—applies
to all persons who receive, possess, use, or transfer source material,
special nuclear material, or byproduct material (radioisotopes) under
a general or specific license from the Commission. It establishes
maximum limits on radiation in two categories: the permissible limits
for exposure to external radiation which the licensee may allow for
workers in areas under his control, and the maximum permissible
concentrations of radioactive materials which a licensee may release

7 See especially Appendix 7, Twentieth Semiannual Report (January-June 1956).
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into the environment or areas not controlled by him. Other provisions
prescribe requirements for personnel monitoring, protective equip-
ment, caution signs and signals, waste disposal, storage of licensed
material, instruction of personnel on safe procedures for handling the
material, and records and reports.

The basic standards of the radiation protection regulations are
designed to conform generally with the Commission’s experience in
its own operations, and with the recommendations of recognized tech-
nical authorities. They take into consideration the latest knowledge
of the biological effects of radiation, and are subject to change as new
data or conditions develop.

The regulation on standards for protection against radiation, like
other new regulations, was initially published in proposed form in
the Federal Register on July 16,1955. After comments were received,
from the general public from the Advisory Committee of State Offi-
cials with whom two conferences were held, from State health and
labor departments, and other interested groups, the regulation was
published in the Federal Register on January 29, 1957, to go into
effect 30 days after publication.

Sarery EvavLuarioN 1IN LicexsiNg REACTORS

Organization for Evaluation

The safe operation of nuclear reactors and associated facilities has
been of paramount importance throughout the history of the Federal
atomic energy program. During the first year the responsibility of
the Atomic Energy Commission—the Commission took over Decem-
ber 31, 1946—the Commission determined to reinforce the safety eval-
uations of its own technical staff by drawing upon the experience and
judgment of outstanding scientists and engineers in private enter-
prise and universities. Accordingly, in June 1947, it established a
Reactor Safeguard Committee to advise with the Commission,
through the General Manager, in reviewing, analyzing, and evaluating
the hazards of each proposed new reactor and associated facilities,
and of significant modifications of existing reactors and facilities.

Late in 1950, the Commission established an additional advisory
committee, the Industrial Committee on Reactor Location Problems,
which in 1951 undertook to study sites of Government reactors and to
evaluate environmental factors of reactor hazards. Tn July 1953, the
two committees were combined into the Advisory Committee on
Reactor Safeguards.® This committee, like its two predecessors, has
given invaluable service in the field of reactor safety.

3P. 27, Fifteenth Semiannual Report (July-December 1953), see Appendix 2 for
membership.
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With the advent of a licensed atomic energy industry, safety evalua-
tion of an increasing number and variety of proposed reactors and
other nuclear facilities became necessary. In organizing to meet these
enlarged responsibilities, the Commission established in April 1955
a Reactor Hazards Evaluation Staff as a part of the General Mana-
ger’s Office. In October of that year, in recognition of the vital part
that hazards evaluation would play in licensing, the staff and its
responsibilities were transferred to the Division of Civilian Applica-
tion which administers the licensing program for the Commission.
The staff, composed of experienced nuclear physicists and engineers,
and members versed in other branches of science and engineering
pertinent to the nuclear industry, reviews and analyzes proposed
design and operating procedures of all Federal or non-Federal proj-
ects. Their advice and recommendations provide assistance to the
Division of Civilian Application in evaluating a project to determine
whether or not it can operate at a proposed location without undue risk
to public health or safety.

Process of Reactor Safety Evaluations

The accidental release of the radioactive materials contained in a
nuclear reactor could constitute a hazard to public health and safety.
The primary purpose of the Commission’s hazard evaluation pro-
cedure is to assure that the probabilities of accidentally releasing this
material are kept to an acceptable minimum.

Each applicant for a permit to construct a nuclear reactor is re-
quired to provide, to the Commission’s satisfaction, reasonable assur-
ance that the proposed reactor can be constructed and operated at the
selected site without undue risk to public health and safety, either
from accidental release or from routine operations.

Upon completion of construction, the applicant must satisfy the
Commission that issuance of a license to operate the facility will not
be inimical to the health and safety of the public, and that the reactor
can be operated without undue risk to the health and safety of the
public.

Ultimately, the Commission hopes to develop detailed standards,
codes, and regulations, which will make it possible for the designer
of a nuclear reactor to know that, by incorporating certain design
features, establishing certain relationships between his location and
the containment plan of his reactor, and following certain operating
procedures, he will meet the Commission’s safety requirements for a
license. At present—while the industry is in the developmental stage
and each reactor differs from others in important aspects—it is unde-
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sirable to issue as regulations anything more than general standards
and guides for reactor safety.

Even with a unique design, public hazards from normal operations
of a reactor are relatively easy to govern. In routine operations, the
problems are chiefly those of governing the release to the environment
of reactor coolants such as air or water in such a way as to avoid ex-
cessive concentrations of radioactive materials.

Determining the probability of a nuclear accident in a reactor is
much more difficult. The present versatility of design is highly desir-
able at this time from the standpoint of advancing reactor technology,
but reactor experience has not yet accumulated to the point where
formulas for assured safety can be prepared for all cases, or where
experts can judge with absolute certainty the possibilities and prob-
abilities of a nuclear accident. The technology and experience gained
through some 10 years of design, construction, and operation of nuclear
reactors under Atomic Energy Commission direct control do provide
a sound basis for judgments.

For these reasons, the Commission’s licensing procedures require a
thorough safety evaluation of each separate proposed reactor project.
The question of whether or not a reactor license is granted is based to
a large extent on the safety evaluation made by the scientists and
engineers on the Commission’s staff who study the detailed design
specifications of a reactor, and its proposed operating procedures.

Working conferences and studies. Normally, the hazards evaluation
of a project will begin with conferences at which the Commission’s
staff outlines for the license applicant the broad objectives of the
reactor hazards evaluation process. These mestings may be held even
before a formal application is prepared to help the applicant learn
what he must do to qualify for a license.

Chief améng the considerations which may be offered for the
applicant’s guidance are the following:

a) Responsibility for the safety of the reactor rests with the licensee;
a license by the Commission in no way relives him of this responsi-
bility.

b) The engineers and scientists of the license applicant must prepare
a detailed hazard analysis of the proposed reactor.

¢) Before any reactor, regardless of its size or intended use, may be
licensed for operation, the Commission, through its detailed review
and evaluation of design specifications and operating procedures
and conditions submitted by the license applicant, must determine
that there is reasonable assurance that operation will not endanger
the health and safety of the public.
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d) The evaluation of hazards will require a complete study of all
aspects of the reactor and its operation to determine, on the basis
of the best available information, what could possibly go wrong
with the reactor and what steps are being taken to prevent an acci-
dent. For this purpose the applicant’s engineers and scientists
must critically review each phase of the reactor design and operat-
ing procedure both in itself and also in its relationship to the inte-
grated whole. They must carefully consider the inherent nuclear,
chemical, metallurgical, physical, and mechanical characteristics
of the fuel, the moderator, the coolant, the neutron absorbers and
structural materials, in relation to the similar characteristics of the
control and safety systems, the heat removal system, the pressure
systems, etc. The objective will be to assure that the probability
of an operating mishap has been brought to an acceptably lowlevel.

e) Further, the engineers and scientists, while concerned with de-
termining that reasonable steps have been taken to prevent escape
of radioactive fission products from the reactor core, must recognize
that, in spite of all precautions, the most unlikely series of events
might take place. Therefore, the designers must consider what
events could occur which would release radioactive materials from
the reactor core, and determine what further safety precautions
should be provided to prevent serious consequences from such
highly unlikely accidents. This aspect of the safety evaluation
must deal with: the relationship of reactor location to its contain-
ment; selection of the site on the basis of pertinent radiological
safety factors: comparison of the hydrology meterology, and seis-
mology (earthquake possibility) of alternative sites; estimates of
present and future population density of the surrounding areas;
estimates of the use to which surrounding areas will be put, whether
for industrial, commerecial, agricultural or residential purposes; the
possible use, by man or animals, of surface or ground waters that
might be subject to contamination by the reactor.

After the initial discussions in which these factors and considerations
are offered the applicant will submit to the Commission, as a part of
his formal license application, a preliminary hazard report which,
taking into account the current status of design, presents the ap-
plicant’s statements with regard to:

@) His best technical opinion as to what events could possibly take
place in his reactor which could result in releasing radioactive
materials from its core.

b) His judgment concerning the adequacy of the counter-measures
which he has taken, either by design or operating procedures, to
minimize the probability of such events occurring,

411053—57—-10
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¢) His conclusions concerning the effectiveness of his containment and
isolation in minimizing the effects of such events should they occur,

As more experimental and design information on the reactor becomes
available the applicant will submit supplemental summary reports,

The Commission reviews these reports and holds further meetings
with the applicant. It considers the progress of the developmental
programs which are being carried out by the applicant, by the Com-
mission, or by others working in the same field. In unique or un-
usually complex cases, the Commission solicits the views of the Ad-
visory Committee on Reactor Safeguards.

The construction permit. When the Commission arrives at a point
where it is satisfied that it has information sufficient to provide reason-
able assurance that & facility of the general type proposed can be con-
structed and operated at the proposed location without undue risk to
the health and safety of the public, the Commission may issue a con-
struction permit on a provisional basis. Before taking action on ap-
plications for construction permits for production or utilization fa-
cilities (except in export license cases and in cases not involving ma-
terial alterations of facilities), the Commission will either direct the
holding of a hearing, or will publish a notice 15 days in advance of
taking its proposed action as provided in its Rules of Practice (10
CFR 2). The Commission may specify a longer preiod than 15 days

in the notice.
Since at the time the permit is issued, the final design generally has

not been determined and the actual design and operation procedures
not finally evaluated, the construction permit will be issued on a pro-
vineial basis if the Commission finds that there is reasonable assurance
that a reactor of the type proposed can be designed for operation at
the proposed site without undue risk of the health and safety of the
public. Such a permit will reserve entirely the decision on the final
hazard evaluation, and will not contain definitive technical specifica-
tions of the reactor. As detailed design information becomes avail-
able it may be submitted to the Commission, and after evaluation it
may be incorporated by amendment of the construction permit.
Through this procedure, and by final hazard evaluation, the Commis-
sion makes its safety findings on the reactor as it is built.

Licensing. 1f the Commission finds, after a review of the final haz-
ards summary report and the statement of proposed operating pro-
cedures, that the reactor can operate safely and if the Commission
finds through inspection that the reactor has been constructed in
accordance with the conditions of the construction permit, the con-
struction permit may be converted to an operating license. The



JULY-DECEMBER 1956 125

license may contain such restrictions on the reactor’s operation as
deemed necessary by the Commission for the safety of the public.

Administration of procedures. 'The Commission places in its Division
of Civilian Application the responsibility for making the necessary
evaluation and review of hazard analyses, for assessing the reason-
ableness of the assurances that the health and safety of the public will
not be endangered, and for recommending the terms and conditions
to be included in construction permit and license. In the discharge of
these responsibilities, the division asks the technical advice of other
divisions of the Commission in addition to using its own technical
staff, and relies in many cases on the Advisory Committee on Reactor
Safeguards. The Advisory Committee on Reactor Safeguards is
available to advise the Commisison in this field and there is a close
working relation between it and the Commission’s evaluation staff.

The responsibility for inspecting facilities and operations for com-
pliance with the conditions of licenses rests with the Division of
Inspection, as defined later in this chapter.

LICENSING OF SOURCE AND SPECIAL NUCLEAR MATERIALS

Protection from radiation hazards is a principal factor considered
in the licensing of use or processing of source and special nuclear
materials, as it has been throughout the 10 years that the Commission
has licensed processing and minor industrial uses of source materials,
and some research with it.

Source material is defined in the Commission’s regulations as any
material, except special nuclear material, which contains by weight
(.05 percent or more of uranium, thorium, or any combination of
these two elements. For example, one form is the raw ore or mineral
as it comes from the earth. Source material also includes concen-
trates of uranium or thorium, salts, compounds, alloys, or the refined
uranium or thorium metal itself. The information required from an
applicant for a license to employ any of these forms of source material
will vary according to the degree of potential hazard presented by
use of the particular form of the material, and the manner in which
it will be handled under the license. Uses of source materials which
are licensed by the Commission include the milling of ores for con-
centrates, for example, and will include processing of source materials
into feed materials for various production or reactor purposes where
plants are not operated under Commission contract.

In general, the applicant for a source material license is required
to furnish only minimal information to establish his competency to
handle the material safely.
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In limited quantities, uranium enriched in uranium 235, which
comes within the definition of “special nuclear material,” may be han-
dled and processed with little more radiation hazard than that which
prevails in the case of normal uranium. Plutonium, because of its
extreme toxicity, must be handled with considerable caution—in any
quantity—and applicants are required to furnish detailed procedures
for handling the material in order that there may be assurance that
health hazards will be adequately controlled. Such procedures are
required, for example, in connection with the use of plutonium-
beryllium neutron sources in construction and operation of subcritical
assembling used in universities and colleges for research and training.

When larger quantities of special nuclear material, such as uranium
235 or plutonium, are to be used by a licensee, an additional hazard
must be considered—-that of the possibility of an accidental assembly
of a critical mass of the material which would initiate a chain reaction.
This is, of course, the case in connection with the building or con-
struction of a nuclear reactor. The licensing process for reactors
has been reported. Other cases where an accidental condition of
criticality might occur include fabrication of fuel elements or proc-
essing material for fabrication into fuel elements. For these activi-
ties, the applicant for a license is required to describe in detail his
proposed equipment, procedures, and training, to avoid criticality
accidents. There must be adequate information from the applicant
to assure the pattern of handling is such that no one human error
can cause a criticality accident. Among other things the applicant
must demonstrate the adequacy of management and administrative
techniques which will be employed to assure that safety procedures
will be followed.

Source and special nuclear material licenses currently issued by
the Commission provide that the licensees must conform with the
regulation entitled “Standards for Protection Against Radiation”
(10 CFR 20).

Byrrobucr MATERIAL LICENSING

The Commission’s program for assuring safety in the use of by-
product material (radioisotopes) has been developed throughout the
10 years of its direction of Federal atomic energy activities. The
program has four phases: information and education, licensing,
radiological advisory services, and inspection.?

9 See pp. 71-78, Eighth Semiannual Report (January-June 1950).
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Information and Education

As aids to users of radioisotopes, the Commission assists in develop-
ing and presenting training courses in safe techniques of using
byproduct materials, and in the production of technical training films
and other aids to radiological safety.

The Commission early realized the necessity for basic training in
radioisotope uses and safe-handling techniques. The application of
these new tools in the many areas of medicine, industry, agriculture,
and research, can be expanded only as fast as people learn to use them
safely. The Commission, therefore, has actively encouraged and
participated in establishment of training opportunities, both in its
own laboratories and in private institutions and industrial
organizations.

Licensing

Primary control of radiation safety in use of byproduct material is
exercised through the Commission’s licensing activities. Radioiso-
topes are distributed in quantity only to those who are properly
trained to use them.

The prospective user submits an application form giving informa-
tion on the kind and amount of radioisotope desired, the proposed use
of the material, instruments available for measurement of radiation,
and the procedures to be used in assuring radiation safety. A license
for possession of the material is issued only if careful technical review
of the application gives reasonable assurance that the material will
be used properly and safely.

For outside advice and assistance on difficult isotope licensing
problems, an Advisory Committee on Isotope Distribution was
appointed by the Manhattan Engineer District before the first ship-
ment of byproduct material in 1946.° To evaluate the qualifications
of medical users and proposed uses of radioisotopes in human beings,
a Subcommittee on Human Applications was organized as part of
this committee. The committee is composed of leading radioisotope
users from various parts of the United States, and continues to offer
valuable assistance to the Commission’s byproduct material licensing
activities.

10 See pp. 8, 44, Third Semiannual Report (July-December 1947), and Appendix 2 for membership,
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Radiological Advisory Service

The Commission’s radiological advisory service is supplied through
a program of consultation and laboratory visits that complements
the licensing activities in the following way:

a) By providing a mechanism for evaluation of the adequacy of cri-
teria used and procedures followed in licensing byproduct materials
through observation of actual conditions of use of isotopes;

b) By developing new licensing requirements and recommending
modification of existing criteria based upon on-the-spot analysis;

¢) By providing to the fullest extent possible an educational relation-
ship with users rather than relying entirely upon enforcement
inspection; and

d) By providing technical assistance and guidance in the develop-
ment of radiological procedures, special facilities and equipment,
of licensing requirements, rules and regulations of the Commis-
sion, as well as of recommendations of national advisory groups
on radiation protection.

Cooperation. Other agencies besides the Commission have responsi-
bility and interest in the control of radiation hazards.

The Commission cooperates with the National Committee on
Radiation Protection and Measurement which prepares recommenda-
tions on safe handling of radioisotopes, maximum permissible limits
of radiation exposure, disposal of waste radioactive materials, and
similar subjects. This committee is supplied background informa-
tion by the Commission and assists in making studies to determine
radiological standards.

The Commission cooperates with the Federal Food and Drug
Administration on problems of mutual interest such as possible use
of radioisotopes in food processing, and the application of radiation
to food and drug sterilization.

The Commission cooperates with the National Bureau of Stand-
ards in determining the need for new radiation standards and sources,
and participates in the activities of various committees such as the
National Research Council subcommittee for beta and gamma ray
standards, American Standards Association subcommittee on specifi-
cation of sealed beta and gamma sources for industrial use, and the
American Hospital Association Committee on use of radioisotopes in
hospitals.

In developing its policies and procedures for regulating private
activities in the atomic energy industry the Commission has recog-
nized that the regulatory agencies of the States have important
interests in the same field. For this reason it has followed the policy
of keeping the States informed of the issuance of licenses for byprod-
uct and special nuclear material and for nuclear material and nuclear
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facilities. In 1955 the Commission established a 12-member Advis-
ory Committee of State Officials to advise on regulatory matters of
mutual interest.!! In these and other ways the Commission is co-
operating with the States in its regulatory programs and is alert to
further opportunities for broadening the areas of cooperation and
rendering assistance to the States.

INsPECTION OF LLICENSED ACTIVITIES

All licensees, whether they operate major facilities such as nuclear
power reactors, or whether they are using radioisotopes for industrial,
research, education, or medical purposes, are subject to periodic
Government inspection to assure that regulations, and the terms and
conditions of licenses, are being complied with. Under the Act of
1954 the Commission has authority to take procedural action to re-
voke, suspend or modify any license where action is necessary to as-
sure, among other things, the full protection of health and safety.

The Commission has assigned to its Division of Inspection the re-
sponsibility of gathering factual data on compliance of a licensee with
applicable rules and regulations, and with special conditions incor-
porated in his permit or license. In connection with making its
compliance inspections, the Division of Inspection has a responsibility
for assisting the Division of Civilian Application in the gathering
of information which will be of use in determining whether or not
rules and regulations, policies and licensing practices are effective and
adequate.

Atomic Energy licensees, as stated earlier, have the basic responsi-
bility for safety. The greatest realization of safety potential is ac-
complished through cooperative efforts of the licensee and the regula-
tory agency, through continual attention by the licensee to safety of
operation, and continual effort by the agency toward utilizing opera-
tional experience in the improvement of standards and regulations.

If inspection should indicate noncompliance with applicable rules
and regulations of the Commission, the licensee will be advised and
findings will be reported to licensing authorities within the Commis-
sion. The Commission may then issue an order under its Rules of
Practice requiring the licensee to take appropriate corrective action.
Where, in the opinion of an inspector, a practice of a licensee con-
stitutes an immediate danger to the health and safety of employees or
the public, or immediate danger to the common defense and security,
the inspector suggests that such minimum action as the licensee or
permit holder deems advisable be taken to overcome the immediate
danger. Prompt compulsory action may be taken by the Commission

1 8ee p. 91, Nineteenth Semiannual Report (July-December 1955) and Appendix 2, this report,
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under its Rules of Practice in cases of extreme importance to the
common defense and security or the health and safety of the public.

Arrangements for inspections. Licensed activities can be divided, for
purposes of practical administration, into two categories:

a) The use of licensed materials;
b) The construction and operation of production and utilization fa-
cilities.

Use of materials. In the first category, activities are licensed by the
Commission for the use of byproduct material, source material and
special nuclear material. About 4,000 such licenses have been issued
and are increasing at a rate of about 15 percent a year. Under these
licenses, activities range from the use of small and relatively harmless
quantities of materials in exhibits and demonstrations to the applica-
tion of powerful and potentially dangerous quantities in academic and
industrial research, in medical applications, and in radiographic test-
ing of materials.

The technical standard for inspection of the activities is the newly
issued regulation, 10 CFR 20, “Standards for Protection Against
Radiation,” mentioned earlier in this section, which has been pub-
lished in the Federal Register and will become effective early in 1957.

In order to accomplish effective and continuing inspection of the
large number of licensee activities distributed throughout the United
States, inspection groups are being organized in Commission opera-
tions offices. Each office is assigned responsibility for inspection of
licensed use of materials in a geographic area.

The Commission has formulated its policy and has established pro-
grams for performance of this inspection function. Through con-
tinual review of field experience and frequent contacts with field
groups, uniformity and adequacy of inspection procedure is main-
tained. This arrangement brings licensees into prompt contact with
Commission representatives in their own geographic areas as the oc-
casion may demand. It also makes unnecessary the establishment of
a large central organization in Washington to service the entire United
States.

When Commission inspectors visit the installations of licensees,
officials of interested State agencies are invited to attend. At present,
representatives from several State inspection services accompany Com-
mission inspectors when byproduct licensees located within their re-
spective States are inspected. This cooperation between Federal and
State agencies assists development of competent technical personnel
able to perform inspections and observes the traditional relationship
between the State agencies and private industry on other types of
health and safety matters.
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It is anticipated that the area of cooperation between Federal and
State agencies in the inspection of Commission licensees will be
enlarged as inspection programs are further developed.

Facilities inspection. The inspection of licensed utilization facilities,
at present limited to nuclear reactors, is somewhat different. Although
the “Standards for Protection Against Radiation” are being incorpo-
rated into facility licenses, the present stage of reactor development
does not permit the Commission to formulate general standards of
design and operation which can be applied to each reactor. Sound
inspection procedures and practices followed by reactor experts will
be of assistance in gathering data which will be of use in formulating
standards of design and operation.

The factors that govern the safety of an operation arise from two
sources:

a) The facility, its material, structural, instrumental, and control
characteristics, and
b) The people who operate the facility.

The first factor defines the potential hazard. The second factor de-
termines the extent to which the potential hazard is further minimized
or eliminated.

Inspectors officially enter the picture upon issuance of a construction
permit. As construction approaches completion, inspectors observe
tests of equipment and preoperational integrated test runs. At this
stage, an initial trial of a licensee’s operation procedure is possible.

On the basis of the tests and trial of procedure, and on observation
of the licensee’s operating organization, discipline and familiarity
with procedure, a recommendation is made which is one of the con-
siderations bearing upon the issnance of a license for operation of a
facility. When a license is granted, inspectors cbserve intial startup
and operation. At this stage, the effectiveness of regulations and the
stipulations of the license can be evalutaed by the Commission from
actual operational experience.

After licensing, periodic inspection visits are made to the facility,
and the findings and recommendations are transmitted to the General
Manager and to interested divisions of the Commission organization.

The function of the Division of Inspection in the promotion of
reactor safety is not to provide direct assistance and advice to a licensee.
However, an objective and thorough inspection does assist both the
licensee and the Commission in demonstrating the extent to which
all aspects of design and operation have been thoroughly considered.
On occasion, the advisability of further study, or for amendment or
supplement to procedure, may be brought out during inspection.
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SAFETY FACTORS IN REACTOR DESIGN
AND OPERATION

In the 14 years since the first nuclear reactor in the United States was
successfully operated, no known injury to the public has occurred
through operation of a reactor. Of the 69 persons who have suffered
reported overexposure in radiation “incidents” in Federal atomic
energy activities, only 15 received more than the permissible dosage in
connection with reactor operations, and 12 of these were in experimen-
tal activities of various kinds.**> There have been essentially no reactor
accidents in the United States Jeading to serious consequences. In
fact, one current problem in evaluating reactor hazards is that the
United States has had no experience with reactor accidents.

The human hazards from nuclear reactors arise from the fact that
the reactors generate huge quantities of radioactivity. The radiation
from the core of a nuclear reactor, if it were not enclosed in shields,
would inflict lethal dosages of radiation in a matter of seconds or
minutes to anyone within a radius cf several hundred feet—and the
unaided senses of the people exposed could not detect the danger.

Nevertheless, men work on nuclear reactors in complete safety
because the deadly radiations are absorbed by thick shields of special
concrete and other materials, or controlled by airtight containers and
ventilation, by rigorous industrial housekeeping, and by worker disci-
pline (see Chapter V, Radiation Protection in Commission Activities).
Public protection from radiation is provided by strict control over
reactor design, including location and containment ; reactor operation;
reactor coolants and similar materials that might be released to the
environment; by continuous vigilance and monitoring against acci-
dental releases, and by careful management of reactor wastes (see also
Chapter V, and Chapter IV, Radioactive Wastes).

The record of operations under the Atomic Energy Commission,
and under the earlier Manhattan Engineer District, demonstrates
that the radiation hazards can be managed in safety. There is, how-
ever, a remote possibility that all the multiple safety devices of a
reactor might fail by an unforeseen combination of events. In this
case a reactor might undergo a “nuclear runaway”, or a chemical
reaction might occur that could burst the reactor-containing vessel
and shield, and release radiation and radioactive materials.

12 For details, see Chapter V, Radiation Protection in Commission Activities,
132
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Nevertheless, none of the 70 or more reactors that have been operated
in the United States has ever accidentally run away.

In one case, experimenters of the Argonne National Laboratory
deliberately sacrificed a small reactor (Borax-1) to learn more about
its safety factors, as has been reported earlier.!3

Another planned reactor experiment (Experimental Breeder Re-
actor No. 1) was stopped just short of runaway. In this second case
reported in July 1956,l4 normal controls that would have shut down
the reactor had been removed, and coolant flow stopped, so as to
conduct power experiments which risked the possibility of a runaway.
During the experiment an appreciable amount of the reactor core was
melted, but the shell was not breached.

In neither of these cases was anyone injured.

Reactor safety. Experimenters force a boiling water reactor to have a nuclear
runaway at the National Reactor Testing Station, Idaho, the only such event in
the history of atomic energy operations in the United States. The water used as
moderator and coolant was expelled from the open reactor pit. Earth bank in
foreground is part of the shield; the rectangular box housed control equipment.

13 Pp. 22-23, Sixteenth Semiannual Report to Congress (January-June 1954) and pp.

22-23, Seventeenth Semiannual Report to Congress (July-December 1954).
14 Pp. 45-46, Twentieth Semiannual Report to Congress, (January-June 1956).
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Hazarps oF REACTORS

The hazards of reactor operation actually arise from the same basic
circumstance which makes it desirable to use nuclear materials as fuel:
Vast amounts of energy are concentrated in a very small volume.
This energy can be released swiftly in an explosion. In use for con-
structive purposes, such as generation of heat for the manufacture of
electricity, the energy must be released gradually over a considerable
period of time. The release of energy is accomplished through what
is termed a “chain reaction.”

After German and Danish physicists discovered that bombardment
with neutrons would cause uranium atoms to fission, or split, and also
to throw off more neutrons, it became feasible to attempt to establish
a chain reaction—a continuous series of atomic fissions, each triggered
when the previous fission released neutrons. Scientists found that, in
order for a fission reaction to become self-sustaining, a certain mini-
mum amount of uranium 235 *—an isotope of uranium that occurs
in nature—would have to be assembled. Without this minimum
amount, called a “critical mass” of the fissionable isotope of uranium,
there could be no such thing as an atomic bomb or a reactor.

A critical mass of uranium 235 is not, however, a fixed quantity of
the fissionable material. A quantity of uranium 235 might be a sub-
critical mass if simply suspended in the air, and become supercritical
if it were encased in a material—such as graphite—which would im-
prove the efficiency of neutron capture and fission within the mass,
both by reflecting escaping neutrons back into the uranium, and by
slowing them down. Most reactors use the device of a reflector to
bounce back escaping neutrons. Among other factors that may affect
the amount of uranium necessary to form a critical mass are the
percentage of uranium 235 in the fuel elements of a reactor and the
number of neutrons absorbed by cooling and structural materials, by
moderating material, and by fission fragments or “poisons” that build
up as the reactor continues to operate. The amount of uranium 235
necessary to form a critical mass will also depend on whether the
reactor is designed to operate on slow, or thermal, neutrons, or
whether the spectrum of neutron velocities will be close to those at
which neutrons are emitted during fission as in a fast reactor.

Each reactor contains a quantity of uranium 235 or another fis-
sionable isotope which—after the factors cited, and other matters

3 The number 235 after the word uranium is the mass number of this particular isotope,
or variety, of uranium, and indicates the total number of protons and neutrons found in
its nucleus. All uranium has exactly 92 protrons, corresponding to the element’s “atomic
number” in the periodic table of elements. This isotope differs from the more common
Isotope, uranium 238, in that it has 143 neutrons rather than 146. Mass numbers of
other materials—uranium 233, plutonium 239, carbon 14, potassium 40, etc.—are used
from time to time in the text.
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that affect the neutron economy, are fully computed—is calculated as
being close to a critical mass. A reactor normally also will include
-an additional amount of fissionable material to compensate for the
loss of neutrons which will oceur as fission product poisons build up
in the reactor and increase their capture of neutrons. Most reactors
contain slightly more than a critical mass, but are controlled by in-
serting neutron-absorbent rods, or removing reflectors, or using other
devices which affect neutron economy and so prevent a chain reaction
from starting until the reactor operators are ready.

These control rods, or similar devices, permit the operator of a
reactor to keep the chain reaction under careful control, or to shut
down the reactor if a malfunction should threaten. Potentially, a
reactor can achieve an extremely high power level in a very short
time if adequate and properly timed control is not exercised. What
would happen if a reactor ran away would be that its rate of increase
in neutron production, and consequently its power and temperature,
would rise very rapidly. Even if there were absolutely no operating
controls on the reactor, the runaway would soon stop itself. Either
nuclear reaction would disrupt the fuel in the reactor, or the heat
would melt down the fuel. Under extreme circumstances, this could
happen in less than a second. If the nuclear runaway were checked
short of damage, the temperature still would continue to rise for a
short while as a result of continuing heat from radioactivity, and this
“after-heat” could melt down fuel.

A melt-down also might precipitate a chemical explosion. In fast
reactors, design must make sure that a melt-down accident cannot
drop core parts together in such a way as suddenly to assemble a criti-
cal mass and thus cause a supercriticality accident.

A nuclear runaway, however, is a very sluggish reaction compared
to that of a bomb, and neither a runaway nor a supercriticality acci-
dent, could produce a nuclear explosion even remotely approximating
that of an atomic bomb.

Reactor experts have declared *¢ that, for large thermal reactors,
“nothing like an explosion really occurs. For very fast reactors with
a nonthermal spectrum of velocities of neutrons and heavily loaded
with enriched uranium, it does appear possible to have an accident
which is fast enough so that portions of the machine may be pro-
pelled with velocities of a few meters per second. This again does
not resemble an atomic bomb explosion, or even the explosion of ordi-
nary chemical explosives; rather it is similar to the events that might
occur in an automobile accident. Therefore, a nuclear runaway, in
itself, does not represent a serious hazard to off-site people.”

16 “The Safety of Nuclear Reactors,” by C. Rogers McCullough, Mark M. Mills, and

Edward Teller, The International Conference on the Peaceful Uses of Atomic Energy,
Geneva, Switzerland, August 1955,
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In some reactors, it would be possible to have a chemical or steam
explosion, because of the heat of an incipient nuclear runaway, from
some malfunction of the cooling system of the reactor or from an
accidental combination of noncompatible chemicals. Such an explo-
sion might be more severe than any possible nuclear reactor blast, but
would not be more severe than might occur in many other types of
industrial plants. A chemical explosion might occur, for example,
between molten aluminum cladding and cooling water, if the alum-
inum reached extremely high temperatures through reactor malfunc-
tion. Chemical explosions might rupture the reactor vessel and
shielding and release radioactive materials.

However, any fracture of a reactor structure could be expected to
release considerable quantities of highly poisonous radioactive ma-
terial. It has been calculated that, one day after its shutdown, a
reactor capable of generating 60,000 kilowatts of electricity would
contain the equivalent in radioactivity of 300 tons of radium. The
possible release of a portion of this radioactivity would be the major
hazard from a nuclear runaway in a reactor.

What danger would result to the environment if all containers of a
reactor were breached by an accident would depend on a number of
factors which lend themselves to research, some of which is reported
later in this chapter. Basically, the hazard would depend on the
volume and kind of radioactive materials released, the rate at which
they were distributed and fell to earth, and the area of distribution and
population affected. Factors which would influence these aspects of
the hazard include:

a) The kind of accident that occurred, whether the explosion was
nuclear or chemical.

b) The degree and intensity of heat generated within the reactor at
the time of the accident.

¢) Whether vaporization of fuel elements or other reactor materials
occurred, and the extent of the vaporization.

@) The type of reactor and the kind of materials present in the reactor
subject to vaporization and heat.

e) The rate of release of radioactive materials from a reactor, and the
manner of its release, whether slowly through leakage, for example,
or broadcast by explosion.

f) Weather conditions as they affect dispersion and dilution of radio-
active materials, and the pattern of fall-out.

g) Use and type of land and bodies of water affected by fall-out and
effect of weather on leaching after fall-out.
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BuiLT-IN SAFETY

The philosophy of reactor safety points first, of course, to designing
a reactor in which a nuclear runaway, or a chemical blast, would be ex-
tremely unlikely. Reactors also incorporate means of positively
assuring cooling so that “after-heat” cannot cause melt-down. Con-
trol instruments and mechanisms are an additional major safety factor.
Reactor “fuses” may be incorporated when suitable ones are available.
One low-power reactor already has a fuse incorporated into its design.
Further steps are taken to protect the public if, in spite of all precau-
tions a nuclear runaway or chemical explosion should occur. The
facility may be isolated so that release of radioactive materials in a
reactor accident would not endanger concentrations of population.
Where isolation is infeasible, strong gas-tight containers may be
erected about the reactor, so if radioactive materials escaped from the
reactor itself they nevertheless would not be allowed to disperse into
the environment.

Basically, the safety of a nuclear reactor depends upon two things:
the built-in stability and reliability of the design of the machine and
its controls, and the administrative control and operation of the re-
actor. The administrative control which the Atomic Energy Com-
mission and its contractors exercise over reactor operation to assure
safety has been fully reported in the Eighth Semiannual Report
(January—June 1950), and are reviewed in Chapter V. The previous
chapter has detailed the series of studies and requirements which the
Commission applied to licensing new nuclear reactors so as to assure,
not only sound administrative and operating procedures, but also
safety of design.

Temperature as a Brake

The precise safety characteristics that can be designed into a
nuclear reactor vary considerably with the type of reactor. For
example, the key factor that operates to promote safety in some re-
actors is that excessive heat tends to reduce the neutron efficiency of
the reactor, and hence to reduce or quench the chain reaction. In
effect, the higher temperature resulting from higher neutron re-
activity so affects the operation of the reactor that the reactivity falls
off. This factor, called a “negative temperature coefficient,” operates
in different ways in different types of reactors.

For example, in boiling water reactors—those in which the water
serving as coolant, moderator, and reflector is permitted to boil in
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passing between the fuel elements—there is a very high negative
temperature coefficient. If the rate of neutron production surges
upward, the heat generation in the fuel elements increases, and more
water boils increasing the quantity of steam bubbles. The density of
the water is thus reduced, lowering its efficiency as a moderator and
reflector of neutrons. As a result, fewer neutrons are slowed down
to the level where they are readily captured, and more neutrons leak
out of the reactor core. This loss of neutron efficiency results rapidly
in lowering the rate of neutron production.

The pressurized water reactor being built at Shippingport, Pa.,
similarly has a negative temperature coefficient. In this reactor also,
water serves as a coolant, moderator, and reflector, but operates under
high pressure that prevents boiling even at high temperatures. Never-
theless, sharply rising temperature as a result of excess neutron ac-
tivity in the core would lessen the density of the water, and by making
a percentage of the neutrons less effective for fission, would slow
down the reaction. The five plutonium production reactors at the
Commission’s Savannah River, South Carolina, installation use heavy
water as a coolant-moderator-reflector and have this same type of
built-in safety-factor.

In homogeneous reactors, the fuel is carried in solution, in molten
material or in slurries, that is mixtures of finely divided materials
in a fluid. Excessive heat will cause the fluid carrying the fuel to
expand—expansion chambers are provided—and thus the concen-
tration of fuel is reduced and the reaction slowed. The negative
temperature coefficient proved so effective in the Homogeneous Re-
actor Experiment No. 1 at Oak Ridge National Laboratory, Oak
Ridge, Tenn., that HRE No. 2 now being constructed will not need
mechanical control or safety rods. Instead, temperature control will
be accomplished by regulating the composition of uranium in the
fuel solution, and the power level will be set by the rate at which
heat is removed from the reactor. The HRE-2 will operate at high
pressure like the Shippingport reactor.

A number of other types of negative temperature coefficients are
effective in reactors. A reactor containing large amounts of uranium
238, for example, will lose neutron efficiency with higher temperatures
because at greater heat the nonfissionable uranium captures a larger
fraction of the neutrons. This reduces the number of neutrons avail-
able to cause fission. An additional type of negative temperature
coefficient would operate only when temperatures became high
enough to warp fuel elements. A reactor could be constructed so
that overheated fuel elements would warp away from each other.
This would change the spacing of fuel elements, and would reduce
the neutron efficiency of the reactor.
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Safety of Fast Neutron Reactors

Provision of a good, swiftly-acting negative temperature coefficient
also is basic to the design of fast reactors. Fast reactors operate with
high-velocity neutrons which are more difficult than thermal neutrons
for fissionable uranium and other materials to capture. Therefore,
the weight of material necessary to create a critical mass is quite large.
The critical mass is further increased by placing in the reactor the
cooling channels which will carry off the generated heat. This large
inventory of fissionable material increases the likelihood of power
surges which can be caused, for example, by the introduction of
coolant material that has a moderating effect, or by extensive melt-
ing in an incipient runaway which might cause movement of the
fuel toward the center of the core or other rearrangement of fuel.

Another characteristic of the fast reactor is the short average time
between birth of a neutron in one fission and its capture by uranium
235 to produce another fission. This is much shorter than in thermal
reactors. The difference is not very manifest as long as the excess
reactivity is less than the fraction represented by the “delayed neu-
trons.” In any chain reaction, some neutrons are not released as
soon as fission occurs, but may be delayed by up to 80 seconds. The
delayed neutron fraction is approximately 3/ of 1 percent of all fission
neutrons. As long as the reactor’s excess reactivity is appreciably
below this delayed neutron fraction, the reactor is sluggish and easy
to control. This is equally true of fast and thermal reactors. How-
ever, if the rate of increased activity in a fast reactor reaches the
point where only “prompt” neutrons (that is, those neutrons that
are not “delayed”) are needed to sustain the chain reaction, the rate
of increase of power can be several orders of magnitude faster than
in thermal reactors. Consequently, fast reactors must be carefully
designed so that amounts of reactivity large enough to enable the
reactor to operate on prompt neutrons alone cannot be introduced by
error or malfunction.

Fast reactors, in certain respects, have special safety advantages.
Although the critical mass is large, the initial amount of excess fission-
able material which must be used, and compensated for by control
mechanisms, is reduced. This is because the accumulation of fission
products will not capture the fast neutrons as readily as they would
thermal neutrons, and therefore accumulation of these “poisons” need
not be compensated for with as much additional fuel as for thermal
reactors. Fast reactors also can be designed as breeder reactors: that
is, they can generate in time more fissionable material than they con-
sume. This fact further reduces the initial requirements for excess
reactivity and the compensation needed in controls. The gradual

411053—57——11
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depletion of reactivity in the fuel is partly compensated by the buildup
of fissionable material through breeding.

These safety characteristics of the fast reactor make it possible to
keep the total reactivity available to the control system within the
amount dependent on delayed neutrons, so that malfunction of the
controls alone cannot bring about extremely rapid power surges. The
control system could not throw the reactor into a condition where it
would operate on prompt neutrons alone.

A second safety advantage of the fast reactor is that it lends itself
particularly well to the use of liquid metal coolants, which permit
relatively high temperatures at low pressure. This means that the
danger of leaks from the channels carrying the coolant is greatly re-
duced, and a leak would be much more easily controlled. Moreover,
liquid metal coolants are much less likely to cause explosive chemical
reactions on contact with fuel elements and other structural materials,
than are some other coolants.

Chemical Safety in Reactors

Major chemical reactions that might result in an explosion within
a reactor may be caused by excessive heat. High temperatures might
be generated by a nuclear runaway, by “after-heat” from an arrested
nuclear runaway or a failure in the reactor’s cooling system. A chem-
ical explosion that reached its maximum potential could have con-
siderably more power than a nuclear incident occurring within a
reactor.

One type of chemical explosion, for example, might result if ura-
nium fuel melted and spewed into water used as a coolant or moderator.
Design for safety seeks to avoid such potential chemical mishaps,
first, by building in negative temperature coeflicients, second, by posi-
tively assuring cooling, and third, by eliminating components that
will react—for example, uranium oxide would not have the violent
chemical reaction with water that might occur from pure, unreacted
uranium.

Sarery THrROUGH CONTROL SYSTEMS

A reactor control system is designed so that it shuts down the reactor
quickly enough to minimize danger. The extremely short time—less
than a second in extreme conditions—in which a reactor could get
out of control makes it of utmost importance that each reactor have
automatic control and safety systems that are reliable and relatively
rapid in operation.
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Instruments are inserted into the reactor to measure and record
temperature, the number of nuclear fissions per unit of time. They
monitor the rate of increase in fissions as a function of time, func-
tioning of the cooling system, and the amount of radioactivity in cool-
ants. The shut-down systems are attached to these instruments which
are used at least in duplicate, operate independently of each other,
and often are of entirely different types. A further safety device
shuts down the reactors if anything happens to incapacitate the
monitoring instruments.

In typical large reactors, there are at least two levels of automatic
response to instrument readings which indicate an abnormality. The
first is cautionary, or warning, calling attention to a relatively minor
condition not affecting safe operation. For example, in the Experi-
mental Breeder Reactor No. 1, the air that cools the reactor blanket is
vented through the stack and monitored to record its level of radio-
activity on a strip chart. If the activity were to rise above a safe
level, an alarm bell would sound and a warning light would go on.
Secondly, some abnormalities, such as temperature overruns or excess
reactivity, will result in shutting down a reactor in a fraction of a
second. Most reactors have about the same type of interlocked system
and will shut down automatically from the same causes, which include:

@) Anoverrun in temperature;

b) Excessive neutron reactivity (power) ;

¢) Too rapid a rate of increase in neutron reactivity (power) ;

d) Any malfunction in the cooling system, such as leaks in valves or
failure of pumps;

e) Leakage of radioactivity into coolants or through reactor contain-
ers; and

f) Onlarge reactors, an earthquake recorded by a seismograph.

The devices used to scram a reactor are of various types. The
Materials Testing Reactor, for example, has control rods made of cad-
mium, which is a high absorber of neutrons. These rods are raised
into position by means of a magnetic coupling during operation.
Should any instrumentation indicate that hazardous conditions are
developing within the reactor, the supply of electricity to the magnetic
system is interrupted, causing the control rods to drop under gravity
and the pressure of the cooling water. The rods immediately absorb
enough neutrons to stop the chain reaction.

Another example is a device used in the Homogeneous Reactor Ex-
periment No. 1 and the Experimental Breeder Reactor No. 1. Instru-
mentation indicating an alarming situation can cause the water
reflector, which normally reflects escaping neutrons, to be dumped from
the reactor. This will cause shutdown of the reactor by increasing



MTR in use. The “coffin” used to place test material in the Materials Testing Reactor without exposing workers.
uses a detection-measuring instrument to assure radiation is below tolerable levels.

A health physicist

SHILIALLDY YOIVIN
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neutron leakage, thus reducing neutron efficiency and stopping the
chain reaction.

Safety fuses for reactors. Over and above ordinary instrumentation
and automatic controls, Commission research is seeking to develop
automatic fuses which would prevent a nuclear runaway in the event
a reactor started to get out of control, as an electrical fuse does in case
of shorteircuit or overload. The fuses would have two characteristics:
first, each would be a unit in itself, wholly automatic, and not subject
to errors of maintenance or adjustment, or to tampering ; second, each
would be set off by an abnormally high-power-level of the reactor, and
would operate in less than a second.

Reactor Containment

The final safety device in protection of the environment is isolating
a reactor or, failing that, enclosing the entire reactor plant with a
secondary air-tight container or containers which would protect sur-
rounding population from radioactivity should a major accident
release it from the reactor itself. The amount of this secondary con-
tainment needed for an individual reactor can be balanced with the
relative isolation of the reactor. In the case of the Shippingport
Pressurized Water Reactor, for example, which is to be relatively
close to Pittsburgh, Pa., the reactor and its auxiliaries are isolated in
four separate containment vessels constructed of steel up to 114 inches
in thickness. These huge closed tanks are designed to hold any radio-
active gases and steam that might be released by a failure in the reactor
or any part of the coolant system. Further, except for the turbine
generator, the entire plant will be underground, the reactor itself
being buried about 70 feet below the surface.

REeacTor SAFETY RESEARCH

With the advent of new types of reactors, operating at increased
pressures and temperatures for the sake of greater efficiency in pro-
ducing electricity, the Commission’s program of experiment and
research in reactor safety was greatly expanded. As contrasted with
an expenditure in this field of $336,000 during the fiscal year ended
June 30, 1955, the Commission appropriation was $6 million for the
program during the fiscal year 1957. The aim of this increasing pro-
gram is to protect public health and safety, and to achieve reactor
safety in less costly ways so that the goal of economic electric power
from nuclear sources may be brought nearer.
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Experimental work to determine the effects of adverse operating
conditions on reactor behavior has been performed at the various
national laboratories. An example of this is the deliberate sacrifice
in 1953 of the boiling water reactor, BORAX-1, at the National Re-
actor Testing Station. In this instance valuable information was
obtained when this low cost facility, located in a physically isolated
area was allowed to blow itself apart as a result of a nuclear excursion.

The Commission currently has under way a reactor safety research
and development program which has grown out of this earlier work
and which is designed to obtain answers to such important questions
as:

@) Under what operating conditions will a given type of reactor
damage itself?

b) What built-in reactor characteristics tend to limit the damage?

¢) What built-in reactor characteristics tend to increase the damage?

&) Under what conditions will fuel elements melt?

¢) How will molten fuels react with reactor coolants?

f) What and how much radioactivity is released from molten fuel?

g) Can the reactor vessel itself contain the nuclear and chemical
energy released ?

%) If not, what kind of outer containing structure is needed to pre-
vent the release of fission products?

¢) Can fuses be made to shut down a reactor before damage occurs?

j) How can all the information developed in the program be inte-
grated into a set of design criteria for safe reactors?

Reactor Safety Test Facilities

The experiments to determine what reactor characteristics are in-
herently safe, and which are not, are concentrated in a number of
projects, each concerned with a different major concept of reactor
design.

A heterogeneous reactor test facility, Special Power Excursion Re-
actor Test (SPERT), located at the reactor testing station in Idaho,
is operated by Phillips Petroleum Co. The specific reactor projects
are in various stages of operation, construction, and design as de-
scribed from time to time in Commission reports to the Congress.
The SPERT facilities are planned to provide test information on
several heterogeneous reactor concepts. The installation consists of
a central building for remote control of test pits located one-half
mile from the operating center. Each pit is isolated from others so
that an unexpected energy release in one would damage only that
specific experiment.
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SPERT-I is a heterogeneous unpressurized reactor using water
as moderator and reflector. Very large surges of power are being
produced and studied in this reactor in order to gain a better under-
standing of the behavior of reactors of this type. It already has
been learned that power surges in which the power increases as much
as three times in a hundredth of a second will not damage the reactor.

SPERT-II was in early design stages late in 1956. This reactor
will operate at pressures up to approximately 300 pounds per square
inch, and is designed so that moderator and reflector can be changed.

SPERT-III, expected to be ready for tests in 1957, is designed to
operate at a pressure of approximately 2,500 pounds per square inch
and at a temperature of the order of 350° Centigrade. The water
which will serve as both moderator and coolant can be circulated at
rates up to 20,000 gallons per minute. This reactor will yield infor-

SPERT. Final inspection of SPERT 1 control rod drives before a test, Air
pressure on center transient controhrod (note air hoses) permit rapidjnovement of
the rod to trigger test. The test will be carried out from about half a mile
away.
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mation on power transients and safe operating conditions which will
be applicable to the Shippingport reactor and certain other advanced
pressurized water reactors now being designed. The experimental
program also includes excursion and stability tests.

A reactor known as KEWB-I (Kinetic Experiment on Water
Boilers) has been built by Atomics International, a division of North
American Aviation, Inc., at their proving ground in Santa Susana,
Calif. Thisreactor is intended to supply the same kind of information
about small homogeneous reactors that the SPERT facility is provid-
ing for heterogeneous reactors.

Studies of Chemical Mishaps

Metal ignition. The importance of learning more about the mechanism
of spontaneous ignition of metals has been underscored by the occur-
rence of some spontaneous uranium, thorium, and zirconium fires in
Commission installations. Similar spontaneous ignition has been
observed in other metals important to the atomic energy industry.
While this phenomenon is not known to have occurred in any reactor
core assembly, the possibility must be studied.

Argonne National Laboratory, Lemont, Ill., accordingly has under-
taken a fundamental study of the mechanism and characteristics of
spontaneous ignition in uranium, plutonium, thorium, zirconium, and
their alloys.

Argonne laboratory approached the problem by studying the re-
actions of uranium under controlled conditions of temperature and
pressure in an atmosphere of oxygen. It was found that, among other
things, metal purity and grain-size affect the rate of heat liberation
in the uranium oxidation experiments.

The work will be extended shortly to other reactor fuels, construction
materials, and alloys.

Ewxplosive chemical reactions. To increase understanding of such ex-
plosive chemical reactions as are caused when molten metal comes
in contact with water, experimental and theoretical studies have been
undertaken for the Commission by the Aerojet-General Corp. at
Azusa, Calif. The studies will assist in developing materials which
may retard the explosive reaction.

Operation of a pressurized water moderated reactor develops mix-
tures of hydrogen, oxygen, and steam within the pressure vessel. The
Commission has contracted with the Bureau of Mines, Department of
the Interior, to conduct studies to determine the limits of explosiveness
of thismixture. The experimental work involves producing mixtures
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of hydrogen, oxygen, and steam of known composition and determin-
ing the ignition temperature for each mixture.

In addition, the Bureau is attempting to determine the energy
release of these mixtures that explode. The results of this work
should make it possible to predict with some accuracy the hazards that
will be incurred in given reactor designs.

Fuel element burnout. The danger has been mentioned that during
a rapid increase of power in a reactor one or more fuel elements may
melt and spray molten fuel into the moderator water with sufficient
speed to form steam at an explosive rate.

Experimenters at Columbia University, New York, N. Y., have
been electrically melting simulated fuel elements to determine the
mechanism of explosions,

Fission Product Release and Containment

Rate of release. Since fuel elements in a reactor may melt as a conse-
quence of accidental excessive temperatures, it is important to know
the rate and type of fission products a melt-down would release under
various conditions.

At Oak Ridge National Laboratory, Oak Ridge, Tenn., experi-
menters are melting down small discs punched from irradiated reactor
fuel plates. The discs are heated in a gas-tight system and the fission
products released from the molten fuel are trapped selectively. Con-
ventional counting techniques record the rate of release of fission
products as a function of time.

Better control is being sought over the rate at which the fuel sample
melts. The studies are to be extended to other fuel elements and
materials.

Reactor core vessels. 'The first defense against release of radioactivity
in the event of a major reactor accident is the strength of the reactor
core vessel itself. The Naval Ordnance Laboratory, White Oak, Md.,
is presently under contract to the Commission to examine this aspect
of the containment problem.

Using scale models of reactor core vessels, the laboratory has de-
veloped a suitable simulant of a reactor excursion by blending a
rocket propellant with high explosive. When this charge is deto-
nated, it releases energy at the same rate as that expected in an actual
reactor accident. The present experimental program aims at deter-
mining the strength of the scale models as a function of such variables
as the relative dimensions and the temperature. Future experimental
work will include the effects on strength of the models when holes and
ducts have been cut into them.
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Reactor containment vessels. A final line of defense against release
of radioactivity in the event of an accident that ruptures the core
vessel and shields is an outer containment vessel which will prevent
escape of fission products to the environment. The Ballistics Re-
search Laboratory, Aberdeen Proving Ground, Aberdeen, Md., is
conducting a theoretical and experimental study to determine what
design features an outer containment vessel should have to provide
the desired degree of safety.

Scale models of various containment vessels, an inner vessel which
simulates the reactor core vessel, and a suitably modified explosive
are used. Experimental work to date demonstrates that the rupture
of the simulated core vessel by static pressure does not generate a
shock wave. Rupture of this core vessel by an explosive which funec-
tions on the same time scale as expected in a reactor accident, however,
does produce a shock wave and builds up pressure on the outer con-
tainment vessel at a very high rate.

The Ballistics Research Laboratory, as a separate undertaking, is
conducting limited destructive tests on a one-quarter scale model of
the containment system to be used for a test reactor facility at Wright
Air Development Center near Dayton, Ohio.

Fuse Development

Work has been under way for some time to develop a reactor fuse
which would supplement routine devices to help control reactors
more effectively and inexpensively. A number of types of fuses are
under development by Atomics International at Canoga Park, Calif.
for the Commission.

One type of fuse which shows promise is a capsule of boron tri-
fluoride gas under considerable pressure placed inside a large con-
tainer and inserted in the core of a reactor. This gas has a quality of
absorbing many neutrons and, in the fuse designed, would release
from the capsule into the larger vessel within the core whenever a
critical neutron flux was exceeded.

The can-in-a-can fuse operates by increasing the space filled by the
neutron-absorbing gas. The absorption of neutrons is a function of
the total space occupied by the gas rather than of the number of
atoms of the gas, which makes this arrangement feasible. The neu-
tron-absorbing gas thus is not released to poison the entire reactor.
The fuse operates to reduce the neutron flux locally at the point needed
in the reactor, and a large reactor might not be shut down by the
action of a single fuse. Activation of multiple fuses would be needed.

The action of the fuse has been found to be sufficiently rapid in the
face of an increasing neutron flux that the unit will react and release
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the neutron-absorbing gas in a matter of a few thousandths of a
second.

Speed of response is one of the basic requirements of reactor fuses,
and extensive studies are being carried out to improve the speed of
response of fuses, and to control more closely the neutron flux at
which a fuse is set off.

Fuses that operate on quite different principles also are under in-
vestigation, including a so-called “flashbulb” fuse, in which a neutron
absorber is built into a single thin wire. When triggered, this wire
would flash and release the neutron absorbing material as a gas of
much larger volume.

Future Program Plans

The Commission has under consideration many extensions of the
present program of research related to reactor safety.

Chief among the contemplated projects is a fast-reactor fac1hty to
undertake studies similar to those planned for SPERT and KEWB.
Safety studies at the fast-reactor transient facility are expected to
begin with investigations of this type of reactor’s nuclear stability
under normal operating conditions. As information about the reactor
characteristics is obtained, the study would progress to the effects of
deformation of the core by temperature and radiation-induced
stresses. After these effects were understood, it would be possible to
carry studies of power surges to the point where melt-down of indi-
vidual fuel elements occurred.

Limited destructive tests in actual operating thermal reactors ap-
pear necessary to give a clear understanding of the magnitude and
mechanism of energy release in an actual runaway. Consideration is
being given to the feasibility of a test facility in which single fuel
elements could be subjected to explosive transients, but the resulting
explosion could be wholly contained.

An objective analysis of the containment problem will shortly be
undertaken under existing Commission contracts. It is necessary to
establish several important factors, such as the necessity for elaborate
facilities, the cost versus the protection afforded by containment
structures, and the various methods available for containment. This
analysis will also be supplemented by a theoretical study of the pro-
duction of shock waves, and of the possibility of incorporating into a
reactor structure shields which would minimize damage and reduce
the required strength of the outer containment vessel.

It is important continually to improve the quality of the instrumen-
tation of operating reactors. While some work on instrumentation
development is under way among contractors participating in the
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reactor safety program, substantially more effort will have to be
devoted to this important area. Special instruments also are needed,
for example, to measure temperature, pressure, and neutron flux
during rapid power surges. This instrumentation must be small
enough to be placed wherever desired in the reactor, must resist cor-
rosion, and operate adequately in a high radiation field.

Other safety projects will include:

@) Improving arrangements for reactor control, the so-called man-
machine interrelationship, so that the operator can most quickly
give a correct response to an emergency situation.

b) Devising burnable reactor poisons—neutron absorbers which are
placed in the core to be slowly converted by radiation to non-
absorbers, so as to reduce the need for additional fuel to be placed
in a reactor core to override the accumulation of fission product
poisons.

¢) Development of an operational definition of a “safe reactor.”

d) Studies of the relation between safety and cost of reactors. The
Commission must insist upon an adequate degree of safety for the
public. At the same time, it is clearly not feasible to increase the
cost of the reactor indefinitely to provide certain increments of
safety. Ultimately what is required is a rational basis for relating
the cost of a given degree of safety to the economic worth of each
particular reactor. It will then be possible to decide the merits or
demerits of a particular reactor and site in a relatively objective
way.

Bibliography—
U. 8. Atomic Energy Commission Reports on Reactor Safety. Hugh E.
Voress, comp. TID-3503
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RADIOACTIVE WASTES

The problem of handling and disposing of radioactive wastes runs
through the entire fabric of nuclear energy operations. Wastes in
gaseous, liquid or solid form, are evolved in mining of ore, production
of feed materials, operation of reactors, chemical processing of spent
reactor fuels, and in research work. Because of the long life of some
radioactivity, the ability of radiation to cause injury to human, plant
and animal life, and its potential danger as an environmental contami-
nant, the safe handling and final disposal of wastes is important to the
successful application of nuclear energy to peaceful uses.

It is the Commission’s policy to be conservative in all matters of
radioactive waste disposal, and to rely on operative experience and the
results of research to establish better methods and to reduce costs.
Methods of waste-disposal and waste-handling were reported in detail
in the Eighth Semiannual Report (January—June 1950), and research
and developments in this field have been reported from time to time
as activities warranted.” Here, the Commission summarizes its
research and development program for waste handling, briefly reviews
general methods, and describes some current research efforts.

The major objectives of the Commission’s current waste disposal
research and development program are:

a) To develop better and cheaper ways for safe handling and disposal
of gaseous, liquid and solid wastes—particularly those from reactor
and chemical processing plant operations;

b) To evaluate quantitatively natural dilution and concentration
factors determining the degree of treatment required before wastes
are released to the ground or to the atmosphere or surface areas,
thereby taking advantage of such natural factors;

¢) To learn more about fundamental phenomena and the processes
inherent in disposal of radioactive and toxic wastes so that more
efficient and economical methods may be devised ;

d) To aid in integrating the nationwide efforts of other Federal
agencies, which deal with waste disposal and environmental sani-
tation problems in industry, with the newer and unique operations
in the field of nuclear energy to the mutual advantage of waste dis-
posal specialists; and

17 For the most recent summary, see pp. 62, 113, Twentieth Semfannual Report (January—
June 1956).
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¢) To assist State and local officials concerned with waste disposal and
related environmental problems in better understanding of related
problems in the atomic energy industry.

Gaseous aAND OTHER AIRBORNE WASTES

Gaseous or airborne particulate wastes vary greatly with their
origins. Tiny particles of radioactive material originating from fail-
ure of a fuel element in an air-cooled reactor, particulates and iodine
from fuel processing plants, and particulates from plutonium fab-
rication facilities, have from time to time presented problems. The
development of special high-efficiency filters, and of iodine gas removal
units, has solved many of these problems.

Alr used as a coolant for a reactor is prefiltered to remove particu-
lates which would become radioactive when irradiated. High-effi-
ciency filters also are used to remove radioactive particulates from
gas that has passed through a reactor. Filters of glass or kraft paper
and asbestos are available in several sizes. Large sand-bed filters are
used where the volume of air to be treated is great. Short-lived radio-
active isotopes of gases, such as iodine, in the waste streams from
chemical processing plants can be released to the atmosphere through
a tall stack if conditions are favorable for large dilution at safe
altitudes.

Studies in micrometeorology at all major Commission installations
have shown how a variety of conditions will affect the dispersal of
stack discharges, and what hazards would arise should serious dis-
ruptions occur in normal operations involving radioactivity. A sen-
sitive method for studying gaseous diffusion from stacks has been
developed at Argonne National Laboratory. Harmless freon gas,
the kind used to cool refrigerators, is released through a stack, or from
a meteorological tower, and its diffusion to various areas is measured
with a device which can detect as little as one molecule of freon in a
million molecules of air. With information derived from these
studies, plans have been devised for coping with unexpected operating
incidents.

Disrosan or SoLip WasTte

Solid radioactive wastes, such as machine turnings, contaminated
equipment, and contaminated trash, do not constitute a serious tech-
nical problem. The levels of activity range from very slight to con-
taminations severe enough to require special or remote handling
equipment.
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To date, such wastes have been buried under controlled conditions,
on land or in the sea. Established burial grounds exist only at cer-
tain production and research sites (Oak Ridge, Tenn.; Savannah
River Plant, S. C.; Idaho Falls, Idaho; Los Alamos, N. Mex.; and the
Hanford plant, Richland, Wash.). Other installations ship solid
wastes to established areas.

A burial ground for radioactive wastes is fenced to limit access, and
is a dedicated plot that will not be usable for other purposes for a long
period of time. Monitoring wells are maintained in the periphery of
such plots and a periodic analysis is made of water or soil samples to
determine the extent to which wastes have moved away from the burial
area.

Sea disposal.  Solid wastes, incorporated in“concrete and sealed in steel drums,
being loaded aboard Navy ship for transport to sea”and sinking at depths of
1,000 fathoms—more than a mile deep—alongside a wharf at Floyd Bennett
Field, Brooklyn, N. Y. The ship is an LST (Landing Ship, Tank).



154 MAJOR ACTIVITIES

Material also may be disposed of by Navy vessels which sink refuse
in established areas at sea along with naval wastes consigned to simi-
lar dumping. For such disposal all material must be suitably pack-
aged in concrete within steel drums to guarantee sinking and con-
tainment on the bottom.

Liquip Rabroactive WASTES

Liquid radioactive wastes of low radioactivity and large volume
originate in laboratory and plant operations, including the laundering
of contaminated clothing. Wastes of this type originate also from
some reactor operations, particularly from water-cooled reactors in
which the water passes through the neutron flux of the reactor, as at
Hanford.

Under suitable environmental conditions, low-level wastes can be
disposed of directly after receiving minimum treatment. The Han-
ford reactor coolant wastes, for example, total millions of gallons per
day. Costs for treatment tend to be high, so that to the extent that it
is safe to do so, dilution factors available in nature are used as much as
possible.

Waterways. At Hanford, the cold water of the Columbia River is
used as coolant for the eight Hanford plutonium-production reactors.
The water is extensively treated before use, but retains traces of min-
erals which become radioactive as the water passes through the
reactor. The water therefore is held in retention basins for a short
time, so that radioactive decay will reduce the amount of short-lived
activity, and then is released to the river where residual activity is
greatly diluted.

Extensive studies have been made on various methods of water
treatment, seasonal changes in water quality, and on the effect of
reactor operation practices in producing radionuclides in the cooling
water. The hydrology of the river is under continuing study with
particular regard to flow velocity, temperature and channeling effects.

Where liquids with low level activity are disposed of in lakes and
streams, as at Oak Ridge, and Brookhaven National Laboratory,
Upton, Long Island, N. Y., it is essential to have rapid continuous
analysis of the kinds of activity, since some less hazardous radioiso-
topes can be discharged in much larger quantities than others.
Advances in gamma ray spectrometry, as at Hanford, now make pos-
sible simple, accurate analyses for many isotopes without chemical
separation. For example, sodium 24, maganese 56, zinc 65, copper 64,
chromium 51 and neptunium 239 can now be determined in reactor
effluent water in one tenth of the time previously required.
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For isotopes with no gamma emission, beta counting is necessary.
Beta proportional counting systems and scintillation counters replace
the Geiger-Mueller counters and allow greater sensitivity and speed.
Such analyses as these, together with the diluting potentials of the
waterways and the adsorbing properties of the muds in the stream
bottoms, have come in for intensive study.

Other wastes. Disposal of large volumes of low activity waste to
ground pits is practiced in several places, notably Oak Ridge, Idaho,
Hanford, and Savannah River installations. Intensive research is
carried out on the penetration of the waters and radioactive ions
thrbugh the soil beds toward ground water.

Ggochemical and geological research started at Hanford in 1947,
and methods were developed for predicting the movement and be-
havior of contamination in ground water. Research was carried out
on the ability of soils to remove from solutions such radioisotopes as
plutonium 239, uranium 238, strontium 90, cesium 137, and rare earths.

Expanding investigations have revealed some areas of unusually
high permeability that indicate the existence of channels where ground
water movement is faster than elsewhere. The possibility that ground
water contaminated with radioactive materials could migrate into
these channels of rapid flow has intensified hydrological research, and
new techniques have been developed to study the rate of flow through
soil. The conservative policies on release of wastes have prevented
any actual significant transmission to drinking water sources.

At Oak Ridge, three pits have been excavated in the relatively im-
pervious Conasauga shale, and since 1951 more than 4 million gallons
of low-level waste containing 57,000 curies of cesium 137 and ruthen-
ium 106 have been released to this system of open, seepage pits. De-
tailed studies have shown that primary movement of these wastes
underground is along interfaces of strata. The shale removes positive
cations effectively, but is relatively ineffective in removing negative
anions such as ruthenium 106 and stable nitrates. Present concentra-
tions downstream from these pits, however, are safely below the levels
set for drinking water. The U. S. Geological Survey, Department of
the Interior, assists in these studies.

At hospitals and laboratories using radioisotopes, the problem wastes
are chiefly liquids containing residues of the radioactive material used
in experiments or treatment of patients. Scientists and physicians
generally use minute amounts of these materials, which with few
exceptions, notably carbon 14, have short lives.

Most Commission installations have laboratories which use radio-
active materials. The degree of activity varies over a wide range,
from radioisotope tracer work to levels many thousand times higher

411053—57——12
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which require special safeguards and “hot” laboratory facilities. In
these laboratories research studies are conducted in fundamental
chemistry, physics, metallurgy, biology and medicine, engineering
development, and in some cases component and pilot plant testing.

High level liquid, wastes resulting chiefly from chemical processing
of reactor products present the major problem of disposal. The
quantity of wastes depends on the reactor fuel and the chemical
process being used. In the case of uranium, it may vary from one-tenth
of a gallon to | gallon per pound of uranium processed, and totals

Waste storage. Storage tanks to contain wastes with a high-level of radioactivity
may be equipped with cooling machinery to remove the heat of radioactivity
and reduce the corrosion. Photograph shows the cooling coils installed in a
stainless steel tank in the Chemical Processing Plant area of the National Reactor
Testing Station.
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millions of gallons a year. These wastes are stored in tanks, and not
disposed of in the sense that low-level wastes are.

Storage tanks may vary in size from tens of thousands of gallons
up to 1 million gallons or more. Heat generated by radioactive decay
may be used to concentrate wastes in some cases; in other cases waste
solutions must be cooled by circulating water in pipes to reduce
corrosion.

Storage in tanks is not a final economical answer. On the other
hand, sufficient dilution probably is not available in nature for any
safe, continuing dispersal to the environment of materials having
high levels of long-lived radioactivity.

A number of approaches is being studied in an attempt to solve the
long-term problem of safe disposal of high level wastes.

One way is to convert fission product waste material associated
with aluminum nitrate salts to a dry oxide powder by heating to high
temperatures. Under proper conditions it may be possible to make
the fission products nonleaching. Packaging of the solids in sealed
steel containers may offer added protection.

A promising method is to mix wastes with native clays and then
fuse them in a kiln into a ceramic mass at 1,000 degrees centigrade.
In this form there would be no leaching and the wastes could be stored
or buried. Another system provides for the adsorption of the pre-
pared wastes in a volume of montmorillonite clay. The clay is drawn
out as a small diameter thread which is placed in an absorption
column. This form of the clay provides good hydraulic conditions
for flow of the waste solution in the column. Subsequently the satu-
rated clay is heated to about 800 degrees centigrade and fused into a
ceramic state. The finished product has the appearance of small rods,
and present information strongly suggests that it will be relatively
nonleaching.

Another approach is to separate chemically from the liquid wastes
the especially hazardous and long-lived beta emitting strontium 90
and gamma ray emitting cesium 137. The cost of removing cesium
and strontium might be offset in part by revenues from sale of these
materials for industrial, medical, or experimental use. With these
two separated for special confinement or practical use, the remainder
of the wastes would be at least a hundred times less hazardous and
possibly could be disposed of to the environment.

A self-sintering pit method is now under development at OQak Ridge
National Laboratory. The high-activity waste solution is slurried
with earthen materials, and placed in a lined pit. The heat of the
radioactive decay forms the materials into masses without actually
melting it—a process called “sintering.”” The sintered mass needs to
be further studied for mechanical strength and insolubility to deter-
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mine how and where it could be disposed of. Vapors leaving the
self-sintering mass are radioactive, and suitable means must be devised
for filtering them

Fluidized-bed calcination of aluminum-type wastes has been dem-
onstrated on a pilot-plant scale by Phillips Petroleum Co. at the
National Reactor Testing Station. The volume of liquid waste is
reduced seven-fold in the process of creating a free-flowing granular
solid which can be transported by an air conveyor system to large,
partly buried, concrete vaults covered with sheet-metal roofs. This
type of waste can be treated with leaching solutions to remove usable
fission products.

Geologists are considering the possibility of direct discharge to:
spaces prepared by dissolution in subterranean salt beds or salt domes;
basins 5,000 to 15,000 feet in depth containing brines with no geologic
connection to potable waters or other natural resources; special ex-
cavations in selected shale formations; and surface excavations in se-
lected locations where control against contamination of the environ-
ment can be assured.

Disposal to the sea offers possibilities of interest to many nations,
but is presently carried out only under very limited conditions. Small
amounts of wastes from University of California Radiation Labora-
tory, Berkeley, and Brookhaven National Laboratory, are now de-
posited more than a mile deep in the ocean in steel drums. Bulk
process wastes might be similarly deposited in some type of larger
container—perhaps in something as temporary as a plastic balloon.
Wastes might be pumped in bulk to cold depths below the level where
there is very little sea life, and evidence of slow circulation exchange
with waters nearer the surface.

Various features of physical and marine oceanography bearing on
the feasibility of sea disposal are under study by several American
oceanographic institutes, and data produced by the oceanographic
program of the International Geophysical Year may help. Problems
of primary consideration are: the amount of radioactivity which would
be picked up in ocean spray and held in the atmosphere; the manner
in which radioactivity would affect sea life and human food resources;
the deep water flow from cold latitudes to the equator and the rate
at which it mixes with the surface waters; the eventual dilution of
deeply deposited radioactivity if and when it becomes available to
sea life; and the effect of eventual surface concentrations of certain
radioactive materials by various forms of sea life.

All these questions are under study, through research contracts
with Woods Hole Oceanographic Institute, Woods Hole, Mass.,
Lamont Geological Observatory, Columbia University, New York
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City, and Texas Agricultural and Mechanical College, System,

College Station, Tex.

ReseEarca Programs

Current projects in research on disposal of high level wastes include:

Research and Development Project

Fixation of Radioactive Materials.

(At Brookhaven National Laboratory a pilot
plant in which radioactivity is fixed on mont-
morillonite clay has been successfully operated.
Currently work is being done on conversion of
waste materials to oxides for fixation purposes.
At the Johns Hopkins University Laboratory
work is being done on the fixation of strontium
and cesium in synthetic feldspars.)

Disposal of high-level wastes into pits.

(ORNL studies of the sintering process and field
experiment leading to design of self-sintering
pits are under way. Investigations on selec-
tive removal of strontium and cesium are in
progress.)

Evaluation of geologic and hydrologic problems
involved in disposal at or near the earth’s
surface,

(Studies are in progress at various Commission
installations and include determination of the
adsorption capacity for radioactivity of natural
earth materials.)

Appraisal of environmental and operational
aspects of ultimate disposal systems.

(Through active cooperation of such organiza-
tions as the Woods Hole Oceanographic Insti-
tute and the Earth Sciences Division of the
National Research Council, progress has been
made in delineating and assessing problems
associated with sea disposal and land burial or
storage of high-level wastes.)

Assessment of geophysical problems connected
with disposal of high-level wastes to various
geologic formations.

(Preliminary feasibility studies are being made
on the use of salt formation, deep geologic
basins, special excavations and other geologic
strata for receiving high-level wastes.)

Investigation of hydraulic and chemical phe-
nomena involved in disposal of liquid wastes
into reverse wells,

(The nature of the ion-exchange and flow of
radioactive liquids in permeable media is
being investigated.)

Participant
Brookhaven National Labora-
tory, Upton, Long Island,

N. Y, and
The Johns Hopkins Univer-
sity, Baltimore, Md.

Oak Ridge National Labora-
tory, Oak Ridge, Tenn.

U. 8. Geological Survey, Wash-
ington, D. C.

The Johns Hopkins University.

National Academy of Sciences,
Earth Sciences Division,
Washington, D. C.

University of California,
Berkeley.
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Research and Development Project
Quantitative evaluation of dilution factors in
surface waterways.

(The capacity of surface waterways to receive
safely radioactive materials is under study.
Harvard University is investigating the basic
phenomena involved. Northwestern Univer-
sity is making a specific study of a pilot stream
preliminary to a more comprehensive evalua-
tion of the Des Plaines River in relation to
wastes from Argonne National Laboratory
operations.)

Investigation of meteorologic factors in disposal
of gaseous wastes.

(The capacity and limitations of the atmosphere
to receive safely radioactive materials are
being studied.)

Air cleaning research and development.

(Developments seeking to improve air cleaning
systems have been in progress for about 5
years. Assistance is provided in evaluating
air eleaning operations and problems at vari-
ous Commission installations,)

Aerosol investigations.

(Properties and behavior of aerosols, particu-
lates, as they relate to air and gas cleaning
operations are under study.)

Relation of fall-out to water supplies.!®

(The ability of municipal water treatment sys-
tems to remove fall-out activity has been
studied.)

Radioactive waste incinerator development.?

(Based on pilot plant tests, design and specifica-
tions for 30- and 100-pound-per-hour units for
handling contaminated combustible wastes are
in preparation.)

Treatment of low-level wastes by algae eoncen-
tration.!®

(The feasibility of utilizing radioactivity concen-
trating ability of algae for handling low-level
liguid wastes has been determined.)

Participant
Harvard University, Cam-
bridge, Masgs., and North-
western University, Evans-
ton, Tl

U. S. Weather Bureau, Wash-
ington, D. C.

Harvard University.

University of Illinois, Urbana.

Massachusetts Institute of
Technology, Cambridge,
Mass.

U. 8. Bureau of Mines, Wash-
ington, D. C.

University of Texas, Austin.

Related research and development work at other Commission sites
is reported elsewhere and is not included in the above tabulation.
This additional research represents sums substantially greater than
expended annually in the sanitary engineering program listed here.

18 Project completed.
¥ Project completed.
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Puture Research Programs

The major objective of future research and development activities
in disposal of high-level wastes is to bring to engineering reality such
ultimate disposal systems as are established as being technically and
economically feasible.

Actual work in the future program will fall into two main categories:

First, extrapolation of laboratory studies which have already indi-
cated practical ultimate disposal systems, such as fixation of radio-
active materials and removal of strontium and cesium.

Second, the initiation of laboratory and field investigations on
ultimate disposal systems shown by preliminary evaluation to be
promising. The outstanding priority in this category is disposal into
various geologic formations. Specific problems include control of
the heat of radioactive decay; evaluation of chemical and physical
reactions between wastes and various earth materials; development
of suitable environmental control systems; and investigation of
problems involved in physical handling and transportation of highly
radioactive materials.

Future work will require actual field investigations with associated
geophysical exploration, drilling and instrumentation.

Bibliography—
Waste Materials in the United States Atomic Energy Program.
Abel Wolman and Arthur E. Gorman, WASH-8

Radioactive Waste Disposal; A Bibliography of Uneclassified Literature.
R. L. Shannon, comp. TID-375
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RADIATION PROTECTION IN
COMMISSION ACTIVITIES

The Atomic Energy Commission has followed a policy of keeping
to a minimum the radiation exposures of workers in the installations
of its contractors. Usually, the exposure is less than those levels be-
lieved acceptable on the basis of research, or of calculations based on
experience with other sources of radiation. Permissible levels for
the public are set even lower, generally at one-tenth of industrial
levels. Large and continuing programs of research are directed and
sponsored by the Commission to determine accurately the levels which
may be considered harmless from a chemical and radiological stand-
point. These studies on radiation dosage and chemical toxicity, and
the standards derived from them, are reported later.

In practice, few workers are exposed even to the allowable limit
for radiation. Some accidents have resulted in injury, and some
workers have undergone technical overexposures, but average ex-
posure of workers within atomic energy installations are well below
the standards established.

The following series of tables lists radiation accidents in atomic
energy activities, and reports the general exposure records in routine
operations of Commission contractors. Accidents are reported, be-
ginning in August 1945. The exposure records for operations start
with the period of responsibility of the Atomic Energy Commission
in January 1947.

In 11 years between August 1, 1945, and July 3, 1956, there were 16
radiation accidents in which 69 persons were overexposed to radia-
tion. In 8 cases, only one person was involved. In another single
instance, 28 servicemen were overexposed by an unexpected con-
centration of fall-out after a 1954 weapons test. Of the 69 exposed,
only two died—in 1945 and 1946. Of the remainder, 19 suffered skin
injury, and several exposures were comparatively minor.

The following lists give occupational radiation exposure experience
in the Government atomic energy operations from August 1945
through July 1956:

162



JULY-DECEMBER 1956 163

Incidents Involving Radiation Overczposures Which Resulted In Injury or Death

Number
Date Location Involted  Extent of Exposure Nature of Incident
Aug. 21,1945 . ___ Los Alamos________ 2 1 fatal; 1 other re- Inadvertent criticality in experi-
ceived 32roentgen ment,
(r).2%
May 21, 1946 _.__ Los Alamos...______ 8 1 fatal; 7 others ex- Inadvertent criticality in experi-
posed to descend- ment.
ing amounts re-
sulting in hospital-
ization; all 7 re-
covercd,
May 19, 1948.____ Pacific_____________ 4 Radiation burns to Failure to handle radicactive air
hands. filters properly after collecting
by airplane following weapons
test.
Sept. 7, 1948 _____ Los Alamos_._____. 1 Radiation burn on Allowed radioactive material
ankle. he was unpacking to rest
against his leg.
July 9, 1952._____ Los Alamos.____.__. 1 Radiation burn on Handling material with torn
fingers of right gloves.
hand.
Mar, 1954 ______. Marshall Islands. .. 28 T8l . Fall-out from weapons test, 40
percent suffered skin lesions.
July 25, 1955._.__ Idaho Falls_...___._ 1 Radiation burn in While welding, particle lodged
external ear. in ear.
Apr. 30, 1956_____ Los Alamos_._.__ . 1 Slight suspected ra- Handling radioactive source.
diation burn on
hand.

Other Incidents Involving Radiation Overexposure

Number
Date Location Involved  Extent of Exposure Nature of Incident
June 2, 1952______ Chicago....-...-. - 4 12,71, 146, and 189 Accidental criticality during con-
rep. ¥ trol rod test on experimental
reactor
Feb, 16,1955_ . _. Hanford._...._._.._ 1 Est. 114 times per- Maintenance of contaminated
missible body bur- equipment
den of plutonium
Mar, 1,1955_. .. Nevada.._.___._ .. 1 39re . Guard entered contaminated
area
May 11,1955 ___ Hanford ........._. 3 Whole body esti- Handled irradiated metal from a
mate 3.5 rad. ¢ reactor
Jan, 18, 1956___.__ Nevada......_.._._ 4 28,14,4,19r..__..__ Overexposure during recovery
operations
June16,1956..... Savannah River._ 1 Trado .. _ Operator inhaled radioactive gas
June 18, 1956 Hanford_......_____ 1 Probable significant Break in instrument line
body burden of plu-
tonium
July 24,1956_.. ... Idaho Falls.._.__.__ 8 21.5to2.5r .. .. Placing experiment in materials

testing reactor

% A unit of measurement of gamma ray and X-ray radiation; see later section of this ¢chapter for detailed
definition.
21 A unit of measure of effects of radiation see later section of this chapter for full definition,
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In addition, a number of other incidents which involved radiation

are listed:

Other Incidents Involving Radiation

Location
Hanford._........._

Date
May 7,1954......

December, 1954.. Savannah River....

Number
Involved

4

1

Exztent of Exposure
Slight plutonium
body burden
Records indicate
employee eould not
have recelved in-
jurious exposure

Nature of Incident
Explosion in pot of turnings from
plutonium machinery
Handling contaminated material.
After a hearing before 8 member
of the South Carolina State
Compensation Commission,
there was a finding that em-
ployee had in fact been Injured

Jan. 10,1955_..._. Idaho Falis.... ... 1 Records indicate Employee claims radiation sick-
employee could not ness. Matter i3 now before the
have received in- Idaho State Industrial Accident
jurious exposure Board

June1l, 1955..__. West Milton, N. Y. 1 15r . Fire involved radioactive sodium

Oct.31,1955..._.. Savannah River__..

Records indicate
employee could not
have received in-
jurious exposure

at reactor

Alleged radlatlon injury. Em-
ployee has since died. Case is
now before the South Caroling
State Compensation Commission

Jan.17,1956.._... Hanford . ____.__. 1 Plutonium contamination to hands required 50 days to
remove all plutoninm

Jan. 18,1956 .. ___ Bridgeport, Conn_. 1 Employee took home a plece of string with coball
sourece attached

Feb.1,1956__.._. Oak Ridge__._..___ 4 Possible 1.5 rep. Unanticipated criticality during
maximum experiment

May 14, 1956. .- _ Fort Belvoir ....___. 15-25 Possible exposure to Cover left off radioactive source
not more than 6 r

July 2,1956__..___ Bayside,N.Y_.____ 4 1 fatal; 3 others re- Thorium explosion. No radia-
quired hospitaliza- tion injury was involved
tion

The following series of five tables was prepared on the basis of
summary reports of experience from the Commission’s 32 principal
operating contractors with respect to radiation exposure in routine
operations. The incidents reported earlier are not included in these
statistics. Although the periods reported by the 32 contractors do
not in 8 cases cover the full span from January 1947 through June
1956, the coverage is good and the figures as given are considered
statistically representative.

Table No. I summarizes exposures of nearly 200,000 contractor
personnel to external radiation in routine operations over a period
of 9 years ended December 31, 1955. No. II lists highest accumu-
lated exposures in routine operations during the same period. No.
III itemizes annual totals of single exposures to external whole-body
radiation above permissible limits for 9% years ended June 30, 1956.
Table IV similarly reports on single exposures to internal radiation
for the same period. Tables Nos. V-A and V-B report on workers
exposed to the possibility of acquiring body burdens of radioactive
materials for the same 9%-year period.

The exposures, reported in Table I for nearly 200,000 contractor
employees show that during the 9-year period covered, more than
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Table [—Exposures of Contractor Personnel to Penetrating Radiation, Sum-
marized for Period 1947-1955, Inclusive

1947-1955 1955 only
Range of Annual Total
Exposure in Rems Number of Percent of Total Number of Percent of Total
‘Workers Number of ‘Workers Number of
Workers Workers
0-1_ _ .. 186, 836 95. 34 56, 708 94. 21
1-6_ .. 8, 468 4. 32 3. 157 5. 24
5-10_ . 569 0. 29 285 0. 47
10-15. . . 73 0. 04 41 <0.07
>18_ 19 0. 01 3 <0. 01
Total ... .. 195, 865 100. 0 60, 194 100. 0

s Rem is a unit used to measure the potential damage to man or mammal caused by radiation. Later
section on Standards of Radiation Exposure gives details.

b Exposures exceeding 15 rem/year include both routine technical overcxposures and accidents. There
were no deaths during this period which were attributable to radiation.

(Note: the symbol > means “more than;”” < means ‘“Jess than.””)

99.4 percent were exposed to less than 5 rem # a year, as compared
with present permissible limits of 15 rem a year.

Table II summarizes the highest annual exposures of contractor
employees in routine operations, including weapons tests and cases
in which workers accepted for specific tasks higher levels of radiation
exposure than customary (but not above quarterly limits). Accidents
reported elsewhere are not included. The average of the highest
individual doses received during the 9 years is 16.4 rem. The average

Table II—Highest Accumulated Yearly Exposures in Rems to Individual Con-
tractor Employees During Routine Operations in Years 1947-1955, Inclusive
Average

Erposure 1947 1948 1949 1950 1951 1558 1963 1954 1965 194765
Highest

Doses_._. 23.5 20.3 13.6 9.0 7.1 157 129 27.8 17.9 16.4
Average of

Highest

Dosesb_.. 7.4 7.8 40 39 28 50 49 65 58 5.1
Average of

10

Highest ® 52 42 26 22 1.8 29 34 39 41 3.4

»Indicates highest exposure which occurred during the year in the Commission program in the course
of routine plant, laboratory, and test operations. It does not include accidents which are reported else-
where,

bIndicates average of the single highest annual exposures which occurred in each of the contractor’s opera-
t ons for each year covered.

¢ Indicates average of the 10 highest annual exposures which occurred in each of the contractor’s operations,

32 The rem is a unit for measuring the damage to mammals or man caused by various kinds of radiation.
Details of this and other units of radiation measurement, and of the permissible levels which govern atomic
energy operations, are given in a later section on Standards of Radiation Protection.
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of the 10 highest exposures for any one year reported was only
fractionally above 5 rem, and for the 9 years the average was 3.4

rem.
Table ITII gives single above-limit exposures of contractor employees

to whole-body radiation in routine operations. The accidents re-
ported elsewhere are not included, and quarterly exposure levels were
not exceeded. In single exposures of more than 3 rem, many of them
accepted during special operations, a total of 139 persons was involved
during 915, years in routine activities, and 98 at weapons test sites
during the same period. These single over-exposures are not
necessarily serious.

Tables IV, V-A and V-B, report exposures of contractor personnel
through inhalation or similar means to radioactive material taken
inside the body. Table IV shows the number of cases in which radio-
isotopes were taken internally on a single occasion in amounts com-
parable in degree to the acquisition of 8 rems of external radiation.
These single overexposures are not necessarily serious but the table
indicates the frequency with which safety guides were exceeded.

Tables V-A and V-B are indicative of the frequency with which
body burdens of radioisotopes are incurred, and the amounts in-
curred indicate the level of exposure—rarely above the limits pre-
scribed except in the case of uranium, which is more toxic chemically
than radiologically.

The tables show, in the last line of Table V-A, that during the
period covered possible exposure to intake of radioactive materials is
estimated to have involved 137,723 man-year units (not 137,723 dif-
ferent persons, since the same individual may be tallied in successive
years). Of the 137,723 involved, 71,122 man-year units showed
detectable body burdens and 4,910 man-year units showed body bur-
dens greater than the recommended maximum values for continuous
exposure. In only 66 of these cases were radioisotopes other than
uranium involved.

The excretion of uranium from the body is so rapid that it is meas-
ured in terms of days rather than of years or of decades as with some
other materials. Thus, although the transient values of the body
burden of uranium may exceed from time to time the recommended
maximum permissible average values, it is relatively easy, on the basis
of information provided by bioassays, to limit the average body bur-
dens of individual employees to permissible values by rotation of job
assignment or other appropriate methods of control. For this pur-
pose, measurements of body burdens of uranium in individuals may be
made many times per year, the frequency depending upon the risk of

intake,
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Table ITI—Number of Single Exposures of Contractor Employees in Routine
Operations to More than 3 Rems of Whole Body Radiation, 1947-1956

€ mo.
No. of Exposures 1947 1948 1949 1950 1951 1952 1953 195 1956 1".‘1;506 Total
Operational _____ 1 0 3 2 7 13 463 23 21 6 =139
Test Sites_ ... _- mee mem e eew . P36 P33 20 bj b4 98

a 53.1 percent of the 32 contractors reporting had no single exposure greater than 3 rem.

b At the Nevada Proving Ground, it was necessary for operational reasons to permit single exposures
greater than 3 rem for 36 persons in 1952, 33 in 1953 and 3 in 1956, although no one exceeded his permissible
quarterly dose of 3.9 rem.

e At the Eniwetok Proving Ground, during recovery operations 20 persons in 1954 and 1 in 1956 received
single exposures greater than 3 rem.

d There were 31 planned exposures in 1953 during the clean up after a Canadian reactor incident at Chalk
River, Quebec, but no one was exposed to more than the quarterly permissible dose.

Table IV—Number of Single Exposures of Contractor Employees Resulting in
Body Retention of a Quantity of Radioisotope Greater Than Would Be
Retained by Inhalation for 10 Wecks at Permissible Conecentration,» 1947-1956

6 Mos.
Year 1947 1948 1949 1950 1951 1952 1958 1954 1955 1956 Tolals
No. of Expo-
sures.__._.._.._._. 184 399 229 317 277 331 312 501 410 296 3,256
Manner of entry into body:
Inhalation. . _ el o_ 3, 092
Ingestion. . 23
CubS e e 31
ADrasions . oo o 34
Other (includes punctures and unidentified) ____ ______________.._____ 76
Total - o e 3, 256

» This limiting dose corresponds to 3 rem of external radiation as tabulated in Table III above, Not
all contractors were able to evaluate their past bioassay data in these terms, but data tabulated here repre-
sents the greatest portion of contractor experience. They are considered to be statistically representative.

Table V—A—Number of Contractor Employees Found to Have Measurable Body
Burdens During Each Calendar Year in the Period January 1947 thru June
1956

Fraction of » Permis- | 1947 | 1948 | 1949 | 1950 | 1951 | 1952 | 1953 | 1054 | 1955 | 1956 | To-

sible Body Burden tals b
Less than 0.1._._______ 472 631 | 1,742 | 1,807 | 2,530 | 4,158 | 5,568 | 8,392 (10,074 | 6,392 |41, 766
0.1-0.5.__.. 129 156 182 295 408 674 | 1,965 | 5,236 { 4,774 | 2,304 116,123
0.5-1.0____._. 22 115 76 136 119 218 611 | 2,100 | 3,084 | 1,842 | 8,323
More than 1.0 __._.___ 11 149 90 81 48 83 418 | 1,619 | 1,595 816 | 4,910
Totals ... 634 | 1,051 | 2,090 | 2,319 | 3,105 | 5,133 | 8,562 (17,347 {19,527 |11,354 {71,122

Number of persons
Subject to Exposure_| 5,000 | 8,019 | 7,767 | 8,002 | 8,592 | 9,903 |11, 582 (18,577 (21,333 (38, 948 (137,723

* This breakdown into fractions of maximum permissible body burden applies to the maximum value
observed during the calendar year.

b Totals represent man-year units, not individuals, since individuals might be tallied in successive
years.
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Table V-B—Part of Permissible Body Burden of Contractor Employees By

Isotope
Fis-
sion
Prod- Radio-| Fis-
Fraction of Permis- | Urani-] uets | Pluto-] Polo- | Stron-| sion | Tri- | Ruth-| Ce- | Amer-|Total
sible Body Burden | um » | plus | nium | nium | tium | Prod- | tium | enium| sium | icium
other ucts
iso-
topes
Less than 0.1, ._..____. 14,481 10,037 | 6,394 | 4,584 | 4,537 | 1,508 102 28 5 0 |41, 766
0.1-0.5 - 15, 564 3 25 475 47 1 8 0 0 0 |16, 123
8,177 0 5 129 9 0 1 0 0 2| 8,323
4,844 0 5 59 1 0 1 0 0 0| 4,910
Total. ..o ceeein 43,066 110,040 | 6,429 | 5,247 | 4,594 | 1,599 112 28 5 2 |71,122

» Permissible body burden for natural uranium is based on chemical toxicity which is less than the value
would be be if based on internal radiation hazard (see discussion of uranium toxicity, Chapter VI).

ADMINISTRATION OF RADIATION SAFETY

The Commission’s responsibility under the Atomic Energy Act
of 1954 for protection of workers and the public against radiation
originating with its operations or products is carried out, under the
Commission’s direction, through a number of its divisions, through
its operations offices in various parts of the country, and by Commission
contractors.

The Commission’s contractor-operators, whose employees and staffs
deal with radiation, are directly responsible to the Commission for
assuring protection in their operations and for their neighbors. The
Commission establishes permissible levels of exposure to radiation.
Commission staff and members of its operations and field offices confer
with contractor organizations on proper procedures and instrumenta-
tion for accomplishing compliance with the standards, and for main-
taining records of the results of radiation safety work.

Within the Commission, the Division of Biology and Medicine has
responsibility for recommending policies on safeguarding the health
of atomic workers and the general populations against hazards arising
from atomic energy operations. It ischarged with formulating Com-
mission standards for protection against radiation, which it accom-
plishes through adaptation of the recommendations of the National
Committes on Radiation Protection and Measurement,? in a form suit-
able for application in the Commission’s plants and laboratories. A
related body, the International Commission on Radiological Protec-
tion, whose membership overlaps with that of the United States
National Committee, makes recommendations for limits on an interna-

2 Until 1955, known as the Natlonal Committee on Radiation Protection,
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tional basis.?* The recommendations for United States levels are made
by the various specialized subcommittees of the National Committee on
Radiation Protection and Measurement (sponsored by the U. S. Na-
tional Bureau of Standards), and the Commission lends assistance to
their work by supporting research which provides data on which the
recommendations can be based. The Committee, first constituted in
1928, is composed of experts in the fields of radiation effects and pro-
tection. It has had long experience in dealing with the various
health aspects associated with radiation. The Committee’s recom-
mendations are set forth by the U. S. National Bureau of Standards in
a series of Handbooks.®® The Division of Biology and Medicine also
recommends to the Commission the radiological safety criteria to be
applied in weapons tests.

To provide supporting biological and medical knowledge about
radiation, research is undertaken in Commission facilities and under
contract with scientific organizations. This research program, admin-
istered for the Commission by the Division of Biology and Medicine
is aimed at developing more precise information on the effects of
various kinds and sources of radiation on biological systems, the
methods of preventing, minimizing, or relieving the harmful effects
of radiation, as well as the development of new radiation measuring
techniques and instrumentation. Through its Health and Safety
Laboratory, the Commission also has developed and maintains a world-
wide monitoring network to detect and report on radioactive fall-out.
Advice and asistance are provided to Commission contractors on vari-
ous aspects of radiation safety, and programs are sponsored to in-
crease the supply of scientists and technicians in this field.

Primarily through it Division of Reactor Development, the Com-
mission directs research into methods and facilities for the safe han-
dling and disposal of radioactive wastes (in which the Division of
Biology and Medicine participates) and sponsors and administers

2 Appendixes 12 and 13 list members of the International Commission and Natfonal
Committee.

% Basic guides for radiation protection used by the Commission: National Bureau of
Standards Handbooks: NBS 42, “Safe Handling of Radioactive Isotopes’ ; NBS 48, “Con-
trol and Removal of Radioactive Contamination in Laboratories” ; NBS 49, “Recommenda-
tions for Waste Disposal of Phosphorus 32 and Iodine 131 for Medical Users” ; NBS 51,
‘“‘Radiological Monitoring Methods and Instruments”; NBS §2, “Maximum Permissible
Amounts of Radioisotopes in the Human Body and Maximum Permnissible Concentrations
in Air and Water” (1953); NBS 53, “Recommendations for the Disposal of Carbon 14
Wastes” ; NBS 54, “Protection Against Radiation from Radium, Cobalt 60, and Cesium
1377 ; NBS 55, “Protection Against Betatron-Synchrotron Radiations up to 100 Million
Electron Volts” ; NBS 56, “Safe Handling of Cadavers Containing Radloactive Isotopes” ;
NBS 58, “Radioactive Waste Disposal in the Ocean” ; NBS 59, “Permissible Dose From
External Sources of Ionizing Radiation” (1954); and NBS 60, “X-ray Protection”, Also
the American Standards Association’s ASA Z54.1, “Safety Code for Industrial Use of
X-rays.”
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research to demonstrate safe operating limits and safe design in
reactors.

The functions and performances of all these agencies of the Com-
migsion are reported in this chapter, and elsewhere in this report.
Chapter IT “Radiation Safeguards for Licensed Activities,” describes
the pattern of administration for radiation safety in licensed activi-
ties, and other aspects of Commission activities are reported in Chap-
ter ITI, “Safety Factors in Reactor Design and Operation,” Chapter
IV, “Radioactive Wastes,” and Chapter VI, “Research Programs on
Radiation Effects and Treatments.”

In administering radiation safety in it own operations, the Com-
mission through its Division of Organization and Personnel prepares
training material designed to translate knowledge of radiation haz-
ards into forms suitable for nontechnical people. Through this divi-
sion, cooperating with Biology and Medicine, the Commission operates
its accident reporting procedure, issues instructions for, and compiles
reports and statistics relative to accidents which result in radiation
injury. The Commission’s Administrative Manual requires prompt
reporting and detailed follow-up on any serious radiation accident,
and this information is widely distributed for application to related
situations.

Operating aspects of radiation protection are administered by the
managers of the Commission’s 10 operations offices in various parts of
the country (see Appendix 1). At each operations office technical
personnel are charged with responsibility for examining programs,
procedures, and physical protection measures provided by the con-
tractors for protection of their employees and the public.

Responsibility for designing protection procedures rests with the
contractors, as does carrying out and enforcing protection measures,
under the general supervision and inspection of Commission field
staff. Each contractor operating a facility where a radiation hazard
is possible has an organization staffed and equipped specifically to
deal with the protection of his employees against the specific hazards
of his operation. Since radiation hazards vary widely both in nature
and degree, and management patterns differ among contractors, the
radiation safety organizations operate and are administered by the
contractors in different ways. All have been extremely successful in
coping with radiation problems.

Health Physics Groups

Radiation protection among contractors is considered a “line” re-
sponsibility of managers of operations, superintendents, foremen, or
laboratory directors and project chiefs in charge of activities. The
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philosophy and principles of radiation protection are applicable to
engineering and other safety related fields and are applied there.
Most of the actual work of radiation protection is performed by con-
tractor employees usually under the direction of specially trained
persons designated as “health physicists” or some similar title. The
health physicists also conduct some related research, and supervise
the monitoring of the environment to assure protection of neighbors
of Commission installations.

Commission operations. Intwo cases, Commission staff directly carry
out radiation protection activities: through the Health and Safety
Laboratory and through the Idaho Operations Office for the National
Reactor Testing Station.

The Health and Safety Laboratory has undertaken evaluation and
control of hazards arising from a wide variety of operations. Its
earliest responsibilities concerned primarily safeguarding the proc-
essing of beryllium, uranium and thorium compounds from ores. It
serviced many Commission plants throughout the country. Labora-
tory investigations helped establish more precise definitions of the
toxicity of important atomic energy materials, and consequently the
development of safer plants and facilities.

As individual plant operations expanded and contractor personnel
were trained in health and safety standards and techniques, the lab-
oratory’s role became more advisory. It provided consultation and
personnel for field and laboratory studies, analytical facilities, and an
instrument loan program. As the use of cyclotrons, Van de Graaff
generators and other particle accelerators increased at both Govern-
ment and university sites, investigation of radiation hazards associated
with these machines was undertaken by field teams of the Health
and Safety Laboratory. In addition, research has been performed on
such problems as the economics of shielding, waste disposal, and neu-
tron dosimetry.

During the past 5 years, the Commission has directed increasing
laboratory effort toward measuring radioactive fall-out from weapons
tests, both in the operation of a worldwide monitoring system and in
laboratory analyses of samples of milk, soil, vegetation, fish, water and
other materials.

The Idaho Operations Office administers the National Reactor Test-
ing Station about 40 miles west of Idaho Falls, where four Commission
contractors operate seven major facilities, with several more sched-
uled for early operation. In this situation, it is economical for the
operations office to provide the site and area radiation monitoring,
waste disposal services, instrument procurement and maintenance,
film badge service and central records. Its activities to protect neigh-

411053—57——13
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bors are reported with those of other installations in a later part of
this chapter.

Health physicist staffs. At this time about 1,060 persons are employed
in radiation protection work in Commission plants and laboratories.
The 1,060 comprise physicists, chemists, engineers, meteorologists,
radiobiologists and monitors. Senior health physicists are college
graduates with scientific background, and often with postgraduate
training in theoretical and applied health physics work. These
specialists are in turn supported by 695 technicians and clerical staff.

The detail of personnel presently engaged in this work for the Com-
mission and its contractors (not including several hundred who serve
university, hospital and industrial laboratories) is given below. Only
69 of these are direct Commission employees; the remainder work for
contractors. At the time of the Eighth Semiannual Report (July
1950) the health physicist staffs totaled 828, including 20 direct Com-
mission employees.

Health physicist employment in the latter half of 1956 comprised
the following:

Total Commission Contractor
Area by Operations Office
Profes- | Support | Profes- | Support | Profes- | Support
stonal sional sional
TOTAL 1,060 695 69 34 991 661
Albuquerque_ - ... ... [ 121 69 6 0 115 69
ChiCagG - _ o ell. 77 65 4 0 73 65
Grand Junetion_..___._ .. ... ___... 0 0 0 0 0 0
Hanford . ... .. 309 179 1 0 308 179
Idaho. ol 56 31 22 26 3 5
New York. ..o 33 40 17 8 16 32
Oak Ridge .. . oo 134 120 13 0 121 120
San Franeiseo . - oo oo e aias 58 80 0 0 58 80
Savannah River. ... ____.. 237 90 2 0 235 90
Schenectady oo o oo 31 21 0 0 31 21
Washington_ . ...._....__..__ PR, 4 0 4 0 0 0

Training programs. Radiological physics, or health physics, has
common interests with a number of well-recognized fields of speciali-
zation such as physics, chemistry and biology. The health physicist is
concerned with the development of sound philosophy and principles
of radiation protection, and the application of these principles to
practical situations through such methods and techniques. He devises
suitable instrumentation, gives assistance, advice and cooperation to
health authorities, assists in the education of workers and helps in
civil defense planning.
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The Commission provides several types of training for people in-
terested and qualified to work in health physics. Most of its plants
and laboratories have some type of in-service training on fundamen-
tals of radiation hazards, and on how to work and live safely with
radiation. In some cases, as at the Hanford plant, and Los Alamos
Scientific Laboratory, Los Alamos, N. Mex., monitors may be given
sufficient training on the job for routine survey work. The Oak Ridge
Institute of Nuclear Studies, Oak Ridge, Tenn., presents six sessions
per year of a 4-week isotopes course, primarily to train laboratory
workers in use of radioisotopes, but necessarily including radiation
safety.

Special training fellowships in radiological physics are offered
by the Commission, with the administrative assistance of the Oak
Ridge Institute of Nuclear Studies, to qualified college graduates.
Many courses under these fellowships carry graduate credit in the
chosen academic institution (University of Rochester, N. Y.; Univer-
sity of Washington, Seattle; University of Kansas, Lawrence; or
Vanderbilt University, Nashville, Tenn.), and a limited number of
fellows are granted extensions of fellowships to complete work for
the degree, Master of Science. Practical experience in a large instal-
lation—Brookhaven National Laboratory, Oak Ridge National Labo-
ratory, or the Hanford plant—is part of the training.

Stipends are presently $2,500, with an additional $350 for each
dependent, plus tuition, fees and travel allowance. At least 75 such
fellowships are available each year, and applications can be made to
the Oak Ridge Institute of Nuclear Studies before February 15 of any
year.

On June 25, 1956, a new group called the Health Physics Society met
and organized at the University of Michigan with 775 charter mem-
bers. The members represent all phases of radiation protection work
and are employed by Federal agencies, State and municipal govern-
ments, academic institutions, research laboratories and the atomic
energy industry. One objective of the Society is to “promote and
improve health physics as a profession.” It is also under considera-
tion to establish criteria upon which to base certification by the Society
that a specific individual is a qualified health physicist.

Contractor Administration

Health physics organizations of the Commission’s contractor-opera-
tors have grown up with the separate operations being carried out,
usually along patterns designed to deal with the markedly different
radiation and physical problems of each installation, and to fit cus-
tomary management patterns.
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Health physics. At the upper left, a health physics inspector uses a “‘fishpole”
meter in an Oak Ridge plant to measure radioactivity. Lower left, also at Oak
Ridge, a worker ““frisks” himself to determine whether clothing or body has been
contaminated. The bins are for safe containment of contaminated clothing.
Above, a health physicist monitor checks the face of the Oak Ridge pile before
the lead shield is joined. The rod beside the monitoring instrument will be
connected at the face of the pile to containers of radioactive isotopes which will
be moved into position where they can be withdrawn by hand tongs.
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Certain patterns of administration, however, are common among
the contractors:

a) The role of the health physicists, where actual enforcement of
radiation safety on the job is concerned, is cautionary and ad-
visory. The supervisor in charge of a certain piece or area of
work is the man who is answerable to management for the workers’
protection, and for safe operations in general.

b) Close liaison exists between health physicists and medical, indus-
trial hygiene, safety control, and appropriate research groups.
In some cases, they are combined. Their related problems are
worked out together.

c) Health physicists are usually assigned, where the operation is large
enough to warrant it, to the separate plants and are answerable
to the managers of those plants in a staff capacity for various as-
pects of radiation safety. In cases where it aids efficiency, some
health physicist responsibilities are centralized for an entire
installation.

Each pattern has special advantages from the standpoint of the
contractor. All have produced results in radiation protection that
have contributed to the excellent record for the Commission opera-
tions.

The patterns and particular methods followed by Commission in-
stallations were reported in considerable detail in the Eighth Semi-
annual Report (January-June 1950). Only some features of
radiation control administration by a few contractors are reported
here, particularly changes or systems at installations given in detail
in the Eighth Report.

Oak Ridge. At Oak Ridge gaseous diffusion plants and the Y-12
facility, as in other phases of the accident control program, members
of the line organization of the contractor—Union Carbide Nuclear
Co., of Union Carbide and Carbon Corp.—have administrative juris-
diction for radiation safety in operations equivalent to their corre-
sponding responsibilities for production and operational activities.
In meeting these responsibilities, supervisors are aided by staff groups
which have been established at each plant.

In general, these staff groups evaluate the effectiveness of plant con-
trol programs, and develop and provide technical information for
plant use. Emphasis is placed upon an educational program for all
employees, especially supervisors. The continuing effort is to see that
information concerning the hazards and the methods appropriate for
control under various conditions is made as widely available as pos-
sible. In many cases, mandatory operating instructions are issued
for hazard controls.



JULY-DECEMBER 1956 177

Other more specific aspects of the radiation control program have
included: (a) review of the design of new and revised facilities for
these specific hazards as a routine part of the safety engineering re-
view program; (b) encouragement of and participation in experi-
mental and theoretical programs designed to make available basic
information concerning these hazards and their control (this informa-
tion has been applied to plant problems as rapidly as feasible) ; and
(¢) periodic audit and inspection of facilities and operations to de-
termine actual problems being encountered, to evaluate the hazards
actually involved in these problems, and to advise line supervision of
the results of these studies.

Hanford. During the past decade, the staff of workers dealing with
cperational radiation monitoring programs at the Hanford plant
operated for the Manhattan District by E. I. du Pont de Nemours &
Co., Inc., and now for the Commission by the General Electric Co.,
has grown from 50 to over 300. These monitoring functions have
been assigned to individual operating organizations of the plant to
increase functional efficiency. A number of functions have remained
centralized and are performed by qualified specialists of the radiation
protection operation. They are: the radiological research and de-
velopment functions, which include the adoption of radiation pro-
tection standards and policies, control of individual radiation meters,
and bioassay sampling and evaluation.

Plant-wide radiation protection policies have been evolved, stand-
ardized, and formalized through the issuance of manuals of radiation
protection standards which define, for example: radiation units and
nomenclature; radiation measurements; permissible limits and work-
ing standards; radiation control procedures; exposure and monitoring
records; radiation incidents; and radioactive waste disposal.

These policies are expanded into detailed specifications for each
major facility through a series of radiation work-practice manuals.
The lore of radiation protection has been enlarged so that the original
administrative control device applied to nonroutine jobs including
radiation—the Special Work Permit or “SWP” as explained in the
Eighth Semiannual Report (p. 35)—has been largely supplanted by
these radiation work procedures.

Other examples of centralized control which have been evolved for
Hanford, and which have increased the efficiency of the overall radia-
tion protection programs are:

a) Establishing a graphic index function designed to provide topical
information on the location of all biologically significant amounts
of radioactive material resulting from Hanford operations.
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b) Setting up a standards establishment function that has periodi-
cally reviewed and revised published Radiation Protection
Policies, coordinated activities in nationally sponsored programs
such as the evaluation of personnel meters, and assisted in the
standardization of signs, symbols and radiation identifying colors.

¢) Establishment of a formal system to investigate any reported
radiation accidents or evidences of poor radiation practices. One
effect is to publicize untoward conditions, and instigate corrective
plant-wide reviews of hazardous situations.

d) The instigation of plant-wide auditing of radiological work prac-
tices supplements the internal audits performed by the individual
operating organizations and has resulted in more uniform con-
trols.

¢) The training and instruction of both the plant workers and spe-
cialists in radiation-zone work practices and techniques has been
expanded, formalized and coordinated into lectures, demonstra-
tions, apprentice-training programs and timely topical literature.
This program has increased the number of operations which can be
performed under “self-monitoring” conditions.

Savannah River Plant. Radiation protection at the Savannah River
Plant, built and operated for the Commission by E. I. du Pont de
Nemours is administered by a health physics department entirely
separate from traditional industrial safety. Major consideration is
given to protecting the plant employees from exposure to radiation,
and guarding against product or byproduct release that would ad-
versely affect the environs.

The program is formalized and directed by documented technical
standards, special hazard bulletins, and standard operating pro-
cedures. These basic guides define and set forth the general limits
and practices to be followed. Specific limits and practices are de-
tailed in special work permits for all operations carried out in
radiation zones.

Checks are maintained on the effectiveness of the program. Film
badge service is provided to record and verify the effectiveness of the
control of radiation exposure to personnel. Bioassay service, pri-
marily by urinalysis, is rendered to evaluate and record radioisotopes
introduced into the body. Regional monitoring service, established
before plant startup, constantly checks for possible environmental
contamination.

Radiological engineering studies and laboratory development pro-
grams are designed to improve the efficiency and overall radiation
protection service. Constant training of supervisors and workers
alike is aimed at developing proper attitudes of respect and under-
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standing for radiation hazards, and confidence in the protective
measures prescribed.

STANDARDS OF RADIATION EXPOSURE

The success of efforts to provide radiation protection to workers and
the public depends fundamentally on knowing the amounts of radia-
tion able to cause injury to people, and then on setting the standards of
permitted exposure well below those points. The mechanisms for
acquiring data on exposure effects, and for formulating standards
through the National Committee on Radiation Protection and
Measurement has been reported earlier in this chapter. The permis-
sible levels of exposure to external radiation and permissible concen-
trations in water or air of radioactive materials that are dangerous
within the body, provide the standards which guide the plans of Com-
mission contractors, licensees and others, and which provide a norm
for enforcement.

To provide the background for setting standards, general infor-
mation has been assembled on the effects of acute massive doses
of radiation, such as might occur by accident in a reactor excur-
sion, or in emergencies of war, and on the effects of chronic, low-
level doses of radiation, which people might receive over a lifetime.
Knowledge in these areas helps to give better definition to the levels of
radiation exposure which may be permitted without compromising the
health and safety of the individuals, or the welfare of future genera-
tions, and yet allowing economic operation of atomic energy programs.

To this end, biological and medical research programs are conducted
in the national laboratories and in universities and by the National
Academy of Sciences-National Research Council at the Atomic Bomb
Casualty Commission. Experimental studies have probed into the
effects of radiation upon the body and means of alleviating the damage
that might be caused. They deal with the effects of external radiation,
and of radioactive materials taken accidentally into the body. Re-
search also investigates the effects of low-level exposure. Much of this
research is summarized in Chapter VI, Research Programs on Radla-
tion Effects and Treatments,

Measuring Radiation Exposure

Several units of measurement of radiation exposures are in common
use. Gamma rays and X-rays are measured in units called roentgens
which represent their ionizing effect. When these rays, in fact elec-
tromagnetic waves, strike any substance they break down the electrical
balance of the components of the substance and divide them into posi-
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tive and negative fractions called “ion pairs.” A roentgen (syr.nbol 7)
by definition is that quantity of gamma rays or X-rays that will pro-
duce 2 billion ion pairs in a cubic centimeter of dry air under standard
temperature and pressure.

Units of radiation dose applicable to all forms of radiation are the
rep (roentgen equivalent physical), the rad, and the rem (roentgen
equivalent man). The rep is defined as the radiation dose correspond-
ing to the absorption of 93 ergs of radiation energy per gram of tissue.
Under certain conditions, this is equal to the energy which would be
absorbed per gram of tissue from one roentgen of X-rays. In general,
the physical equivalence implied in the name is only approximate. As
a unit of tissue dose, the rad, defined as corresponding to the absorp-
tion of 100 ergs of radiation energy per gram, differs from the rep only
in size. This unit was adopted in 1954 by the International Commis-
sion on Radiological Units, an organization associated with the Inter-
national Commission on Radiological Protection, to supersede the rep
and avoid any implication of exact equivalence to the roentgen. How-
ever, under many conditions, the dose delivered by one roentgen of
gamma rays or X-rays is sufficiently close to one rep or to one rad
that, within the accuracy required for radiation protection, the terms
may be used interchangeably.

The rem is a unit applied to biological effects. One rem of any ioniz-
ing radiation is the radiation dose estimated to produce a biological
effect equivalent to that produced by one roentgen of X-rays. The
number of rem corresponding to one rad of particle radiation depends
upon several factors, including (a) the kind of particle, (b) the par-
ticular biological effect considered, (c) the size of dose and (d) the
rate at which it is delivered. For the cases of most common interest
n the program of the Commission, a dose of 1 rad from beta radiation
1s considered equivalent to 1 rem,; and a dose of 1 rad from fast neu-
tron or alpha radiation is considered equivalent to 10 rems.

These are the units used to measure radiation effects upon humans,
but exposures to external gamma rays or X-rays often are stated as so
many roentgens, or thousandths of roentgens (milliroentgens).

Permissible Dose Levels

Based on ever increasing knowledge about the biological effects of
radiation, the National Committee on Radiation Protection and
Measurement (NCRP), and the International Commission on Radio-
logical Protection (ICRP) make their recommendations on permis-
sible levels of exposure. These recommendations are revised from
time to time. Before 1948, the permissible dose to humans was set
at 0.1 roentgen, or 100 milliroentgens, a day.
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In 1948, the Subcommittee on Permissible External Dose of the
National Committee on Radiation Protection and Measurement de-
cided that, because of the higher voltage and increasing penetrabil-
ity of the X-rays in general use, the permissible dose should be de-
creased from 0.1 roentgen a day to 0.3 roentgen per week.

In 1954, the committee issued its Handbook No. 59, the recommend-
ations of which the Atomic Energy Commission had been using for
several years. Handbook No. 59 interprets the 300 milliroentgens
of X-ray or gamma ray exposure into terms of the rem, which is actual
tissue damage caused by any form of nuclear radiation. Rule I of
the Handbook No. 59 (1954) states:

For young adults whose entire body, or major portion thereof, is
exposed to lonizing radiation from external sources for an in-
definite period of years, the maximum permissible total weekly dose
shall be 300 millirems (0.3 rem) in the blood-forming organs,
gonads and lenses of the eyes; 600 millirem (0.6 rem) in the skin.

This is the fundamental rule for radiation protection, but there are
a number of permissible variations from it in special circumstances:

a) Persons under 18 years of age may receive only one tenth of 300
millirems per week (0.03 rem). This level effectively limits ex-
posure of general populations (as contrasted to radiation workers)
to not more than 30 millirems per week of whole-body radiation.

b) The skin may receive 1500 millirems (1.5 rem) per week of low-
energy radiation provided the eyes do not receive more than 300
millirems per week.

¢) Hands and forearms, feet and ankles, head and neck, may receive
1500 millirems per week measured in the skin, provided the eyes
are adequately protected.

d) Some fluctuations in permissible weekly dose may occur; the unit
of time is extended to 13 weeks (14 year) provided that the dose
accumulated during a period of any 7 consecutive days does not
exceed the appropriate weekly dose by more than 3 times, and
provided further that the total dose accumulated during any 13
consecutive weeks does not exceed 10 times the appropriate weekly
dose (3.0 rem).

e) Accidental or emergency exposure of an adult, occurring only
once in the lifetime of the person, may be assumed not to affect
his radiation status provided he has not received more than 25
roentgen whole-body dose and additionally 100 roentgen to hands
and forearms, and to feet and ankles.

The Committee also recommended specific limitations on exposures
to neutrons, ranging from an average 2,000 per square centimeter per
second for thermal neutrons having an energy of 0.025 electron-volts,
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down to about 30 per square centimeter per second for fast neutrons
of energy greater than 3 million electron-volts.

Recommended maximum permissible levels of radioactive materials
in the body burdens, or concentrations in air or water, vary widely
from one isotope to another, and even as among chemical forms of
one isotope. In general, these limits have two broad bases. In the
case of radiostrontium, for example, the limits are based on com-
parison with the physical and biological properties of radium. In
another broad group of isotopes, limits are based on the same funda-
mental exposure limit as external radiation—to prevent dosage of
more than 0.3 rem a week to the critical organ.

These permissible levels of external and internal exposure origi-
nated from consideration of hazards of exposure to radiation for
occupational reasons. Tt is general practice to limit environmental
levels to values which will prevent radiation exposures to the general
population greater than 10 percent of the maximum permissible
values recommended for occupational exposure.

Although the recommended levels of exposure have been considered
acceptable for the individuals exposed, both the Manhattan Engineer
District and the Atomic Energy Commission have regarded radiation
in any quantity as potentially harmful and have endeavored to hold
exposures to a minimum. The extent to which this endeavor has been
successful is illustrated by the radiation exposure records reported
earlier in this chapter. Very few workers have received more than
a small percentage of the permissible dose.

This policy of caution has been justified. The continuing research
program is beginning to develop evidence that, in terms of possible
life-shortening for the individual, and possible genetic changes for
future generations, the present permissible levels might be too great
since they would permit exposures of 15 rem a year, or a possible total
of 600 7em in a 40-year working lifetime. The permissible levels are
rarely reached even for short terms, and are exceeded only in ex-
ceptional accidents, as reported earlier.

There exists a fair probability that several hundred rems of radia-
tion delivered at low intensity over a long period might have the same
mutational effect as the same dose delivered in a short time at high
intensity. Also there is considerable evidence that accumulated radia-
tion exposure brings about aging. For the aging effect the fractional
reduction in life span per roentgen may not be as great as the result of
exposure at low intensity over long periods of time as compared with a
single exposure of the same total dose.

Such considerations as these, with the rapidly increasing activity in
the field of atomic energy, and the corresponding potential increases in
exposures of greater numbers of people, has prompted further study
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and analysis of possible effects on population groups. These studies
have been reviewed by the International Commission on Radiological
Protection, the U. S. National Committee on Radiation Protection and
Measurement, the U. S. National Academy of Sciences-National
Research Council,?® and the United Kingdom Medical Research
Council.? Based largely on considerations of possible genetic effects
and reduction in life-expectancy, these groups have made recommenda-
tions which, while differing slightly in details, may be summarized as
designed to limit cumulative exposures of individuals to 50 7em in the
first 30 years of life; and to 50 rem for the next 10 years of life; and
to limit exposures “from humanly controllable sources of radiation”
so that the average dose to members of the general population should
not exceed 10 roentgens in the first 30 years of life. These limits are
applicable to irradiation either of the whole body or of the gonads.

These recommendations are under study by the Commission as a
partial basis for the formulation of limits on average exposures to
radiation which may be incurred over long periods of time.

The following table indicates whole-body exposures in Commission
plants compared to natural and diagnostic exposures to external
radiation.

Source of Radiation Amount of Radiation
Background...__ .. _____________________ 0.15 roentgen (r) or 0.1
rem® a year
Average annual exposure of all monitored less than 0.1 r a year
workers.

Annual highest exposures from all atomic energy 5.1 7 a year
plants averaged over 9 years.c

Routine chest X-rayb____ ____________________ 0.04 to 1 r per exposure
Commission permissible dose, present___._____ 15.0 r a year
Fluoroscopic examination b_ _ . ________________ 10 to 20 r a minute
Cinefluorography (X-ray movie) b_____________ 25 r per examination

Estimated lethal dose for 50 to 90 percent of 400 to 600 r

those exposed.
s See earlier definition. One roentgen, or r, of X-rays or gamma rays is considered as causing about
1 rem of damage.

b These exposures are to parts of the body. All others are whole-body exposures.
¢ Seo page 165, table II.

Limitations are placed on exposures from internal emitters, includ-
ing plutonium, radiostrontium, uranium, radium, and radon among
others, which are held or concentrated by certain organs of the body.
Handbook No. 52 (1953) of the National Committee on Radiation
Protection and Measurement recommends permissible limits for
body burdens, and limits on concentrations of these and other radio-

2 “The Biological Effects of Atomic Radiation,” National Academy of Sclences—National
Research Council, Washington, D. C., 1956. .

%7 “The Hazards to Man of Nuclear and Allied Radiations,” Medical Research Council,
London, England, 1956.
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isotopes in air and drinkable water. The limits are reviewed from
time to time, and revisions issued as necessary.

These recommendations also are officially adopted by the Atomic
Energy Commission for use by its operating contractors and licensees.

ProrecTiON METHODS FOR WORKERS

Radiation exposure among atomic energy workers usually does not
exceed the amounts of radiation exposure which they receive from
the natural radioactive materials in the earth and from cosmic rays.
This record has been achieved by making radiation safety a primary
focus at all atomic energy installations involving possible hazards.
Considerations of safety are an integral part of the design of atomic
energy machinery such as reactors, of processes such as chemical treat-
ment of spent fuels; of the design of plant and equipment; of the
planning and scheduling of work; of medical programs for employees,
the selection of personnel and their training; of work routines, and
sometimes involve respirators or masks, the kinds of clothing worn,
methods of washing, and limits on the areas where workers may eat
or smoke.

These steps are important in protecting workers under various con-
ditions either against external radiation, or against hazardous radio-
active materials that may enter the body, or both. Precautions taken
vary with the operation, and with the type and degree of potential
hazards that exist. Safety against sources of highly penetrating
radiation is maintained, in general, by three methods. Massive shields
are placed about the radiation source, or smaller movable shields may
be erected about a temporary hazard. Where workers must handle
radioactive material that emits penetrating radiation, they perform
their tasks from a distance or they work only for brief periods in the
radioactive area and thus limit total exposure, since the amount of
radiation received is a factor not only of its intensity but also of dura-
tion of exposure.

Protection against radioactive materials that might enter the body
by the mouth, through inhaling, or through wounds, is achieved
largely by adequate ventilation to keep fumes, dusts, and vapors at low
concentration in areas where work is done; by inclosing the sources;
by strict industrial housekeeping to prevent or control contamination
of surfaces with which workers may come in contact; by vigorous
training, discipline, by continuing radiation detection patrol, and when
necessary, by special protective masks or clothing.

Radiation records and periodic medical examinations upon workers
assist protection from both external and internal hazards. Methods
of personnel protection and monitoring follow similar principles at
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Massive shielding. Typical of shielding protection against highly penetrating
radiation is the four-ton door being moved into position to close an entrance
to a “hot cell” at the National Reactor Testing Station, Idaho.

all atomic energy sites; but the exact application varies with the
operation and potential hazard.

Special health physics measures to assure workers protection are
universal throughout the program. At the National Reactor Testing
Station, Idaho Falls, Idaho, for example, employee indoctrination and
education programs include health physics lectures and pamphlets,
as well as detailed analyses of work. Periodic surveys are made of all
operational areas, utilizing radiation survey instruments, and smear
samples from floors, walls, laboratory tables and equipment, of opera-
tional and research areas which are analyzed to determine possible
contamination.

Personal radiation metering devices include badges containing beta-
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gamma sensitive film and pocket dosimeters, both of which may be
worn by those persons admitted to areas containing sources of radia-
tion. Where indicated, neutron-sensitive film badges are issued, as
are film rings and direct-reading beta-gamma pocket dosimeters.
Pocket meters are read daily; film badges are developed and read at
weekly, biweekly, or monthly intervals, unless pocket meters indicate
an appreciable exposure.

Permanent monitoring installations are in service in various techni-
cal areas, usually including air monitors, hand and foot counters, and
“friskers” set up to detect radiation as personnel pass through stiles or
narrow passages. Air monitors usually are connected to alarm systems
which sound automatically if normal background radiation is exceeded.

Coveralls or laboratory smocks are worn in “hot” areas or for special
jobs as are shoe covers and gloves, head coverings, respirators and
breathing apparatus which supplies clean air when indicated. Cloth-
ing is washed in a special decontamination laundry. Eating, drinking,
and smoking are prohibited in areas where there is a chance of
contamination.

Urinalyses are run at regular intervals, and special samples may be
analyzed if there appears to have been any chance of inhalation or
ingestion of radioactive materials.

Many steps taken to protect the workers—safe design, shielding,
operating patterns—equally advance the safety of neighbors to instal-
lations, and of the environment.

In the Eighth Semiannual Report to the Congress (July 1950), the
Commission reported in some detail the methods used by its con-
tractors to control radiation hazards within the program. Some
aspects of radiation safety have changed, and general methods of
protection have been refined, but all remain basically the same as
those reported comprehensively in 1950. The problem and methods
are not again given comprehensively in this report. Instead, it de-
scribes in detail only developments or methods at installations not
fully covered previously, and gives some developments as selected
for reporting by principal contractors of the Commission. A later
section of this chapter deals on the same basis with protection of the
environment near Commission installations.

Processing Feed Materials

Once the small amount of radium present has been recovered from
ores, the radiation hazard in the processing of feed materials for pro-
duction reactors, and for gaseous diffusion plants, arises principally
from handling a mildly radioactive material (uranium) in liquid,
solid, or finely divided form, and from handling equipment or mate-
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rials which have been contaminated through contact with radioactive
materials.

The original chain of plants for production of feed materials was
improvised under extreme wartime pressure, and the work was per-
formed by a number of contractors. It was a difficult sector of the
atomic energy program in which to achieve high standards of radia-
tion safety. These facts were reported in the Eighth Semiannual
Report. Since then, new construction has replaced earlier less satis-
factory plants, and modernization of other plants, also has done much
to bring these difficult conditions under control.

Although each material handled at the Mallinckrodt Chemical
Works, St. Louis, Mo., for example, has a characteristic radiation and
biological effect if absorbed and retained in the body, the protective
measures in feed material processing can be based on standards for
uranium (these standards, and the research leading to them, are re-
ported in Chapter VI). Control of dust from the material is the
major problem.

The plant and equipment are so designed that direct contact of
workers with uranium is held to a minimum. Extensive ventilation
and dust collection equipment are required. Vacuum cleaning systems
are provided to clean dry areas. Wet areas are washed down into
sumps, and the collected liquid is processed for recovery of uranium.

Possible internal exposure due to inhalation of radioactive dust
is controlled by periodic surveys which measure the breathing zone
concentration in working areas. The exposure for an individual then
is calculated from the time required for performance of duties in
each area. Exposures also are monitored by periodic medical
examinations.

Employees working in regulated areas are supplied with complete
outfits of work clothing, including underwear, and are required to
shower before changing to street clothing. Food may not be taken
into regulated areas, and smoking is forbidden. Articles may not
be removed from the regulated areas without being checked for radio-
active contamination and, if necessary, being decontaminated. Peri-
odic surveys are made of all operations and exposure rates and
equipment or operational procedures are modified as required to meet
radiation protection standards.

Plutonium Production

Radiation protection problems differ somewhat at the two atomic
energy installations at Hanford and Savannah River which produce
plutonium in large reactors. These differences arise chiefly because
the reactors are of entirely different types.

411053—57—14
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At these installations, radioactivity originates from the reactors,
from fuel which has been irradiated in the reactors, from any piece
of equipment that could be either neutron-irradiated or contaminated
with radioactive material, and from contamination in general—the
presence of finely divided material such as airborne dust or moisture,
or air, that has been irradiated.

The Hanford reactors are cooled by a single pass-through of treated
water from the Columbia River, which becomes somewhat radioactive
in the process. The Savannah River reactors are cooled in a closed
cycle by heavy water, and the heavy water in turn is relieved of its
heat by water from the Savannah River in a heat exchanger which
prevents the intermingling of the waters. Since the cooling water
which is released to the environment has not been in the reactor
itself, it is not subjected to neutron bombardment and does not become
radioactive. At both reactor works, the basic protective measures
are those which have been summarized earlier: shielding, remote
handling, ventilation, industrial housekeeping, monitoring, etc.

An important part of assuring the protection of workers against
penetrating radiation is continual automatic monitoring of the work
areas. Sensitive portable neutron-flux measuring instruments have
been developed and are used to determine neutron radiation levels at
work sites.

Hanford. Surface contamination has emerged at Hanford as one of
the most serious radiation protection problems in the operating re-
actors, due principally to rupture of fuel elements. The contractor
at Hanford met this problem by a variety of controls, including using
“step-off” mats as a disposable floor covering between contaminated
and “clean” areas, by personnel monitoring check stations, and by
development of a network of continuous monitoring devices which
automatically sound an alarm at the first indication of an increase in
radioactivity. Increased use of mechanization techniques is helping
to reduce personnel exposure.

At chemical separations plants at Hanford, personnel exposures
have been controlled successfully in the face of contamination hazards
that can be only partly eliminated by continuous and detailed attention
to decontamination, ventilation, and other controls. Techniques have
been evolved for the underwater maintenance of highly radioactive
process equipment—thus using the water as a transparent shield—
and by the successful handling of highly contaminated material by
means of flexible barriers interposed between the workers and the
material.

The contamination control problems attendant upon fabrication of
plutonium are gradually being reduced. Since plutonium is a highly
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hazardous material and handled in industrial quantities, the ventila-
tion system was especially important. Keeping workers separated
from the danger of plutonium was a major consideration in design
and a principal item in cost. A major advance in controlling plu-
tonium contamination was made by placing equipment in airtight
hoods and maintaining equipment by means of gloves and glove ports.
When it became evident that this technique was not adequate, remote
maintenance techniques and operations were evolved and have de-
creased personnel exposures.

Protection by separation. A ‘“junior cave” used by radiochemists at Hanford
Works, Richland, Wash., for protection against gamma radiation. In the photo-
graph, the opening of the cave is raised to permit a view into the interior.

Plastics have been effective in providing flexible barriers between
employees and gross amounts of contamination. A spectacular de-
velopment in this field was the “plastic man” which provided a ven-
tilated work location from which specialized maintenance and oper-
ating work could be performed without direct personnel exposure to
grossly contaminated areas. More prosaic, but perhaps more useful,



190 MAJOR ACTIVITIES

Plastic man. In order to test the contamination in this area at Hanford, the
radiation inspector must take extra precautions. Over normal clothing, he
wears a plastic suit which he enters through a flexible tunnel. The whole mech-
anism is inflated so that a positive pressure of air within the suit prevents possible
infiltration by contamination.

has been the extended use of plastic bags, plastic spray coatings and
packaging. In addition, recent developments have made possible the
use of leaded plastic gauntlet gloves in reducing hand exposures in
certain operations.

Equipment has been dressed in disposable shields, strippable films
and distinctive coloration which has aided in the control of the gen-
eral problem of radioactive contamination.
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Several new types of respiratory protective equipment have been
developed and adopted. The decontamination, sterilization and hand-
ling of used respiratory equipment, a major administrative problem,
has been made efficient through using a central mask-handling fa-
cility. It delivers inspected, sterilized and packaged respiratory
equipment to employees throughout the plant.

Savannah River. The Savannah Kiver plant for production of plu-
tonium has, in general, the types of problems handled successfully at
Hanford since 1944, and its approach to control of radiation is the
same as used throughout the atomic energy program.

A special hazard, however, arises from the fact that tritium is pro-
duced by the action of neutrons on heavy water used as a coolant and
moderator in the reactors. The concentration of tritium becomes
such that special precautions are required whenever the moderator
system is opened in maintenance work. Though this radioactive form
of hydrogen emits radiation of extremely low energy compared to
most radioactive materials, it is hazardous since it readily combines
with oxygen to form heavy-heavy water (H320). This water behaves
chemically essentially like ordinary water or water vapor. It is
readily absorbed by the lungs and through the skin, readily distributed
in body fluids, and continually incorporated into the molecules of all
body tissues and secretions. However, its turnover by the body is
rapid.

This problem has been handled successfully at Savannah River by
the contractor-operator through equipment design, employee training,
accurate monitoring, proper ventilation, and special clothing and
masks.

Oah Ridge Operations

At Oak Ridge, a variety of radiation hazards is controlled. Some
of these arise from operation of the X-10 reactor, and from the proc-
essing and shipment of radioisotopes, others from research activities
and the operation of experimental reactors at the Oak Ridge Na-
tional Laboratory.

The handling and shipment of radioisotopes was reported compre-
hensively in the Eighth Semiannual Report (pp. 53-75), at the time
that the new processing buildings and the “atomic apothecary” load-
ing and shipping area were opened. Since then, a remote manipula-
tor cell has been added to facilitate handling of powerful gamma
emitters such as cobalt 60.28

See p. 82, Twentieth Semiannual Report (January-June 1956).
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Protective clothing. Various types of protective clothing and protective devices
worn when working in “hot” areas at Mound Laboratory, Miamisburg, Ohio.
The outfit at the right is a one-piece plastic suit which ineludesjr head covering
and zips up the back.

The gaseous diffusion plant at Oak Ridge has a special problem
which it shares with other gaseous diffusion plants at Paducah, Ky.,
and Portsmouth, Ohio. They must guard against the possibility
that uranium when enriched in the gaseous diffusion plant in the
uranium 235 isotope, could accidentally reach a critical mass during
its processing, auxiliary operations, or storage. The possibility of
plutonium or uranium criticality problems also must be dealt with,
among other places, at Hanford, Savannah River, Idaho, and Los
Alamos installations.
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Accidental assembling of a critical mass of uranium or plutonium
never has occurred in processing these materials or storing them.
The shape and size of conduits and containers is carefully controlled,
so that a critical mass cannot be formed.

Beyond this problem, radiation safety work in gaseous diffusion
plants has been concerned chiefly with preventing internal exposure
from uranium. This has been mainly accomplished by designing
and operating equipment so that uranium is confined as well as prac-
ticable during all activities, both routine and nonroutine.

When confinement of uranium or other contaminants has proved
impracticable as during maintenance activities requiring the opening
of otherwise closed systems, the workers wear protective equipment
such as masks, commensurate to the hazard. The primary emphasis
is upon preventing workers from inhaling the materials as dusts,
aerosols, or in other forms.

First attention is given to preventing materials from becoming air-
borne, especially in areas where employees work routinely. In many
cases, this has required special and intricate shielding of equipment
and machinery. It has meant that systems are kept tightly closed
insofar as possible, and that “dusty” contaminated locations are kept
clean. In all cases, appropriate monitoring devices have been used
to determine the actual levels of air contamination.

Beyond the emphasis on preventing inhalation of radiocactive ma-
terials, strong emphasis has been placed on normal good habits of
personal hygiene, such as thoroughly cleaning hands before eating
or smoking, and keeping open wounds bandaged. The use of rules
on cleanliness, appropriate changes of clothing, gloves, shoe covers,
and requirements for urinalysis depend upon specific conditions or
jobs being performed.

Oriticality control. Accidental assembly of a critical mass of fission-
able material is prevented by limiting shapes and size of containers
and the space between containers. The criticality control problems
for example at the gaseous diffusion plants have involved uranium
hexafluoride and other uranium compounds enriched in uranium 235
during all phases of the separation process and such auxiliary aec-
tivities as equipment cleaning and uranium recovery. At the QOak
Ridge and Portsmouth plants all enrichments from normal to about
90 percent uranium 235 have been involved in these activities, but
the Paducah plant has been concerned primarily with lower enrich-
ments. Plutonium criticality problems, where they arise, are sim-
ilarly handled.

For systems handling uranium, but not concerned with uranium
metal, a 5-inch diameter cylinder, a 1-gallon volume, or a 134-inch
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thickness, are safe configurations when remote from other containers,
and will not allow a critical assembly under conditions most favor-
able for a chain reaction for the material found at the production
plants. In operations where it is impracticable to prevent criticality
by control of the shape and size of containers, nuclear safety is
insured by limiting the amount of uranium 235 which may be placed
in any container or group of containers, and by establishing careful
administrative controls to see that at no time is this amount exceeded.
In addition careful and frequent physicochemical analyses of the
materials are required.

The dimensions listed above for safe quantities can frequently be
increased if the uranium 235 enrichment is less than about 90 percent.
The “safe” dimensions and quantities become progressively larger as
the enrichment decreases. Similarly, if the amount of moisture which
the material can absorb is strictly limited to prevent its moderating
effect from increasing the likelihood of neutron capture and fission,
further increases in dimensions and mass are possible. Advantage
is taken of these and similar relaxations wherever practicable without
incurring hazard.

The phenomenon of neutron exchange between uranium containers
which are physically separated makes it possible for containers which
are individually safe to reach criticality if placed too close together,
and this has necessitated, in addition to actions taken to insure the
nuclear safety of individual containers, that the separate units be
appropriately spaced. Where operational safety is based upon ad-
ministrative controls, it is normal practice to establish these so that
at least two, and frequently more, independent unlikely operational
contingencies must occur before there is a possibility of a chain
reaction.

In recognition of the importance of preventing an accidental chain
reaction, the production plants have sponsored and participated in
an experimental and theoretical program designed to determine the
various physical factors upon which the initiation of a chain reaction
depends. Basic plant operating criteria now include not only the
values of control parameters that are safe under the most favorable
conditions for a chain reaction, but also the dependence of these
parameters upon container shape, the uranium 235 enrichment of the
material, the degree of moderation (or moisture content) of the
material, and the spacing of individual uranium-containing units.

Although prime responsibility for criticality control activities rests,
as does all radiation safety, with management assisted by local staff
groups, the various plants have set up specific organizations to assist.
For example, at the diffusion plants, general guidance of the overall
control activities rests with a standing plant committee, the Special
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Hazards Committee, whose membership includes superintendents of
the various operating divisions where enriched uranium is handled,
and other members of plant supervision who have special interests
in various phases of operations where criticality control is a signi-
ficant problem. In addition, at each plant, all proposed changes in
operations where criticality control might be concerned are reviewed
for this particular purpose by the staff group which also audits plant
operations to insure compliance, through management, with estab-
lished control practices and procedures. Criticality control activities
at all production plants also are reviewed annually by a staff of out-
side consultants.

In meeting a specific problem wherein the accumulation of a too-
large amount of material in an unsafe configuration is considered pos-
sible, control is based primarily upon available criticality data and
criteria developed and published in a criticality-control handbook.
In many cases, it has been found desirable to use direct experimental
information.

Entering a ‘“cave”. Dressed for protection against contamination in a ‘“hot
cave” at Mound Laboratory, Miamisburg, Ohio, the worker wears special, dis-
cardable clothing, rubber gloves, a mask with an independent supply of oxygen.
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Maintenance work. Disconnecting a process line in the Chemical Processing
Plant at the National Reactor Testing Station, a worker wearing a respirator
and special protecting clothing is monitored by a health physicist worker, simi-
larly equipped, who holds a radiation meter against the coupling.

The considerations upon which nuclear safety will depend in a given
case are reviewed with operational factors by the staff groups. In all
production plants, deviations from criticality control provisions are
investigated, even though, in general, these have been so minor that
there have been no instances where the nuclear safety of plant or oper-
ation has been seriously compromised.

High level radiation alarms are provided in many plant locations
where enriched uranium materials are processed or handled to warn
of the occurrence of a nuclear accident, and all employees are provided
with neutron-detecting dosimeters consisting of strips of indium foil
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incorporated in their security badges, to measure any exposure that
might result from an accident.

Rap1atioNn PROTECTION OF THE ENVIRONMENT

Protection of the environment to prevent radiation injury to the
public in general, and specifically, to safeguard the neighbors of atomic
energy installations, depends primarily on the location, the design of
plants, and methods of operation, including handling of industrial
wastes. In more recent installations, the Commission considers the
relationship between site isolation and arrangements to contain
releases of radiation. Commission sites which could occasion major
potential hazards often are isolated from large centers of population.

Protection against the potential hazard, for example, of a reactor
accident is accomplished by built-in safety factors, by expert opera-
tion, by monitoring of operations and interlocking controls, by con-
trolling all wastes, by a balance between isolation and physical con-
tainers or shells, where these are necessary, designed to capture and
hold any leakage of radioactive material (see chapter III, Safety
Factors in Reactor Design and Operation).

Protection of the environment against radioactive discharges from
various operations—reactors, processing plants, laboratory research—
equally depends on design, expertness, operation, and monitoring.
To take a single brief example, the research reactor at Brookhaven
National Laboratory, like that at Oak Ridge National Laboratory,
is so built that the air used to cool the reactor is cleaned both before
and after passing through the reactor, and then is discharged through
a lofty stack. The height of the discharge, and the prompt mixing
and dilution with air of radioactive gases prevent any difficulties. If
meteorologists were to find that conditions were such that the gases
would not promptly be diluted and dispersed, or would be borne down
toward the earth’s surface, the reactor would be shut down
until conditions improved. It has never proved necessary to shut
down the Brookhaven reactor because of weather conditions. A shut-
down also would take place if automatic monitoring devices detected
an abnormal amount of radiation originating in the stack discharges.

A key activity assuring that the environment is protected once such
steps as mentioned earlier have been taken, is the monitoring program
to determine the amount and the kinds of radioactivity present in the
environment at any given time. The systems established vary from
installation to installation, according to the problems present in each
case. Water discharged after cooling the production reactors at
Hanford is monitored ; fish and other water life are tested ; the safety
of using the water for irrigation of crops is a subject of long experi-
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ment. The air discharges are monitored at Brookhaven, at Oak
Ridge National Laboratory, at certain of the experimental and work-
ing reactors at the National Reactor Testing Station. Again, vegeta-
tion, wild life, and domestic animals, are monitored near chemical
processing stations to keep accurate check on discharges of radioactive
iodine, a process gas, which is a problem at Hanford, Savannah River,
Idaho, and Oak Ridge. Test wells are sunk, and certain plants which
absorb particular isotopes are used, to trace seepage of radioactive
materials through the soil where this is a possibility. Worldwide
monitoring is carried on to determine radioactive contamination of
the environment as a result of weapons tests.

The environmental monitoring programs which provide an accurate
measure of any trend toward an accumulation of radioactive con-
tamination, are in operation at all Commission installations. Many
were established in advance of operation to provide data on existing
radiation background, since the amount of radiation present naturally
from minerals in the soil, or from cosmic rays, varies from place to
place. The record of radiation naturally present helps monitors to
identify any untoward accumulation of radioactivity ascribable to
operations.  Advisory boards established at Hanford, Savannah
River, and Idaho, for example, assist in many aspects of environ-
mental protection.

Most of these activities remain essentially the same as when re-
ported in detail in the Eighth Semiannual Report (January-June
1950). Where sites opened since 1950 are concerned, or where there
have been new developments or advances in control affecting the
environment, they are reported here.

Savannah River Plant

The extent of precautions taken by Commission contractors to
assure radiation protection of the environment is typified by the
preparation made by the contractor du Pont, for operating the
Savannah River Plant to produce plutonium.

Surveys. Two years in advance of operations, in 1951, the contractor’s
health physics section began a systematic study of the natural radio-
activity of the environs of the plant on the South Carolina banks
of the Savannah River. Water was assayed from wells, creeks, ponds,
the river, and nearby municipal systems. The area was found to
be generally Iow in natural radioactivity. The background radiation
was attributed principally to the naturally radioactive isotope, po-
tassium 40.
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The regional monitoring team of health physicists has continued a
routine sampling program of the wells, streams and the Savannah
River. Limited biological monitoring of aquatic organisms has in-
dicated that levels of radioactivity are not significantly above the
natural background level, and indeed are just detectably so. The
levels would have to be many times greater to be a matter of health-
concern.

Coincident with the early radiological background study, other
environmental investigations were made. A micrometeorological
study influenced certain design and operational policies, and de-
termined that no continuing meteorological program would be
required.

The Academy of Natural Sciences of Philadelphia was engaged to
make four quarterly studies and several followup surveys of the
Savannah River to determine the general health of river life as indi-
cated by the abundance of plant and animal species. More recent sur-
veys have revealed no biological changes that could be attributed to
radiation or other changes associated with this operation. The U. S.
Public Health Service, Department of Health Education and Welfare,
has made several surveys of the river, as it has of the Columbia River,
in Washington and Oregon, that have substantiated generally the find-
ings of the Academy of Sciences and the regional monitoring group.
The University of Georgia conducted a study under Atomic Energy
Commission contract designed to elaborate on the migratory habits of
catfish in the Savannah River and one major local tributary.

The Ground Water Branch of the U. S. Geological Survey, Depart-
ment of the Interior, made studies of soil formations, pressures and
ground water drawdown due to pumping in various plant areas. This
information has been analyzed to estimate percolation rates and direc-
tion and rate of migration of radioactive materials in the ground. It
is generally assumed from these studies that lateral movement is to be
expected and that material released or disposed to the surface of the
ground will find its way into surface streams.

The Savannah River Advisory Board was organized in 1951 to
review regularly the health of the river as related to all industries and
developmental projects associated with water usage. This panel com-
posed of representatives of the U. S. Public Health Service, the Corps
of Engineers of the U. S. Army, the Geological Survey, the States of
South Carolina and Georgia, the du Pont Co. and the Atomic Energy
Commission, has convened periodically to review studies of the river
and to consider future inflnences.

Since 1951 continuing ecological studies have been in progress by the
Universities of South Carolina and Georgia. This research has been
conducted on land, pond and creek habitats of the area—and com-
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prised largely of basic studies in species distribution, abundance, and
relationships. Recently programs emphasize investigations into the
effects of radiation upon natural communities, and the role of plants
in releasing soil-bound radioisotopes to the environment.

Design and operation. The basic design and operational procedures
for the Savannah River Plant were originally planned to contain and
control very conservatively the release of radioactive materials to the
environment. Technical standards were agreed upon that were suffi-
ciently more conservative than the internationally accepted limits to
insure against exceeding those standard limits established for public
protection.

Continuing release of low-level radioactivity to the environment
occurs when separations plant stacks discharge volatile fission
products; low-level fission wastes are released to seepage basins where
natural clays function in adsorbing and holding fission products by
ion exchange; and heat exchanger cooling water from reactor areas
carries off, in tremendous dilutions, controlled bleed-off from the stor-
age basins for irradiated materials and from the aqueous thermal
shields of the reactor tanks.

Stack release. A great variety of fission isotopes may be detected in
the gases released from the stacks of chemical separation plants. The
only problems are with those isotopes which continue radioactive and
exist in relative abundance several weeks after fuel is discharged from
a reactor.

Radioactive iodine is of primary concern at the Savannah River
Plant, as at other plants that process used fuel elements. Other radio-
elements released from the stacks are below a detection level beyond
the boundaries of the plant area. Todine 131 release has been kept to
safe levels by delay in processing discharged reactor fuel which per-
mits radioactive decay to take place, and by the application of recently
developed technological improvements in processing. Radioiodine
levels beyond the plant boundaries, though detectable by sensitive
analytical methods, never have approached levels at which radio-
iodine might become of biological concern.

The second process material that had to be managed is composed of
two principal isotopes of ruthenium. Devices introduced to minimize
the release of this element have proved effective, and it never
approached a level of concern in the environment.

Very accurate measurements are made of iodine and other groups
of wastes released from each processing plant stack. Correlation of
these data wtih levels detected in the environment, in air, or on vege-
tation, makes it possible to estimate the significance of continuing rates
of release.
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Atmospheric radioactivity is monitored by ionization chambers
near the stacks and by automatic filter counting at remote locations.
Vegetation is sampled on regular routes to distances of 25 miles.

Low-level fission wastes. If the levels of radioactivity are sufficiently
low, it is possible to discharge wastes into seepage basins without
hazard. These seepage basins are large, open ponds from which the
water seeps slowly into the ground. The soil beneath the ponds by
its capacity for ion exchange selectively retains radioactive ions with
considerable tenacity.

This method of waste disposal is highly attractive because of its
economy. However, pending development of more exact knowledge
of the soil, the amount of fission products so discharged has been
limited. So far, this limitation has been kept below the amount of
fission products that actually could be added directly to the Savannah
River without exceeding the limits of radioactivity allowable for
drinking water. Even so, by judicious selection of wastes permitted
to flow into the seepage basins, the contractor is able to achieve safe
and economical disposal of large quantities of contaminated water
and inactive salts.

A field and laboratory research program is directed toward increas-
ing the knowledge and use of seepage basins for disposal of radioactive
wastes. The soil involved is a mixture of clay and sand, and research
has determined it has a considerable capacity for adsorption of fission
products. Solutions discharged to the seepage basins must percolate
vertically about 60 feet to reach the water table. The water then must
flow laterally about 2,500 feet before it reaches the surface streams
that flow through the plant area to the Savannah River. Solutions
require about 1 year to pass through the soil and to reach surface water.

Verification of these facts in field tests will permit safe discharge
of increased amounts of radioactivity through the seepage basins. The
field tests include the use of monitoring wells around the seepage
basins, to permit a close watch on any radioactivity in subsurface water.
Routine sampling of more distant wells and of surface streams supple-
ments monitoring near the basins.

Many waste streams from laboratory and other auxiliary operations
at Savannah River are so low in radioactivity that it is biologically
insignificant. These wastes normally are discharged to surface
streams, but are carefully monitored before release and are diverted
to seepage basins if significant activity is found.

Cooling water. Basic principles designed into the Savannah River
reactors prevent the radioactive contamination of raw river water
that serves to carry away the huge heat load. A battery of heat ex-
changers near each production reactor provides complete separation
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of the heavy water moderator-coolant and the river water. After
passage through the heat exchangers, the thousands of gallons of water
used each minute return to natural tributary streams. The water
is free from induced radioactivity that would have resulted if design
were such that it passed through the neutron flux of the reactor tank.

The warmed water loses most of its heat load while flowing through
some miles of natural meandering streams to the Savannah River.

At each reactor, however, there are other minor sources of water-
borne radioactivity that is released in a highly diluted state with the
used cooling water. A small bleed-off of water from a portion of the
reactor shield contains several induced isotopes from contaminants in
the metal of the shield. Considerable handling and limited fabrication
of irradiated metal occurs in large water-filled storage basins in which
irradiated fuel elements cool radioactively before being processed.
The water released from these basins contains, principally, isotopes
of the corrosion products of steel and aluminum, and their impurities,
in which radioactivity has been induced. Isotopes of chromium, iron,
cobalt and zinc usually make up a large fraction of the radioactivity.
Fission product contamination never has been significant, though
it could occur under certain conditions.

Continuous automatic monitoring of streams has seldom shown
levels significantly above background radiation even at points within
the plant boundaries. Radioactivity has never reached the limits
prescribed for drinking water.

Storage of high-level wastes. The major quantity of radioactive
waste from chemical separations plants at Savannah River is stored
in large underground tanks. Wastes from the process are concen-
trated by evaporation, neutralized chemically to reduce corrosion,
and piped to the storage tanks. High concentration of wastes may
be accomplished when long-term storage is planned.

The total quantity of radioactivity from the chemical separations
plants is so tremendous that indefinite retention under rigid control
is mandatory. Storage in large underground tanks at present is the
simplest way of assuring that the radioactivity does not contaminate
the environment. The tanks that contain the most active of the high-
level wastes have equipment to remove the heat caused by the radio-
activity.

Brookhaven National Laboratory

Prior to the start of full-scale operation of the research reactor at
Brookhaven National Laboratory a network of 16 monitoring stations
was constructed around the laboratory site at varying distances to
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collect data on the levels of beta and gamma radiation, and radio-
activity that might be associated with airborne particulate matter from
reactor operations.

These stations were in operation 2 years before the commencement
of full power operation of the graphite-moderated, air-cooled reactor.
Specially designed equipment recorded data photographically and in-
cluded such features as moving filter paper collectors for airborne
dust, and ionization chambers and dynamic condenser electrometers
for gamma measurements.

Several years of full-power operation of the reactor proved that the
increase above normal background radiation was so small that out-
lying monitoring stations no longer were required. KEleven were
suspended since the remaining five in operation located on or close
to the site provided ample protection. During the earlier years num-
erous experiments were made to compare the radiation exposure pre-
dicted on the basis of meteorological observations with the exposure
actually received on the surface from the reactor air discharged from
high stacks.

At Brookhaven, periodic samplings of the sewage from various
laboratories, of the ground water and of vegetation are carried out.
Liquid wastes of sufficiently low activity are discharged to the la-
boratory sewage system after assay. Multiple checks are used to
assure that only low-level, short-lived materials are released, and then
only in small quantities in the wastes that are filtered through sand
beds and rechecked before discharge.?

The National Reactor Testing Station

The National Reactor Testing Station (NRTS) was established by
the Commission about 40 miles west of Idaho Falls, Idaho, to further
the reactor development program by providing a place for the de-
velopment, construction and operation of nuclear reactors, reactor
fuel recovery plants, and auxiliary establishments. The station pro-
vides a unique environment in which advanced experiments can be
carried to extreme levels without danger to populous areas. It is
located in a sparsely settled portion of the Snake River Plains on a
tract of about 430,000 acres, an area half that of the State of Rhode
Island.

Since this site was opened in 1949, some 10 reactors have been op-
erated there without exposure of residents of surrounding areas to
radiation of any significance in affecting health. In the location of
technical plants within the site, reactor power levels, novelty of the

® For a detailed report on operation of Brookhaven National Laboratory, sewage system,
see pp. 111-113, Eighth Semiannual Report (January-June 1950).
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reactor concept, the purpose and manner in which a reactor will be
operated, are all considered from the standpoint of hazard to workers
and neighbors.

The testing station boundary describes a rough triangle with its
hypotenuse to the northwest. The prevailing winds are from the
southwest, thus allowing maximum on-site drift of discharged gases.
There is no surface water drainage from the station ; conversely, three
major streams which rise in the mountains to the north and west are
soaked up by the porous soils of the area, forming a body of under-
ground water tapped by wells for use in plant areas. It is believed
that this water flows underground in a southwesterly direction emerg-
ing ultimately in the Thousand Springs area of the Snake River in
southern Idaho.

After site choice, patterns of operation control radiation safety.
Site analyses of meteorological conditions are made by a Weather
Bureau unit attached to the station to provide information that would
affect dispersal of stack gases and air filtration. The problem of
radioactive stack emissions is reduced by filtering the air used in
reactor-cooling systems. The radioactive isotopes produced by the
neutron bombardment of air as it passes through the reactor shielding
have short half-lives so that dilution in the upper air, and rapid decay
to a nonradioactive state, protect the other station installations and
the surrounding area.

Gaseous wastes from the chemical processing plant are filtered
through fiber glass beds and diluted with ventilating air from the
building before being vented to the atmosphere through a 250-foot
stack. Inthe atmosphere, they are further diluted and decay to stable
forms. The stack of the chemical processing plant is equipped with a
device for heating the gases so that the effluent will rise rapidly and be
able to penetrate meteorological inversions—in which heated air blank-
ets cooler air—and not be confined to the lower cooler levels. To check
on stack performance, the Health and Safety Division of Idaho Opera-
tions Office, which conducts all environmental protection activities at
the station, has developed a “Sky Scanner”. This instrument, when
used in groups of two or more, can trace the form, intensity and direc-
tion of air streams containing radioactivity. This is accomplished
by triangulating on radiation sources, as radioloops can triangulate
and locate a ship or plane by its radio transmission.

‘When operations are conducted at levels at which radioactivity could
be released, its discharge is closely synchronized with meteorological
conditions to protect exposure of personnel at the station or the
environment against gaseous or particulate fission products. Routine
operations are monitored by a network of fixed air-sampling stations,
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located at a number of points on the station and in the general south-
eastern Idaho area.

To provide immediate radiation monitoring controls during sensi-
tive experiments, mobile units are utilized.

Sky scanner. An instrument developed by the Idaho Operations Office’s Health
and Safety Division is used to track radioactivity released from stacks at the
National Reactor Testing Station.

To monitor highways or roads where speed is a factor, delivery
trucks equipped with two-way radios are used. Should there be a
sudden release of airborne radioactive material, their prime function
is to detect radiation quickly and determine the extent of areas affected.
These trucks are equipped with an array of four Geiger-Mueller tubes
arranged in series on the front of the truck close to the roadway.
Their sensitivity allows a rapid evaluation of a large area.

Where terrain does not permit this type of monitoring, and samples
are needed, radio-equipped, four-wheel-drive vehicles are used. In
addition to standard field monitoring instruments, these units have
electric generator plants to supply power for sample collectors and
flood lights. Each is capable of collecting high-volume air samples,
and particulates.
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Modifications to “Sky Scanners” permit their being mounted in
vehicles and operated in transit, or placed in a remote location. Two
house trailers have been converted to mobile laboratories. Each has
two-way radio, a constant air monitor, sample counter, and back-up
equipment for monitoring teams, including microscopes and micro-
projectors for determination of particle size, an important factor in
estimating hazards from inhaled material. A control station is
located at the central facilities of the station where telephone and
radio liaison is maintained with the Idaho Operations Office manage-
ment, the experiment area, the U. S. Weather Bureau Unit assigned to
the station and all monitoring units.

Progress of an experiment, meteorological advice, and field monitor-
ing data are relayed continuously to responsible personnel at the
control station who coordinate the placement of monitoring units and
keep management informed of developments. Should a radioactive
release occur, initial detection can be made at the source, either by the
operating group through its normal stack monitors, or by “Sky Scan-
ners” monitoring the stack, or by field survey teams. Normally, twc
or three monitoring teams are stationed downwind of experimenta
operations. Under established operating plans, should a radioactive
release occur, all sampling equipment is put to work immediately
additional teams are dispatched, all groups are alerted, and necessary
liaison is established with other station technical areas, if this i
indicated.

As a routine precaution, nearly 40 wells south and west of the
station, as distant as 140 miles, are sampled monthly for any increas
over normal background radioactivity. No deviation from norma
has been found.

The Idaho Environmental Advisory Committee was established ir
1953 to advise the Idaho manager on aspects of the operation of the
NRTS having possible effect on the health and safety of the area, anc
to act as liaison between the Commission and the public. The com
mittee includes representatives from the State Public Health Depart
ment, the State Reclamation Department and includes experts in th
fields of meteorology, geology and stack gas.

Hanford

At Hanford, the environmental monitoring program which wa
reported in detail in the Eighth Semiannual Report (January-Jul
1950) now encompasses an area of 1,700 square miles immediatel
surrounding Hanford in which routine monitoring activities are cax
ried out by the contractor. An additional area of some 23,000 squar
miles is also monitored intermittently. Minute quantities of radic
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active contamination in air, vegetation, soil, surface water and ground
water are detected by radiochemical methods.

Measurement of Hanford wastes as they enter the environs has
been refined by the use of advanced monitoring techniques and by the
maintenance of complete records of all process waste released to the
environment. All radioactive materials routinely detected beyond
the plant perimeter are at or below one-tenth of the appropriate
maximum permissible limits.

Automatic monitoring devices have been evolved which allow for the
prompt detection of the presence of radioactive contamination in
reactor cooling water.

Precautions for Weapons Tests

The Atomic Energy Commission has established two testing sites
for weapons, one in Nevada and one at Eniwetok in the Pacific. Only
relatively small devices are detonated at the Nevada Test Site. Larger
shots occur at the Eniwetok Proving Ground with its much larger
safety and warning area.

Nevada Test Site. The Nevada Test Site covers an area of about 600
square miles of desert country surrounded by a sparsely populated
expanse of land. Adjacent to it is an Air Force Gunnery Range of
4,000 square miles. This large controlled area affords maximum safety
conditions. It is closed at all times to the public, not only for security
reasons but to prevent possible personal injury.

Only relatively small nuclear devices, carefully evaluated before
detonation for their anticipated energy yield, are tested here. Before
each detonation, aerial and surface surveys are conducted to assure
that no persons or domestic animals have entered the danger area.
Announcements of detonation time are made before the tests so that
people in surrounding communities have advance warning.

As part of the test organization, an advisory panel of experts in
the field of biology and medicine, blast, fall-out, and meteorology
meets before each nuclear detonation to consider the advisability of
firing the shot. Weather conditions are a prime consideration since
they can affect : fall-out pattern; severity of the blast wave in off-site
areas, and the cloud cover which has a bearing on operational flights
related to the tests. Information on the weather is provided by a
complete weather unit at the test site which draws upon data from the
U. S. Weather Bureau and the Air Weather Service. In addition,
there are six supporting weather stations encircling the area. A shot
is not scheduled unless favorable conditions are expected. If un-
favorable weather conditions develop a scheduled shot is postponed.



208 MAJOR ACTIVITIES

There have been about 80 such postponements related to 17 shots
during five past test series in Nevada. The total number of days
delayed would be even larger, since each decision to postpone might
involve one, two, or more days.

To control the flight of aircraft not connected with the tests in the
general test region, or in the predicted path of a radioactive cloud
after a blast, an “air space closure” is established by the Civil Aero-
nautics Administration. Commercial and military aircraft may be
advised to avoid temporarily sectors up to several hundred miles away
from the detonation point. After each burst, aircraft follow the cloud
until it becomes widely dispersed. Other planes follow to track fall-

After tests. Ready to enter test area after weapons detonation, members of the
radiological safety group, Los Alamos Scientific Laboratory, Los Alamos, N.
Mex., wear canvas boots, surgeon’s caps, respirators, rubber gloves. All articles
of clothing are securely taped and sealed at wrists and ankles.
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After tests. Air-sampling station, one of type established at 15 locations within
200-miles of the test operations at Nevada Proving Ground to guard against
possibility of fall-out.

out on the ground near the test site. Additional aircraft are on call
to monitor more distant points if necessary.

Precautions also are taken to protect the health of people in nearby
communities by a system of monitoring zones, in which the Commis-
sion and the U. S. Public Health Service participate jointly. Each
zone is under a commander whose duties are to perform routine moni-
toring activities, i. e., to take radiological measurements and to give
advice and information to the people living in the communities in
his zone. Mobile units also are on call to be sent to any area, outside
the zones, which may require monitoring.

Three additional monitoring programs also are in operation.

a) Unattended, automatic, continuously recording gamma ray moni-
tors aer located adjacent to the Nevada Test Site to document
changes over background radiation prior to, during, and after the
actual test period. This system has been proved reliable by pre-
vious field use and requires a minimum of servicing.
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b) Intensive sampling of soil, plants, animals and air for 2 to 4 weeks
immediately after a fall-out contamination with special emphasis
on occurrence of certain fission products. This study takes place
simultaneously in several areas along the mid-line of fall-out to a
distance of approximately 300 miles. There is also a continuous
sampling program carried on apart from this test activity.

¢) Study of the characteristics of extended fall-out patterns by aerial
survey.

Eniwetok Proving Ground. Similar precautions are taken during the
Pacific tests.®® Since larger nuclear devices are tested in the Pacific,
the warning area covers nearly 400,000 square miles. This area is
surveyed by surface ships and aircraft in advance of each test. Any
ships that enter it are warned away. Weather and fall-out prediction
units function much the same as in Nevada. Nine stations, in addition
to the eight that operate regularly, are established for each test series.

Following detonation, aircraft follow the radioactive cloud and
others perform surveys over land and sea areas to chart any residual
activity. The populated islands of Wotho, Ujelang, and Utirik, were
monitored by personnel of the U. S. Public Health Service during
Operation Redwing (spring 1956 series). Use is made of a variety of
ships, skiffs and buoys containing recording equipment, and large
scale marine and land surveys are made to measure any environmental
contamination.

Worldwide monitoring. The monitoring programs do not stop at
the areas around the test sites. During all test operations, 80 moni-
toring stations are maintained in the United States and an additional
88 have been maintained in 46 countries and territories throughout
the free world through the cooperation of the U. S. Weather Bureau,
U. S. Public Health Service, State Health Departments, and the
Commission. Other monitoring stations are being added abroad. All
these stations collect fall-out particles with gummed paper and send
them for counting of radioactive material deposited to the Com-
mission’s Health and Safety Laboratory. In addition, about 35 of
the Public Health Service and Commission stations in the United
States make air collections and some rain analyses. These latter sta-
tions are part of a nationwide immediate operative system to supply
data on short notice.

Assistance to photographic industry. The Commission, in recogniz-
ing the potential operational problems to the photographic industry

8 A full report on protection methods during Operation Redwing is given in Appendix 9,
Twentieth Semiannual Report (January—June 1956).
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through a possible contamination or fogging of films from radio-
active fall-out due to weapons tests, has furnished information to
them since 1951 through the office of the executive secretary of the
National Association of Photographic Manufacturers. In order to
assist the industry in establishing production schedules, the Com-
mission wherever feasible has provided statements of periods during
which no United States tests are planned and advance notice of as
much as 4 months of tests which might affect the photographic in-
dustry.

During test series frequent forecasts of contaminated areas based
on meteorological data have been furnished, enabling processors to
take precautions. The Commission has also consulted with the tech-
nical Committee on Radioactivity of the Manufacturers’ Association
on matters of radiation detection, protective measures, transporta-
tion, and waste disposal.

Fall-out data. Any nuclear detonation forms immediately about 60
different radioactive substances representing some 35 elements. Most
of these substances initiate decay chains consisting of several isotopes
so that eventually 170 isotopes may be produced, with radioactive
half-lives ranging from a small fraction of a second to many years—
that is the time during which about half the atoms in any given
quantity of radioactive material undergoes radioactive decay.

If the nuclear detonation occurs high in the air, the radioisotopes
become associated with fine particles that settle relatively slowly to
the earth, so that the activity of the short-lived isotopes decays and
the particulate matter is widely dispersed. Thus, the immediate
fall-out will be relatively small. Where the fireball from a nuclear
detonation intersects the ground, the radioisotopes will become prin-
cipally associated with larger particles of matter which fall rela-
tively rapidly, thus producing higher concentrations of radioactivity
in nearby areas. Measures to reduce local fall-out include using
higher towers and by stabilizing surface soil around the towers.

Another factor which affects the area, the amount, and the timing
of the fall-out is, of course, the energy yield of a detonated device.
In the kiloton range of bursts, radioactive material will be confined
to that section of atmosphere known as the troposphere where winds
will mix and dilute materials rapidly, where clouds form, and pre-
cipitation will fairly rapidly strip out the radioactive material.
Bomb debris in this case may travel around the world but will be
confined largely to the approximate degrees of latitude in which the
explosion took place.

Radioactive materials driven into the stratosphere from detona-
tions of larger weapons have a different pattern of fall-out from
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that which is distributed in the troposphere. In the stratosphere,
clouds and precipitation are absent, so that finely divided material
may remain there for a period of years, to be deposited on the earth
only as it drifts downward into the troposphere and becomes subject
to its precipitation. Radioactive material that enters the stratosphere
may be considered as depositing itself more or less evenly throughout
the world.

Several hundred thousand measurements have been made of fall-
out in the air, water, soils, and wide variety of biological specimens
through the monitoring programs already described. The data have
been reported in the open literature and will only be summarized
here. Inregard to external radiation exposure, the Committee of the
National Academy of Sciences—National Research Council in their
June 1956 report estimated the average exposure to people in the
United States would equal about one-tenth of a roentgen for a total
30-year dose if nuclear weapons tests continued at their present rate
(with an uncertainty factor of five). As points of reference, and
again concerning external radiation, the estimated average radiation
exposure to people in the United States each year from medical uses
of X-rays and radioisotopes, and the exposure each year from nat-
urally occurring radioactive sources, are roughly equal to the same
amount as 30 years of tests at the present rate would cause—one-tenth
of a roentgen. The fall-out outside the United States from weapons
tests generally has been even less.

The range in values of maximum possible accumulated gamma doses
to date for localities in the United States outside the vicinity of the
site is 0.006 to 0.049 roentgen (except three cities, Albuquerque,
N. Mex., with 0.11, Grand Junction, Colo., 0.12 and Salt Lake City,
Utah, 0.16) while foreign stations range from 0.004 to 0.023 roentgen
(except some of the Pacific Islands which range from 0.013 to 0.15).

The highest exposures from fall-out experienced to date in the
United States was at a motor court about 100 miles from the Nevada
Test Site, where about 15 people might have accumulated approxi-
mately a seven to eight-reentgen dose if they continued to live there.
The next highest exposure was about four roentgens at Bunkerville,
Nev., a community of some 200 people.

Long term exposure. Exposure to radioactive fall-out within a few
weeks after a weapons detonation is of interest principally because
of the external radiation dose which could be delivered to the body
from outside by the mixture of radioisotopes in the surrounding en-
vironment. With the passage of time, the radioactivity of many con-
stituents of fall-out will decay to levels which are negligible from the
standpoint of external exposure. The focus then shifts to the possi-
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bility of internal irradiation from a long-lived radioisotope, strontium
90. For a unique combination of reasons, strontium 90 which enters
the body will be deposited in the bones.

Many biochemical and radiological aspects of strontium 90 and its
effects are reported in the section on strontium in Chapter VI. The
dissemination of strontium 90 from nuclear detonations and of subse-
quent uptake by humans have been under study by the Commission
since 1948.3*

By 1953 monitoring stations began to record the first detectable de-
posits of strontium 90 and the sampling and chemical assay procedures
of researchers were beginning to detect its distribution in the atmos-
phere, on the surface of the earth, in food materials, and in the skele-
tons of animals and humans. In the fall of 1953 a broad program of
studies of the distribution and behavior of strontium 90 was initiated
and was designated “Project Sunshine”.

The principal original participants in Project Sunshine were the
Enrico Fermi Institute for Nuclear Studies, University of Chicago;
Lamont Geological Observatory, Columbia University ; the U. S. De-
partment of Agriculture, the U. S. Weather Bureau, and the Commis-
sion’s Health and Safety Laboratory. Many other agencies and
organizations were represented in planning activities sponsored in
the summer of 1953 by The Rand Corp., Santa Monica, Calif. Sub-
sequent participation has included routine chemical analysis of sam-
ples by Nuclear Science and Engineering Corp., Pittsburgh, Pa. and
by Isotopes, Inc., Westwood, N. J.

The Department of Defense also has engaged in cooperative or re-
lated activities. A project for determining the efficiency of scaveng-
ing devices to remove fall-out for sample collection is underway at
the Armour Research Foundation, Illinois Institute of Technology,
Chicago, Ill.  General Mills, Inc., Minneapolis, Minn. is participating
with a study of relative effectiveness of various methods for collecting
radioactive materials in the air. Limited participation, frequently on
an informal basis, includes other governmental agencies, agricultural
experiment stations, and a number of hospitals and physicians.

While one principal objective of Project Sunshine is to determine
directly the relationships between the production of strontium 90 by
nuclear detonations and its uptake by humans, in order to provide
maximum applicability of general data to conditions of possible inter-
est, the Commission has undertaken to correlate radiostrontium oc-
currence in and movement through all phases of the environment.

# Certain aspects of radiostrontium research were reported earlier: pp. 115-122,
Thirteenth Semiannual Report (July-December 1952) ; pp. 53-54, Sixteenth Semiannual
Report (January—June 1954) ; Appendix 7, Eighteenth Semiannual Report (January-June
1955) ; pp. 69-72, Nineteenth Semiannual Report (July-December 1953); pp. 105-108,
Twentieth Semiannual Report (January—June 1956).
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Sampling patterns have been developed to define relations between
quantities of strontium in the stratosphere and rates of fall-out; rela-
tions between rainfall and fall-out; occurrence in soil and in plants
and animals raised on the soil ; uptake from the soil as affected by the
nature of the soil; behavior of fall-out reaching vegetation directly
from the air; variations in soils, plants, animals, food products, and
humans, with location on the earth’s surface; and effect of age and
diet upon uptake by humans.

Some of these relationships have been studied by sampling within
the United States, but many involved extensive sampling on a world-
wide basis. The highest concentrations of strontium 90 are found in
the general latitudes in which its greatest production in nuclear tests
has occurred. The basic facts of all these findings have been reported
in the professional literature and by Commission officials.®

As the broader outlines of the fall-out problem become better de-
fined, research will attempt to reduce the uncertainties about distribu-
tion of fall-out and the physical and chemical behavior of strontium.
Some uncertainties arise from physical and geographical factors such
as the relative inaccessibility of both the stratosphere and many geo-
graphical areas, and difficulties of estimating fall-out into the ocean.
Some depend upon the technical difficulties of obtaining and measur-
ing samples. Other uncertainties arise from lack of information
about details of nature which affect various aspects of the radio-
strontium problem, some of which are being studied perhaps for the
first time.

Estimate of the results of detonations of nuclear weapons to date,
in terms of both the present and future distribution of strontium 90
in nature and in man, must be considered as tentative to date and to
require additional measurements. In the opinion of Commissioner
Willard F. Libby and the staff, estimates made by persons actively
engaged in Project Sunshine are believed to be generally somewhat
conservative and “on the safe side.”

In a recent address before the American Association for the Ad-
vancement of Science, Washington, D. C., October 12, Commissioner

32 “Radioactive Strontium Fallout”, W. P. Libby, Proc. Nat. Acad. Scl., No. 6, p. 365, June
1956 ; “Radioactive Fallout in the United States”, Merril Eisenbud and John H. Harley,
Science, 121, No. 3150, pp. 677-680, May 13, 1955 ; “Radioactive Fallout through September
1965, Merril Eisenbud and John H. Harley, Science, 124, No. 3215, pp. 251-255, August
10, 1956 ; “Civil Defense Program”, Hearings Before Subcommittee on Civil Defense of the
Committee on Armed Services, United States Senate, February 22, 1955; “Health and
Safety Problems and Weather Effects Associated with Atomic Explosions’”, Hearing Before
the Joint Committee on Atomic Energy, April 15, 1955 ; “Civil Defense for National Sur-
vival”, Hearing before Subcommitee of the Committee on Government Operations,
January 31, 1956.
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Willard F. Libby has estimated that “a total of about 22 millicuries 32
per square mile of strontium 90 is to be found in the soils of the mid-
western United States,” and that the concentration is about three
quarters of this value in similar latitudes in the rest of the world.
“The stratospheric deposition would be expected to continue at the
expected rate which at the present is about 1.2 millicuries per year,
so that some 15 years from now . .. a maximum additional total
stratospheric fall-out of about 6 millicuries per square mile will have
occurred. In the meantime, the present 22 millicuries per square mile
would have been reduced to 15 by radioactive decay, just about com-
pensating for the stratospheric deposition.” From available data
relating human uptake to content of the soil, he estimates that “at the
moment we would expect that the body burden for children born now
in America eventually would amount to between 0.004 MPC units
(4 micromicrocuries per gram of calcium) . . . and possibly a figure
two or three times higher.”

In an address before the Washington Academy of Sciences, Wash-
ington, D. C., November 15, Merril Eisenbud, Director of the Atomic
Energy Commission Health and Safety Laboratory, New York, stated
that his estimates of the deposition of strontium 90 in soils were in
good agreement with those of Commissioner Libby. On the basis of
current concentrations of strontium 90 in milk in the New York area,
Eisenbud estimated that 8 micromicrocuries of strontium 90 per gram
of calcium was the upper limit of the foreseeable strontium burden
in the skeletons of the population of that area, and that 25 micromicro-
curies of strontium 90 per gram of calcium was the highest foreseeable
skeletal burden anywhere in the United States from weapon tests al-
ready conducted. Eisenbud qualified the estimate with the state-
ment, “This estimate is likely to be reduced as new information about
the uptake of strontium 90 eliminates some of the uncertainties which
have prompted the use of highly conservative assumptions.”

Work is continually being carried out on skeletal radiostrontium
burdens. One report on such research, to be published in the near
future, indicates that worldwide average radiostrontium burdens
resulting from fall-out from weapons already detonated may be
somewhat lower than previously estimated.

Bibliography :
The Tolerance Dose. 8. T. Cantril and H. M. Parker, MDDC-1100.
Radiation Protection of P’ersonnel and Radiochemical Laboratories; Their
Design and Operation. Eunice Whittlesey and Eloise Givens AECU-1020.
Selected AEC Reports of Interest to Industry. Part 8. Industrial Manage-
ment. Part 9 Health and Safety. TID-3050 (Parts 8 and 9).

8 For definitions of units of radiation measurements used here, see earlier section on
“Standards of Radiation Exposure.”



VI

RESEARCH PROGRAMS ON RADIATION
EFFECTS AND TREATMENTS

Every year one or more new radioactive or toxic materials emerges in
the atomic energy program as extremely important from a health
standpoint, either because the material has not previously been handled
in sizeable quantities, or because it is encountered in an unfamiliar
form or in new circumstances.

Against penetrating radiations from a reactor, an X-ray machine
or a high energy particle accelerator protection can be accomplished
with relative simplicity once the type of radiation emitted, its energy,
rate of emission, and its relative biological effectiveness are known.
Shielding, the carefully planned use of distance, time limits on ex-
posure, or these methods in combination, are sufficient.

When radioactive materials are moved around, mined, processed,
or machined, as reactor coolants pass them into a river, or as stack
gases from processing plants disperses them to the atmosphere, they
may be absorbed into living systems. Under such circumstances the
problems of protection multiply and precise knowledge is necessary
to guard against the toxicity of each form or compound of a given
radioisotope if it should accidentally enter the body. The material
may be soluble or insoluble, particulate, liquid or gaseous, bound or
unbound to specific organic or inorganic matter. Ifitisin particulate
form, the size of the particle is very important in determining its
retention if inhaled. Ifitisin a liquid state it must be known whether
it can be absorbed directly through the skin.

Finally, the Commission must be prepared to cope with accidents if
the material comes in contact with and enters the body through a cut
or abrasion, through the lungs by inhalation, or through the gastroin-
testinal tract by ingestion. It is then necessary to know where it will
go in the body, in what organs it concentrates, and how long it will
stay there. Means must be devised for determining how much is in
the body at a given time (bioassay methods) and coincidentally
methods must be developed for speeding up the removal of a radio-
element from the body.

There must be an ever-increasing flow of more exact knowledge con-
cerning the effects of radiation on the body as a whole and on each
organ of the body. It mustbe known how much radiation is delivered
to critical body organs by given concentrations of scores of radio-

216
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isotopes, from tritium at one end of the atomic table to plutonium and
other transuranic elements at the other end. The degree and type of
injury produced by given amounts of a material deposited at a given
site must be ascertained. Research on radiation detection and
measurement instruments helps to provide necessary tools, both
for research and for monitoring services. These are the sorts of
information that the Commission provides through its biclogical and
medical research program for such groups as the National Committee
on Radiation Protection and Measurement 3* so that they may develop
dependable recommendations concerning maximum permissible
exposures to ionizing radiations in all the forms in which they are
likely to be encountered.

Fields of Research

Biological and medical research for the Commission encompasses
many scientific disciplines, medical, biological, biophysical, biochemi-
cal, and agricultural sciences, as well as meteorology, geology, hydrol-
ogy, and others. It is carried out both in Commission laboratories
and under contract for the Commission by many academic, industrial,
and other scientific organizations. Categories of research sponsored
by the Commission which are important to radiation safety include
programs on:

a) Radiation effects on the body, including radiation sickness, life-
shortening, sterility, and on immunology, and embryonic develop-
ment; its effect on various molecules important to bodily health,
and the damage it does to blood-forming organs, and to gastro-
intestinal and central nervous systems.

b) Biochemical and biomedical methods of combating radiation
injuries and of treating injuries.

¢) Ways of protecting the environment against radiation, including
studies on waste disposal, shielding, weather; kinds and levels of
injury resulting from various quantities and kinds of radiation so
as to define permissable exposures and concentrations; kinds, vol-
ume, and effects of fall-out from weapons tests.

d) Patterns of plant and animal life in the environs of major atomic
energy installations, and ecology of total environment, including
plant-animal food cycles.

e) Ocean, ocean currents and other related aspects and their effects
on waste disposal, marine biology and industrial fisheries products
which might be damaged or concentrate radiation.

J) Effects of radiation on genetic inheritance.

3 See Chapter V.
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¢) Chemical and radiation toxicology of various atomic energy pro-
ducts and their different compounds.

k) Cancer, how it is caused by radiation, its diagnosis and treatment.

¢) Principles, techniques, and instruments for radiation detection and
measurement.

7) Research on radiation detection and measurement instruments.

A Typical Program

Specific research programs usually arise from some actual problem
in atomic energy activities. Such are the broad programs, reported
later in this chapter, dealing with uranium or plutonium toxicity, or
specific problems of waste disposal. Others may arise from research
discoveries. An example of the latter type, which might be called
the “bone-marrow problem” arcse out of efforts to combat the effects
of exposure to massive doses of penetrating radiation.

“The Bone-marrow Problem.” About 6 years ago, it was discovered
through studies at the Argonne National Laboratory and the U. S.
National Institutes of Health, that animals exposed to large doses of
radiation to the entire body could be kept alive by injecting, within
a few hours after exposure, the living blood-forming cells obtained
from the bone-marrow of normal animals. The same treatment might
prevent the development of leukemia after irradiation. Recent ani-
mal studies confirmed that this method provided impressive protection
against radiation injury. A mosaic of the research pieces necessary to
make a complete picture was developed, and individuals capable of
working in the various areas defined were called upon.

It was suggested that the bone-marrow treatment be tried in larger
animals, and work with monkeys now is under way.

To develop methods of preserving fresh bone-marrow and critical
cells for later use, a contract was executed for research on quick-freeze
techniques that have been effective in preserving other types of body
tissue.

Some other method than obtaining bone-marrow cells from fresh
tissue would be highly desirable, so attempts were made in laboratories
to devise a culture for bone-marrow tissue.

A strain of mice was found which continuously produced offspring
with a naturally occurring anemia; such a strain was suited for re-
search to test the effectiveness of bone-marrow transplant. The con-
tinued availability of this strain of mice had to be assured.

Clinicians were found who were already working on blood and
bone-marrow diseases in human beings and were exceedingly inter-
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ested in trying to help their patients with bone-marrow transplants.

This broad research effort, involving several institutions and scien-
tific disciplines, will test the possibilities of working out those experi-
mental observations to provide a basis for radiation protection
practices.

Sites of Research

Much of the Commission’s research to support and advance radia-
tion protection in biomedical and related fields is accomplished in
Federal laboratories. In many cases, research contracts with univer-
sities, hospitals, nonprofit organizations and, in certain instances,
industrial organizations are employed. The methods of bringing in
such contract groups will vary. Scientific circles may be notified that
certain broad areas of research are of interest to the Commission.
Personal contacts of Commission staff with the scientific community
are used. Research proposals made in these fields are canvassed and
those deemed most likely to lead to productive results are selected.
In special cases, an individual known to be interested, and qualified
to work in a particular field, may be asked to consider making a
proposal for research under Commission contract.

At present the Commission has 463 research contracts in biology
and medicine, much of it related to radiation effects, treatment, and
protection.®® For this type of research the Commission has a budget
of $8.8 million for the year ending June 30, 1957. The Commission
supports biology and medicine research at the following laboratories
and major Commission projects for which its 1957 budget is $22
million: Argonne National Laboratory (University of Chicago
contractor) at Lemont, Ill.; Atomic Bomb Casualty Commission
(National Academy of Sciences—National Research Council, con-
tractor) Nagasaki and Hiroshima, Japan; Brookhaven National Lab-
oratory (Associated Universities, Inc., contractor) Upton, Long
Island, N. Y.; Eniwetok Marine Biological Laboratory (University
of Hawaii, contractor) Marshall Islands; Hanford plant (General
Electric Co., contractor) Richland, Wash.; Health and Safety Lab-
oratory (New York Operations Office, Atomic Energy Commission)
New York, N. Y.; Knolls Atomic Power Laboratory (General Electric
Co., contractor) Schenectady, N. Y.; Los Alamos Scientific Labora-
tory (University of California, contractor) Los Alamos, N. Mex.;
Oak Ridge Institute of Nuclear Studies (contractor) Oak Ridge,
Tenn.; Oak Ridge National Laboratory (Union Carbide Nuclear Co.
of Union Carbide and Carbon Corp., contractor) Oak Ridge, Tenn.;

% See pp. 46—49, Ninth Semiannual Report (July—December 1951) for statement on
contract policy.

4110563—57——186
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University of California Atomic Energy Project (University of
California, contractor) Los Angeles, Calif.; University of California
Radiation Laboratory (University of California, contractor) Berke-
ley, Calif.; University of California, Medical Center, Radiological
Laboratory (University of California, contractor) San Francisco,
Calif.; University of Rochester Atomic Energy Project (University
of Rochester, contractor) Rochester, N. Y.; University of Tennessee
Atomic Energy Project (University of Tennessee, contractor), Oak
Ridge, Tenn.; University of Washington, Applied Fisheries Labora-
tory (University of Washington, contractor) Seattle, Wash.

Associated with these laboratories and projects are three Commis-
sion hospitals which conduct research at University of Chicago,
Brookhaven National Laboratories, and Oak Ridge Institute of
Nuclear Studies.

ProBrEMs oF INTERNAL RapiaTion

The following sections report on some radioactive elements met with
in Commission research and industrial operations, the hazards result-
ing from them if they metabolize into body tissues, and the present
status of knowledge about them. The subject of this section is one
in which conclusions may vary over a wide range. In general, what is
presented here is a consensus on the present state of knowledge.

When radioisotopes were first manufactured by bombardment of
materials in early cyclotrons, radioactive iodine and phosphorus, plus
a few other radioisotopes to a slight extent, were used in clinics, but
their radiotoxicity was a secondary consideration because of the small
amounts that were available. The development of the atomic energy
program forced very urgent consideration of the possible internal
effects of a whole host of radioactive forms of many elements, most
of them rare elements and including some whose biochemistry was
undetermined.

Practically all that was known that had direct bearing on radio-
active substances within the body was that the effects were much the
same as those of external radiation directed to certain tissues; that
these effects probably were always damaging when the amounts were
great enough to produce noticeable changes, and that cancer was an
important end-result and might show itself only after many years.
As to exactly how much of an isotope might be expected to produce a
serious result, knowledge was limited to the action of radium on per-
sons exposed in industry, or given radium in the years when this
element was thought to have curative properties if taken orally or
by injection.
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Study of such cases seemed to show that human cancer never oc-
curred from taking radium when the person’s body had a “burden” of
less than one microcurie of radium. Therefore, the assumption was
made, using a conventional safety factor, that a permissible body
burden of radium of one-tenth of a microcurie would be acceptable.
Much more experimental work has been done and many more cases
investigated, but this assumption still holds true.

To determine the safe amount of other isotopes, as compared with
radium, several types of information were required: first, the physi-
cal data must be furnished, the isotope’s half-life, its energy, the type
of radiation; second, the rate at which it accumulated in the body,
or was lost from the body, and the concentrations in various organs
and how these changed from time to time. Finally, it was necessary
to give animals different doses of the isotopes and to keep them

Detecting internal emitters. A total body counter, at Los Alamos Scientific
Laboratory, Los Alamos, N. Mex., is an instrument developed to detect and
measure small amounts of radioactive material deposited within the body. The
person whose whole body radioactivity is to be measured is placed inside the
counter (the woman in the photograph is about to be moved into the counter).
The radiations emitted by the body enter a liquid phosphor surrounding the
entrance cavity, and the flashes in the liquid caused by radiation are detected
by a battery of 108 highly sensitive “‘electric eyes.” The inner mechanism is
heavily shielded to exclude background radiation.
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throughout their natural lifetimes, observing them, and comparing
the effects of the isotopes to those of known substances such as radium.

Besides all this, the question of how to translate to the human body
the results of animal experiments was one that concerned investi-
gators since the natural life span of experimental animals limited to
a few years the observation of isotope effects. Further, the small size
of the animals under observation meant that radiation from one organ
might penetrate to and affect other organs much more than in man
whose organs are farther apart and larger.

The importance of these questions was foreseen during the early
atomic development period at the Metallurgical Laboratory, Univer-
sity of Chicago, since grown into the Argonne National Laboratory.
All these problems were studied on rats, mice, rabbits, and dogs,
especially with such isotopes as seemed most important at the time:
strontium, barium, cesium, yttrium, and plutonium. Animals in the
experiments were allowed in large groups to live out their natural
lifetime and then were autopsied carefully to detect hidden tumors
and other effects. A few dogs that were injected with some of the
sarlier radiostrontium available still are given periodic physical and
X-ray examinations to detect any signs of deterioration due to isotope
injections, as well as to old age effects.

At the same time, extensive work was done at the University of
California, Berkeley, on the concentration of a large number of
isotopes in the various body organs. Most of the isotopes had to be
made in the cyclotron and serve as models for the behavior of fission
products. At the University of Rochester detailed studies were made
on the effects of plutonium, polonium, and radium.

Results from all these laboratories, when collected independently
and compared, produced information that has been crucial in deter-
mining safe levels of exposure to a great variety of radioactive ele-
ments. The value of direct biological investigations was shown.
Thus it was found that, in animals, plutonium was many times more
toxic than physical calculations had predicted. This was explained
by the fact that plutonium gives off its alpha particles in the very
parts of the bone that are most active and full of growing cells.

Since that time, other studies of the same type were continued and
expanded at these laboratories. Tests on carbon 14, tritium, and
several uranium isotopes have been made at Argonne, Hanford, Los
Alamos Scientific Laboratory, and Mound Laboratory. At the Uni-
versity of Utah, a large experiment using inbred beagle dogs has been
established on the model of earlier experiments with smaller animals,
s0 as to sharpen knowledge of the action of plutonium, radium, and
mesothorium. Another large experiment of the same sort to yield
more information about radiostrontium has been initiated at the
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University of California, Davis Campus. Extensive research on
various aspects of radiostrontium is being carried out at a number of
universities and Commission laboratories (see later section on that
material), and special features of the effects of some other elements
are being studied at the cancer and medical research hospitals oper-
ated for the Commission at Brookhaven National Laboratory, Oak
Ridge Institute of Nuclear Studies, and the University of Chicago.

Radon and Radon-Daughter Problems

Although uranium ores were discovered in this country in 1881,
their domestic production remained low for many years, especially
after high grade uranium ore became available from the Belgian
Congo in 1923. However, the development of the atomic energy pro-
gram, and the discovery of new deposits during the late 1940’s led
to tremendous expansion of uranium mining and milling operations.

Radon in mines. The major source of exposure to radioactivity in
uranium mines is the presence of radon gas in the atmosphere. Radon
is the heaviest gas in existence, seven times denser than air, and is
inert, reacting with no other materials. Radon originates in ores
which contain, in addition to uranium, all the other members of its
radioactive family including radium, which at one stage decays into
radon gas. Radon is radioactive, with a half-life of about four days,
and decays into two important radioactive products, radium-A and
radium-C*. All three elements emit alpha particles.

Radon diffuses through rocks or is carried into the mine by ground
water, and disperses into the mine atmosphere. Some radon gas is
inhaled, enters the blood stream and is distributed throughout the
body. The radon in the mine atmosphere also decays to produce the
solid daughter products which attach themselves to dust and water
droplets. If these are inhaled a fraction of the materials also is
retained in the lung.

Other radon hazards. Radon exposure may also exist in ore process-
ing plants and uranium refineries, up to the point where radium is
separated from uranium, as well as in the handling, shipping and
storage of residues containing radium.

Since in none of these operations is there enough radon to produce
an acute illness in workers, the most important problem is how much
radon can be breathed over long periods of time without producing
injury. In 1927 it was demonstrated that 50 to 75 percent of deaths
among the miners in the Erz Mountains region of Bohemia and Sax-
ony were from lung cancer. These mines had been worked since the
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16th century for silver, cobalt, nickel, bismuth, arsenic, and later,
radium. The precise causative factor in these lung cancers remains
in dispute, but the probability is that the disease was produced either
by radioactivity alone, or by radioactivity acting in combination with
dusts containing a great variety of chemical elements. A review of
early crude estimates of radon concentrations in those mines was the
basis for the present permissible levels of 100 micromicrocuries of
radon per liter of air in plants or mines.

Pattern of research. The ultimate target of much research in this
field has been to obtain a more precise figure for the maximum permis-
sible concentration of radon. To begin with, several major problems
had to be solved, including : development of better analytical methods
for radon ; estimates of retention and persistence in the lung of radon
decay products; rates and sites of distribution of radon in various
body tissues; and development of suitable indicators on the basis of
which the magnitude of exposure to radon could be calculated.

By 1951 it became apparent to research workers at the Atomic
Energy Project at the University of Rochester, Rochester, N. Y.,
that under the conditions of exposure, the radiation dose to the lungs
from filtered, solid, radon-decay products was more important than
that from radon gas itself. This finding shifted the emphasis of
research toward defining what happened to inhaled dust in the lung.

It was found that test animals on the average retained 25 percent of
the amount of radon daughter-products in ordinary dusty atmospheres.
In specially cleaned air, although the concentration of the poisonous
‘materials in the air was less, the retention rate was three times higher.
In cleaned air the radon daughter-products were unattached to dust
particles and were free to move about much more rapidly, and conse-
quently a higher percentage of the amount of materials available
would strike and stick to the walls of the air passages.

Studies at the University of Rochester and the Naval Radiological
Defense Laboratory with mice, rats and dogs demonstrated that the
radiation dose from the radon-daughter products is 10 times higher
on the lining of the air passages of the lung than in its deeper portion,
the air sacs. Once the material is deposited, the rate of removal from
the Iung by physiological processes is not sufficiently rapid to modify
the radiation dose to the lung itself.

It has also been found that inhaled radon gas diffuses into the blood
and is largely taken up by body fat. As the radon gas decays into
the various radio elements in its natural decay chain, it is eventually
converted to radioactive lead 210, which has a relatively long half-life.
Lead 210 does not have an aﬁinlty for fat deposits, is ejected and
carried in the blood stream to the skeleton where it accumulates.
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Lead 210 in turn decays slowly to polonium 210, which does not have
an affinity for bone, and is excreted in the urine at a rate proportional
to the radon inhaled. Thus the amount of polonium 210 which
appears in the urine is a useful index of cumulative exposure to radon.

Great improvement in the analytical methods used for studies of
radon and its decay products has taken place in the last 10 years. These
were in large measure the result of the emphasis of the atomic energy
program on developing radiation detection instruments. Satisfactory
techniques for measuring radon and its decay products were developed
at the Argonne National Laboratory and the Heaith and Safety
Laboratory.

Although much information has been accumulated about radon
hazards, a number of problems remains to be solved. Important among
these is the basic question of establishing more precise definitions of
the health hazard from protracted exposure. Long-term animal
studies at the University of Rochester, and the epidemiological field
work being carried out among uranium miners by the U. S. Public
Health Service in cooperation with the Commission are expected ulti-
mately to provide the answers.

Uranium Toxicity

The atomic energy program is founded upon the heavy metal,
uranium, No. 92 in the table of elements. One of the wartime pro-
gram’s earliest industrial problems was to produce uranium of ex-
tremely high purity in large quantities and in various chemical
compounds. Uranium now is mined in various areas in this country
and abroad, concentrated, and processed into either a gaseous com-
pound for the government’s huge gaseous diffusion plants, or into metal
to fuel nuclear reactors. Used reactor fuel elements are passed
through chemical plants to separate the plutonium from the uranium,
part of which was transmuted into plutonium in the nuclear reactors.

From the beginning, detailed knowledge about uranium as a health
hazard was vital. The scientists, engineers, and administrators needed
to know the answers to such questions as: How toxic were various
uranium compounds? How much uranium dust could be permitted
in the air of factory or laboratory rooms without injury to the men
working there? What respiratory protective devices could be certi-
fied to filter uranium dust and fumes from the air? How much of a
soluble uranium compound would be absorbed through the intact
skin from a spilled solution? What methods should be used to tell
the toxic effects on men if they were unavoidably exposed to uranium ?
How should uranium poisoning be treated ¢
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One of the most important questions arose because uranium is radio-
active. Tragic experiences resulted from working with a radioactive
material during the first world war. Women employed to paint air-
craft dials with a radium-containing material had pointed the paint-
brushes with their lips and swallowed traces of the material. A
number of these women died years later from severe anemia or from
bone cancer. Deaths had been associated with the presence of as
little as a millionth of a gram (one microgram) of radium in the whole
body. The question for atomic energy administrators was: Will
uranium also be deposited in the skeleton and, because of its radio-
activity, constitute a radium-like hazard ?

Studies on Inhalation. Typical of the vigorous attacks made on such
problems of toxicity in the atomic energy program was the extensive
program of research on inhalation exposures undertaken at the Uni-
versity of Rochester. Groups of dogs, cats, rabbits, guinea pigs, and
mice were allowed to breathe for 30 days various concentrations of
uranium dusts and fumes. A total of 46 one-month studies was made.
In addition, 13 one-year studies were carried out on representative
compounds : uranium nitrate; uranium tetrachloride; uranyl fluoride;
the brown oxide, uranium dioxide; and the green salt, uranium tetra-
fluoride. A two-year exposure study was made in which some animals
at the end of each one-year study were placed for a second year in an
atmosphere containing uranium nitrate dust.

Based on evidence from these studies, the principal injurious effect
of soluble uranium salt was found not to result from radiation at all,
but from a chemical poisoning chiefly affecting the kidney. A level of
50 one-millionths of a gram (50 micrograms) per cubic meter of soluble
uranium compounds now has been set as the maximum acceptable con-
centration (MAC).*® This recommendation in effect predicts that
inhalation of such an atmospheric concentration will not cause kidney
injury.

It was not possible, however, simply to apply to insoluble compounds
the standards established for soluble compounds. Insoluble com-
pounds originally were classed as of lesser toxicity, and research
proved this was correct insofar as chemical poisoning of the kidney
was concerned. However, with very high dust concentrations, such
as 10,000 micrograms per cubic meter, experiments showed that the
deposition in dog lung was 950 micrograms per gram of lung. This
was an astonishing buildup. The pulmonary lymph nodes accumu-
lated considerably more. These concentrations could well constitute

3 MAC, or Maximum Acceptable Concentration, is a term applied to materfals fn which
chemijcal toxicity is the controlling factor in setting concentration levels, as contrasted with
MPC or Maximum Permissible Concentration for materials in which radioactivity is the
controlling factor.
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a radiological hazard, thus the problem of the lung buildup of an in-
soluble dust emerged as the chief radiation problem with uranium
compounds. Twenty-five micrograms of uranium per gram of tissue
would deliver approximately the maximum dose of radiation which
tissue could withstand. The dog lung tissue contained nearly 40
times this amount.

A level of 100 micrograms per cubic meter of air was then recom-
mended for insoluble uranium compounds but because of the difficulty
of distinguishing in a dusty atmosphere between soluble and in-
soluble uranium compounds where both were present a single limit
was selected—50 micrograms per cubic meter.

A still further problem of dealing with uranium involved its depo-
sition in bones. Rough calculation indicated the radioactive hazard
of skeletal uranium could be temporarily disregarded. Uranium is
about one four-millionth as radioactive as radium. Thus, nearly
4,000,000 micrograms (4 grams) of uranium would have to be de-
posited in the skeleton to produce the effects of one microgram of
radium. If the level were set at 150 micrograms per cubic meter of
air, and if a man breathed 10 cubic meters a day and actually retained
and deposited in his bones all the uranium dust inhaled, it would still
take over 5 years at this rate to build up a total of 3.8 grams. The
150-microgram level was the one set early in the program.

Other research results. The levels set in the program for uranium
have been justified by the test of use. There are no known chronic
uranium poisoning cases despite the fact that thousands of people have
handled tens of thousands of tons of urantum.

The research to determine safe radiological and toxicological operat-
ing levels for uranium as reported here is only a part of that con-
ducted during the early months and years of the atomic energy pro-
gram. Further studies along the paths of basic biochemical research
not only led to a method of treating acute uranium poisoning, but also
to major advances in knowledge about cellular metabolism of carbo-
hydrates—a basic knowledge that may assist understanding of other
diseases, notably diabetes.

One key problem that had to be solved early was development of
an analytical method of sufficient precision to trace uranium in the
body and measure its concentrations in various body fluids. The
method eventually perfected at both the Commission’s Health and
Safety Laboratory and the University of Rochester gives extremely
high sensitivity. Under ultraviolet light, sodium fluoride glass will
fluoresce if it contains uranium. In certain uranium concentration
ranges, the fluorescence is directly proportional to the amount of
uranium present. By irradiating the glass with ultraviolet light of
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an appropriate wave length, and by filtering the fluorescent light
which results, so that only the characteristic emission wave length
reaches a photo cell, it is possible to measure with high precision one
two-billionth of a gram of uranium. Subsequent improvements in-
creased the sensitivity of this test by at least 10 times.

Using this analytic method scientists at the University of Rochester
traced uranium after its entrance into the body and determined that
an hour after absorption, about a third of the uranium is in the bone,
another third is in the urine, and the balance in the kidney and other
soft tissues of the body. When uranium concentrates in the urine, a
reaction between the uranium and the cells lining the kidney tubules
injures the cells. If the dose is large enough, the cells die and the
debris, including protein and several enzymes, is discharged in the
urine. Studies on the functional nature of the kidney damage in-
dicated specific injury occurred only in that portion of the tubular
system largely responsible for the control of sugar excretion. This
explained why increased amounts of sugar were excreted in the urine
as a result of kidney damage by uranium.

Further studies sought to explain why uranium poisoned the kidney
tubular cells. Working with yeast cells, experimenters demonstrated
that uranium blocked sugar metabolism, and that the uranium was
bound to the surface layer of the cell where it interfered with a series
of enzymes responsible for the uptake of glucose. Uranium binds
complex phosphate compounds in the cell wall, replacing the element
magnesium and forming a compound that does not allow the first
reaction in the metabolism of glucose to take place.

This discovery led to development of a method for treating acute
uranium poisoning. Similar complex phosphate compounds are
used which, when injected into the blood, react with the uranium be-
fore it has a chance to poison the cell. Later studies demonstrated
that some of the versenes, a chelating agent of the kind that renders
a material chemically inert, are more potent as antidotes for acute
poisoning and are recommended for intravenous human therapy.

The story of uranium research, insofar as defining the hazard, en-
gineering against it, and developing an antidote for acute kidney
poisoning, is about finished. There are a few long-term experiments
yet to be completed at the University of Rochester and Jefferson
Medical College. Meanwhile, the scientists who worked on the
uranium problem are already engaged in other researches.

Plutondwm Towicity: Estimating Body Burdens of Radioisotopes

The fissionable material plutonium 239 is not found in nature,
and is produced in atomic reactors by neutron-capture transmutation
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of uranium 238. Plutonium has a half-life of 24 thousand years,
emits alpha particles, and, gram for gram, is some 200,000 times more
radioactive than uranium. Because of its radioactivity, plutonium,
like radium, is dangerous within the body in amounts far less than
would produce a chemical hazard.

Once plutonium is extracted from reactor fuel elements or reactor
blankets, it is carried through a series of compounds into metallic
form and then cast or machined into the desired shape. In these ac-
tivities, exposure hazards exist potentially from skin and wound

Checking on contamination. A standard hand-and-foot counter used in atomic
energy operations wherever hands and feet are apt to pick up contamination,
this one at Oak Ridge National Laboratory, Oak Ridge, Tenn. If either hands
or feet contain even as much contamination as on the dial of a night-visible
watch, the counter will flash a warning light and sound a buzzer.
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contamination, and accidental ingestion, but primarily from inhala-
tion of dust or fumes.

Plutonium was first produced in 1942, and soon was recognized as
dangerous to man in a manner similar to radium. The accepted per-
missible body burden of radium is one-tenth of a microgram. With
allowances made for differences in the rate of radioactive decay, and
the energy of the radiations and specific biological effects, it was cal-
culated that it would take about 45 times as much plutonium, or 4.5
micrograms, to equal the damaging effects of one-tenth of a micro-
gram of radium. To be on the safe side, the tolerance dose for plu-
tonium was set below these levels at one microgram (one millionth
of a gram), or 10 times the radium tolerance level.

Preliminary studies at the University of Chicago Metallurgical
Laboratory on the urinary excretion of plutonium by rabbits indi-
cated a fairly constant rate of elimination was reached about 2 or 3
weeks after the initial entry of plutonium into the body. To measure
rates of excretion it became necessary to develop methods of detecting
the presence of plutonium in quantities as low as one-hundredth of
a millionth part of a gram per cubic centimeter of urine. Scientists
at Hanford, Los Alamos Scientific Laboratory, Oak Ridge National
Laboratory, and the University of Chicago, all had a hand in per-
fecting a technique that made it possible to detect in the urine quan-
tities of plutonium that represented something less than that expected
if the subject’s body had a maximum allowable amount. Excretion
was found to be approximately 0.01 percent per day of the body
burden.

Further studies, however, on a variety of species indicated that the
excretion rate varied considerably, and studies on human beings be-
came necessary. During the first 15 days after plutonium was ad-
ministered to human volunteers at several sites where plutonium was
handled, there was less than a 10 percent variation among the daily
urinary plutonium excretion. By these tests, it was determined that
urinary plutonium excretion rates were about 0.01 percent per day
of the body burden for subacute concentrations of plutonium in hu-
man beings.

Following the very extensive studies on plutonium toxicity at Ar-
gonne National Laboratory, the University of Utah is working in this
field. Hanford is studying the absorption and metabolism of plu-
tonium. The Los Alamos Scientific Laboratory is conducting a com-
parison study of the metabolism of plutonium, strontium and cal-
cium. At the University of Rochester, the biological effects of in-
haled radioactive material, including plutonium, are under study.
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Other applications. Using analysis of excreta to estimate the amount
of internally deposited radioactive isotopes—the “body burden” of
an isotope—is applicable to a number of other radioelements besides
plutonium. For convenience in predicting amounts of radioactivity
deposited in the body, mathematical formulations have been attempted
to express patterns of excretion. The concept of a biological half-
life of isotopes in the body is useful in certain instances. This con-
cept assumes that, once a radioactive material enters the body, it is
retained in a single “compartment” of the body (blood, tissue fluids,
thyroid gland, etc.), or that the rate of elimination from one or
all compartments controls the total excretion rate. In the case of
radioiodine, numerical values have been calculated for the rates of
transfer between “compartments” with the use of a specially designed
analogue computer. In many instances experimental data indicate
that these assumptions, although not strictly accurate, are usable for
practical purposes. They also provide a basis for calculating maxi-
mum permissible levels of exposure.

Urinary excretion does not, of course, directly measure unabsorbed
radioactive material deposited in the lung. It can reflect only that
amount of the material which has been dissolved into the blood from
the lung and deposited in tissues. Much research has been devoted to
obtaining quantitive data on the rates at which each isotope of prac-
tical importance is removed from the lung. Particles inhaled and
deposited in the bronchial or upper air passages are swept out in a
matter of several hours by tiny hairs (cilia) covering the inner wall
of these tubes. The particles are swept upward to the throat and
then swallowed. This fact led to estimating the magnitude of an
accidental exposure to radioactive material by measuring radioactivity
in the feces.

The rates of solution and passage of particles from the lung into
the blood have been studied, as have the rates at which particles are
engulfed by scavenger cells and transported in lymphatic channels
to the lung roots. Measurements were made by scientists at the Uni-
versities of California, Berkeley and Los Angeles, and the University
of Rochester, of the patterns of unequal deposition of dust in the
various lobes of the lung so as to estimate radiation dosage delivered
by retained dust particles. New techniques developed at New York
University have recently been utilized to increase knowledge about
the relationship between particle size of dust in the atmosphere and
the amount and site of retention in the lung. Elaborate radiation
detection systems, developed at Los Alamos and Argonne laboratories
and used in cases of accidental exposures of humans to radioactive
dust, have provided much needed data on the rates of removal of
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radium and other radioelements from the lung and from the body
in general.

Tumor formation. The permissible concentration of radioactive
dusts in the atmosphere is set at that level—the same as that for the
whole body—which will prevent accumulation of sufficient radioactive
dust in the lung to inflict a radiation dose in excess of a “permissible”
level. However, when scattered radioactive particles are deposited
in the lung the radiation dose to tissues near the particles is very much
higher than to other tissues. -Thus the average dose to the lung as
a whole may be at the “permissible” level but bits of tissues may re-
ceive much higher radiation doses.

Because of this fact, another large area of Commission research is
concerned with tumor production by radiation. Experiments were
undertaken to determine the cancer-producing properties of various
radioactive materials, the majority of which were “bone-seekers.”
A large portion of these materials that reach the circulatory system
is deposited in the skeleton, as are radium, uranium, strontium,
yttrium, plutonium and, to a lesser extent, cesium. The chemical
form of the radioactive element influences the site of its deposition
and consequently the location of any tumor that may be formed.
Radioelements lodged in the skin in very insoluble form may produce
tumors only at the site of injection. Feeding insoluble radioelements
{0 test animals has resulted in tumors of the large bowel.

Numerous studies indicate that the probabilities for development
of cancer are directly related to the size of the radiation dose. With
smaller dosages, very few tumors occur, and the numbers of animals
required to get a statistically valid estimate of true tumor incidence
becomes very large. This fact is directly related to human problems.
For example, if only ten individuals were exposed to a given dose
of radiation, and the incidence of radiation-induced tumors at that
dose was only one-tenth of 1 percent, the risk to the group as a whole
would be relatively low. On the other hand, if several hundred
thousand persons were exposed, the risks for each individual would
remain the same but the probability would be that many cases of
cancer would occur because the group was large enough for statistical
averages to take effect. The evidence still is incomplete on the rela-
tionship of radiation dose to the risk of cancer production and the
matter is under continuing and intensive study. However, per-
missible exposures have been established on the basis of a consensus
of the best scientific opinion.

Other studies of tumor induction by radiation have been directed
toward determining the relationship between single large doses and
repeated smaller doses in producing cancer. The problem is ex-
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tremely complex but at the present time the evidence indicates that
repeated smaller doses tend to be somewhat more effective in producing
cancer.

The effect of radiation during the “latent period” between over-
exposure to radiation and cancer occurrence is being studied. The
question still to be answered is whether this period of delay is in-
creased as radiation doses become smaller. Because the emitted
radiation and the physiological affinities to various tissues differ
greatly among the radioelements, it is necessary to study the relative
effectiveness of each one in producing cancer.

Removing poisons from the body. Study of methods of treating
radioactive element poisoning has been concerned in most cases with
the treatment of poisoning by radioactive metals. These are the
radioisotopes of greatest danger since they possess long radioactive
lives and stay in the body for a long time. A number of basic factors
in the treatment of radioactive poisoning require experimental
studies; for example, the chemical nature of the radicelement follow-
ing its initial deposition in the body; the time required for transfer
from the initial site of deposition into the blood; rates of deposition
in organs of higher affinity; and excretion.

The first objective of treatment is to minimize absorption of the
poison into the blood stream. After absorption has taken place,
efforts can be made to increase the rate of excretion from the body.
Research in this field has led especially to defining the biochemistry
of bone metabolism since many of the poisons are deposited in the
bone.

A considerable body of information was available through studies
on lead poisoning. Attempts had been made to remove skeletal
lead by upsetting the normal pattern of calcium metabolism so that
the bones tended to become demineralized. To a limited extent, this
worked. Experimental attempts to eliminate radioactive bone-seek-
ing isotopes by this method have had small success. Massachusetts
Institute of Technology currently is utilizing an artificial kidney to
learn more about the limiting factors in the demineralization process
and to develop a method of treatment which, although drastic, might
be effective in cases of massive exposure.

In recent years the class of compounds with the capacity of render-
ing certain types of elements chemically inert, the “chelating agent,”
was developed. “British Anti-Lewisite,” used successfully against
poisoning by arsenic, mercury, and bismuth, has the capacity of com-
bining with the heavy metal in the blood and tissues and rendering
it chemically harmless. Working on this principle, researchers have
found new chelating agents the most outstanding of which is ethyl-
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enediaminetetraacetic acid, better known as EDTA and developed
originally as a boiler cleaner. This compound has a relatively.low
toxicity and forms chelates which are water soluble, easily diffusible,
and hence readily excreted from the body.

EDTA is especially useful against a class of radioelements known as
the “rare earths,” which have come into prominence since the begin-
ning of the atomic age, as well as the man-made elements heavier
than uranium. Its administration following an accidental exposure to
plutonium has resulted in a striking increase in plutonium excretion,
and EDTA is now an important therapeutic tool.

Another interesting development in treatment of radioelement poi-
soning has been the use at the Argonne National Laboratory of zir-
conium salts against plutonium poisoning. The injected zirconium
is carried in the blood stream in tiny aggregates which selectively bind
whatever plutonium happens to be circulating in the blood stream
at the same time, and deposits them in certain cells of the liver and
spleen. The fact that zirconium salts block plutonium deposition
in the bone permits EDTA treatment to divert the poison toward
the kidney where the plutonium will be excreted.

These treatments are of real use only in the early stages of poison-
ing. When radioelements have been allowed to remain in the bone
for extended periods, they are incorporated into the older portions of
the skeleton, and are inaccessible to present methods of treatment.
The problem of how to treat such individuals remains the subject of
intensive study, much of which is on basic bone metabolism.

Hazards at Radiochemical Plants: lodine, Strontium, I'ritiwm

Fuel elements irradiated in nuclear reactors, besides uranium and
plutonium, contain the highly radioactive fission fragments of uran-
ium. When the fuel element slugs are processed in the radiochemica:
separation plants, the irradiated slugs contain millions of curies of
radioactivity. The transfer of the slugs from their shipping con-
tainers into the dissolving tanks and the transfer of solutions from
one vat to the next is accomplished by remote control from behinc
heavy concrete barriers.

The hazards encountered in these operations stem from the possible
release of these materials into working areas, and into the environ
ment of the plant. The fission products are to all intents and purpose:
radioactive wastes and must be disposed of in some safe way (see Chap
ter IV, Radioactive Wastes). Research on two of the radioactiv
fission products that contribute especial problems—radioiodine anc
radiostrontium——are reported on here, as is research on tritiun
(radiohydrogen).
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Radioiodine. Most fission product wastes appear as radioelements
combined as salts in solution. A few form gases and are readily
released into the atmosphere. A major potential hazard arises from
the gas, radioiodine (iodine 131), a beta and gamma-emitter with a
half-life of 8 days. Elaborate scrubbing and filtering devices, linked
to the tall venting stacks of processing plants, make it possible to pre-
vent release into the atmosphere of excessively large amounts.

Inasmuch as it was almost impossible to prevent some iodine 131
from escaping from the stacks, Hanford scientists undertook to deter-
mine how much of the gas released would precipitate on vegetation
and be eaten by grazing animals. In addition, they had to determine
how much radioiodine the animals could eat without harm.

Earlier medical research on the metabolism of iodine in humans
proved invaluable as a basis for the animal researches. At Hanford,
sheep were fed graded doses of iodine 131 for long periods and the
effects of the radiation were assessed by examination. It has been
possible to establish tentatively the minimum doses, either from single
or from multiple exposure, which will lead to demonstrable changes
in the thyroid itself or in other tissues of the body. These studies
still are under way and are being supplemented by observation in
humans at the Oak Ridge Institute of Nuclear Studies, Argonne
Cancer Research Hospital, and Brookhaven National Laboratory.

Research with radioiodine has contributed valuable information on
important factors related to the hazards from radioiodine encoun-
tered in industrial operations. For example, it has been a source of
much knowledge about absorption from the intestinal tract, the
amounts deposited in the thyroid gland under different conditions,
and the effects on the thyroid gland at different dosage levels. The
use of tracer amounts of radioiodine has provided the most sensitive
technique for detecting radiation damage of the thyroid gland even at
relatively low dosage levels, and biochemical studies on anti-thyroid
drugs have given valuable data on methods for blocking the deposi-
tion of radioiodine in the thyroid gland in case of accidental exposure.

Studies of radioiodine hazards are parallelled by a tremendous
amount of work done in clinical medicine. Radioiodine has provided
an extremely sensitive means for measuring thyroid gland function
and has been a useful tool in treating excessive thyroid activity and
thyroid cancer. Radioiodine has been used to reduce thyroid activity
as a palliative measure in the treatment of selected cases of heart
disease, particularly of angina pectoris and certain pulmonary con-
ditions. Extensive biochemical work has been done on the detailed
chemical mechanisms of iodine binding by the thyroid gland and its
conversion into the thyroid hormone, effects of various drugs on
iodine uptake into the thyroid gland and hormonal relationships

411053—57——17
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between the thyroid and pituitary glands. Exploratory studies have
been carried out at the University of California, Berkeley, on the
potential usefulness of a related radioelement, astatine 211, which is
also taken up by the thyroid gland. Since astatine emits alpha par-
ticles whereas iodine 131 emits beta radiation, a comparison of the
two isotopes has yielded data on the relative effectiveness of alpha
and beta radiation on cellular function.

The long-term follow-up of patients treated with radioiodine is
expected to reveal something about the potential cancer hazard asso-
ciated with radiation of the thyroid gland. ,The observation of an
unusually high incidence of thyroid cancer in young adults who as
infants received X-ray treatment to the neck has been an important
contribution. An extensive body of data from experiments in a
variety of animals has been accumulated on the cancer-inducing prop-
erties of radioiodine. The results indicate a comparatively low
susceptibility of this gland to cancer induced by radioiodine. The
University of California is studying induction of thyroid cancer.

Studies of thyroid metabolism and radioiodine uptake in plants,
animals and humans are under way at the Iowa State College, Massa-
chusetts General Hospital, University of Missouri, State University
of New York, Research Foundation, Western Reserve University,
University of Tennessee, and the University of Kansas, in addition to
special studies at Commission laboratories. Among these the Univer-
sity of California Radiation Laboratory, Berkeley, the University of
Tennessee School of Medicine, and the Oak Ridge Lnstitute of Nuclear
Studies, are making a study of iodine 131 fall-out and radioiodine
incorporation in animals and humans; the University of Washington
Applied Fisheries Laboratory is studying the uptake of radioiodine
in marine crustaceans, and Hanford is studying the biological effects
of iodine 131 and its absorption in plants.

Strontium. Radiostrontium is a most hazarodus radioelement present
in the fission product waste materials and in atomic bomb debris. The
hazard derives from the fact that (a) it is one of the more abundant
and long-lived, a beta-particle emitter with a radiological half-life
of 28 years, and (b) it is closely related chemically to calcium and so
becomes incorporated into bone where, in sufficient amounts it can
damage the bone-marrow and induce cancer.

Commission scientists are studying problems associated with the
presence of radiostrontium in the environment, water supplies, agri-
cultural and grazing lands, and in the oceans. It has been discov-
ered, for example, that plants take up less strontium when calcium is
plentiful in the soil. Data have been obtained on the fraction of
radiostrontium taken up by vegetation and later by dairy cattle which
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is deposited in the skeleton and secreted into the milk. On the basis
of these studies, it is becoming possible to calculate with increasing
accuracy the amounts of radiostrontium which are transmitted from
the soil through the food chain and hence the degree to which it
constitutes a source of exposure for humans.

Similar research is being carried out in marine laboratories on the
food cycles of the ocean where fission products are initially concen-
trated by minute marine life called plankton, transmitted to fish
which eat the plankton and then to humans who eat the fish. These
studies are applicable both to waste disposal problems of chemical
separations plants and to the fall-out of fission products following
uuclear explosions.

Research involving strontium metabolism in animals and in humans
has been undertaken to compare these toxicity data with information
on other important “bone-seekers,” radium and plutonium. It has
been demonstrated that, to a very large extent, strontium behaves like
calcium in the body, which depends in the individual on the state of
his calcium metabolism. On a molecular scale it is probable that
strontium is located in “solid solutions” within the bone crystals,
again essentially like calcium. On the microscopic scale, numerous
studies have shown by photographic measurement of radioactivity
(called autoradiography) that calcium and strontium deposit essen-
tially in the same areas of bone. The initial deposition has been found
to be very pronounced at the growing portions of the bone, in a
portion of bones known as the epiphyseal plate, under the bone sheath
(the periosteum), and in spots throughout the shaft of the bone.

Studies at the University of Rochester and elsewhere show that, as
time progresses, these sites of initial deposition are reworked by the
metabolic processes of the bone, but the strontium is merely relocated
within the skeleton. The result is a progressively more homogeneous
distribution of radioactivity and a more nearly uniform radiation
dosage throughout the skeleton. The magnitude of radiation dosages
in spotty deposits i3 of significance because of the cancer hazard.
Dose rate in spots may be five to ten times higher than for the rest of
the bone. Some bones may take up two to three times as much radio-
strontium as do others. When radiostrontium is taken in more or less
continuously by ingestion, the distribution within the skeleton would
become fairly uniform.

Work done on experimental animals at Argonne National Labora-
tory to determine the radiotoxicity of radiostrontium as compared
with radium, led to the general conclusions that, curie for curie,
radium is ten times more dangerous.

The recently available cyclotron-produced isotope, strontium 85,
which emits penetrating gamma rays rather than beta particles, has
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permitted studies in humans. Much useful data on absorption and
excretion has been obtained with it.

Presently at the University of Utah and at the University of Cali-
fornia, Davis Campus, among other places, a series of lifetime experi-
ments is being undertaken in dogs to determine with a greater degree
of precision the relative toxicity of radiostrontium and radium.
Studies of radiostrontium uptake and metabolism in soils, crops and
plants are being made by the University of Arizona, Michigan State
University, the United States Department of Agriculture and at Han-
ford. Strontium deposition in animals and humans is under study
at the University of Tennessee, University of Kansas, Massachusetts
General Hospital, Montfiore Hospital, New York City, University
of North Carolina, Marquette University, the University of Utah, the
University of California Radiation Laboratory, University of Roch-
ester, Argonne National Laboratory, and the Los Alamos Scientific
Laboratory. Studies of marine plants and organisms are conducted
by the Woods Hole Oceanographic Institution, Columbia University
Lamont Geological Observatory, the University of Hawaii, the U. S.
Department of the Interior, and the University of Washington
Applied Fisheries Laboratory. Idaho State College is working on the
development of analytical methods for the determination of small
amounts of strontium, in addition to other materials.

In addition to these studies, the Commission supports an extensive
study of the occurrence, on a worldwide basis, of strontium 90 in air,
water, soils, plants, animals, and humans. (For further details, see
earlier section on Precautions for Weapons Tests.)

Tritiwm is an isotope of hydrogen, as is deuterium ; the latter is better
known as heavy hydrogen, a constituent of heavy water. However,
tritium is even heavier than deuterium, and in addition is radio-
active, emitting very low energy beta particles with a half-life of
about 12 years. It is generated by neutron bombardment of heavy
water used as a moderator in a reactor. The possible release of
tritium in maintenance operations on heavy-water reactors poses
potential health hazards.

Tritium combines with oxygen to form water, because its chemical
behavior is identical to that of normal hydrogen. Tritium also exists
in the purely gaseous form, again like hydrogen. This raises ques-
tions of the comparative hazard of the two forms, the effect of the
relative heaviness of tritium water on its distribution in the body.
and the effect of the incorporation of tritium into some of the body’s
essential molecular structures.

A considerable body of knowledge about estimating and controlling
the hazards from this radioisotope has been accumulated because of
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its extensive use in medical research in Commission and other medical
centers. It has been an invaluable tool for the study of water metab-
olism in normal and diseased states, for example, in endocrine disturb-
ances, heart failure, liver disease and the metabolic responses to sur-
gery. The problem of removing excessive water accumulation in
heart failure and liver disease has had an important application to
the treatment of tritium overexposure in man.

In addition to these indirect contributions, experiments with human
volunteers were carried out at Los Alamos Scientific Laboratory.
The experiments were safe because the required amounts of tritium
were very small due to development of extremely sensitive detection
methods. These studies have included estimates of the rate of absorp-
tion into the body from the lung following inhalation; the rates of
absorption through the skin and from immersion of an extremity into
tritium water.

Collateral studies have been carried out at Los Alamos and Han-
ford Production Works on small animals to obtain information in
greater detail on these factors. The patterns of excretion in urine
have been determined in man with mathematical analyses to deter-
mine the number of body “compartments” into which the tritium
water goes. Estimates of absorption by various routes provide the
necessary data for calculating permissible concentrations of tritium
in drinking water and in the air. In addition, studies have been
carried out for evaluating the effectiveness of various procedures
which accelerate the removal of tritium water from the body; for
example, by forced feeding of fluids and by the use of drugs for in-
creasing the excretion of urine.

Of all the important radioisotopes, tritium is the one which has
been studied in the greatest detail so that the current needs for the
estimation of body burden and the treatment of exposure are well
satisfied. This is due in large measure to the previous accumulation
of background information on water metabolism, the inherent sim-
plicity of the problem ; and the applicability of tritium to direct study
in humans. Only a small research effort is presently in progress
on tritium toxicity.

ErrecTts oF ExTERNAL RADIATION

An important aspect of the hazard associated with atomic energy
activities is exposure to penetrating ionizing radiation striking the
body from outside. There are many sources of radioactive exposure
over which the Commission has no control-—general medical or indus-
trial use of X-rays or radium, for example—and for which it bears
no responsibility. Radiation emanates from naturally radioactive
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elements in soil, air and water—such elements as uranium and radium,
potassium 40, as well a8 carbon 14 and tritium formed in the upper
atmosphere by cosmic rays. The cosmic rays themselves, from outer
space, strike us continually, and add to this natural background
radiation. In addition, man has been exposing himself to radiation
from X-rays and radium in increasing amounts for the past 60 years.

In the following sections, reports are given on the effects of penetrat-
ing radiation, and the treatment of injuries. The subject of this sec-
tion is one in which conclusions may vary over a wide range. In gen-
eral what is presented here is a consensus on the present state of
knowledge.

Detecting Biological Radiation Effects

The effects of external radiation from X-rays, gamma rays, and
neutrons depend on their initial energy and hence the depth in the
body to which they can penetrate. The concepts and values for the
permissible exposure to highly penetrating radiation originally was
evolved on the basis of experience with relatively few X-ray workers.
At the very beginning of the atomic energy program, therefore, the
question was raised as to whether or not exposure to external radiation
within the tolerances established for the program could produce de-
tectable body changes.

The adverse effects that could be produced by radiation upon the
blood-forming tissue and the reflection of such effects in the circu-
lating blood were well recognized. The available experimental data,
lhowever, were confined to animal studies in which lethal or near-
lethal doses of externally applied X-rays and gamma-rays or fast
neutrons were given either to a part of the body, or the whole body, in
cne acute dose or in closely spaced divided doses.

The purely clinical data were limited almost entirely to reports on
the effects of therapeutic doses of these same radiations given to local
areas of the body and in relatively large single or divided doses. No
deliberate studies in animals or man had been reported in which
chronic exposure to ionizing radiations was within the estimated
tolerance range. A few reports indicated that as far as whole body
chronic exposure was concerned, the constituents of the blood were the
most sensitive indicators of radiation effect.

A vigorous combined program of animal and human study was
initiated in the early days of the atomic energy project. After much
work at Argonne National Laboratory and the National Institutes of
Health, it was demonstrated that the reduction in lymphocytes (one
kind of white blood cells) was the most sensitive indicator of both
acute and chronic exposure. No hematologic effects, however, were
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noted in mice, rabbits and guinea pigs with daily exposures in the
tolerance range to penetrating radiations from external sources for
periods up to 3 years. The blood tissues of human beings subjected
to X-rays at relatively high levels showed about the same sensitivity
as those of the guinea pig and dog. It was also demonstrated that
the white blood cells were not affected in humans exposed for con-
siderable periods of time to low levels of external radiation. This
was good supporting evidence for the permissible radiation doses in
use.

Biological indicators of exposure may have certain advantages over
monitoring devices. This is particularly true of indicators which
utilize changes in the body of one who works with radiation, and which
react to low exposures likely to be classed as inherently safe for such
work. The advantages of biological monitoring are especially perti-
nent to the medico-legal and morale problems which arise during the
operation of health programs for radiation workers, but few biological
processes are as prompt or as sensitive as physical measuring instru-
ments.

In 1952 at the University of Rochester four physicists, present in
a cyclotron building at the University of Rochester while certain
adjustments were being made at the control panel, received a slight
exposure to the beam. Blood studies were performed daily on these
men during the ensuing two weeks. For the first time, these studies
of irradiated persons revealed the presence of lymphocytes with
nuclei abnormally shaped in the form of an hourglass. Subsequent
detailed blood studies of laboratory personnel clinically exposed to
levels of radiation well within the accepted maximum permissible
level of 0.3 roentgen per week showed a measurable increase in thege
double-nucleated lymphocytes. Thus, a biological change was demon-
strable after very small doses of radiation. Use of this method,
however, is extremely tedious and time-consuming and consequently
has not yet found general application.

Another observation of considerable practical and theoretical in-
terest was made following two fatal injuries in accidents at Los
Alamos in 1945 and 1946. Studies at Argonne National Laboratory
of the urine chemistry of the exposed persons showed a striking rise
in the amounts of urinary amino acids. These acids are the funda-
mental building blocks for the body’s proteins. Subsequent study
after another accidental exposure confirmed this initial finding as did
a number of animal investigations. The effect is demonstrable as an
early and very sensitive indicator of radiation exposure.

The reason for its occurrence has not yet been worked out. It could
be the result of increased tissue breakdown, or a diminished utilization
of amino acids by the liver and other tissues; it could be a direct
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radiation effect or possibly a secondary effect to a hormonal change
resulting from stress. These questions are incompletely resolved.

Another very sensitive measure of exposure to radiation has been
found in the diminished rate of incorporation of iron into hemoglobin
by the blood-forming tissues as determined by radioisotope tracer
methods.

Neither of these two observations has had wide applicability to
practical situations and work is going on at the University of Cali-
fornia Radiation Laboratory and at the Naval Radiological Defense
Laboratory to gain more basic information on radiation effects and
possibly to obtain a more practical variant of the approach.

Treatment of Biological Effects

Another question recognized early as an urgent atomic energy
problem was: What should be the treatment for massive exposure to
radiation? The experimental approach to a solution followed two
main paths. The first was to define the changes which occurred fol-
lowing acute radiation exposure; second, to try out reasonable meas-
ures on the basis of the observed changes.

The major information on massive exposure in humans came from
the detailed medical investigations following the atomic bombings of
two Japanese cities, and also from studies of the few accidents which
have occurred in the atomic energy program in this country. Penetrat-
ing radiation passing through the body in sufficient amount will dam-
age many tissues according to their inherent sensitivity to radiation.
This injury to sensitive tissues produces a collection of signs and
symptoms which in combination have been called “syndrome of acute
radiation injury.” Actually, a sudden assimilation of sufficient quan-
tity of radioactive elements distributed throughout the body may pro-
duce a variety of clinical signs and symptoms which correspond to
this syndrome. The severity and time of their appearance, however,
are conditioned by the degree of exposure and the sensitivity of the
individual.

In general, the effects include weakness, diarrhea, nausea, and vom-
iting, hemorrhage into the bowel and skin, ulceration of the mucous
membranes of the mouth, loss of hair, and fever. An enormous
amount of research work has been devoted to this problem. It is
impossible to summarize adequately this extensive field, but a number
of salient points can be made clear.

Radiation deaths. There are three different major mechanisms of
radiation death, due respectively to injury to the nervous system, intes-
tines, and bone-marrow, following high-level, whole-body irradiation.
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The neurological type of death is produced by many thousands of
roentgens and occurs within minutes to hours following a variety of
manifestations of nerve disorder.

The gastrointestinal type occurs after doses of around 1,000
roentgens ** and 1s characterized by nausea, vomiting, diarrhea with
severe dehydration, and death in 3 to 6 days.

The bone-marrow type is produced by dosages of 300 to 1,000
roentgens, with death occurring in one to eight or more weeks from
hemorrhage, infection, and anemia. For practical purposes it is this
last syndrome with which study is most concerned, since the doses
necessary to produce the neurological and gastrointestinal syndromes
are, almost by definition, supralethal doses.

The sequence of changes in the bone marrow has been well worked
out in studies at the Argonne National Laboratory, the Naval Medical
Research Institute, the Naval Radiological Defense Laboratory, and
the National Institutes of Health. There is a rapid and marked sup-
pression of red and white blood cell production. This results in a
relatively rapid drop in the white cells of the circulating blood and the
more gradual development of anemia.

It has been demonstrated at Oak Ridge National Laboratory that a
contributing factor to anemia, in addition to the suppression of red-
cell production in bone-marrows, is the leakage of red cells out of the
blood stream into the lymphatic system, where they are destroyed.
Hemorrhage is generally a factor in acute radiation sickness and its
pathogenesis has received considerable attention. The bleeding
characteristically appears after a severe reduction in the blood stream
of the numbers of the blood platelets, factors which assist clotting.
Current opinion is that the loss of these elements from the circulating
blood is the most important factor in the development of hemorrhage.
‘Work to substantiate this was accomplished several years ago at Oak
Ridge National Laboratory and the Naval Research Institute.
Studies on other possibilities such as a direct damaging effect on the
blood vessels themselves, and the various factors in the blood which
are important in clot formation, have not led to convincing evidence
of their importance in post-irradiation bleeding.

Some treatments. A wide variety of treatments of severe irradiation
hasbeen tried. The use of repeated transfusions of fresh blood proved
of some value, especially in cases with severe anemia.

The reduction in the level of circulating white blood cells has been
shown to be an important factor in the increased susceptibility to
infection. The replacement of fresh cells from the transfusion is of
slight but definite benefit. Because of the impossibility of adequate

 See earlier section on “Standards of Radiation Bxposure’” for definitions of radloactive
units of measurement.
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replacement of the white blood cells by transfusion, considerable effort
has been made to collect the cells from whole blood and preserve them
tor time of need, but their inherent fragility has prevented any real
success.

Since the platelets whose numbers are drastically reduced by severe
irradiation, have an even briefer life span than the white cells, there
Las been a parallel effort to achieve satisfactory methods for their
collection and preservation. Investigators have studied the various
normal functions of the platelets in hope of isolating and even
eventually synthesizing the factors responsible for their effectiveness
in the control of bleeding. The problem of replacement of platelets
is not limited to treatment of radiation sickness but extends to other
disease where cessation of platelet formation is a complication. Plate-
lets have been concentrated and transfused with good results. Some
promising research is under way on the fractionation of platelets into
more effective components which may eventually lead to their long-
term economical storage. The normal functions of platelets in the
control of bleeding is a tremendously complex field and is currently
the subject of intense medical research.

As might be expected, a host of agents which play a role in blood
formation, including folic acid, liver extract, pyridoxine, and penta-
nucleotide, has been tried in an attempt to stimulate the radiation-
damaged bone-marrow cells. Various hormones and compounds
known to support the integrity of small blood vessels have been em-
ployed. None has proved very successful.

A major accomplishment in the problem of understanding and
controlling suppression of bone-marrow function by radiation was a
discovery at Argonne National Laboratory that considerable protec-
tion is accomplished during whole body irradiation by shielding the
gpleen. The most striking protective effects of spleen shielding on
mortality and recovery of blood-forming tissues have been seen in
mice. Test animals of different species, age, and strains show differ-
ences in benefits. Embryo spleen transplants and injections of the
pulped organ also are highly effective in promoting recovery of blood-
forming tissues, and enhance survival when given during the first day
or two after irradiation. Biological factors such as age, strain and
gpecies are operative here also.

Further studies at the National Institutes of Health and later at
Oak Ridge National Laboratory have shown that normal bone-marrow
from the same species of animal is equally effective, while marrow
from a different species of animal may have supportive effect. For
example, an irradiated mouse can be kept alive for a time by bone-
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marrow from a normal rat, but the foreign bone-marrow does not
keep all irradiated animals alive indefinitely.

Bone-marrow or spleen taken from a normal animal can be kept
in tissue culture for short periods, or preserved for several days by
cooling to very low temperatures. The preserved blood-forming tis-
gues will keep lethally irradiated animals alive for several weeks and,
in some instances, for much longer periods of time.

Toxicity from Radiation Effects

Radiation of one part of an animal was found to give rise to effects
in other parts. Thus it was reasonable to assume that a toxic material
formed in irradiated tissue and then was transferred by blood or
lymph systems to other tissues. An indication of the presence of such
a circulating toxic factor has been found at the Brookhaven National
Laboratory.

Mice with their adrenal glands surgically removed were given blood
plasma from irradiated rats similarly operated upon and were found
to die sooner than did mice given plasma from adrenalectomized rats
which had not been irradiated.

The plasma was found to have its maximum effect about 48 hours
after irradiation. Its toxic activity was destroyed by heat or by ex-
posure to room temperature for 30 minutes but was preserved for some
time at zero degrees centigrade. The nature of the toxic material and
the extent of its contribution to radiation damage has not yet been
clarified.

A separate series of experiments designed to remove any hypo-
thetical radiotoxic substance by passing test animals’ blood through
the filtration membranes of an artificial kidney were carried out in
irradiated dogs at Western Reserve University. These animals were
given 500 roentgens of X-ray and their blood was passed through an
artificial kidney to remove the toxic material if it were filterable.

Cross-transfusions also were performed in dogs similarly irradiated
by attaching the circulatory system of an irradiated dog to a non-
irradiated partner. The supposition was that the toxic materials
from the irradiated dog might be destroyed by blood factors of its
nonirradiated mate. Studies with such parabiont animals have not
demonstrated the presence of a toxic factor when only one of the two
interconnected animals has been irradiated. Painstaking studies at
the New England Deaconess Hospital in Boston failed to demonstrate
any deleterious effect on the organs of the nonirradiated animal.

Neither parabiosis nor artificial kidney technique so far has shown
positive results. The importance of the toxic factor is not clear.
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Prevention of Biological Effects

A major advance in modification of irradiation effects stemmed
from an understanding of the basic chemical changes induced by
irradiation, namely, the transient production of strong oxidizing and
reducing agents in water within living cells.

Removal of oxygen before irradiation was found to protect cells
against many kinds of radiobiological damage in organisms that
could tolerate low oxygen concentrations. The dose required to cause
a given amount of chromosomal aberration in plants can be nearly
tripled by reducing oxygen content. Protection of a similar magni-
tude has been obtained for bacterial killing, recessive lethal mutations
and translocations of genes in fruit flies.

Scientists at University of California at Los Angeles found that
rats kept in an atmosphere of 5 percent oxygen instead of the approxi-
mate 20 percent of the normal atmosphere have approximately twice
the normal resistance to the acute effects of irradiation. Removal
of oxygen is not, in general, a practical procedure for man, but these
findings were of great theoretical importance because they clearly
demonstrated how widespread the effects of strong oxidizing sub-
stances were as a mechanism of biological damage resulting from
penetrating radiation.

A number of chemical compounds given before irradiation have been
found to protect mice. A series of studies with bacteria have demon-
strated some of the ways in which such compounds act. Some, notably
sodium hydrosulfite, remove oxygen from a cell and its environs by
chemical combination. Others, such as glycol, glucose, succinate,
and alcohols, cause the cell to remove oxygen metabolically.

The sulfur-hydrogen compounds, such as cysteine demonstrated at
Argonne National Laboratory in 1949, and 2-mercaptoethylamine ex-
perimented with in Belgium, may remove oxygen, but their pro-
tective action cannot be explained entirely in this way. By using
2-mercaptoethylamine, the effectiveness of a given dose of radiation
can be reduced in bacteria by a factor of 12, indicating the very great
protection obtained under favorable circumstances.

Of the large number of compounds tested for protection of mam-
mals, three seem promising, namely, cysteine, 2-mercaptoethylamine,
and 2-mercaptoethylguanadine (MEG). The last was discovered at
the Oak Ridge National Laboratory in a large-scale research pro-
gram in which a variety of substances was given to mice which then
were exposed to a dose of radiation that would kill untreated mice.

Extensive studies established that the latter two compounds ap-
proximately doubled mice’s resistance to radiation and were effective
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when administered orally, intramuscularly, intraperitoneally, or sub-
cutaneously prior to radiation. Mice so protected have lived, so far,
more than a year after receiving what would otherwise have been a
lethal dose of radiation.

In addition, by combined treatment of the mice with MEG before
irradiation, and with bone-marrow from the same inbred line after-
ward, it has been possible nearly to triple the survival rate of the
test animals. Studies of more than 50 structural variants in these
compounds have demonstrated a relationship between protective ac-
tivity and structure. The structure essential for maximum activity of
these compounds has been defined.

Radiation and Infection

An infection often plays an important part in death from acute
radiation injury. The effects of irradiation on immune response and
on susceptibility to infection have been investigated intensively.
Bacteriological studies on irradiated animals have indicated that the
septicemia, or generalized infection following irradiation, is caused by
bacterial organisms which reside in the intestine and penetrate into
the blood stream after damage to the intestinal wall. Various anti-
biotics have proved of definite value in combating this effect.
Septicemia is relatively unimportant in early death following massive
irradiation.

A number of studies support the theory, however, that irradiated
animals are more susceptible to injected bacteria, viruses, and toxins,
and that irradiation may stimulate a latent disease infection, such as
typhus, to renewed activity. Basic research on the effects which radi-
ation has on antibody formation has produced some very striking
results. It has been demonstrated that the formation of antibodies
(protein molecules that circulate in the blood and are vital to defense
against bacterial infection) may be divided into a radiosensitive and
radio-resistant phase.

The initial phase persists for about 12 hours following a stimulus
to antibody formation and is concerned with the initiation of antibody
formation or, in a sense, the organization of the necessary machinery
for its subsequent production. It is this phase which is sensitive to
radiation, since once the production of antibodies has begun the
mechanism is quite resistant to radiation. Some recent work has
indicated that extracts of yeast and certain types of bacteria are
capable of blocking this immediate effect of radiation during the sensi-
tive phase of antibody production. This has great theoretical possi-
bilities, since it suggests that the radiation damage is limited to a
specific link in the production system which can be replaced by these
administered substances.
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Radiation Preaging and Life Shortening E'ffects

About a decade ago, laboratory workers observed that animals which
appeared to recover completely from radiation sickness, tended never-
theless to die prematurely. In other words, a correlation was made
between exposure to radiation on the one hand, and shortening of the
life span on the other.

The studies revealed that irradiated animals somehow grew old
faster, and that when they died the causes and conditions of their
death appeared to be the usual causes and conditions. The animals
tended to develop at an early age the usual diseases associated with
their particular species or strain. With further study, impressions
were gained that natural aging and radiation-induced aging might
well be the same so far as the body was concerned, and that aging by
the two processes is at least partly additive.

Not very much is known about the quantitative relations between
exposure to radiation and shortening of life. One hypothesis is that
life shortening is proportional to the total dose of radiation received,
and is independent of the time interval over which the dose accrued.
More recent data suggest that the interval over which a given dose
accrues does affect the results, and that the shorter the time over
which the dose is given, the more severe are the consequences. The
National Academy of Sciences-National Research Council Report
cited studies of a group of radiologists,*® some of whom may have
received as much as 1,000 roentgens of X-ray exposure, which showed
on the average a life-span of 5 years less than that of other physicians.

Research has been chiefly concerned with the effects of large quan-
tities of radiation, and the results of continued radiation at low levels
so far have given inconclusive results. The “Summary Reports” of
the National Academy of Sciences-National Research Council,®®
states on this point, “The shortening of life correlates roughly with
doses of radiation but has not yet been demonstrated at low losses.”
Elsewhere, in the NAS-NRC, “A Report to the Public,” * the Academy
survey states, “Doses up to 100 roentgens, when spread over years,
have not been shown to shorten human life. On the other hand, we
cannot yet say that there is a minimum amount below which the effect
does not take place.”

The Commission’s research indicates that the aging effect is not
necessarily preceded by radiation sickness. Yhen low intensity dos-
ages are used, and exposures are protracted, preaging and earlier
death may appear without any evidence of the acute radiation sick-

® “Tongevity and Causes of Death From Irradiation in Physiclans.” pp. 464-68; “Jour-
nal of the American Medical Association,” Sept. 29, 1956, by Dr. Shilelds Warren.

® P 84 and p. 20, respectively, of the indicated volumes of “The Biological Effects of
Atomic Radiation,” Washington 18586,
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ness syndrome—a finding which suggests that acute sickness and more
rapid aging are manifestations of different kinds of effects.

The means by which ionizing radiations accelerated aging still are
not defined, as is true of the means by which “natural” aging takes
place. Inherent are questions about the possible role of natural earth
and cosmic radiations as factors influencing or determining length of
life. Questions also arise as to why the average length of life is dif-
ferent in different species of organisms, and why living things grow
old at all since they have, as a particular attribute, the ability to
repair and reconstitute themselves.

The large number of research projects on radiologically induced
aging going forward at national laboratories and under Commission
contracts, testifies to the importance placed on this subject. At
Brookhaven National Laboratory the degree of radiation-induced
aging is being measured by determining the ability of animals to cope
with an added burden of infectious agents in known amounts. At
the University of Rochester, mathematical formulations have been
developed to characterize the process of physiologic aging and these
are being tested against findings from animal experimentation. At
Argonne National Laboratory, through the use of special gamma ray
sources, survival and performance ability are being determined for
animals exposed continuously to radiation throughout their life span.
At Oak Ridge and at various other laboratories, studies are being
made of the influence of bone-marrow transplants and chemical pro-
tection as a possible means of counteracting the life-shortening effects
of irradiation.

At Los Alamos Scientific Laboratory, the relative biological effec-
tiveness of different nuclear radiations in life-shortening is being
determined. At the University of California, Berkeley, data are
being accumulated not only on the life-shortening effects of radiation,
but also on diseases and other noxious agents, on industrial hazards,
and on stimulants taken commonly by people in different population
groups; these findings then are being correlated with age-specific death
rates of different countries and territories.

At the Naval Radiological Defense Laboratory, precise methods are
being developed for measuring performance and physical and mental
ability at different times after exposure to radiations, and information
is being obtained about the levels of radiation that may constitute a
hazard to life. Studies of the graying of hair, of cataracts, of burns,
of tumors, of mutations, of developmental anomalies, and the like,
induced by ionizing radiations, also yield information about radiation-
induced aging, inasmuch as the residual potential of tissues determines
the amount of functional capacity in vital organs and thereby the
amount of the natural life which remains to the organism,
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Neutron-Induced Cataracts

Although radiation cataracts have not proved a serious problem in
atomic energy activities, the appearance of radiation cataracts in some
early cyclotron workers and among Japanese survivors at Hiroshima
and Nagasaki stimulated a program of research into the mechanism
of this damage, which has been given assistance by the National Re-
search Council Committee on Radiation Cataracts. Gamma rays
can cause cataracts, but not nearly to the extent that neutrons can. A
much better understanding of the amount of fast and slow neutron
exposure required to produce changes in the lens of the eye has been
gained through work at the Los Alamos Scientific Laboratory, the
University of Iowa, the University of Pittsburgh, and the Massachu-
setts Eye and Ear Infirmary, as well as observations made by Oak
Ridge National Laboratory on mice at the weapons test designated
“Operation Greenhouse,” plus studies by the U. S. Air Force. The
work has also led to a better understanding of how these changes
result from the death of epithelial cells on the surface of the lens
which eventually migrate to form opacities at the posterior pole. At
the Kresge Eye Institute in Detroit continuing studies are in progress
of the complex biochemical changes induced in the lens by ionizing
radiation.

Effects on Embryos

Recent studies on the irradiation of mice in various stages of preg-
nancy at Oak Ridge National Laboratory and the New England
Deaconess Hospital have shown that the effect on the young is closely
correlated with the stage of embryonic development at which they
were irradiated. Irradiation during the first 5 days, i. e., prior to the
embryo’s implantation into the uterus, leads to all-or-none effects:
there is a high incidence of death shortly after irradiation, but those
embryos which survive appear normal. Irradiation during the next
8 days, when most of the major organ formation is under way, will
permit survival of most embryos, but almost all are born abnormal.
The exact type of malformation depends closely on the exact stage the
embryo has reached at the time of irradiation.

By equating human and mouse gestation periods developmentally,
it is thought possible to predict when the most sensitive period occurs
in humans for the production of any given abnormality determined
in the mouse. By this reasoning, the human embryo during the
second through the seventh week of a human pregnancy is potentially
the most sensitive to radiation. Since pregnancy still may be un-
suspected at such early times, it has been recommended that, when-
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ever possible pelvic irradiation of women of child-bearing age should
be restricted to the first 2 weeks following a menstrual period. This
recommendation applies particularly to medical (diagnostic) irradia-
tion. On the other hand, the present permissible weekly dose of
irradiation which may be received in industry does not constitute a
measurable hazard at any stage of pregnancy.

Genetic Effects of Radiation Exposure

At the inception of the United States atomic energy program, the
fact that radiation caused hereditary changes was well understood.
Adequate information about the exact amount of hereditary change,
or genetic effect, that would result from definite amounts of radiation,
however, was known essentially only about fruit flies, and it chiefly
concerned the effects of X-rays on mature male sperm cells. Know-
ledge about radiation effects on other species indicated the broad gen-
eral applicability of the fruit fly results, but more precise information
was needed to estimate the genetic risks to humans from an increased
exposure to atomic energy radiation. Genetic studies were initiated
by the Manhattan District and greatly expanded as a major part of
the Commission’s research program in biology. In addition to Com-
mission-sponsored programs, the recent heightened interest in radia-
tion effects has stimulated work in genetics throughout the world.

Studies during the last 10 years make it increasingly apparent that
the genetic effects of radiation differ in quantity between species,
between stages in development within a species, and between physio-
logical states of otherwise similar reproductive cells.** Though sub-
sequent studies have made it necessary to qualify somewhat certain
broad generalizations about genetic effects that had been adopted
earlier, most of these findings still are essentially valid:

@) To the best of the present knowledge, the frequency with which
radiation-induced mutations, or inheritable changes, occur is
roughly proportional to the accumulated dose received by the
reproductive germ cells (the male sperm and female egg cells, and
the cells from which they have been derived) throughout the indi-
vidual’s life prior to procreation from all sources, including natu-
ral, background radiation.

b) Whether the radiation is received in a single large exposure or in
many smaller exposures, there is no known reason, either from
experiment or theory, to assume that any finite quantity of radi-
ation is too small to have some chance of causing a mutation.

4 Certain important current findings in this area, resulting from Commission-sponsored
studies, are reported on pp. 81-83.

411053—57——18
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0) Most mutations, whether radiation-induced or occurring naturally,
are to some extent deleterious to individuals inheriting them.

Geneticists’ estimates. During the last year, committees of genet-
icists have collated the information currently available, and have
attempted to make estimates of expected effects on human populations
of exposure to increased amounts of radiation. The results of thess
surveys make up major parts of reports issued in June 1956 by the
U. S. National Academy of Sciences-National Research Council, and
by the United Kingdom’s Medical Research Council.**

The two groups of geneticists, working independently, reached sub-
stantially the same conclusions regarding human risks of radiation
exposure: Any increased radiation exposure will be to some extent
harmful to future generations of human populations. The reassuring
inference, that exposure of an individual to fairly appreciable
amounts of additional radiation probably should not greatly increase
the chance of having a child with a recognizable genetic defect, is
equally valid. The reports recognized the limitations imposed by the
insufficiency of information relating directly to humans, by the uncer-
tainties of projecting results of experiments with other species into
predictions for man, and by inadequate experimental data in some
areas, but felt that the limitations were not sufficiently great to negate
the validity of the estimates,

Roughly 4 or 5 percent of all infants born alive in the United States
at present have some easily recognizable congenital handicap, such as
hematological, neuromuscular and mental defects, congenital
malformations, and defects in the gastrointestinal and urinogenital
tracts. Perhaps half these handicaps, something like 20 out of 1,000
live births, may have genetic causes, and the other half arise from
disease or other nongenetic causes, according to the Academy of
Sciences’ report. The frequency with which genetically handicapped
individuals are born is directly related to the total frequency at which
deleterious genes occur in the population. (Genes are chemical entities
in reproductive cells that transmit inheritable factors.) Many dele-
terious genes which now are present in the population have been
inherited from previous generations. Since individuals affected by
these deleterious genes are somewhat less likely to marry and have
children than are unaffected individuals, deleterious genes have less
chance than favorable genes of being transmitted to succeeding gener-
ations. Loss to the population of deleterious genes in each generation
is, however, counterbalanced by new mutations which occur “natu-
rally”. If more new mutations occur-—as a result, for example, of
radiation exposure—this would increase somewhat the total fre-

4 Op. cit. and “The Hazards to Man of Nuclear and Allled Radiations,” London, ¥ngland,
1956,
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quency of deleterious genes in the population and, hence, the number
of individuals in later generations affected adversely by this
inheritance.

On the basis of a number of considerations, the Academy report
estimated that if the rate at which new mutations of genes occurred
were doubled, it would cause about a 10 percent increase in the number
of genetically handicapped individuals in the first following genera-
tion—about 22 handicapped persons per thousand live births instead
of 20.

If the higher mutation rate were maintained throughout subsequent
generations, there would be an increased number of affected individ-
uals in each succeeding generation. The increase would be somewhat
smaller in each new generation because of the loss of deleterious genes.
After very many generations, the frequency of affected individuals
would double and reach about 40 per 1,000 live births.

If the doubled rate of new mutations occurred for a single genera-
tion only, followed by a return to the original rate, the greatest effect
would persist for a single generation, and would be followed by a
decline through loss of deleterious genes until, eventually, the original
frequency of affected individuals would again occur.

Calculating a “doudbling-dose”. Only rather vague limits now can
be set for the amount of radiation necessary to double the mutation
rate in man. The human race has always been exposed to “normal
background radiation” from radioactive materials and from cosmic
rays which can cause mutations. However, there are other possible
causes of mutations, and the natural mutation rate of the species used
in experiments is greater than could be accounted for by natural
radiation. Therefore, the radiation necessary to double the existing
mutation rate in man (i. e., the “doubling dose”) would have to be
greater than double the amount of radiation now ordinarily received
by people between conception and the average procreation age of 30
years. The minimum cumulated exposure to radiation over 30 years
which could possibly double mutation frequency has been calculated
at 5 roentgens in the U. S. Academy report, whereas the U. K. report
suggests the minimum possibility is more likely 15 roentgens. For a
number of reasons, the conclusion reached in both reports is that the
doubling dose is probably not greater than 150 roentgens; that the
most probable doubling dose for man lies somewhere between 30 and
80 roentgens of X-rays or gamma rays, or an amount of neutrons
which is mutationally equivalent (the total cumulative dose to the
gonads prior to procreation).

In summary, any cumulated radiation exposure to one parent above
the amount received from natural background up to the age of 30
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increases the average chance of having a genetically handicapped
child, but not to a very great extent. Based on the present estimated
range for the doubling dose range it would require an exposure of 150
to 400 roentgens prior to conception to increase an individual’s chance
of having a genetically handicapped child from 1 in 50 (20 per 1,000
live births) to 1 in 40 (25 per 1,000 live births). Therefore, at the
“permissible” levels of exposure for individuals—not more than 50
roentgens through age 30 as recommended in both U. S. and U. K.
reports, and not to exceed an additional 50 roentgens during the next
10 years—there should be little genetic risk to an individual’s own
descendants unless the actual doubling dose is much less than now
seems probable.

The much lower limits on total radiation exposure recommended
as permissible for large populations (10 roentgens cumulative to age
30 above natural radiation as recommended in the U. S. report) are
based on several considerations that do not apply so directly to indi-
viduals. In general, the recommendation assumes that both parents
would be exposed, and thus the genetic risk from a given level of
radiation would be twice that which would exist if only one parent
were irradiated. Secondly, where large populations are concerned,
a relatively small increase in the rate at which genetically handi-
capped individuals were born would mean a large increase in the total
number of handicapped. For example, among the 100,000,000 chil-
dren expected to be born to persons now living in the United States,
the effect of a “doubling dose” would be about 10 percent increase
in the rate of births of handicapped children. This would mean an
increase of some 200,000 in the number of genetically handicapped
children in that generation. A comparable dose to 100,000 persons
would produce similarly 200 additional defective children.

Finally, there is known to be a genetic component in such things
as individual life span and susceptibility to disease. This genetic
effect cannot be identified in individuals, but it is detectable by sta-
tistical methods when large numbers of individuals are involved.

The National Academy of Sciences’ report ** in estimating levels
of exposure in the United States, made this statement: “At present,
the United States population is exposed to radiation from (a) the
natural background, (b) medical and dental X-rays, (c) fallout from
atomic weapons testing. The 30-year dose to the gonads received
by the average person from each of these sources is estimated as
follows:

a) background—about 4.3 roentgens
b) X-rays and fluoroscopy—about 3 roentgens

P, 4, op. cit. ““A Report to the Public.”
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¢) weapons tests—if continued at the rate of the past 5 years would
give a probable 30-year dose of about 0.1 roentgens. This figure
may be off by a factor of 5, i. e., the possible range is from 0.02
to 0.5 roentgens. If tests were conducted at the rate of the two
most active years (1952 and 1954) the 30-year dose would be
about twice as great as that just stated.”

Japanese studies. The results of genetic studies carried out during
1946-1955 by the Atomic Bomb Casualty Commission at Hiroshima
and Nagasaki have now been analyzed at the University of Michi-
gan ® and reported at the First International Congress of Human
Genetics in Copenhagen in August 1956, and at the International
Genetics Symposia in Tokyo in September 1956. Among more than
30,000 births to parents exposed to atomic bomb radiations, and an
equivalent number of births to unexposed parents, studies were made
of the frequencies of congenital malformations, of stillbirths and
deaths soon after birth, of the sex ratio, weight at birth, growth rates
and body measurements. Because the exposed parents differed from
the unexposed parents in a number of ways known to be related to
evaluating the results of the studies, it was necessary to undertake
an extensive investigation of the influence upon the characteristics
under investigation of a large number of genetic and nongenetic
factors other than radiation exposure.

This is the most thorough and extensive study of the genetic effects
of radiation on humans so far undertaken, and contributes greatly
to our knowledge of human populations, but the results do not give
a clear-cut answer concerning the extent of the genetic damage re-
sulting from exposure to atomic radiation.

The statistical problems raised by the data are extremely complex
but unavoidable in a study of this nature. It was recognized from
the very beginning of the study that the results might be inconclusive,
in the sense that while certain types of genetic effects might be ex-
cluded, it would be impossible either to exclude or confirm certain
other possibilities. This is precisely what has happened. The data
indicate that the effect of the amount of radiation received by the
more heavily exposed persons was not so large as to result in an actual
doubling in the total incidence of malformations, or to cause an in-
crease of as much as 80 percent in the total incidence of stillbirths
and deaths shortly after birth.

On- the basis of the studies in Japan, however, it is now relatively
certain that the genetic effects of atomic radiation on human popula-

# “The Effect of Exposure to the Atomic Bombs on Pregnancy Termination in Hiroshima
and Nagasaki”—by J. V. Neel and W. J. Schull, obtainable from the National Academy of
Sciences—National Research Council, Washington 25, D. C.
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tions cannot be appreciably greater than would be surmised on the
basis of animal experimentation. On the other hand, some smaller
changes in the frequency of malformations, stillbirths, and early
deaths—changes indicative of important genetic damage—may have
gone undetected under the conditions in Japan. In other words, the
data, which fail to show a clear difference between the children of
exposed parents and those of unexposed parents, are sufficient to
exclude the possibility of extensive genetic effects but still are com-
patible with the range of effects observed in mice and fruit flies.

The net result of this study is to make an important contribution
towards specifying the range within which the effect of radiation on
human inheritance lies, but to leave, within that range, considerable
room for uncertainty. By combining the findings of this study with
those of other studies, such as those dealing with the characteristics
of children born to parents who have received therapeutic irradia-
tion,* continuing clarification of the question of the genetic risks of
irradiation to man is to be anticipated.

Some of the factors tending to obscure results are:

@) Relatively few surviving individuals of child-bearing age were
heavily exposed to radiation, so that the total number of children
born to them was small.

b) The more heavily exposed mothers were, on the average, older than
those less exposed, and especially older than the average of those
not exposed at all. Hence, since congenital malformations are
relatively more frequent among children of older mothers, non-
genetic causes of malformation are not equally distributed among
the different exposure categories.

¢) A similar nongenetic bias results from the greater proportion of
first births, and births of the seventh and eighth child, to mothers
more heavily exposed than to those less exposed. The frequencies
of stillbirths and deaths shortly after birth are normally dispro-
portionately high among first births and births following a num-
ber of previous children.

d) The proportions of congenitial malformations, stillbirths and
deaths soon after birth which ordinarily result from genetic
causes, as contrasted to nongenetic causes, is not known.

¢) The unexposed parents at both Nagasaki and Hiroshima are
largely persons moving into the cities after the bombings and may
not be strictly comparable in a number of influential respects to
the exposed parents.

f) Radiation exposures of parents, especially the amount of radia-
tion reaching the germ cells, is not known with any great accuracy.

m et J. Lejeune: “Etude de la descendance de sujets traités par radiothérapie

pelvienne.” The First International Congress of Human Genetics, Copenhagen, August 1-6,
1956 : Book of Abstracts, pp. 4-5.
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Support of genetio research. Although present estimates of the total
genetic effect of radiation on humans are still unsatisfactory, they are
better than would have been possible 10 years ago, when much less
information was available. They will improve in accuracy as more
information is obtained. During the last 10 years, the Commission’s
support to genetics studies has grown until now there are 58 offsite
research projects supported in the 1957 fiscal year at an annual level
of $873,000 in addition to genetic studies at Argonne, Brookhaven, and
Oak Ridge National Laboratories at a level of $1.1 million. Present
emphasis is upon gaining knowledge of the extent of the genetic com-
ponent in a number of human characteristics; improving methods
for direct comparisons between human and other species; and more
precise and more extensive experimental data concerning other

species.
INSTRUMENTS FOR RADIATION SAFETY

Since unaided human senses cannot detect nuclear radiation, an in-
dispensable part of all nuclear research and utilization is the detection
instrument. The development of many instruments and their use—
not only to detect, but also to measure radiation—has been reported
throughout the chapters on various aspects of radiation protection.
There are many instruments specifically designed for radiation meas-
urement problems inherent in all atomic energy programs, and the
Commission has a program for the development of new instruments,
or improvement of old instruments. Most of the work is done by
private industry, either on its own initiative, or under Commission
contract or incentives.

At the beginning of the Manhattan Engineer District project, only
five companies manufactured instruments for radiation measurements,
Their limited production in types and numbers could not meet the re-
quirements. For that reason, and to maintain necessary secrecy about
atomic energy efforts, most of the instrumentation requirements of
the period were met by designing and fabricating the equipment within
the atomic energy project. At the close of the war, the Government
essentially declassified instrumentation and initiated a program for
development of commercial supplies. This program was continued
by the Commission and there now are over 100 companies producing
more than 1,000 different instruments or assessories used for the de-
tection of radiations. In all areas of radiation safety adequate in-
struments now are commercially available. From time to time, new
specialized requirements emerge and, if sufficiently large, are met by
normal expansion of industry.

In the past 10 years, progress in developing radiation safety in-
strumentation has been primarily in technological improvements
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rather than by the innovation of basic detection principles. The prin-
cipal instruments are the ionization chamber, the proportional counter,
the Geiger-Mueller counter and the film badge. However, today’s
instruments are immeasurably improved, the emphasis in technological
advancement having been upon portability, reliability and accuracy.
These developments have been made possible in general by advances
in electronic theory and techniques, and by improvements in such in-
strument components as Geiger-Mueller counter tubes, insulating
materials, electrometer amplifying tubes, long-lived batteries, and
transistors. The progress resulted from cooperation between Govern-
ment laboratories and industry to which the special talents and facili-
ties of each have contributed.

The only basically new instrument since 1948 has been the scintilla-
tion counter which has demonstrated its versatility in most areas of
nuclear radiation detection. Its great sensitivity limits its usefulness
in radiation safety surveys, however, principally to measuring air-
borne radioactive particulates and other such analyses of low-level
radioactivity as measuring radioisotopic content of urine and breath
samples.

One principal developmental trend in recent years has been stimu-
lated by the increasing use of high energy accelerators, with the
possible hazard of fast neutrons. Three instruments involving dif-
ferent approaches to the detection of fast neutrons have been de-
veloped specifically for this purpose. One is a proportional counter
utilizing, as the detecting mechanism, the recoil of the ionized hydro-
gen nucleus, the proton, from the fast neutrons in a chamber having
a high proportion of hydrogen both in the walls and gas filling. The
second approach makes use of the same nuclear reaction but the proton
recoil is detected by a scintillating material used in conjunction with
a scintillation counter. The third instrument has broader applica-
tions in that it can assess the physiological effect of gamma rays and
slow neutrons as well as those of fast neutrons. This equipment has
an lonization chamber with plastic walls that have proportionately
the same atomic composition as tissue and is filled with hydrogenous
gas. In consequence, the effects of radiation on the chamber can be
correlated directly with their effect on tissue.

The development in the technology of radiation detection necessary
for the radiation safety program cannot be isolated from its develop-
ment in other areas where the measurement of these nuclear rays is
equally essential. As earlier sections of the report made clear,
basic nuclear research, radio-chemical analysis, process instrumenta-
tion and nuclear reactor control all have basically analogous radiation
problems, as do radioisotope tracer techniques in the physical and life
sciences, particularly in medicine. It is for this reason that the
Commission sponsors its continuing program in research and im-
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provement of basic detecting elements and specialized components
both through contracts and in Commission installations.

For the fiscal year ending June 30, 1957, the Commission has
budgeted nearly $1.3 million for research assisting in instrument
development. Of the $615,000 funds for contracts in this field,
$160,000 is allocated to the development of new and improved photo-
multiplier tubes required for the rapidly expanding scintillation
counter techniques. The Radio Corporation of America, and the
Allen B. DuMont Laboratories are the principal contractors in this
development program, and the University of Notre Dame is conduct-
ing a small research project to study the basic phenomena associated
with photoelectric emission.

In addition to photomultiplier tubes, the scintillation counter
method depends equally on the characteristics of the scintillating
material. Approximately $120,000 is funded for scintillator develop-
ment projects at Levinthal Electronic Products Co., Redwood City,
Calif., the University of Louisville, Ky., the Engineering Research
and Development Laboratory, Ft. Belvoir, Va., The Borden Co.,
Philadelphia, Pa., and Pilot Chemicals Inc., Waltham, Mass.

In the field of radiation dosimetry, the utilization of quartz fiber
techniques and improved insulator materials are being studied under
a research program at St. Procopius College. Additional projects
in various aspects of dosimetric instrumentation are being conducted
at New York University, New England Center Hospital, and the
National Bureau of Standards.

Instrumentation programs at Commission installations, conducted
in support of basic research in radiation safety and in biomedical
effects and beneficial uses of radiation amount to $664,000 for the
1957 fiscal year. Of particular interest are projects for the develop-
ment of airborne radiological monitoring equipment for the deter-
mination of fallout, the development of automatic sample counting
equipment for measurement of radioactive samples obtained in the
world-wide fallout program, the development of germanium erystal
fast neutron detectors and chemical dosimeters for both gamma and
neutron measurements.

An even larger portion of Commission radiation instrument ac-
tivities is an integral part of programmatic research and plant
operations and costs are associated with the sponsoring program, not
broken out specifically as instrumentation items. Based on a 1953
survey, it is estimated that an additional $9 to 10 million in Com-
mission funds is devoted to this type of instrumentation development.
Approximately half this amount is allocated to the research and
development required to instrument primary programs such as re-
actor development, accelerator and nuclear research, plant and pro-
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cessing operations, raw material exploration and isotope utilization.
About 25 percent is used for the procurement of commercial instru-
ments, as compared with 5 percent for on-site fabrication of equip-
ment. The remaining 20 percent is for repair and maintenance of
equipment. e
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PATENT COMPENSATION BOARD
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contract appeals arising under the ‘‘disputes articles’”” of Commission contracts
and subcontracts and makes recommendations to the General Manager concern-
ing their disposition.

Hexry P. BranDis, Jr., dean of the law school, University of North Carolina,
Chapel Hill, N. C.

SeeLpoN D. ErviorT, director of institute for judicial administration, New
York University, New York, N. Y.

RoBerT KINGSLEY, dean, school of law, University of Southern California,
Los Angeles, Calif.

Epmunp R. Purves, executive director, American Institute of Architects,
Washington, D. C.

HerBErT F. TaGGART, dean, school of business administration, University
of Michigan, Ann Arbor, Mich.

Advisory Committee on Industrial Information

The committee, formed in 1949, appraises technological developments within the
national atomic energy program and makes recommendations which serve as
guides in the formulation of information-for-industry policy.

E. E. Tauy, chairman; editor, Metal Progress, American Society for Metals,
Cleveland, Ohio.

S. A. Tucker, vice chairman; publications manager, American Society of
Mechanical Engineers, New York, N. Y.

Dr. Arran G. Gray, technical editor, Steel, Penton Publishing Co., Cleve-
land, Ohio.

Evcene J. Harpy, National Association of Manufacturers, Washington,
D. C.

Kerre HENNEY, consulting editor, Nucleonics and Electronics, McGraw-Hill
Publishing Co., Inc.; American Institute of Radio Engineers, New York,
N. Y.

Dr. ErMEr HurcHissoN, editor, Journal of Applied Physics, American Insti-
tute of Physics, New York, N. Y.

Norman H. Jacosson, Electric Light and Power, Haywood Publishing Co.,
Chicago, IlL

Wavrter E. JEssvup, editor, Civil Engineering, The American Society of Civil
Engineers, New York, N. Y.

AxprEw W. KRAMER, editor, Power Engineering, The Technical Publishing
Co., Chicago, Il

Dr. Warrer J. MurpHY, editorial director, Applied Publications, American
Chemical Society, Washington, D. C.

FrEDERICK A. PAWLEY, research secretary, American Institute of Architects,
Washington, D. C.

Epwarp H. RoBIE, secretary emeritus, American Institute of Mining and
Metallurgical Engineers, New York, N. Y.

Karn T. ScEWARTZWALDER, The American Ceramic Society, Inc., Columbus,
Ohio.

GEoRGE F. Surrivan, editor, The Iron Age, Chilton Publication, Inc., Phil-
adelphia, Pa.

Dr. AruserTo F. TuoMPsON, chief, office of scientific information, National
Science Foundation, Washington, D. C.
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Ouiver H. TowNSEND, secretary, Atomic Industrial Forum, Inc., New York,
N. Y.

F. J. Van ANTWERPEN, editor, Chemical Engineering Progress, American
Institute of Chemical Engineers, New York, N. Y.

BernarD M. Fry, secretary; assistant director for technical information
service, division of information services, AEC, Washington, D, C.

Epwarp J. BRUNENKANT, assistant secretary; chief, industrial information
branch, division of information services, AEC, Washington, D. C,

Advisory Committee on Isotope Distribution

This committee was originally appointed by the Manhattan Engineer District to
advise on the off-project distribution of isotopes. The Commission approved its
continuation in December 1947 to aid in establishing new policies on distributing
radioactive materials and to review existing policies. The committee reviews all
initial applications for use of radioisotopes in human beings, and all other requests
for their use in research, education, and industry which are referred to it by the
Commission.

Dr. ReyvoLps F. BRowN, department of radiology, University of California
Medical School, San Francisco, Calif.

Dr, Joan A. D. CoorEr, assistant dean, Northwestern University Medical
School, Chicago, Ill.

Dr. Donarp 8. CuiLps, Jr., department of radiology, Mayo Clinic, Rochester,
Minn,

Dr. Joux E. CHRisTIAN, associate professor, department of pharmaceutical
chemistry, Purdue University, Lafayette, Ind.

Dr. Henry J. GoMBERG, agsistant director, Phoenix Memorial Laboratory,
University of Michigan, Ann Arbor, Mich.

Dr. H. R. NeLsoN, department of physics, Battelle Memorial Institute,
Columbus, Ohio.

Dr. Evira H. QuimBy, associate professor of radiology, College of Physicians
and Surgeons, Columbia University, New York, N. Y.

Dr. Joen E. WiLLarDp, professor of chemistry, University of Wisconsin,
Madison, Wis.

Dr. Pavl C. ABBERBOLD, secretary; director, isotopes extension, division of
civilian application, AEC, Oak Ridge, Tenn.

Adwvisory Commattee on Reactor Safeguards

This committee was formed in 1953 from the former Reactor Safeguard Com-
mittee and the Industrial Committee on Reactor Location Problems. The com-
mittee reviews safety studies referred to it by the Commission staff and advises
the commission with regard to the hazards of proposed or existing reactor facil-
ities and the adequacy of proposed reactor safety standards.

Dr. C. Rogers McCuLLougH, chairman; deputy director for hazards evalua-
tion, division of civilian application, AEC, Washington, D. C.

Dr. MansoN Bexgebicr, professor of chemical engineering, Massachusetts
Institute of Technology, Cambridge, Mass.

Dr. WiLLarp P. CoNNER, manager, physics division, research department,
Hercules Powder Co., Wilmington, Del.

Dr. R. L. Doan, manager, atomic energy division, Phillips Petroleum Co.,
Idaho Falls, Idaho.
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Dr. Hymer FriepeELL, atomic energy research project, Western Reserve
University, Cleveland, Ohio.

Dr. 1. B. Jorns, Monsanto Chemical Co., Everett, Mass.

Dr. Marxk H. MiuLs, radiation laboratory, University of California, Liver-
more, Calif.

K. R. OsBoRrN, manager of industrial development, General Chemical Divi-
sion, Allied Chemical and Dye Corp., New York, N. Y.

D. A. Rogers, manager, central engineering, Allied Chemical and Dye Corp.,
Morristown, N. J.

RevusL C. StrarroN, director, department of research, engineering and loss
control, the Travelers Insurance Cos. of Hartford, Conn.

Dr. ABeL WoLmaN, head, department of sanitary engineering and water
resources, The Johns Hopkins University, Baltimore, Md.

Dr. Harry WEXLER, director of meteorological research, U. S. Weather
Bureau, Department of Commerce, Washington, D. C.

J. Z. HoLLaND, secretary; AEC, Washington, D. C.

Advisory Committee of State Officials

This committee was established by the Commission in September 1955 as a means
of obtaining the views and advice of State regulatory agencies in connection with
the Atomic Energy Commission’s regulatory activities in the field of public health
and safety.

Dr. DanieL BErResMA, commissioner of health, Trenton, N. J.

A. C. Brackmax, chief, division of industrial safety, California Department
of Industrial Relations, San Francisco, Calif.

Dr. Roy L. CLeERE, executive director, Colorado State Department of Public
Health, Denver, Colo.

Curriss M, Everrs, Jr., director, division of sanitation and engineering,
Oregon State Board of Health, Portland, Oreg.

Jamms G. Frosrt, deputy attorney general of Maine, Augusta, Maine.

Dr. Ausert E. HrusTis, commissioner of health, Lansing, Mich.

WinLiam T. LiNToN, executive director, water pollution control authority,
South Carolina State Board of Health, Columbia, S. C.

B. A. Pooig, director, bureau of environmental sanitation, State Board of
Health, Indianapolis, Ind.

Donarp P. RoBERTSs, chief, industrial hygiene section, Tennessee Department
of Health, Nashville, Tenn.

CrarencE I. SterLING, Jr., chief sanitary engineer, division of sanitation,
Department of Public Health of Massachusetts, Boston, Mass.

Dr. Irvinag TaBeErsHAW, director, division of industrial hygiene, New York
State Department of Labor, New York, N. Y.

Dr. ARTrUR B. WELSH, medical coordinator for civil defense, Department of
Health of Pennsylvania, Harrisburg, Pa.

Committee on Raw Materials

This committee was appointed in October 1947 to review the Atomic Energy
Commission’s raw materials program and to advise on questions of exploration
development, and procurement.

Trorowp F. FieLp, consulting mining engineer, Duluth, Minn,

Francis C. Frary, technical advisor, aluminum research laboratory, Alumi-
num Company of America, New Kensington, Pa.

J. K. Gustarson, consulting geologist, M. A. Hanna Co., Cleveland, Ohio
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ErxeEst H. Rosg, project director, metallurgy, Materials Advisory Board,
National Research Council, Washington, D. C.

Warter O. SNELLING, research chemist, Allentown, Pa.

OrviL R. WHITAKER, consulting mining engineer, Denver, Colo.

CLYpE WiLniams, president and director, Battelle Memorial Institute,
Columbus, Ohio.

Committee For Uranium Isotopic Standards

This committee, established by the Commission in March 1956, reviews all re-
corded evidence supporting standards on the primary generative product (ura-
nium 235 and uranium 238) and deplsted materials, evaluates the standards, and
recommends any additional action which the Commission should take to establish
the Certified Uranium Isotopic Standards.

Donarp F. MussEr, chairman; director, division of nuclear materials manage-
ment; AEC, Washington, D. C.

Dr. Mack INneaRAM, professor of physics, University of Chicago, Chicago, Ill.

Dr. CmarrLEs MgTz, supervisor, analytical work, Los Alamos Scientific

Laboratory, Los Alamos, N. Mex.

Dr. Horace W. NortoN, professor of agricultural statistics, Agricultural
Experiment Station, University of Illinois, Urbana, Ill.

Dr. EpwiNn OrLEMANN, professor of chemistry, University of California,
Berkeley, Calif.

Dr. LeoNarp PEPKOWITZ, supervisor, analytical work, Knolls Atomic Power
Laboratory, Schenectady, N. Y.

CuArRLES D. W. THORNTON, assistant to president, Farnsworth Electronics
Co., Ft. Wayne, Ind.

Dr. Epwarp WicHers, chief of chemistry, National Bureau of Standards,
Department of Commerce, Washington, D. C.

Metallurgy and Materials Advisory Panel

The panel was established in October 1955 to advise on the Commission’s research
program on metallurgy, solid state physics, and ceramics.

Dr. Harvey Brooks, division of engineering sciences, Harvard University
Cambridge, Mass.

Dr. Morris Conen, department of metallurgy, Massachusetts Institute of
Technology, Cambridge, Mass.

Dr. Epwarp EprEMIAN, division of research, AEC, Washington, D. C.

Dr. MaxwELL GENSAMER, professor of metallurgy, Columbia University,
New York, N. Y.

Dr. Joan P. Howgr, Atomics International, a division of North American
Aviation, Inc., Downey, Calif,

Dr. ALBeErT R. KAUFMAN, vice president, Nuclear Metals, Inc., Cambridge,
Mass.

Dr. FrEpERICK SEITZ, department of physies, University of Illinois, Urbana,
In.

Dr. Joan C. Srarer, department of physics, Massachusetts Institute of
Technology, Cambridge, Mass.
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Nuclear Cross Sections Advisory Group

This group is appointed on a yearly basis to make a continuing review of the
Commission’s program of nuclear eross section measurements, and to evaluate the
needs for cross section information in the various activities of the Commission.
The following members were appointed to serve from July 1956 to July 1957,
Dr. Ricuarp F. TascHEE, chairman; physics division, Los Alamos Scientific
Laboratory, Los Alamos, N. Mex.
Dr. Erwin F. SHRADER, vice chairman; division of research, AEC, Wash-
ington, D. C.
Dr. JacoB BEnVENIsTE, University of California Radiation Laboratory,
Livermore, Calif.
Prof. Tom W. BonNER, department of physics, Rice Institute, Houston, Tex.
Dr. Joun E. Evans, Phillips Petroleum Co., Idaho Falls, Idaho.
Dr. ERwiN R. GAErTTNER, General Electric Co., Schenectady, N. Y.
Dr. Herserr GoLpsTEIN, Nuclear Development Corp. of America, White
Plains, N. Y.
Dr. Jorn A. HarvEey, physics division, Oak Ridge National Laboratory, Oak
Ridge, Tenn.
Prof. WiLriam W, Havens, Jr., department of physics, Columbia University,
New York, N. Y.
Dr. ALExaNDER S. LaNcsDORF, physies division, Argonne National Labora-
tory, Lemont, I1l.
Prof. Henry W. NEwsoN, department of physies, Duke University, Durham,
N. C.
Dr. Vance SArLor, reactor division, Brookhaven National Laboratory,
Upton, Long Island, N. Y.
Dr. Ira F. ZarrMmax, division of reactor development, AEC, Washington,
D. C.
Dr. CarroLr W. ZABEL, secretary; department of physics, Los Alamos
Scientific Laboratory, Los Alamos, N. Mex.

Patent Advisory Panel

This panel was appointed in January 1947. It makes informal reports and
recommendations to the Commission and its staff on various questions of policy
and procedure relating to patents and inventions.

WirLiam H. Davis; Davis, Hoxie & Faithfull, New York, N. Y,

Joun A. Dienner; Brown, Jackson, Boettcher & Dienner, Chicago, Il

CaspeEr W, Oowms, firm of Casper W. Ooms, Chicago, Ill.

Personnel Security Review Board

This board was appointed in March 1949 primarily to review specific personnel
security cases which arise under the Commission’s administrative review pro-
cedure and to make recommendations concerning them to the General Manager.
The board also advises the Commission on the broader considerations regarding
personnel security, such as criteria for determining eligibility for security clearance
and personnel security procedures.

GansoN PuURcCELL, chairman; Purcell & Nelson, Washington, D. C.

Dr. PauL E. KroprsTEG, associate director, National Science Foundation,

Washington, D. C.
Vacancy.
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Reactor Physics Planning Group

This group is appointed for one year terms to consider the status of development
of reactor physics data in relation to the development of reactor concepts. The
committee’s recommendations have been extremely valuable in charting the
future of work in the field of reactor physics.

Dr. RoBurt A. CHARPIE, asgistant director, Oak Ridge National Laboratory,
Oak Ridge, Tenn.

Dr. E. Ricaarp CoHEN, group leader, theoretical physics, North American
Aviation, Inc., Downey, Calif.

Dr. KarrL CommN, consultant, atomic power equipment dept., General
Electric Co., Schenectady, N. Y.

Dr. GeruArRD G. DEssAUER, director, physics section, E. I. duPont de
Nemours & Co., Inc., Savannah River Plant, Augusta, Ga.

Dr. W. K. ErgEN, physicist, Oak Ridge National Laboratory, Oak Ridge,
Tenn.

Dr. PauL Gast, consulting physicist, engineering department, General Elec-
tric Co., Hanford Works, Richland, Wash.

Dr. GeEraLp GOERTZEL, assistant technical director, Nuclear Development
Corp. of America, White Plains, N. Y.

Dr. Henry Hurwrrz, consulting physicist, Knolls Atomic Power Laboratory,
Schenectady, N. Y.

Dr. IrviNng KarraN, head, reactor physics division, Brookhaven National
Laboratory, Upton, Long Island, N. Y.

Dr., Sipney Krasik, atomic power division, Westinghouse Eleotric Corp.,
Pittsburgh, Pa.

JoeN W. MorrFiTT, manager of nuclear development laboratory, General
Electric Co., Cincinnati, Ohio.

Dr. WarreN E. NyEgr, atomic energy division, Phillips Petroleum Co.,
Idaho Falls, Idaho.

Dr. Huan PaxroN, physicist, Los Alamos Scientific Laboratory, Los Alamos,
N. Mex.

Dr. Taoma M. SNYDER, manager, nuclear physics section, Knolls Atomic
Power Laboratory, Schenectady, N. Y.

Dr. Bernarp I. SpiNraD, physics section, Argonne National Laboratory,
Lemont, IIL

F. W. TrALGOTT, reactor engineering division, Argonne National Laboratory,
Lemont, IlL

Dr. Ira F. ZarTMAN, division of reactor development, AEC, Washington,
D. C.

Sherwood Steering Commitiee

This committee was approved by the Commission on January 27, 1954. The
committee meets as the need arises to analyze the overall problem, recommend
new projects to be undertaken, suggest who might do the work, review progress
and proposals, and recommend desirable emphasis and levels of support of research
on peaceful uses of controlled thermonuclear reactions.

Dr. WiLLiam M. BromEeck, assistant director, University of California
Radiation Laboratory, Berkeley, Calif.

Dr. LyMaN Spirzer, Jr., Forrestal Research Center, Princeton University,
Princeton, N. J.

Dr. Epwarp TrLLER, associate director, University of California Radiation
Laboratory, Berkeley, Calif.
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Dr. James L. Tuck, technical director, Los Alamos Secientific Laboratory,
Los Alamos, N, Mex.

Stack Gas Problem Working Group

The appointment of this group was authorized in May 1948 to advise the Atomic
Energy Commission and its contractors on problems in the treatment and control
of gaseous effluents. The group meets formally at irregular intervals but renders
continuing assistance in the field of air cleaning through specific research and
development work directed by individual members and by individual consulting
advice to the various Commission installations.
Dr. ABrL WoLMAN, chairman; head, department of sanitary engineering
and water resources, The Johns Hopkins University, Baltimore, Md.
Dr. Pririr DrRINRER, professor of industrial hygiene, Harvard University
School of Public Health, Boston, Mass.
Dr. Lyie 1. GiLBERTSON, director, research and engineering department,
Air Reduetion Co., Inc., Murray Hill, N. J.
A. E. GorwMan, division of reactor development, AEC, Washington, D. C.
Dr. H. Frassr JorNsTONE, professor of chemical engineering, University of
Illinois, Urbana, Il
Dr. CaarLes E, LaprrLe, Stanford Research Institute, Menlo Park, Calif.
Dr. J. A. LieBERMAN, division of reactor development, AEC, Washington,
D.C.
Dr. Wirtaam P. YawnT, director of research and development, Mine Safety
Appliances Co., Pittsburgh, Pa.
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Masor REsEarRcH AND DEVELOPMENT INSTALLATIONS OF THE U. S.
Aromric Exsrey CoMMISSION

Ames Laboratory (Towa State College, contractor), Ames, Iowa

Director. o Dr. Frank H. SpEDDING
Associate Direetor_ _ ___ ___ . _____________ Dr. H. A. WiLHELM
Assistant to Direetor______ ____ . _________________ Dr. Aporrr F. Vorar

Argonne Cancer Research Hospital (University of Chicago,
contractor), Chicago, Il
The participating institutions associated with Argonne National Laboratory

(listed immediately below) are also affiliated with the Argonne Cancer Research
Hospital.

Director___ o Dr. Leon O. Jacosson
Associate Director_ ___ _ . _______ Dr. RoBERT J. HASTERLIK

Argonne National Laboratory (University of Chicago, contractor)
Lemont, 111

Director . e e Vacant

Deputy Director (Acting Director) - _ _ . __ . _.____ Dr. NormaN HILBERRY
Business Manager. _ ____ ___ . ____ . __._____ Jorn H. McKINLEY
Assistant Director, Technical Services___ ... _______ Joan T. BossiTT

The participating institutions are:

Battelle Memorial Institute

Carnegie Institute of Technology

Case Institute of Technology

Illinois Institute of Technology

Indiana University

Towa State College

Kansas State College

Loyola University (Chicago, I11.)

Marquette University

Mayo Foundation

Michigan College of Mining and Tech-
nology

Michigan State University of Agri-
culture and Applied Science

Northwestern University

Ohio State University

Oklahoma Agricultural and Mechani-
cal College
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Purdue University
St. Louis University
State University of Iowa
Washington University (St. Louis,
Mo.)
Wayne University
Western Reserve University
University of Chicago
University of Cinecinnati
University of Illinois
University of Kansas
University of Michigan
University of Minnesota
University of Missouri
University of Nebraska
University of Notre Dame
University of Pittsburgh
University of Wisconsin
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Bettis Plant (Westinghouse Electric Corp., contractor),
Pittsburgh, Pa.

Plant Manager, Westinghouse Electric Corp..______ JoEN W. SiMPSON
Manager, PWR Project . .. _____ JosEpH C. RENGEL
Manager, SFR Project .- ... ALEXANDER SQUIRE
Manager, A1W Project. .. _ . oo o JorN T. STIEFEL
Manager, S5W Project_ o~ .. Doucras C. SPENCER
Manager, F1W Project. - oo oo KarL W. SCHWANEKAMP

Manager, S1W Site, Naval Reactor Test Facility Jomn M. Yapon
(NRTS), Idaho.

Brookhaven National Laboratory (Associated Universities, Inc.,
contractor), Upton, Long Island, N. Y.

Chairman, Board of Trustees_ . ... ___._____ Adm. Epwarp L. CocHRANE
President, AUI_.___ . Lroyp V. BERENER

Vice President, AUI and Laboratory Director____. Dr. LEranp J. HAwoRTH
Deputy Laboratory Director-. oo oo o Dr. GEraLD F. Tare
Assistant Director__ . . ________________ Dr. RoBERT A. PATTERSON
Assistant Direetor_ .. .. ____ . _____________ Witriam H. FizLps

The participating institutions are:

Columbia University Princeton University
Cornell University Yale University

Harvard University University of Pennsylvania
The Johns Hopking University University of Rochester

Massachusetts Institute of Technology

Knolls Atomic Power Laboratory (General Electric Co., contractor),
Schenectady, N. Y.

General Manager__ . ... . F. E. CREVER
Manager, SIR Project .o e K. A. KASSELRING
Manager, SAR Projeet_ . . .. .. B. H. CaLbwELL, Jr.
Manager, Technical Department. _.____._.___._._.. F. E. CrREVER, Acting
Manager, Auxiliary Operations Department_____.___ S. B. StroM

Los Alamos Scientific Laboratory (University of California, contractor),
Los Alamos, N. Mex.
Director. . Dr. Norris E. BRADBURY

Technical Associate Director_. . ___ . _________.. Dr. Daron K. FrRoMAN

Mound Laboratory (Monsanto Chemical Co., contractor),
Miamisburg, Ohio

Project Director__ . _____ .. ____ Howarp K. Nason
Laboratory Director_ . . o oo __ Epwarp C. McCArTHY



276

Chairman of Council
Vice Chairman of Couneil
President of Institute
Vice President of Institute
Scientific and Educational Consultant
Executive Director of Institute
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Oak Ridge Institute of Nuclear Studies (contractor),
Oak Ridge, Tenn.

Agricultural and Mechanical college
of Texas

Alabama Polytechnic Institute

Catholic University of America

Clemson Agricultural College

__________ Dr. MarTeN TEN Hoor
__________ Dr. H. M. PaIiLuPS
__________ Dr. PavrL M. Gross
__________ Dr. W. C. JoHNSON

. GeorGgeE B. PrGram

__________ Dr. Wirtiam G. PoLLarD

The sponsoring universities of the Institute are:

Vanderbilt University
Virginia Polytechnic Institute
University of Alabama
University of Arkansas
University of Florida

University of Georgia
University of Kentucky
University of Louisville
University of Maryland
University of Miami
University of Mississippi
University of North Caroling
University of Oklahoma
University of Puerto Rico
University of South Carolina
University of Tennessee
University of Texas
University of Virginia

Duke University

Emory University

Florida State University
Georgia Institute of Technology
Louisiana State University
Meharry Medical College
Mississippi State College
North Carolina State College
North Texas State College
Rice Institute

Southern Methodist University
Tulane University of Louisiana
Tuskegee Institute

Oak Ridge National Laboratory (Union Carbide Nuclear Co. of Union
Carbide & Carbon Corp., contractor), Oak Ridge, T'enn.

Director._ .. Dr. A. M. WEINBERG
Deputy Director_ - . oo a__ Dr. J. A. SWARTHOUT
Assistant Laboratory Director... ... .____.__ Dr. G. E. Boyp
Assistant Laboratory Director._.__________________ Dr. R. A. CHARPIE
Assistant Laboratory Director. . ... _ .. ________ Dr. E. D. SuirLEY
Assistant Laboratory Director... ... _..______.___. Dr. R. W. JouNsoN
Assistant Laboratory Director_________ . _______ Dr. C. E. WINTERS
Assistant Laboratory Direetor._ ... _______._ .. Dr. M. E. RamMsEYy

Raw Materials Development Laboraiory (National Lead Co., con-
tractor), Winchester, Mass.

Technical Director and Manager. . . ____________.___ JOHN BREITENSTEIN

Sandia Laboratory (Sandia Corp., contractor), Sandia Base, Albu-
querque, N. Mex.

President. _ _ . _ .- James W. McRAE
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University of California, Los Angeles, Atomic Energy Project (Uni-
versity of California, contractor), Los Angeles, Calif.

Direetor . . .___ Dr. Starrorp WARREN

Project Manager. . _ . . ______ . _________.__. RomerT J. BUETTNER

University of California, Medical Center, Radiological Laboratory
(University of California, contractor), San Francisco, Calif.

Director. - - e __ Dr. RoBERT 8. STONE

University of California Radiation Laboratory (University of California,
contractor), Berkeley, Calif.

Director. . o e Dr. ErNEsT O. LAWRENCE
Associate Director__________ . _____________.______. Dr. Luis W. ALVAREZ
Associate Director. . ___ .. __________________._.._ Dr. DonaLp Cooxsny
Associate Director_ ... ___.___._______________ Dr. Epwin M. McMiLLAN
Associate Director_ ... ___________________________ Dr. GLENN T. SBABORG
Associate Director_ ... ___________________________ Dr. Epwarp TELLER
Associate Direetor- . ______ . __________________ Dr. HerBerT F. YORK
Assistant Director. ... ___ . _.__________.___..____ WirtiaMm M. BROBECK
Director, Crocker Laboratory Medical Physies______ Dr. Josepa G. HamiLTON
Director, Donner Laboratory of Medical Physics____ Dr. J. H. LAWRENCE
Director, Livermore Laboratory_ .. . ______ .. _____ . Dr. HerBERT F., YORK
Business Manager and Managing Engineer_ _ _______ Warrace B. REYNOLDS

University of Rochester Atomic Energy Project (University of
Rochester, contractor), Rochester, N. Y.

Direetor.. - o . Dr. HENRY A, Bralr
Business Manager. _ . __________________.______. C. M. Jarvis

National Reactor Testing Staiion (NRTS), Idaho Falls, Idaho.
Nevada Test Site, Las Vegas, Nev.

Eniwetok Proving Ground, Marshall Islands
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Raproactive Isorore DisTRIBUTION DaTa?

AUG, 2, 1946- JaN. 1, 1956~ TOTAL TO
Nov, 30, 1956 Nov. 30, 1956 Nov. 30, 1956
RADIOACTIVE ISOTOPE
Activity [ Ship- | Activit Ship- | Activity | Ship-
(Curies) | ments | (Curies ments | (Curles) | ments
Todine 131.. 3,240 28, 700 681 4,297 3,921 32,997
Phosphorus 918 16, 965 152 2,245 1,070 19, 210
Carbon 14._ 39 2,385 9 261 48 2,646
Tritium_____ 1,101 329 3,381 110 6, 482 439
8trontium 89, g 932 21 135 41 1,067
1,101 74,158 217 | 170, 547 1,408
636 2,852 119 5,262 455
193 5, 528 120 10, 288 313
11,608 1,625 1,611 13, 555 13,219
13,874 3 3,481 433 17,355
76,813 88, 785 12,596 | 198,464 89,409
9,463 |- oooeneee 1,100 | cemeeeeen 10, 572
1 Domestlc shipments from Oak Ridge National Laboratory.
2 Includes irradiated units of Iodine 131 and Phosphorus 32,
LOCATION AND TYPE OF NEW USERS
[Jan. 1, 1956-Nov. 30, 1956]
MEDICAL | COLLEGES FEDERAL
STATES AND TERRI- |INSTITUTES AND INDUS- AND FOUNDA-
TORIES AND UNIVERSI- | TRIAL STATE TIONS AND | OTHER | TOTAL
PHYSICIANS TIES FirMS | LARORA- |INSTITUTES
TORIES
6
4
§
63
4
12
2
1
12
7
2
4
38
12
10
10
4
9
5

Michigan____.
Minnesota._
Mississipp:
Missouri. -

New Jersey..... -
New Mexico._
New York.._..
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ISOTOPE DISTRIBUTION

DATA

LOCATION AND TYPE OF NEW USERS—Continued
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[Jan. 1, 1956-Nov. 30, 1956]
MEDICAL | COLLEGES I FEDERAL F
INSTITUTES AND NDUS- LAND OUNDA-
ST“EST(‘)‘;{‘II%STERR" AND UNIVERSI- | TRIAL STATE | TIONS AND | OTHER | TOTAL
PHYSICIANS TIES FIRMS LARORA- [INSTITUTES
TORIES
Puerto Rico___.___._.__ 2
Rhode Island._ 3
South Carolina. 4
South Dakota_ 1
Tennessee. . 13
Texas._._. 43
Utah..___. 1
Vermont. . 1
Virginia_._ 12
Washington. 8
West Virginia. 9
Wisconsin. 9
‘Wyoming._ 2
Total____.__.____ 337 18 220 18 5 10 608
LOCATION AND TYPE OF ALL USERS

. [Aug. 2, 1946-Nov. 30, 1956]
Alaska_. oo .. 1 1 1 3
Alabama__ 12 3 4 39
Arizona... 9 1 2 16
Arkansas.. 14 1 1 24
California. 178 17 46 410
Colorado.. 32 3 4 56
Connecticut._ 17 5 2 77
elaware. .. 2 1 16
15 3 42
31 6 51
17 5 41
6 1 13
5 1 12
93 14 230
28 4 65
20 4 33
24 4 34
11 3 33
21 5 48
5 3 27
21 5 70
45 17 180
..... 50 8 105
22 9 44
Mississippi.. 6 3 20
Missouri._. 53 5 74
9 1 12
14 3 21
4 8
3 2 10
45 4 179
10 3 20
214 28 465
20 6 48
8 2 11
80 9 211
25 1 57
14 3 27
) O PO 2
73 11 231
7 1 10
6 2 22
5 3 15
South Dakota. 8 2 10
Tennessee... 29 5 56
Texas. ....._ 95 7 206
Utah.._..... 8 3 18
Vermont.... 4 1 7
Virginia..... 18 4 52
19 6 44
19 2 31
Wisconsin___ 30 3 80
Wyoming .. ______.__ 3 1 8
Total oo 1, 509 245 3, 624
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APPENDIX 4

SHIPMENTS OF RADIOACTIVE ISOTOPES TO FOREIGN COUNTRIES

TOTAL TOoTAL
JAN. 1, JANUARY JaN. 1, JANUARY
COUNTRY 1956-Nov. 1947 1O COUNTRY 1956-Nov. [ 1917 TO
30, 1958 Nov. 30, 30,1966 | Nov. 30,
1956 1956
Argentina_ .. ... 1 126 (| Ireland. ... ... .. 0 0
Australia_ 1 111 || Israel. 5 14
Austria.__.___ 1 2 | Italy_. 8 50
Belgian Congo. 0 3 || Japan.._ 92 496
Belglum______ 15 176 || Korea !__ 0 0
Bermuda 0 16 {| Lebanon 1 7
Bolivia t_ 0 0 || Mexico.._. 61 200
............ 109 477 || Netherlands. g 81
0 1 || New Zealand.. 1 13
anade.___._.___._ 389 1,296 || Nlearagua!.. 0 0
Chile..... 31 156 || Norway... 19 64
Colombia.. 17 34 || Pakistan_. 3 10
Qosta Rica. 1 2 || Paraguay! 0 0
Cub 103 445 {| Peru.__..___ 30 66
9 236 || Philippines.. 1 7
0 1|} Portugal ... 3 11
0 2 || Republic of China_ 1 2
1 1] 8 5 15
11 174 36 243
12 84
16 51 2 2
6 20 1 2
29 152 1 4
[ 1 0 5
0 1 6 37
10 35 0 11
0 1 38 68
0 5 1 2
12 41
0 3 Totaloe oo . 1,009 5,064
1 1
1 Authorized to recelve isotopes; no shipments made,
ToTAL TOTAL
Jan. 1, JANUARY Jawn. 1, JANUARY
KIND oF ISOTOPE 1966-N OV, 1947 TO KiIND OF ISOTOPE 1956-Nov. 1947 TO
30, 1956 Nov. 30, 30,1956 | Nov. 30,
1956 1456
Phosphorus 32. 81 1,021 37 144
Todine 131. 483 1,779 17 137
Carbon 14 46 395 292 954
Sulfur 35. 11 140
Iron 55, 59. 64 211 1,009 5,084
Cobalt 60.. 68 283




APPENDIX 5

ComMmissIoN-OwNED PATENTS

PATENTS ISSUED TO THE COMMISSION WHICH ARE AVAILABLE FOR LICENSING!

The following 111 United States Letters Patents owned by the United States
Government as represented by the Atomic Energy Commission are in addition to

patents listed in semiannual reports.
able for licensing at periodic intervals.

royalty-free basis.

The patents listed have been made avail-
Licenses are granted on a nonexclusive,

PATENT TITLE PATENTEE
0.
2,748,710 | Heat-Exchanger Pump.____..____ .. ... L. B. Vandenberg, 8haron Springs, N. Y.
2, 749, 520 Dhl'ectiﬂml Coupling Means for Transmis- | B. J. Bittner, Sandia Bass, N. Mex.
sion Lines.
2,750,254 | Process of RecoveringUranium From Its Ores.] R. A. Blake, Leadville, Colo.
2,750,500 | Linear Pulse Integrator.__..____._____________ W. R Aiken, Berkeley, Calif,
2,750,520 | Electrostatic Measuring Device______________ A. 8. Langsdorf, Jr., Rosells, Tll.
2, 751, 229 Resleaseatziled(}rlpper for Holding an Article | A. B, Bchultz, Western 8prings, Il
uspended,
2,751,273 | Particle Trajectory Plotter_ . __.____________._ B. H. Rankin, Berkeley, Callf.
2,751,344 | Electropolisher________.____. _________________ O. A. Kienberger, R. E. Greene, I. C. Flan-
* ders and A. R. Flynn, Osk Ridge, Tenn.
2,751, 5056 | Neutronic Reactor Device.__________________. H. L. Anderson, Chicago, I11.
2,751,662 | Method of Making an Electronic Grid.__.__.. W(.Jl?.fGlenn and W, E, Hostetter, Berkeley,
alif.
2,751,780 | Leakage Testing Apparatus_.._______.________ R. F. Plott, Chicago, I1l.
2,752,309 | Process for Water Decontamination_..____.__ . H. Emmons, Ann Arbor, Mich.; R. A.
Lauderdale, Jr., Cambridge, Mass.
2,752,508 | Counting-Rate Meter__._____________________ B, V., Zito, Jersey City, N.J.
2,753,250 | Solvent Extraction of Zirconium Values_.___. H. A. Wilhelm, Ames, Iowa; K. A, Walsh,
Los Allﬁmos, N. Mex.; J. V., Kerrigan, Chi-
cago, 111
2,753,462 | Neutron Flux Measuring Device____.____.... J 'IYTV'SIIVIOYM and H. Hurwitz, Jr., Schenectady,
2,754,179 | Mixer-Settler._________ . ____._ . _________.__. M. E. Whatley, Oak Ridge, Tenn.
2,754,422 | Source of Highly Stripped Tons_._.._______._. E.C J. LOfglénfi fAlbany, and W, W, Eukel, El
errito, Calif.
2,754,423 | Calutrons of the Multiple Ton Beam T'ype_...{ E. O. Lawrence, Berkeley, Calif.
2,755,253 | Neutron Scintillation Detector. .. ._._._.__._ C. O. Muelhause, Brookhaven, N, Y.; C. E,
Thomas, Naperville, Il
2, 756,387 | Ground Indicator for Calutrons. ..._._.__.___ C. O, Waugh, Oak Ridge, Tenn.
2,755,391 | Tonizatlon Chamber_._..._ ... J.J. Keyes, Jr., Newark, Del.
2,755,441 | Counting Rate Meter. ... H. D. Gulnac, 8anta Cruz, N. Mex.
2, 755,853 | Denltration Apparatus R. 8, Edgett, Pittsburgh, and A. O. Olson,
Indiana Township, Pa.
2,756,122 | Process for Recovering Uranlum and Vana- | D. C, McLean, Watertown, Mass,
dinm From Ores.
2,756,123 | Uranium-Vanadium Recovery and Purifica- | R. H. Bailes, Walnut Creek, and R. 8. Long,
tion Process. Vallejo, Calif.
2,756,124 | Uranium Chlorination Process_.____._._...... J.L. Pa’};gzerson, Oak Ridge, and A. Bell,Kings-
port, Tenn.
2,756,138 | Process of Vacuum Refining Uranium._______ Q. Meister, Newark, N. J.
2,756,489 [ Metal Alloy. ______ .. ... H. E. Morris, Chicago, IIL
2,756,857 | Positioning Device. _______...._. ‘W. H. McQorkle, Chicago, Il1.
2,756,858 | Fuel Charging Machine XK. Kasschau, Oak Ridge, Tenn.
2,756,925 | Centrifuge SBystems._.._ ... _______ R. H. Selkirk, New Brunswick, N. J.
2,756,930 | Computing Deviee. .. o ________ QG. T, Pelsor, Albuquerque, N. Mex.; H. 8.
BSack, Ithaca, N, Y.
2,757,072 | Recovery of Free and Combined Nitric Acid | N. M. Kapp, 8warthmore, and W, W, Wein-
From Metal Nitrate Liquors. rich, Wallingford, Pa.
2,757,799 | Automatic Filtration Equipment_____________ C. F. Ritchie, University City, Mo.
2,758,008 | Isotope Enrichment Process..._.___..._...__. J. M, Carter, Pasadena, and M. D. Kamen,
Berkeley, Calif.
2,758, 007 Etshelr tlEx’tracti(m of Uranfum Salt From | A. E. Ballard, Rochester, N. Y.
olutions,
2,758,023 Mﬁthod of Purifying Liquid Fuels of Nuclear | D. W, Bareis, Brookhaven, N. Y.
eactors.
2,758,024 | Method of Dissolving Binary Alloys_......... H, M. Feder and R. P. Larson, Forest Park;
H. B. Evans, Chicago, Ill.
3,758,213 | Calutron Receiver. ... oeveeeamans B. Peters, Berkeleg. Calif,
2,758,214 | Time-of-Flight Mass S8pectrometer. ... ..._.. W. E. Glenn, Jr., Schenectady, N. Y.

1 Patents listed as of December 18, 1956. Applicants for licenses should apply to Chief, Patent Branch,
Office of the General Counse], U. 8. Atomic Energy Commission, Washington 25, D. C., identifying the
subject matter by patent number and title.

281



282

APPENDIX §

PATENTS ISSUED TO THE COMMISSION WHICH ARE AVAILABLE FOR LICENSING 1—con.

PATENT TITLE PATENTEE
No.
2,758,706 | Inspection Conveying Apparatus.__.._....... F. B. Qninlan, Richland, Wash,
2,758,950 | Process for Producing Steel by Electroform- | J. ¥, Lakner, Los Alamos, N. Mex.
ing and Carburization.
2,758, 963 | Electrndeposition of Plutonium Fluoride.._.. M. Kahn, Berkeley, Calif.
2,759,175 | Leak Detector for Pipe Joint_ _____________.___ T. R. Spalding. Spencerville, Ind.
2,759,788 Pu{(iiﬁcation of Materials Containing Chlo- | L. Spiegler, Woodbury,
rides.
2,759,780 | Uranium Products and Methods of Using._._ L Spiegler, Woodbury, N. J.
2,759,790 | Purification of Materials Containing Fluo- | L. Spiegler, Woodbury, N. J.
rides.
2,759, 791 Puir(ilﬁcation of Materials Containing Chlo- | L. Spiegler, Woodbury, N. J.
rides.
2, 759, 801 SOII\Z?nt Extraction Apparatus Using Jet { J. M. Yeager and K. 8. Eckberg, St. Louis, Mo.
xers.
2,759,886 | Process of Treating Steel .. ... H. F. Priest, New York, N. Y.
, 760,064 | Pulse Analyser. ... P. R. Bell, Oak Ridge, Tenn.
2,760,076 | Arrangement for Minimizing Negative | J. T. Dalton, Knnxville, and R. H. Stevens,
Signals. Oak Ridge. Tenn.
2,760,158 | Method and Apparatus for Measuring Elec- | Q. A. Kerns, Berkeley, Oalif.
trical Current.
2,760, 655 | Remote Handling Apparatus__._.._..._...__ H. E. Foskuhl, Waynesville, Ohio.
2,761,063 | Electrostatic Memory System._. J. H. Rigelow, Prinecton, N, J.
2,761,071 | Fast Neutron Dosimeter_________________.___. ('} 8 Hurst, Oak Ridge, 'I‘enn
2,761, 756 Prfrlacessjdfor Production of Uranium Hexa- | H. F. Priest, New York, N. Y
uoride.
2,761,757 | Processes of Recovering Uranfum_._....._..__ M. D. Kamen, Berkeley, Calif.; A. DeHaan,
Jr., Oa®Ridge, Tenn,
2,761,758 | Process for Recovery of Uranium_.__....__.___ R, 8. Long, Vallejy; R. H. Bailes, Walnut
Creek; E. 8. DeHaven, Concord, Calif.
2,762,941 | Positive Ion Electrostatic Accelerator...._.___ C. M. Tarner. Stony Brook, N. Y,
2,763,570 | Wetting of Heat Transfer Surfaces With | 0. C. Shepard, Stanford, and E. P. Franch,
Liquefled Metal Heat Transfer Media. Granada Hilb Calif,
2,763, 611 Mﬁ}h?dls of Preventing Corrosion of Iron | C. R. Breden, La Grange, 1.
eta
2,763,816 | Spark Gap. ..o el W. R. Baker, Berkeley, Calif,
2,764, 301 | Remote Control Manipulator._.____.._.._._. R. C. Goertz, Lemont, .; R. Q. Schmitt,
Ft. Worth, "Tex.; A, Olsen, Lemont, I,
<, 764,470 | Purification of Uraninm.__.__________.___..___ C.L. Richardson éalem 8.B. Smith Wonds-
town; and G. B, Robbms, Penmgrove N J.
2,764,471 | Recovery of Urantum from Dilute Sclutions | G. W. Kinzer, Columbus, and R Moriu,
by a Precipitation. Grandview ﬁelghts Ohin
2,764,680 | Pulsed Oscillator_ . ... ________.___ .. __ W. C. Struven, Berkeley. Calif.
2,764,707 | Ton SOUrCe. _ - oo cemameaas R. B, Crawford Walnnt Creek; J. D.Gow,
W.'G. Pon, and L Ruby, Berkeley, Calif,
2.766,032 | Impregnated Crueible____.__________._.._.._. Q. Meister, Newark, N. 7.
2,766,110 | Method of Refining Uranium.__.._.._._..._._. G. Meister, Newark N.J.
2,766,204 [ Method for Decontamination of Radio- | C. 8. Lowe Niagara Falls, N. Y.
actively Contained Aqueous Solution.
2,766,442 | Leak Detection Apparatus..___.____._._.____ W. H. Meyer, Jr., W. Mifflin, Pa,
2,767,044 | Plutonium Recovery Process....__.o.......__ O. F. Hill, Champaign, Iii.; 8. Q. Thompson,
Richmond, Calif.
2,767,047 | Process of Separating Tantalum and Niobium | H. A. Wilhelm, Ames, Iowa; J. V. Kerrigan,
Values From Each Other. Chieago, Il
2,768, 059 | Process for Recovery of Uranium and the Up- | R. L. Bailes, Walnut Creek; R. C. Lindblom;
gfa%ir;g of Alkali-Uranium Fluoride Pre- and R. R. Grinstead, Concord, Calif.
cipitates.
2,768,134 | Testing Material in a Neutronic Reactor...__ E‘_ Fgrg i (Deceased); H. L. Anderson, Hart-
or
2,768,433 | Metallic Bond and Method...__..__......... 'I‘ 1.0 Dounel] Chieago. TH.
2,768,813 | Heat Exchangers. _..ccaocococoaaacon R. Q. Boyer, Berkolov, Calif,
2,768,871 | Process Using Carbonate Precipitation..____. H. 8. Brown and O, F. Hill, Oak Ridge, Tenn.;
A. H. Jaffey, Chicago, 1l
2,768,872 | Manufacture of Uranium Tetrafluoride....... D. X. Klein, Wilmington, and H. B. Gage,
Edge Moor Terrace, Del.
2, 768,873 | Method of Purifying Uranium. .. _.__._.__ N. C. Beese, Verona, N. Y.
2,769,094 | Time-of-Flight Neutron Spectrometer._ ... W. IdLgl]or, Rlchmond and B. Ragent, Con-
cor
2,769,776 | Method of Making a Product Containing . F. Reld New York, N. Y.
Uranium 237,
2,769, 780 | Precipitation Process.-----eeemceacmccmmmmana- W. E. Clifford, San Franecisco, Calif,; R. E.
Bnras, Richland, Wash.
2,769,908 | Pulse Forming Network. . .. _...c_...._. @G. D. Paxson, El Cerrito, Calif.
2,770,128 | Electronic Pressure Differential Wind Direc- | H. Moses, Park Forest, Ili.
tion Indicator.
2,770,520 | Recovery of Uranium From Phosphoric Acid | R. 8. Long, Solano, and R. H. Bailes, Walnut
and Phosphate Solutions by Ion Exchange. Creek, Calif.
2,770,521 | Separation of Uranium from Mixtures._______ L. Sﬁleg]er, Woodbury, N. T
2,770,522 | Method of Purifying and Recovering Vana- | R. Balles, Walnat Creek Csalif,; R. R

dinm From Phosphate-Containing Solu-

tions.

Grinstead. Concord, Calif.
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PATENTS ISSUED TO THE COMMISSION WHICH ARE AVAILABLE FOR LICENSING !—con,

PATENT TITLE PATENTEE
No.

2,770.590 | Reactor Cirenlating System._____.._..__._._... J. T. Serduke, E] Cerrito, Calif,

2,770,591 | Heavy Water Moderated Neutronic Reactor.! E. P. Wigner, Princeton, N. J.; ‘L. A. Ohlinger
and G. J. Young, Chicago, Il] A. M. Weln-
berg. Oak Ridge, Tenn.

2,770,884 | Limited Amplifier. ..ocoooooonoioaeo._. R. E. Thomasg, Walnut Creek, Calif,

2,770.7756 | Linear Accelerator.. - M. L. Good, Berkeley, Calif.

2,770,776 | Automatic Beam Sta _| R.J. Klein, Downers Grove, Ill.

2,770,856 | Crueible and Stopper ’I‘herefor A, LW 1Beeker, Oxford, Ohio; A. W, Woker, St.

ouis

2,771,199 | Remote Control Manjpulator D. Q. Jelatis, Red Wing, M.

2,771,338 | Manufacture of Uranjum Peroxide-. . L. Spiegler, Woodbury, N.T.

2,771,339 Proc%kxsesifor the Purification and R R. Q. Boyer, Berkeley, Calif.

of Urantum,

2,771,340 | Improved Uranlum Recovery and Purifica- | M. D, Kamen, Berkeley, Calif.; A. DeHaan,

tion Processes. Jr,, Oak Ridge Tenn,

2,771,357 | Method of Melting Metal Powdar in Vacuo..| D. Wroughton. Verona, N.7J.

2,771,582 | Phase Meter.... -| C. N. Winningstad, San Lorenzo; Q. A. Kerns,
Berkeley, Calif,

2,771,999 | Filtering Apparatus.. ... eoooeaoo R. Q. Boyer, Berkeley, Calif.

2,772,142 qu%?sses of Reclaiming Uranium From So- | R. Cummings, Berkeley, Calif.

1tions.

2,773,195 | Beam Regulator. . .. .._._._. ECQI Lawrence and Q. A. Kerns, Berkeley,

2,773,386 | Level Indicator. E. 0. bwickard Ir., Los Alamos, N. Mex

2,773.820 | Electrolytic Process of Ss\lvaolng Uranium....| R. Q. Boyer and 8. B . Kilner, Berkeley, Ca]lf

2,773.823 | Safety Device for a Neutronic Reactor. J. J. Goett (decoased)

2,773.824 | Electrolytic Cells ___. -] R. Q. Boyer and 3. B. Kilner, Berkeley, Calif.

2,773.825 | Electrolysis Apparatus. F. A, Newcombe, Nutley, N. J.

2,773,828 | Electrolytic Apparatus for the Recover:; of | N. O. Beese, Verona, and J. W, Marden, E.

Rare Refractory Metals. Orange, N, J.
2,774,488 | Remote-Control Manijpulator. .. ......._.... R. C. QGoertz, Downers QGrove, and R. B.

Wehrle, Lemont. 11.;

R. G. Schmitt, Jr,, Ft.
Worth, Tex.; R

f)lsen, Chieago, 11, T,

411053—57——20
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Reaurations orF tar U. S. Atomic EnErcy CoMMiIssION!

ParT 2—RuLBs OF PRACTICE
MISCELLANEOUS AMENDMENTS

The following rules are designed to
carry out the Commission’s responsi-
bility under Section 181 of the Atomic
Energy Act of 1954 (68 Stat. 953) to pro-
vide ‘‘such parallel procedures as will
effectively safeguard and prevent dis-
closure of Restricted Data * * * to un-
authorized persons with minimum im-
pairment of the procedural rights which
would be available if Restricted Data
* * ¥ were not involved.” Discharge of
this responsibility requires the framing
of novel procedures, and & delicate bal-
ancing of the need to provide adequate
protection for Restricted Data with the
importance of providing parties and the
public with access to the records of
administrative proceedings before the
Commission and information relating
thereto.

Because they may be needed in pend-
ing proceedings, the Atomic Energy
Commission has found that good cause
exists why the regulations in this part
should be made effective soon after ex-
piration of a 15-day period of notice of
proposed rule making, without the ous-
tomary 30-day period of notice. The
Commission will, however, continue its
study of the problems involved in the
rules with a view to making such further
changes as may from time to time appear
to be desirable. Members of the bar and
others are invited to subject these rules
and the manner of their administration
to extended study and to submit any fur-
ther comments and suggestions they
may have to the Commission.

Pursuant to the Administrative Pro-
cedure Act, Public Law 404, 79th Con-
gress, 2d Session, the following rules are

published as a document subject to codi~
fication, effective upon publication in the
FEDERAL REGISTER.

1. The following paragraph is added
to § 2.790:

(d) Matters of official record in any
proceedings subject to this part, which
are classified as Restricted Data and are
within a category specified in Appendix
“A”, Part 25 of this chapter, will be made
available for inspection by access per-
mittees in accordance with the regula-
tions in Parts 25 and 95 of this chapter.

2. The following subpart is added:

SUBPART H—SPECIAL PROCE-
DURES APPLICABLE TO AD-
JUDICIARY PROCEEDINGS IN-
VOLVING RESTRICTED DATA

8ec.

2.800 Purpose,

2.801 S8cope.

2.802 Definitions,

2.803 Protection of Restricted Data in proceedings
under this subpart,

2.804 Classification assistance,

2.805 Access to Restricted Data for parties—
security clearances.

2.808 Obligations of parties to avoid introduction
of Restricted Data.

2.807 Notlce of intent to Introduce Restricted
Data.

2.808 Contents of notice of intent to introduce
Restricted Data,

2.809 Rearrangement of suspension of proceedings.

2.810 Unclassified statements required.

2.811 Admissibility of Restricted Data.

2.812 Weight to be attached to classified evidence.

2.813 Review of Restricted Data received in evi-
dence,

2.814 Accoss under Part 25 of this chapter not
affected.

AUTHORITY; §§2.800 to 2.814 issued under sec.
161, 68 Stat. 948; 42 U, 8. C. 2201. Interpret or
apply sec. 181, 68 Stat. 953; 42 U. 8. C. 2231.

§ 2.800 Purpose. The regulations in
this subpart are issued pursuant to sec-
tion 181 of the Atomic Energy Act of

1 Policles and regulations of the U. 8. Atomic Energy Commission announced prior to December 1958
can be found in the Federal Register and in the following semiannual reports: Fifth, Sixth, Ninth, Tenth,
Eleventh, Twelfth, Thirteenth, Fourteenth, Fifteenth, Sixteenth, S8eventeenth, Nineteenth and Twentieth.
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REGULATIONS

1954 (63 Stat. 919) to provide such
parallel procedures in adjudicatory pro-
ceedings subject to this part as will
effectively safeguard and prevent dis-
closure of Restricted Data to persons
not authorized to receive it, with mini-
mum impairment of the procedural
rights which would otherwise be avail-
able to the parties if such information
were not involved.

§ 2.801 Scope. The provigions of this
subpart apply to all proceedings under
this part involving adjudication as that
term is used in the Administrative Pro-
cedure Act, except that §§ 2.807 to
2.814, inclusive, apply to such proceed-
ings only upon the service of a notice of
hearing pursuant to § 2.735.

§2.802 Definitions. As used in this
subpart,

(a) “Government agency’” means any
executive department, commission, inde-
pendent establishment, corporation,
wholly or partly owned by the United
States of America which is an instru-
mentality of the United States, or any
board, bureau, division, service, office,
officer, authority, administration, or
other establishment in the executive
branch of the Government;

(b) “Interested party”’ means a party
having an interest in the issue or issues
to which particular Restricted Data is
relevant. Normally the interest of a
party in an issue may be determined by
examination of the notice of hearing,
‘the answers and replies;

(¢) The phrase “introduced into a
proceeding’’ refers to the introduction
or incorporation of testimony or docu-
mentary matter into any part of the
official record of a proceeding subject
to this subpart;

(d) “Person’” means (1) any indi-
vidual, corporation, partnership, firm,
asgociation, trust, estate, public or
private institution, group, Government
agency other than the Commission, any
State or any political subdivision of, or
any political entity within a State, or
other entity; and (2) any legal successor,
representative, agent, or agency of the
foregoing;

285

(e) “Restricted Data’’ means all data
concerning (1) design, manufacture, or
utilization of atomic weapons; (2) the
production of special nuclear material;
or (3) the use of special nuclear material
in the production of energy, but shall
not include data declassified or removed
from the Restricted Data category pur-
suant to section 142,

§ 2.803 Protection of Restricted Data
in  proceedings under this subpart.
Nothing contained in this subpart shall
relieve any person from safeguarding
Restricted Data in accordance with all
applicable provisions of laws of the
United States and rules, regulations or
orders of any Government agency.

§ 2.804 Classification assistance. Up-
on request of any party or of the
presiding officer, AEC will designate a
representative to advise and assist the
presiding officer and the parties with
respect to security classification of in-
formation and the safeguards to be
observed.

§2.805 Access to Restricted Daita for
parties—Securily clearances—(a) Access
to Restricted Data introduced into pro-
ceedings. (1) Restricted Data which is
within a catezory specified in Appendix
“A” Part 25 of this chapter, and which
is introduced into a proceeding subject
to this subpart, will be made available
to any party to the proceeding who has
an appropriate security clearance, to ap-
propriately cleared counsel for a party,
and to such other appropriately cleared
individuals (including employees of a
party) as a party intends to use in con-
nection with the preparation or presen-
tation of his case.

(2) Other Restricted Data introduced
into a proceeding subject to this subpart
will be made available to any interested
party having an appropriate security
clearance; to appropriately cleared
counsel for an interested party; and to
such additional appropriately cleared
persons (including employees of a party)
as the AEC or the presiding officer deter-
mines are needed by such interested
party for adequate preparation or pres-
entation of his case. Where the interest
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of the party will not be prejudiced, ac-
tion upon an application for access under
this subparagraph may be postponed
until after a notice of hearing, answers
and replies have been served pursuant
to §§ 2.7385 to 2.737, inclusive.

(3) Any party desiring access to Re-
stricted Data introduced into the record
of a proceeding subject to this subpart
should submit an application for order
granting access pursuant to this section.

(b) Access to Restricted Dala nol in-
troduced into proceedings. (1) Upon
application showing that access to Re-
stricted Data may be required for the
preparation of a party’s case, and except
as provided in paragraph (h) of this
section, the AEC (or the presiding offi-
cer if one has been appointed) will issue
an order granting access to such Re-
stricted Data to the party upon his ob-
taining an appropriate security clear-
ance, to appropriately cleared counsel
for the party and to such other appropri-
ately cleared individuals as may be
needed by the party for the preparation
of his case.

(2) Where the interest of the party
applying for access will not be preju-
diced, the AEC or presiding officer may
postpone action upon an application
pursuant to this paragraph until after a
notice of hearing, answers and replies
have been served pursuant to §§ 2.735
to 2.737.

(¢) The AEC will process requests
for appropriate security clearances in
reasonable numbers pursuant to this
section. No charge will be made by
the AEC for costs of security clearance
pursuant to this section.

(d) The presiding officer may certify
to the Commission for its consideration
and determination any questions relat-
ing to access to Restricted Data arising
under this section. Notwithstanding
the provisions of § 2.748, any party
affected by a determination or order of
the AEC or the presiding officer under
this section respecting access to or the
safeguarding of Restricted Data, may
appeal forthwith to the Commission
from such determination or order. The
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filing by AEC of an appeal from an
order of a presiding officer granting
access to Restricted Data shall stay
such order pending determination of
such appeal by the Commission.

(e) Applications under this section for
orders granting access to Restricted
Data within a category specified in Ap-
pendix “A”; Part 25 of this chapter, will
normally be acted upon by the presid-
ing officer, if one has been appointed, or
by the General Manager. Applications
for orders granting access to Restricted
Data which is not within such a category
will be acted upon by the Commission.

(f) To the extent practicable, each
application for order granting access
under this section shall describe the sub-
jects of Restricted Data to which access
is desired and the level of classification
(e. g. Confidential, Secret) of such in-
formation; the reasons why access to
such information is requested; the names
of individuals for whom clearances are
requested; and the reasons why security
clearances will be requested for such
individuals.

(g) Upon the conclusion of a pro-
ceeding, the AEC will terminate all
orders issued in the proceeding for
access to Rrestricted Data and all secur-
ity clearances granted pursuant to such
orders; and may issue such orders re-
quiring the disposal of classified matter
received pursuant to such access orders
or requiring the observance of other
procedures to safeguard such classified
matter as it deems necessary to protect
Restricted Data.

(h) There may be incorporated in any
order issued pursuant to this section
such requirements, conditions and limi-
tations as are deemed necessary to pro-
tect Restricted Data.

(i) The Commission may refuse to
grant access to Restricted Data which is
not within a category specified in Appen-
dix “A” to Part 25 of this chapter upon
a determination that the granting of
such access will be inimical to the com-
mon defense and security.

Norte: Procedures for granting security clearances
are not contained in this part. Criteria, procedures
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and methods for resolving questions concerning the
eligibility of an Individual for security clearance are
contained in Part 4 of this chapter.,

§ 2.806 Obligation of parties to avoid
tniroduction of Restricted Data. It shall
be the obligation of all parties in a pro-
ceeding subject to this subpart to avoid,
insofar as is practicable, the introduction
of Restricted Data into the proceeding.
This obligation shall rest upon each
party whether or not all other parties
have appropriate security clearances.

§ 2.807 Notice of inlent to introduce
Restricted Data. (a) If, at the time of
service of a notice of formal hearing
pursuant to § 2.735, it appears to the
AEC that it will be impracticable for the
AEC to avoid the introduction of Re-
stricted Data into the proceeding, the
AEC will include in the notice of hearing
a notice of intent to introduce Restricted
Data.

(b) If, at the time of service of an
answer pursuant to § 2.736, it appears
to the party serving the answer that it
will be impracticable for the party to
avoid the introduction of Restricted
Data into the proceeding, the party
shall include in the answer a notice of
intent to introduce Restricted Data
into the proceeding.

(e) If, at any later stage of a proceed-
ing subject to this subpart, it appears
to any party that it will be impractica-
ble for the party to avoid the introduec-
tion of Restricted Data into the pro-
ceeding, the party shall give prompt
notice of intent to introduce Restricted
Data into the proceeding.

(d) Restricted Data shall not be in-
troduced into a proceeding after the
service of a notice of hearing unless a
notice of intent has been served and
filed in accordance with § 2.808 except
that in the discretion of the presiding
officer Restricted Data may be intro-
duced without the service and filing of
such notice where it is clear that no
party will be prejudiced by such intro-
duction.

§ 2.808 Contenis of notice of intent to
introduce Restricted Data. (a) A notice
of intent to introduce Restricted Data
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shall be filed with the AEC and copies
served upon all parties to the proceed-
ing. Such notice shall be unclassified
and, to the extent consistent with clas-
sification requirements, shall contain
the following information:

(1) The subject matter of the Re-
stricted Data which it is anticipated
will be involved;

(2) The level of classification of such
information (e. g., Confidential, Secret);

(3) The stage of the proceeding at
which he anticipates a need to introduce
such information; and

(4) The relevance and materiality of
such information.

(b) In the discretion of the presiding
officer, such notice, when required by
§ 2.807 (c), may be given orally.

§ 2.809 Rearrangement or suspension
of proceedings. In any proceeding where
a party gives notice of intent to intro-
duce Restricted Data, and the presiding
officer determines that any other inter-
ested party does not have appropriate
security clearances, the presiding officer
may in his discretion:

(a) Rearrange the normal order of
the proceeding in such a manner as to
give such interested parties opportunity
to obtain appropriate security clear-
ances with minimum delay in comple-
tion of the proceeding; or

(b) Suspend the proceeding or any
portion thereof until all interested par-
ties have had opportunity to obtain ap-
propriate security clearances: Provided,
That no proceeding shall be suspended
for such reason for more than 100 days
except with the consent of all parties or
upon a determination by the presiding
officer that further suspension of the
proceeding would not be contrary to
the public interest; or

(¢) Take such other action as he de-
termines to be appropriate.

§ 2.810 Unclassified statements re-
quired. (a) Whenever Restricted Data
is offered in evidence at a formal hear-
ing, the party offering such information
shall submit to the presiding officer and
to all parties to the proceeding an un-
classified statement setting forth the in-
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formation contained in the classified
matter as accurately and completely as
possible.

(b) In accordance with such proce-
dures as may be agreed upon between
the parties or prescribed by the presiding
officer, and after notice to all parties and
opportunity to be heard thereon, the
presiding officer shall determine whether
the unclassified statement or any portion
thereof, together with any appropriate
modifications suggested by any party,
may be substituted for the classified
matter or any portion thereof without
prejudice to the interest of any party or
to the public interest.

(o) If the presiding officer determines
that the unclassified statement, together
with such unclassified modifications as
he finds are necessary or appropriate
to protect the interest of other parties
and the public interest, adequately sets
forth the relevant and material informa-
tion contained in the classified matter,
he shall direct that the classified matter
be excluded from the record of the pro-
ceeding and such determination will be
considered by the Commission as a part
of the decision in the case where appro-
priate exceptions are filed to the presid-
ing officer’s determination.

(d) If the presiding officer determines
that an unclassified statement does not
adequately present the relevant and ma-
terial information contained in the clas-
sified matter, he shall include his reasons
therefor in his determination. Said de-
termination shall be included as a part
of the record and will be considered by
the Commission in reviewing the case.

(e) The presiding officer may in his
discretion postpone all or part of the
procedures established in this section
until the reception of evidence has been
completed: Provided, That service of the
statement required in paragraph (a)
of this section shall not be postponed
where any party does not have access to
the Restricted Data.

§ 2.811 Admissibility of Restricted
Data. Presiding officers shall not receive
any Restricted Dats in evidence unless:
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(a) The relevance, materiality and
competence of such information is
clearly established; and

(b) The exclusion of such information
would prejudice the interests of a party
or the public interest.

§ 2.812 Weight to be attached to clas-
sified evidence. In considering the
weight and effect of any Restricted Data
received in evidence to which an inter-
ested party has not had opportunity to
receive access, the presiding officer and
the Commission shall give to such evi-
dence such weight as, under the circum-
stances, is appropriate, taking into
congideration any lack of opportunity
for such parties to rebut or impeach the
evidence.

§ 2.813 Review of Restricted Data re-
ceived in evidence. At the close of the
reception of evidence, the presiding of-
ficer shall review the record and shall
direct that any Restricted Data therein
be expunged from the record where such
expunction would not prejudice the in-
terests of a party or the public interest.
Such directions by the presiding officer
will be considered by the Commission in
reviewing the case where appropriate
exceptions are filed to the directions.

§ 2.814 Access under Part 25 of this
chapter not affected. Nothing contained
in this subpart or any order issued pur-
suant hereto shall be deemed to abridge
access to Restricted Data to which any
person may be entitled under the regula-
tions in Part 25 of this chapter.

Dated at Washington, D. C., this 4th
day of December 1956,

K. E. FieLps,
General Manager.,

ParT 4—SECcURITY CLEARANCE
PROCEDURES

CRITERIA AND PROCEDURES FOR DETER-
MINING ELIGIBILITY FOR SECURITY
CLEARANCE

Effective upon publication in the Fep-
ERAL REGISTER the following amend-
ments are made to Part 4, Title 10,
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CFR, ‘“Criteria and Procedures for
Determining Eligibility for Security
Clearance.”

1. There is added a new section desig-
nated as § 4.5 reading as follows:

§ 4.5 Definitions. As used in this
part:

(a) “Personnel Security Board’’ means
an advisory board appointed by the
Manager of Operations and consisting
of four members, one of whom shall be
a non-voting member who shall act as
counsel to the Board;

(b) “Board” means the three voting
members of the Personnel Security
Board.

2. The introductory text of paragraph
(d) of § 4.10 is amended to read as
follows:

(d) In resolving a question concern-
ing the eligibility of an individual for
security clearance, the following princi-
ples shall be applied by the Board:

3. The heading and paragraphs (a),
(c), (e), (), (g) and (h) of § 4.25 are
amended to read as follows:

§ 4.256 Appoinitment of Personnel Se-
curity Boards. (a) Upon receipt from
the individual of his written answer to
the notification letter, signifying his
desire to appear before a Personnel Se-
curity Board, the Manager shall forth-
with appoint a Personnel Security Board
consisting of four members, one of whom
shall be a nonvoting member who shall
act as counsel to the Board in accordance
with the provisions of §§ 4.26 and 4.27.
One member of the Board shall be desig-
nated as the Chairman of the Personnel
Security Board;

(¢) The personnel of the Board shall
be selected from a panel of individuals
possessing the highest degree of integ-
rity, ability, and good judgment. Such
panels may include employees of the
AEC or its contractors but no AEC em-
ployee shall gerve as a voting member of
a Personnel Security Board hearing the
case of an AEC employee, or applicant
for AEC employment, and no employee
of an AEC contractor shall serve as a
voting member of a Personnel Security
Board hearing the case of an employee
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of, or an applicant for employment with,
that contractor;
*# * * * *

(e) No person shall serve as a member
of a Personnel Security Board who has
prejudged the case to be heard; who
possesses information that would make
it embarrassing to render impartial rec-
ommendations or advice; or who for bias
or prejudice generated for any reason
would be unable to render fair and im-
partial recommendations or advice;

(f) Immediately upon the appoint-
ment of a Personnel Security Boaid, the
Manager will notify the individual of
the identity of the members of the Per-
sonnel Security Board and of his right to
challenge any member for cause, such
challenge or challenges, accompanied by
the reasons therefor, to be submitted to
the Manager within seventy-two hours
of the receipt of the notice;

(g) In the event that the individual
challenges & member or members of the
Personnel Security Board, the justifica-
tion of the action of the individual shall
be determined by the Manager. Where
the challenge of the individual is sus-
tained, the Manager shall forthwith ap-
point such new members as required to
constitute a full Personnel Security
Board and notify the individual. The
individual shall have the right to chal-
lenge such new members for cause and
such challenge shall be dealt with in the
same manner as an original challenge.
The Manager shall also notify the indi-
vidual of his rejection of any challenge.
The Personnel Security Board shall con-
vene a8 soon as is reasonably practicable;

(h) The Manager of Operations shall
notify the individual in writing, at least
one week in advance, of the date, hour,
and place the Personnel Security Board
will convene. In the event the individual
fails to appear at the time and place
specified, a recommendation as to the
final action to be taken shall be made by
the Manager of Operations to the Gen-
eral Manager on the basis of the exist-
ing record. However, the Manager of
Operations may for good cause, at the
request of the individual, permit the in-
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dividual to appear before a Personnel
Security Board at a newly scheduled
date, hour, and place.

4. The heading and paragraphs (a)
and (b) of § 4.26 are amended to read as
follows:

§ 4.26 Appointment of Counsel to the
Boards. (a) Managers of Operations
shall appoint an attorney as a non-voting
member of the Personnel Security Board
{o serve as counsel to the Board; such
attorney shall possess the highest degree
of integrity, ability and good judgment
and shall have an AEC “Q” clearance.
Counsel to the Board may be an em-
ployee of the AEC, or he may be an
attorney specifically retained to serve
as Counsel to the Board;

(b) Counsel to the Board shall not
participate in the deliberations of the
Board, and shall express no opinion to
the Board concerning the merits of the
case. He shall advise the Board con-
cerning the meaning and application of
the procedures. He shall also advise
the individual of his rights under these
procedures when the individual is not
represented by counsel of his own
choosing.

5. Paragraph (a) of §4.27 is amended
to read as follows:

(a) The proceedings shall be presided
over by the Chairman of the Personnel
Security Board and shall be conducted
in an orderly and decorous manner with
every effort made to protect the interests
of the Government and of the individual
and to arrive at the truth. In no case
will undue delay be tolerated nor will the
individual be hampered by unduly re-
stricting the time necessary for proper
preparation and presentation. In per-
forming their duties, the members of
the Board shall avoid the attitude of a
prosecutor and shall always bear in mind
and make clear to all concerned that the
proceeding is an administrative hearing
and not a trial.

6. Paragraph (b) (1) of § 4.29 is
amended to read as follows:

(1) Refer the matter to the Personnel
Seourity Board which had been ap-
pointed in the individual’s case when the
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Manager of Operations has not yet
forwarded his recommendation to the
General Manager. The Board receiving
the application for the presentation of
new evidence shall determine the form
in which it shall be received, whether by
testimony before the Personnel Security
Board, by deposition or by affidavit.

7. Paragraph (g) of § 4.22 is amended
to read as follows:

(g) That the individual will have the
right to appear personally before a
Personnel Security Board and present
evidence in his own behalf, through
witnesses, or by documents, or both, and
subject to the limitations set forth in
§ 4.27 (f) and (m), be present during
the entire hearing and be represented by
counsel of his own choosing,.

(Sec. 161, 68 Stat. 948; 42 U. 8. C. 2201)

Dated at Washington, D. C., this 12th
day of September 1956.

K. E. FiELDs,
General Manager.

Part 9—PusrLic REcorps

Notice is hereby given that the Atomic
Energy Commission has adopted the fol-
lowing rules. Because these rules may
be needed in pending proceedings, the
Atomic Energy Commission has found
that good cause exists that the rules
should be made effective upon publica-
tion without the customary 30-day
period provided by section 4 (c) of the
Administrative Procedure Act, Public
Law 404, 79th Congress, 2d Session.
Sec.

Scope.

Definitions.

Inclusion.

Exceptions.

Location,

Coples.

Production or disclosure.

AUTHORITY: § § 9.1 to 9.7 issued under see, 161, 68
Stat. 948: 42 U. 8. C, 2201. Interpret or apply sec.
3, 60 Stat, 238, 5 U. 8. C. 1002.

§ 9.1 Scope. This part prescribes
the rules governing the Atomic Energy
Commission’s public records which
relate to any proceeding subject to
Part 2 and Part 25 of this chapter.
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§ 9.2 Definitions.
part:

(a) “Public records” means those
documents in the custody of the AEC
which are available for public inspection.

(b) “Filings” means:

(1) Applications or other documents
seeking Commission aection, notices,
orders, motions, answers, replies, objec-
tions, stipulations, exceptions, proofs of
service briefs, transcripts of hearings,
exhibits received in evidence, decisions,
licenses, permits, rules, and regulations.

(2) Exhibits, attachments and appen-
dices to, amendments and corrections of,
supplements to, and transmittals and
withdrawals of any of the foregoing.

(e) “Government agency’’ means any
executive department, commission, inde-
pendent establishment, corporation,
wholly or partly owned by the United
States of America which is an instru-
mentality of the United States, or any
board, bureau, division, service, office,
officer, authority, administration or
other establishment in the executive
branch of the Government.

(d) “Commission’” means the com-
migsion of five members or a quorum
thereof sitting as a body, as provided by
section 21 of the Atomic Energy Act of
1954.

(e) “AEC” means the agency estab-
lished by the Atomic Energy Act of
1954, comprising the members of the
Commission and all officers, employees,
and representatives authorized to act in
the case or matter whether clothed with
final authority or not.

(f) “AEC personnel’”” means em-
ployee, consultants, and members of
advisory boards of the AEC.

§ 9.3 Inclusions. Except as excluded
by § 2.403 of this chapter, the following
matters are included in the public rec-
ords:

(a) All filings in proceedings.

(b) All correspondence or portions of
correspondence to and from AEC re-
garding the issuance, amendment, trans-
fer, renewal, modification, suspension.
or revocation of a license or permit or
regarding & rule-making proceeding sub-
ject to Part 2 of this chapter.

As used in this
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(¢) All correspondence or portions of
correspondence to and from AEC as to
the interpretation or applicability of
any statute, rule, regulation, order,
license, or permit; and letters of opinion
as to such matters signed by the
General Counsel.

(d) All filings in court proceedings
to which the AEC is a party and all
correspondence with the courts or clerks
of the court.

§ 9.4 Exceptions. The following are
not ineluded in the public records:

(a) Documents withheld in accord-
ance with the provisions of § 2.790 (b)
and (c) of this chapter.

(b) Documents relating to personnel
matters and medical and other personal
information, which, under general gov-
ernmental personnel practices, are not
normally made public.

(c) Intra-agency and inter-agency
communications, including memoranda,
reports, correspondence, and staff papers
prepared by members of the Commis-
sion, AEC personnel, or by any other
Government agency for use within the
AEC or within the executive branch
of the Government.

(d) Transeript or other records of
Commission meetings except those Com-
mission meetings which constitute public
hearings.

(e) Correspondence between the AEC
and any foreign government.

(f) Records and reports of investi-
gations.

{g) Documents classified as Restricted
Data under the Atomic Energy Act of
1954 or classified under Executive Order
No. 10501, except that documents classi-
fied as Restricted Data which would
otherwise be public records defined in
§ 9.3 and not excepted by this part
will be made available in accordance
with Part 25 of this chapter or will be
made available to members of Congress
upon authorization by the Commission.

(h) Correspondence received in con-
fidence by the AEC relating to an alleged
or possible violation of any statute, rule,
regulation, order, license or permit.

(i) Correspondence with members of
Congress or congressional committees,
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unless and until such correspondence is
released by the member of Congress or
congressional committee concerned.

(j) Any other documents involving
matters of internal agency management.

§ 9.6 Location. Public records nor-
mally will be made available for inspec-
tion in the Public Document Room lo-
cated at 1717 H Street NW., Wash-
ington, D. C.

$ 9.6 Copies. Copies of public rec-
ords, not available elsewhere, will be
made available upon request and pay-
ment of any charges for reproduction.

§ 9.7 Production or disclosure. (a)
AEC personnel shall not produce or dis-
close the contents of any material that
falls within the scope of § 9.4, except as
provided in paragraph (b) of this section.

(b) AEC personnel served with the
subpoena requiring the production or
disclosure of any material that falls
within the scope of § 9.4 shall appear in
response thereto and shall respectfully
decline to produce or disclose the ma-
terial called for, basing refusal upon this
section: Provided, however, That the
Commission or the General Manager
may authorize the production or dis-
closure of any material that falls within
the scope of § 9.4 if it is deemed that
such disclosure is not contrary to the
public interest. Any person who is
gserved with such a subpoena shall
promptly advise the AEC thereof and
of any relevant facts and the Commis-
sion or the General Manager will give
such instructions as it is deemed advis-
able.

Dated at Washington, D. C., this 4th
day of December 1956.

K. E. FigLps,
General Manager.

Parr 30—LicENsiNG oF BypPropuCT
MATERIAL

MISCELLANEOUS AMENDMENTS

This amendment to 10 CFR, Part 30,
Licensing of Byproduct Material, is pub-
lished for the purpose of adding to
§ 30.71, Schedule A, three classes of de-
vices which may be possessed and used
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under the general license contained in
§ 30.21 (a) (1) when such devices are
manufactured, tested and labeled in ac-
cordance with the specifications con-
tained in a specific license issued to the
manufacturer under these regulations;
and to add small quantities of beta and/
or gamma emitting byproduct material
to the list of byproduct materials gen-
erally licensed pursuant to §§ 30.21 (a)
(2) and 80.72. Inasmuch as thig amend-
ment is intended to relieve from, rather
than to impose, restrictions, the Atomic
Energy Commission has found that gen-
eral notice of proposed rule-making and
public procedure are unnecessary and
that good cause exists why the regula-
tions should be made effective without
the customary period of notice.

Part 30, Title 10, CFR, Licensing of
Byproduct Material, is hereby amended
in the following respects:

1. Section 30.71 Schedule A is amended
to read as follows:

§ 30.71 Schedule A. The following de-
vices and equipment incorporating by-
product material, when manufactured,
tested and labeled by the manufacturer
in accordance with the specifications
contained in a specific license issued to
him pursuant to the regulations in this
part, are placed under a general license
pursuant to § 30.21 (a) (1).

(a) Static elimination device. De-
vices designed for use as static elimina-
tors which contain, as a sealed source
or sources, byproduct material consist-
ing of a total of not more than 500 micro-
curies of Polonium 210 per device.

(b) Spark gap and electronic tubes.
Spark gap tubes and electronic tubes
which contain byproduct material con-
gisting of not more than 5 microcuries
per tube of Cesium 137, or Nickel 63, or
Krypton 85 gas, or not more than one
microcurie per tube of Cobalt 60.

(¢) Light meter. Devices designed
for use in measuring or determining light
intensity which contain, as a sealed
source or sources, byproduct material
consisting of a total of not more than 200
microcuries of Strontium 90 per device.
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(d) Ion generating tube. Devices de-
signed for ionization of air which con-
tain, as a sealed Bource or sources,
byproduct material consisting of a total
of not more than 500 microcuries of
Polonium 210 per device.

2. Section 30.72 Schedule B is amended
as follows:

a. The abbreviation for Cesium-
Barium 137 is corrected to read “(CsBa
1387).”

b. The following is inserted at the end
of the presently scheduled byproduct
materials, immediately under Zine 65:

Colomn Column
No. I No. 11
Beta and/or Gamma emit- | Notasa | As a sealed
ting byproduet materjal sealed |source (mi-
not listed above source corcuries)
(micro-
curies)
1 10

(Sec. 161, 68 Stat. 948; 42 U. 8. C. 2201)

Dated at Washington, D. C., this 27th
day of September 1956,
For the Atomic Energy Commission.
K. E. FinLps,
General Manager.

ParT 30—LicENsiNGg oF ByPropucT
MATERIAL

APPLICATIONS FOR SPECIFIC LICENSES;
ELIMINATION OF REQUIREMENT FOR
SIGNATURE UNDER OATH OR AFFIRMA-
TION

This amendment to Title 10, Part 30,
Licensing of Byproduct Material, elimi-
nates the requirement that applications
for specific licenses must be signed under
oath or affirmation. Because this
amendment merely eliminates a present
-procedural requirement, the Atomic
Energy Commission has found that gen-
eral notice of proposed rule making and
public procedure thereon are unneces-
sary and would be contrary to the public
interest; and that good cause exists why
this amendment should be made effec-
tive without the customary 30-day
period of notice.
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Paragraph (c) of § 30.22 is amended
by deleting the words ‘“under oath or
affirmation.”

(Beo. 161, 68 Stat. 948; 42 U.8.C. 2201)

Dated at Washington, D. C,, this 17th
day of September 1956.
For the Atomic Energy Commission.
K. E. FieLps,
General Manager.

Parr 25—Access To RESTRICTED
Dara

CONTROLLED THERMONUCLBAR
PROCESSES

The following amendments to Title
10, CFR, Part 25, Access to Restricted
Data, establish special requirements for
access to Secret Restricted Data in
Category C-20 Controlled Thermonuclear
Processes. Because these amendments
are required in the interests of the com-
mon defense and security, the Com-
migsion has concluded that they should
be effective without a prior period of
notice.

1. Add the following sentence at the
end of 25.11 (b) (7): “In addition, if
access to Secret Restricted Data in cate-
gory C-20 Controlled Thermonuclear
Processes is requested, the application
should also include sufficient informa-
tion to satisfy the requirements of
25.15 (b) (2).

2. Paragraph (b) of 25.15 is amended
by adding “(1)” after “(b)’’ and adding
the following subparagraph at the end
thereof:

(2) An application for access to
Secret Restricted Data in category C-20
Controlled Thermonuclear Processes will
be approved only if the application
demonstrates also that the applicant,

(i) Is engaged in a substantial effort
to develop, design, build or operate a
fission power reactor that is planned for
construction; or

(ii) Possesses qualifications demon-
strating that he is capable of making a
signifioant contribution to research and
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development in the controlled thermo-
nuclear field.
Dated at Washington, D. C., this
30th day of July 1956.
K. E. Fierps,
General Manager.

(Sec. 161, 68 Stat. 948; 42 U.S.C. 2200

Parr 50—LicENsiNg oF PropucTION
AND UTiLizaTioN FACILITIES

EFFECT OF FINDING OF PRACTICAL VALUE
UPON LICENSES PREVIOUSLY ISSUED

This amendment to Title 10, CFR
Part 50, ‘“Licensing of Production and
Utilization Facilities,” is published for
the purpose of adding § 50.24 Effect of
finding of practical value upon licenses
previously issued, to the regulation.
Inasmuch as this amendment is designed
to clarify existing regulations and not
to effect any change in the Commission’s
procedures and requirements, the
Atomic Energy Commission has found
that general notice of proposed rule
making and public procedure are un-
necessary, and that good cause exists
why the regulation should be made
effective without the customary period
of notice.

Title 10, Chapter I, Part 50, Code of
Federal Regulations, entitled “Licensing
of Production and Utilization Facilities,”
is hereby amended by adding the
following section to follow § 50.23:

§ 50.24 Effect of finding of practical
value upon licenses previously issued.
The making of a finding of practical
value pursuant to section 102 of the act
will not be regarded by the Commission
ag grounds for requiring:

(a) The conversion to a Class 103
license of any Class 104 license prior to
the date of expiration contained in the
license; or

(b) The conversion to a Class 103
license of any construction permit, issued
under section 104 of the act, prior to the
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date designated in the permit for
expiration of the license.

(60 Stat. 755-775; 42 U. 8. C. 1801-1819)

Dated at Washington, D. C., this 23rd
day of November 1956.
For the Atomic Energy Commission.
K. E. FieLbs,
General Manager.

Parr 55—0pERATORS’ LICENSES

APPLICATIONS FOR SPECIFIC LICENSES
AND STATEMENTS; ELIMINATION OF
REQUIREMENT FOR SIGNATURE UNDER
OATH OR AFFIRMATION

This amendment to Title 10, Part 55,
Operators’ Licenses, eliminates the re-
quirement that applications for specific
licenses and statements must be signed
under oath or affirmation. Because
this amendment merely eliminates a
present procedural requirement, the
Atomic Energy Commission has found
that general notice of proposed rule
making and public procedure thereon
are unnecessary and would be contrary
to the public interest; and that good
cause exists why this amendment should
be made effective without the customary
30-day period of notice.

Paragraph (d) of § 55.10 is amended
by deleting the words ‘“‘under oath or
affirmation” from the second sentence
thereof. Paragraph (a) of § 55.33 is
amended by deleting the words “under
oath or affirmation” from the first
sentence thereof.

(Sec. 161, 68 Stat. 948; 42 U. 8. C. 2201)

Dated at Washington, D. C., this 17th
day of September 1956.
For the Atomic Energy Commission,
K. E. Fiewps,
General Manager.

Parr 60—Domestic UranNium Pro-
GRAM ALLOWANCES

Notice is hereby given that the fol-
lowing amendment has been adopted
by the Atomic Energy Commission
effective upon publication in the
FEpBRAL REGISTER.
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10 CFR 60.5a (3) (i) is amended to
read as follows:

3) Allowances. (i) A development
allowance of $0.50 per pound U,;Os in
ores assaying 0.10 percent UzOg or more
in recognition of expenditures incurred
or likely to be incurred in the develop-
ment or exploration necessary for main-
taining and increasing developed re-
serves of uranium ores. Fractional
parts of a pound will be paid for on a
pro rata basis to the nearest cent.

* * * * *

Dated at Washington, D. C., this
9th day of August 1956.
K. E. FiELps,
General Manager.

Part 60—DomesTic URANIUM
ProGrAM

BONUS FOR INITIAL PRODUCTION OF
TURANIUM ORE FROM NEW DOMESTIC
MINES

Section 60.6 (c) of Title 10 is amended
by extending the period for payment of
bonus for initial production of uranium
ore from new domestic mines from Feb-
ruary 28, 1957, to March 31, 1960, so
that § 60.6 (c) shall read as follows:

§ ©0.6. Bonus for initial production of
uranium ores from new domesiic mines.
* % ok

(¢) Term of this section. 'This section
will apply to deliveries made under its
terms between March 1, 1951, and
March 31, 1960, inclusive.

Dated at Washington, D. C., this 7th
day of November 1956,

(60 Stat. 755-775;42 U. 8. C. 1801-1810)

By order of the Commission.
R. W. Coorx,
Acting General Manager.

Parr 60—DomEsTICc URANIUM PROGRAM

URANIUM LEASES ON LANDS CONTROLLED
BY COMMISSION

Notice is hereby given that the fol-
lowing regulations have been adopted
by the Atomic ¥nergy Commission,
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effective upon publication in the FEp-
ERAL REGISTER:

§ 60.8 Uranium leases on lands con-
trolled by the Commission—(a) What
this section does. This section sets forth
regulations governing the issuance of
leases for mining deposits of uranium in
public lands withdrawn from entry and
location under the general mining laws
for the use of the Commission, and in
certain other lands under Commission
control.

(b) Statutory authority. The Atomic
Energy Act of 1954 (68 Stat. 919) is the
authority for this section.

(c) Who may hold leases. Only par-
ties who are (1) citizens of the United
States; (2) associations of such citizens;
or (3) corporations organized under the
laws of the United States or territories
thereof, are eligible lessees under this
section. Persons under 21 years of age
or employees of the Commission are not
eligible.

(d) Issuance of leases through com-
petitive bidding. Except under special
circumstances as provided in this section
a lease will be issued only to the accepta-
ble bidder offering the highest cash
bonus. Before any lease is awarded the
Commission may require high bidders to
submit a detailed statement of the facts.

(e) Solicitation of bids. Invitation to
bid for a lease will be publicly posted and
published. Copies will also be mailed
to parties who submit to the Commis-
sion’s Grand Junction, Colorado, Opera-
tions Office written request that their
names be placed on 2 mailing list for the
receipt of such invitations. The invita-
tion will set forth the location of the land
or deposits to be leased, the term,
royalty rate, work requirements and
certain other conditions which will
become a part of the lease. The invi-
tation will specify a period following
notice of award during which the
successful bidder may explore the land
or deposit, and will also specify ihe
percentage of the bonus offered which
must be transmitted with the bid and
set the place and time the bids will be
publicly opened. A detailed statement
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of the terms of the invitation and the
factual data pertinent to the land or
deposit obtained from Commission
exploration will be available for public
inspection at offices listed in the
invitation and upon payment of a
nominal charge copies of these state-
ments and data may be acquired from
the Grand Junetion Operations Office.
(f) Bidding requiremenis; deposils.
All bids must be filed at the place and
prior to the time set in the invitation.
Each bid must be sealed and accom-
panied by a deposit, in the form of a cer-
tified check, cashier’'s check, bank draft
or cash, equal to the specified percentage
of the bonus offered. Deposits of unsuc-
cessful bidders will be returned. If the
bidder is an individual he must submit
with his bid a statement of his citizen-
ship and age. If the bidder is an associ-
ation (including a partnership), the bid
shall be accompanied by a -certified
copy of the articles of association
together with a statement as to the
citizenship and age of its members. If
the bidder is a corporation, evidence
that the officer signing the bid had
authority to do so and a statement as
to the state of incorporation shall also
be submitted.
(_(g) Award of lease. Following public
opening of the bids the Commission, sub-
ject to the right to reject any and all
bids, will determine the successful
bidder. Ip the event the highest accept-
able bids are tie bids, a public drawing
will be held by the Commission to
determine the successful bidder. After
notice of award and prior to expiration
of the period prescribed in the invita-
tion, the successful bidder may explore
the land or deposit, shall execute and
return to the Commission three (3)
copies of the lease and shall pay the
balance of the bonus unless the bidder
chooses to forfeit his deposit. Should
the successful bidder fail to execute the
lease and pay the balance of the bonus
within the time specified in the invita-
tion, or fail to otherwise comply with
applicable regulations, he will also
forfeit his deposit. In such event the
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Commission may offer the lease to the
second highest acceptable bidder. If the
awarded lease i8 exeouted by the bidder
through an agent, evidence of authori-
zation must be submitted.

(h) Dating of lease. A lease issued
under this section will ordinarily be ef-
fective as of the date it is signed by the
Commission.

(i) Term of lease. A lease shall be for
the period specified in the invitation to
bid. When deemed desirable by the
Commission it will state in the invitation
that the lease term may be extended for
a specified period and upon stipulated
conditions at the option of the lessee.
In such event the lease will include this
option.

(§) Royalty. Royalty shall be at the
rate specified in the invitation to bid.

(k) Direction of ore shipments. The
lessee shall ship all ore with reasonable
diligence to such uranium ore receiving
station or purchaser within the United
States as the Commission may desig-
nate, and shipment shall be at lessee’s
own expense up to 100 miles. The Com-
mission reserves the right to take and
remove all ores not so shipped with
reasonable diligence, and to credit the
lessee with the value of such ores less
sums due the Government from the
lessee, including the cost of such taking
and removal. The Commission also re-
serves the property and right to prop-
erty in and to all ores not shipped
within sixty (60) days after the expira-
tion or other termination of the lease.
Unless the Commission directs other-
wise, all ores which are of too low a
grade to be acceptable under the Com-
mission’s published price schedule ap-
plicable to such ore shall remain on the
leased premises and be kept separate
from and not mixed with waste.

() Initial production bonus. Bonus
payments under Domestic Uranium Pro-
gram Circular 6 will not be made on
ores produced from propertics leased to
private operators by the Commission
except under special circumstances and
ag provided for in the lease.
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(m) Work requirements. A condition
of every lease entered into under these
regulations will be the conduct on the
leased premises of exploration, develop-
ment, and mining activities with rea-
sonable diligence, and the skill and care
required to achieve and maintain maxi-
mum production of uranium ore con-
sistent with good and safe mining prac-
tice. A lease may require a minimum
number of man-shifts during a desig-
nated period.

(n) Lessee’s records. Leases shall pro-
vide that the lessee keep proper records
of (1) shifts worked; (2) wages and sala-
ries paid; (3) expenditures for supplies
and services and costs of operation of
every kind; (4) tonnage and grade of
ore mined; (5) development work and
drilling performed; and (6) such other
matters as in the Commission’s opinion
would be of assistance to it in deter-
mining the cost of the operation.

(o) Rights of Commission, The Com-
misgion regerves the right to enter upon
the leased property and into all parts
of the mine for inspection and other
purposes. The Commission and its con-
tractors shall have free access to the
property for conducting exploratory
work. The Commission also reserves
the right to grant to other persons ease-
ments or rights of way upon, through, or
in the leased premises. The Commis-
sion and the Comptroller General of the
United States or any of his duly author-
ized representatives shall, until the ex-
piration of three years after termination
or expiration of the lease, have access
to and the right to examine any directly
pertinent books, documents, papers, and
records of the lessee involving transac-
tions related to the lease.

(p) Relinguishment of leages. A lease
may be surrendered by the lessee upon
filing with and approval by the Com-
mission of a written application for
relinquishment. Approval of the appli-
cation shall be contingent upon the
delivery of the leased premises to the
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Commission in good condition and the
continued liability of the lessee to make
payrnent of all royalty and other debts
due the Commission.

(q) Assignment of leases. Any trans-
fer of a lease, or of any interest therein
or claim thereunder, by assignment,
sublease, operating agreement or other-
wise, will not be recognized unless and
until approved by the Commission in
writing. Ordinarily the Commission
will not approve any transfer of a lease
which involves over-riding royalties or
deferred payments of any kind.

(r) Cancellation. Any lease may be
canceled by the Commission whenever
the lessee fails to comply with the pro-
visions of the lease, Failure of the
Commission to exercise its right to can-
cel shall not be deemed & waiver thereof.

(8) Form of lease. Leases will be
issued on forms prescribed by the Com-~
mission.

(t) Non-competitive leases. Under spe-
cial circumstances, where the Commis-
sion believes it is to the best interest of
the Government or where the use of
competitive bidding may be impracti-
cable, the Commission at its discretion
may award or extend leases on the basis
of negotiation.

(u) Commission decisions. All mat-
ters connected with the issuance and
administration of leases will be deter-
mined by the Commission whose deci-
sions shall be final and conclusive.

(v) Definitions. ‘“‘Commission” as
used in this section means the Atomic
Energy Commission established by the
Atomic Energy Act of 1954 or its duly
authorized representative or represen-
tatives.

(w) Multiple use of lands. Leases
issued under this section shall provide
that operations under them will be con-
ducted so as not to interfere with the
lawful operations of any third party
baving a lease, permit, easement, or
other right or interest in the premises.
(60 Stat. 755-775: 42 U, 8, O. 1801-1819)
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CurreNT ComMissioN UNcrLassIFIED RESEARCH CONTRACTS IN
Puysicar, anp Briovocicar Sciences, Raw MATERIALS, AND
REeactror DEVELOPMENT '

PHYSICAL RESEARCH CONTRACTS
Chemistry

Alabama, Universily of. J. L. Kassner and E. L. Grove, A Study of the Principles,
Theory and Practice of High Frequency Titrimetry.

Alabama, University of. D. F. Smith, Cryoscopic Determinations in Fused Salt
Systems.

Arizona, University of. D. 8. Chapin, The Mechanism of the Heterogeneous
Low Temperature Ortho Hydrogen Conversion.

Arkansas, University of. E. S. Ames, Electron-Transfer Reactions.

Arkansas, University of. A. Fry, Nuclear Chemistry Research Using Cockeroft-
Walton Accelerator.

Arkansas, University of. 'T. C. Hoering and P. K. Kuroda, Nuclear Geochemistry.

Boston. University. L. C. W. Baker, Preparations, Structures, and Properties of
Heteropoly Ions.

Boston University. A. H. A. Heyn, Analytical Separations in the Presence of a
Large Proportion of Bismuth.

Brooklyn, Polytechnic Institute of. R. B. Mesrobian and H. Morawetz, Study of
Radiation Induced Solid State Polymerization.

Buffalo, University of. G. M. Harris, Applications of Isotopes in Chemical
Kinetics.

California Institute of Technology. H. Brown, Study of Fundamental Geo-
chemistry of Critical Materials and Development of Economic Processes for
Their Isolation.

California Institute of Tecknology. N. Davidson, Complex Tons and Reaction
Mechanisms in Solution.

California, University of. C. 8. Garner, Isotope Exchange Reactions.

California, University of. J.H. Hildebrand, Studies in Intermolecular Forces and
Solubility.

California, University of. R. L. Scott, Fluorocarbon Solutions.

Carnegie Institute of Technology. T. P. Kohman, Nuclear Chemistry Research.

Catholic University of America. F. O. Rice, The Thermal Production and Identi-
fication of Free Radicals.

Chicago, University of. E. Anders, Radiochemical and Geochemical Studies.

Chicago, University of. C. A. Hutchison, Paramagnetic Resonance Absorption.

Chicago, University of. J. E. Mayer, Statistical and Quantum Mechanics of
Interacting Atoms.

Chicago, University of. N. Sugarman and A, Turkevich, Operation of Synchro-
cyclotron,

Chicago, University of. N. Sugarman and A. Turkevich, Nuclear Chemical
Research.

Chicago, University of. H. Taube, Reactions of Solvated Ions.

1 Contracts listed as of November 30, 1956,
298
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Chicago, University of. A. Turkevich,f{NaturalﬁSAbundance of Deuterium and
Other Isotopes. 4

Clark University. A. E. Martell, Reactions of Partially-Chelated Metal Ions.

Clark University. T.T. Sugihara, Low Energy Fission of Bismuth.

Clarkson College of Technology. M. Kerker, A Study of the Size and Shape of
Colloidal Particles by Light Scattering and Electron Microscopy.

Clarkson College of Technology. H. L. Shulman, The Determination of Inter-
facial Area in Packed Absorption and Distillation Columns,

Colorado, University of. R. N. Keller, The Scintillation Properties of Coodi-
nation Compounds.

Columbia University. P. F. Kerr, Rock Alteration and_Uranium Mineralization.

Columbia University. J. L. Kulp, Helium in the Atmosphere and Lithosphere.

Columbia University. J. L. Kulp, Isotope_Geologyfof Uranium and Lead.

Columbia_University. V. K. LaMer, Fundamental Investigation of Phosphate
Slimes.

Columbia University. J. M. Miller, Research in the Field of Radiochemistry.

C’olumbiaz University. R. M. Noyes,' Photochemical Reactions of Iodine.

Columbia University. T. 1. Taylor, Separation of Isotopes by Chemical Exchange.

Connecticut, § University of. R. Ward, Tracer Element Distribution between
Melt and Solid.

Cornell University. R. Bersohn, Gradient of the Electric Field in Jonie Crystals.

Cornell University. R. M. Diamond, Studies of Ion Exchange Resin and Solvent
Extraction Mechanisms,

Cornell University. F. A. Long, Kinetic and Equilibrium Salt Effects.

Delaware, University of. R. L. Pigford, Thermal Diffusion in Liquids.

Duke University. H. A. Strobel, Ion Exchange in Polar Nonaqueous Solvents.

Duguesne University. N. C. Li, Solution Chemistry of Metal Complexes.

Emory University. A. L. Underwood, Anion Analysis by Infrared Spectro-
photometry.

Florida State University. R. E. Johnson, Exchange Between Labeled Halogens
and Certain Inorganic Halides.

Florida State University. R. H. Johnsen, Radiation Induced Effects in Hetero-
geneous Organic Systems.

Florida State University. R. Sheline, Search for Long-Lived Radioactivities;
Theoretical Nuclear Studies.

Florida, University of. G. B. Butler and A. H. Gropp, Studies in the Prepara~
tion and Properties of Quaternary Ammonium Ion Exchange Resins.

Fordham University. M. Cefola, Studies of Formation of Complexes by Thenoyl-
trifluoroacetate and Other Chelating Agents.

Harvard University. C. Frondel, Synthesis of Uranium and Thorium Minerals.

Howard College. J. A. Southern, Cyclotron Research.

Illinois Institute of Technology. M. L. Bender, Correlation of Isotopic Effect
on Reaction Rate with Reaction Mechanism.

Iilinois Institute of Technology. G. Gibson, Fundamental Chemistry of Uranium.

Illinois Institute of Technology. H. E. Gunning Decomposition of Organic
Molecules by Metal-Photosensitization,

Illinois, Undversity of. H. G. Drickamer, The Mechanism of Molecular Motion
as Determined from Diffusion and Thermal Diffusion Measurements.

Illinois, University of. R. H. Herber, Isotopic Exchange Reactions in Ion
Aqueous Solvents.

Illinois, University of. P. E. Yankwich, Studies in Radiochemistry.

Indiana University. L. L. Merritt, Study with Radioactive Tracers.

Indiana University. W. J. Moore, Rate Processes in Inorganic Solids at High
Temperatures.

411058—57——21
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Indiana University. J. S. Peake, Study of Inorganic Salts at High Temperatures.

Indiana University. W. B. Schaap and F. C. Schmidt, Electrochemical Research
in Amine Solvents.

Towa, State University of. 1. Eyring, Preparation of Rare Karth Oxides.

Iowa, State University of. K. Kammermeyer, Separation of Gases by Diffusion
Through Permeable Membranes.

John Hopkins University. W. S. Koski, Nuclear Chemistry Studies.

Kansas State College. R. E. Hein, Labeled Chemical Species Produced by
Neutron Irradiation of Phosphorous Trichloride and Related Compounds.

Kansas, University of. P. W. Gilles, High Temperature Research.

Kansas, University of. P. W. Gilles, Hot Laboratory Assistance.

Kansas, University of. J. Kleinberg and E. Griswold, Some Problems in the
Chemistry of Low Oxidation States of Metals.

Kansas, University of. F. 8. Rowland, The Chemical Reactions of Energetic
Recoil Atoms,

Kentucky Research Foundation. A. W. Fort, Rearrangement in the 3-Phenyl-1-
butyl-1-14C.

Little, Inc., Arthur D. G. A. Bleyle, Study of Deuterium Separation.

Louisville, University of. R. H. Wiley, The Synthesis and Properties of Ton Ex-
change Resins.

Louisville, University of. R. H. Wiley, Radiation Chemistry of Organic Com-
pounds. )

Maryland, University of. FE. R. Lippincott, Raman Spectra of Colored and
Absorbing Substances.

Maryland, University of. E. A. Mason, Thermal Diffusions in Gases.

Massachusetts Institute of Technology. A. M. Gaudin, Techniques in Mineral
Engineering.

Massachusetts Institute of Technology. P. M. Hurley, Investigations of Isotopic
Abundances of Strontium, Calcium and Argon in Certain Minerals.

Massachusetts Institute of Technology. C. D. Coryell, D. N. Hume, J. D. Sheehan,
and C. G. Swain, Nuclear Chemistry Research.

Massachusetts Institute of Technology. T. K. Sherwood, Mechanism of Mass
Transfer to Drops.

Michigan State University. C. H. Brubaker, Investigations into Aperiodic Oxida-
tion States.

Michigan State Unversity. C. H. Brubaker, Studies of Certain Complex Com-
pounds of Platinium.

Michigan State University. J. L. Dye, Thermodynamic Investigation of Dilute
Solutions of the Alkali Metals in Liquid Ammonia.

Michigan State University. M. T. Rogers, A Physico-Chemical Investigation of
Interhalogen Compounds.

Michigan, University of. R. B. Bernstein, Fundamental Research on Isotopic
Reactions.

Michigan, University of. P. J. Elving, Polarographic Behavior of Organic Com-
pounds.

Michigan, University of. W. W. Meinke, Nuclear Chemical Research.

Michigan, University of. E. F. Westrum, Low Temperature Chemical Thermo-
dynamics.

New Hampshire, University of. A. R. Amell, The Beta Decay of Carbon 14 in
Doubly Labelled Ethane in the Presence of Methyl Amine.

New York State College for Teachers. O. E. Lanford, Concentration of Nitrogen
15 by Chemical Exchange.

North Carolina State College. F. P. Pike, Performance of Contactors for Liquid-
Liquid Extraction. :
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North Carolina, University of. XK. Knox, The Preparation and Properties of
Compounds of Technetium and Rhenium.

Northwestern University. M. Dole, The Mechanism of High Energy Radiation
Effects on Polyethylene.

Northwestern University. R. G. Pearson and F. Basolo, Mechanism of Substitu-
tion Reactions of Inorganic Complexes.

Notre Dame, University of. M. Burton, Radiation Chemistry Studies.

Ohio State University. R. J. Kline, The Reactions of Uranium with Solutions
of Ammonium Salts in Liquid Ammonia.

Oklahoma Agriculture & Mining College. E. M. Hodnett, The Isotope Effect in
the Study of Chemical Reactions.

Oklahoma Agriculiure & Mining College. 'T. E. Moore, The Separation of In-
organic Salts by Liquid-Liquid Extraction.

‘Oklahoma, University of. J. R. Nielsen, Spectroscopic Properties of Fluorocarbons
and Fluorinated Hydrocarbons.

Oregon State College. 'T. H. Norris, A Study of Generalized Acid-base Phe-
nomena with Radioactive Tracers.

Oregon, University of. D. F. Swinehart, Study of Gaseous Chemical Reaction
Kinetics, Using a Mass Spectrometer.

Pennsylvania State University. T. F. Bates, An Investigation of the Mineralogy
and Petrography of Uraniferous Shales and Lignites.

Pennsylvania State University. W. C. Fernelius, Stabilities of Coordination Com-
pounds and Related Problems.

Pennsylvania State University. B. F. Howell, Studies of the Dielectric Constant
of Rocks and Minerals.

Pennsylvania State University. C. R. Kinney, An Investigation of the Chemical
Nature of the Organie Matter of Uraniferous Shales.

Pennsylvania State University. W. W. Miller, Chemical Reactions Induced in
Condensed Systems by B-decay.

Pennsylvania State University. R. P. Seward, Chemical Properties of Fused
Sodium Hydroxide.

Pennsylvania State University. H. D. Wright, Mineralogy of Uranium-Bearing
Deposits in the Boulder Batholith, Montana.

Pennsylvania, University of. J. O'M. Brockris, A Study of the Structure of
Molten Salts and Silicates. ’

Pitisburgh, University of. H. Freiser, The Development of Organic Reagents
for Use in Inorganic Analysis.

Pittsburgh, University of. R. Levine, Synthesis of Beta-Diketone and Beta-
Ketoesters with Heterocyelic Nueclei.

Princeton University. J. Turkevich, Study of Nucleation Processes.

Princeton University. J. Turkevich, Temporary and Permanent Effects Produced
by Radiation on Solids.

Providence College. M. A. Fineman, The Nature of Gaseous Negative Ions
Formed by Electron Impact.

Purdue University. H. C. Brown, Chemistry of Polyvalent Metal Halides.

Purdue University. J. W. Cobble, Chemistry and Nuclear Chemistry of the
Heavy Elements.

Purdue University. T. DeVries, Polarographic Studies in Nonaqueous Solvents.

Purdue University. W. F. Edgell, Studies in Molecular Spectroscopy.

Purdue University. W. H. Johnson, Radiochemical Studies in Kineties and
Nuclear Chemistry.

Reed College. A. F. Scott, The Diffusion of Cathodic Hydrogen Through Metals.

Rensselaer Polytechnic' Institute. . M. Clark, Extraction of Inorganic Sub-
stances by Organic Solvent.
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Rensselaer Polytechnic Institute. R. A. Osteryoung, A Study of Complex Ions in
Fused Melts.

Rochester, University of. E. O. Wiig, Radiochemistry.

Rutgers University. E. R. Allen, Polar Inorganic Molecules.

Rutgers University. Wm. Rieman, Analytical Chemistry of the Polyphosphates.

South Carolina, Untversity of. O. D. Bonner, Fundamental Studies of Ion Ex-
change Equilibria.

Southern California, University of. A. W. Adamson, The Photochemistry of
Complex Ions.

Southern California, University of. H. L. Friedman, Solutions of Inorganic
Electrolytes in Solvents of Low Dielectric Constant.

Southern California, University of. W. K. Wilmarth, Homogeneous Solution
Reactions of Molecular Hydrogen.

Southern Research Institute. R. B. Ellis, Surface Tension of Fused Salts.

Stanford Research Institute. D. Cubicciotti, A Fundamental Study of Fused
Salts and Fused Salt Metal Systems.

Stetson University. J. V. Vaughen, High Temperature Electromotive Force
Measurements,

Stevens Institute of Technology. E. R. Johnson, Effect of Radiation on Solids.

Syracuse University. B. P. Burtt, Mechanism of Gaseous Radiation Chemical
Reactions and the Chemical Reactions of Electrons.

Syracuse University. L. Gordon, Coprecipitation Studies.

Syracuse University. H. Linschitz, Photochemical Reactions of Complex Mole-
cules in Condensed Phase.

Tennessee, University of. J.F. Eastham and C. W. Keenan, Determination and
Application of Separation Factors for Some Chemical Fractionations of Hydro-
gen Isotopes.

Tennessee, University of. H. A. Smith, Catalytic Reactions Involving Deuterium
and Studies of H,0-D,0 Mixtures.

Tennessee, University of. P. B. Stockdale, Investigation of the Chattanooga
Black Shale of Tennessee as a Source of Uranium,

Texas, University of. G. W. Watt, Unusual Oxidation States of Transitional
Elements.

Tufts College. T. R. P. Gibb, Jr., Research on Hydrides.

Utah, University of. H. Eyring, Studies on Surface Chemistry.

Utah, University of. R. B. Parlin, Induction of Chemical Reactions by High
Frequency Discharges in Gases.

Utah, University of. A. L. Wahrhaftig, Ionization and Dissociation of Molecules
by Electron Bombardment.

Vanderbilt University. E. A. Jones, Raman Spectra of Some Inorganic Fluorine
Compounds.

Vanderbilt University. M. D. Peterson, Radiation Stability and Inorganic
Radiochemistry.

Washington, State College of. H. W. Dodgen, The Formulae and Stability of
Complex Ions in Solution.

Washington, State College of. J. P. Hunt, Use of Nitrogen 15 to Study Certain
Problems in Nitrogen Chemistry.

Washington University. J. W. Kennedy and E. A. Bryant, Generation of High
Voltages by Means of Nuclear Radiations.

Washington University. J. W. Kennedy, Study of Reaction Kinetics Using Stable
Isotope Tracers. ‘

Washington University. A. C. Wahl, Radiochemical Studies of the Fission Proc-
esses,
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Washington, University of. K. B. Wilberg and D. F. Eggers, Study of Reactions
and Properties of Organic Molecules Using Mass Spectrometric Techniques.
Western Reserve University. E. L. Pace, Thermodynamic Properties of Gases
Absorbed on Solids.

Wisconsin, University of. W. J. Blaedel, An Ion Exchange Separation Scheme
for the Identification of Radioelements.

Wisconsin, University of. J. O. Hirschfelder, Quantum Mechanical and Semi-
empirical Determination of Intermolecular Forces.

Wisconsin, University of. E. L. King, Studies of Rates and Equilibria in Inorganic
Reactions in Solution.

Wisconsin, University of. J. E. Willard, Application of Radioactive Isotopes to
Chemical Problems.

Yale University. P. A. Lyons, Diffusion Coefficients of Electrolytes and Mole-
cules.

Metallurgy

Armour Research Foundation. D. J. McPherson, Phase Diagrams.

Bausch & Lomb Optical Company. N. J. Kreidl, Irradiation Damage to Glass.

Brown University. P. J. Bray, Radiation Damage Studies in Solids; Nuclear
Resonance Absorption Technique.

Brown University. R. Truell, Radiation Damage Studies.

Buffalo, University of. 8. Mrozowski, Basic Principles of Manufacture of Carbons.

California, University of. R. R. Hultgren, Thermodynamic Functions for the
Metallic State.

California, University of. E. Parker, Creep of Alloys.

California, University of. J. A. Pask, The Mechanics of Metal-Ceramic Bonding.

California, University of. A. W. Searcy, The Gaseous Species Above High Melt-
ing Solids.

California, University of. J. Washburn, An Investigation of the Origin of Dis-
locations in Crystals and Correlation of Properties with Dislocation Density
and Distribution.

Canisius College. H. A. Szymanski, Investigations in Irradiated Vitreous Silica.

Carnegie Institute of Technology. A. Arrott, Research on Properties of Rare
Metals.

Carnegie Institute of Technology. R. Smoluchowski, X-ray Studies of Lattice
Imperfections.

Carnegie Institute of Technology. G. Derge, Electrochemical Studies of Non-
Aqueous Melts.

Carnegie Institute of Technology. C. L. McCabe, The Standard Free Energy of
Formation of Certain Rare Earth Carbides.

Carnegie Institute of Technology. 8. Pearlstein, Radiation Damage Effects.

Carnegie Institute of Technology. F. N. Rhines, The Fundamental Study of the
Early Stages of Sintering.

Carnegie Institute of Technology. R. Smoluchowski and M. Simnad, Effects of
Irradiation on Surface Reactions.

Case Institute of Technology. W, M, Baldwin, Scaling of Zirconium at Elevated
Temperatures.

Chicago, University of. E. A. Long, Research on the Science of Materials.

Colorado, University of. W. F. Love, Research on Metals and Alloys at Low
Temperatures.

Columbia University. R. B. Gordon, Ultrasonic Measurements on Liquid Metals.

Columbia University. G. L. Kehl, A Study of Inclusions in Uranium.

Franklin Institute. R. L. Smith and F. E. Jaumot, Basic Research in Solid State
Physics.
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General Electric Company. D. Turnbull, Fundamental Metallurgical Research.

Horizons, Inc. M. A. Steinberg, Electrolytic Extractions of Niobium.

Iisnois Institute of Technology. T. J. Neubert, Imperfections in Solids.

Illinois, University of. P. A, Beck, Annealing of Cold Worked Metals.

Illinois, University of. D. Lazarus and F. Seitz, Mechanism of Substitutional
Diffusion in Metals,

Iilinots, University of. T. A. Read, Diffusionless Phase Changes in Non-Ferrous
Metals and Alloys.

Illinots, University of. F. Seitz, Research on Radiation Damage.

Maryland, University of. H. W. Schamp, Processes of Diffusion and Electrical
Conduection in Solids.

Massachusetts Institute of Techmnology. B. Averbeck, Fundamentals of Cold
Working and Recrystallization.

Massachuseits Institute of Technology. 7. S. Basiuski, Mechanical Properties of
Metals at Low Temperatures.

Massachuseits Institute of Technology. M. B. Bever, Thermodynamics of Metal
Solutions.

Massachusetts Institute of Technology. M. Cohen, Solid Solutions and Grain
Boundaries.

Massachusetts Institute of Technology. J. F. Elliott, Activities in Liquid and
Solid Binary Metals Systems,

Massachusetts Institute of Technology. A. R. Kaufmann, The Physical Metal-
lurgy of Uncommon Metals.

Massachuseits Institute of Technology. W. D. Kingery and F. H. Norton, Atom
Movements in Ceramic Oxides at Elevated Temperatures.

Massachusetts Institute of Technology. F. H. Norton, The Measurements of
Thermal Conductivity of Refractories.

Massachusetts Institute of Technology. F. H. Norton and W. D. Kingery, Metal-
Ceramic Interactions at Elevated Temperatures.

Massachusetts Institute of Technology. C. Wagner, Corrosion of Solid Alloys in
Liquid Metals and Salt Melts.

Massachusetts Institute of Technology. B. E. Warren, Studies of Radiation
Damage.

Michigan State University. D. J. Montgomery, Thermal Properties of Separated
Metallic Isotopes.

Missouri, University of. M. W. Straumanis, Corrosion of Nuclear Metals.

New York University. P. Herasymenko, A Study of Thermodynamic Properties
¢f Zirconium-Rich Zirconium Oxygen.

Né’w York University. J. P. Nielsen, The Origin of Secondary Recrystallization
Nuclei.

Neéw York University. B. R. Sundheim, Thermodynamic Properties of Sodium-
Potassium Alloys. ’

New York University. B. R. Sundheim, Absorption Spectra of Molten Salt
Solutions.

Nérthwestern University. J. W. Kauffman, A Study of Radiation Damage Re-
Eulting from Electron Bombardment.

North Carolina, University of. L. Slifkin, Research in Intermetallic Diffusion.

Ohio State University. E. Lassettre, Investigation of Separative Processes.

Ohio State University. C. H. Shaw, Soft X-ray Spectra of Metals and Alloys.

Oregon, University of. G. B. Adams, Electrochemical and Polarographic Studies
on the Corrosion of Zirconium.

Pennsylvania State University. C. R. Kinney and P. L. Walker, Factors Affecting
the Mechanism of Graphitization and the Heterogeneous Gas Reactions of
Graphite.
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Pennsylvania State University. J. A. Sauer, Effect of Radiation on Dynamic
Properties of High Polymers.

Pennsylvania, University of. N. Brown, The Effect of Stress on Recovery.

Pennsylvania, University of. R. Maddin, Effect of Plastic Stress on Diffusion.

Pittsburgh, University of. W. E. Wallace, Application of Chemical Thermo-
dynamics to the Study of Metallic Alloy Formation.

Purdue University. R. E. Grace, Diffusion of Liquid Alloys.

Purdue University. K. Lark-Horovitz, Basic Radiation Damage Studies.

Rensselaer Polytechnic Institute. H. B. Huntington, Anisotropic Self-Diffusion in
Metals.

Rutgers University. 8. Weissmann and J. J. Slade, The Fundamental Study of
Radiation Damage of Metals and Alloys by Means of Special X-rayDiffraction
Techniques.

Syracuse University. F. Kanda and A. J. King, Alkaline Earth Phase Systems.

Tennessee, University of. B. E. Stansbury, Application of Adiabatic Calorimetry
to Metal Systems.

Tufts College. T. R. P. Gibb, Jr., Basic Properties of Light Metal Hydrides.

Utah, University of. 1. B. Cutler, Recrystallization and Sintering of Oxides.

Virginia, University of. A.T. Gwathmey, The Growth and Chemical Properties
of Nearly Perfect Crystals.

Wichita, University of. L. L. Lyon, The Permeability Method of Determining
Surface Areas of Finely Divided Materials.

Yale University. W. D. Robertson, Specific Heat of Liquid Metals and Alloys.

Physics

Brown University. R. A. Peck, Precision Measurements of Neutron Interactions.

California Institute of Technology. J. W. DuMond, Precision Nuclear Spectro-
scopy. .

California Institute of Technology. R. F. Bacher, High Energy Physics.

California, University of. C. D. Jefferies, Nuclear Moments.

California, University of. J. A. Jungerman, Beta Ray Spectrometry.

California, University of. J. H. Reynolds, Mass Spectroscopy Research.

California, University of. J. R. Richardson, High Energy Physics Research.

Carnegie Institute of Technology. R. B. Sutton, Synchrocyclotron Research.

Carnegie Institute of Technology. G. Hinman, Beta Ray Spectrometry.

Case Institute of Technology. E. C. Gregg, Jr., Electron and Gamma Interactions
with a 26 Mev Betatron.

Chicago, University of. S. K. Allison, Reactions of the Light Nuclei and the
Penetration of Charged Particles Through Matter.

Chicago, University of. G. Wentzel and M. Goldberger, Theorctical Research in
Elementary Particle Physies.

Columbia University. W. W. Havens, Neutron Spectroscopy and Nuclear Physics
Research.

Columbia University. J. L. Rainwater and E. T. Booth, High Energy Physics.

Columbia University. R. Serber, Theoretical Research.

Columbia University. C. H. Townes, Microwave Spectroscopy.

Duke University. M. M. Block, Development and Application of a Helium
Bubble Chamber.

Duke University. H. W. Newson, Shell Structure and Fast Neutron Cross
Section.

Florida State University. A. S. Green, Analysis of Nuclear Forces.

Franklin Institute. C. E. Mandeville, Neutron Scattering Measurements.



306 APPENDIX 7

Iiinois, University of. R. BE. Meagher, Studv of a High Speed Computing
Machine.

Towa, State University of. J. A. Jacobs, Research in Nuclear Structure.

Johns Hopkins University. G. H. Dieke, Absorption and Fluorescent Spectra
of Uranium Salts and Other Solids.

Johns Hopkins University. G. E. Owen, Fast Neutron Cross-Section Measure-
ments,

Johns Hopkins University. G. E. Owen and L. Madansky, Properties of Nuclei.

Kentucky Research Foundation. B. D. Kern, Study of Nuclear Energy Levels,.

Louisiana State University. R. C. Mobley, Neutron Scattering Project.

Michigan, University of. D. A. Glaser, Study of High Energy Nuclear Inter-
actions.

Michigan, University of. R. W. Pidd, Nuclear Research with 300 Mev Syn-
chrotron,

Michigan, University of. W. C. Parkinson, 42-inch Cyclotron Program.

Minnesota, University of. J. H. Williams, 60 Mev Proton Linaec.

National Academy of Sciences. Kay Way, Nuclear Data Compilation.

Nebraska, University of. T. Jorgenson, Jr.,, Mechanism of Energy Transfer o
Slow Ions.

New York Universily. E. Bromberg, Use of Computing Facility and Uniservo.

North Carolina State College. R. L. Murray, Assembly of Apparatus for Neutron
Diffraction.

Northwestern University. E. N. Strait, Completion of 5 Mev Electrostatic
Generator.

Notre Dame University. C. J. Mullin, Interaction of Photons and Particles with
Nuclei.

Ohio State University. J. N. Cooper, Nuclear Spectroscopy and Stopping Power
Measurements with 2 Mev Van de Graaff.

Oregon, University of. H. T. Easterday, Studies in Beta and Gamma Ray
Spectroscopy.

Pennsylvania State University. R. Pepinsky, Neutron Single Crystal Structure
Analysis.

Princeton University. M. G. White, 18 Mev Cyclotron and Associated Physics
Research.

Purdue University. E. Bleuler, Research in Nuclear Physics.

Purdue University. K. Lark-Horovitz, Modification of Purdue Cyclotron.

Purdue Unisversity. XK. Lark-Horovitz, Basic Research with Linear Electron
Accelerator.

Purdue University. R. M. Whaley, Research with Synchrotron.

Rice Institute. T. W. Bonner, Nuclear Physics Research.

Rochester, University of. R. E. Marshak, Nuclear Physics Research.

Stanford University. E. L. Ginzton, Linac Component Development,.

Texas, University of. E. L. Hudspeth, Neutron Experiments with a Van de
Graaff Generator.

Vanderbilt University. C. D. Curtis, Research with Cockeroft-Walton Generator.

Vanderbilt University. 8. K. Haynes, Precision Beta Ray Spectroscopy.

Virginia, University of. F. L. Hereford, Interaction of Polarized Photons with
Matter.

Virginia, University of. A. R. Kuhlthau, Problems of High Speed Rotation.

Washington, University of. J. H. Manley, 60-Inch Cyclotron Development and
Research Program and Elementary Particle Interactions.

Wisconsin, University of. J. R. Dillinger, Low Temperature Physics.

Wisconsin, University of. W.F.Fry and W. D. Walker, A Study of Fundamental
Particles.
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Wisconsin, University of. R. G. Herb, Nuclear Research with Electrostatic
Generator.

Wisconsin, University of. D. A. Lind, Inelastic Scattering of Fast Neutrons.

Wisconsin, University of. R.G. Sachs, Theory of Nuclei and Elementary Particles,

Yale University. E. R. Beringer, Heavy Ion Accelerator.

Yale University. G. Breit, Theory of Nuclear Reactions.

Yale University. H. L. Kraybill and E. Fowler, High Energy Physics.

Yale University. H. L. Schultz, Electron Linac Neutron Velocity Selector.

Yale University. W. W. Watson, Isotope Separation by Thermal Diffusion and
Nuclear Studies with Separated Isotopes.

BIOLOGY, BIOPHYSICS, MEDICINE, RADIATION INSTRUMENTATION,
AND SPECIAL TRAINING

Biology

U. 8. Department of Agriculiure, Agricultural Research Administration, Soil and
Water Conservation Bramch. R. F. Reitemeier, Accumulation and Movement
of Fission Products in Soils and Plants.

U. 8. Department of Agriculture, Agricultural Research Administration, Animal
and Poultry Research Branch. Roman Kulwich and P. B. Pearson, The Inter-
mediary Metabolism of Proteins and Amino Acids in Avian and Mammalian
Species.

Alabama Polytechnic Institute. E. J. Cairns, Utilization of Radioactive Tracer
Techniques in Investigations of the Feeding Habits of Non-Gall Forming,
Plant Parasitic Nematodes.

Alabama Polytechnic Institute. H. E. Sauberlich, Radioisotope Studies on

_ Amino Acid Imbalances and Other Factors Affecting the Metabolism of Amino
Acids in Microorganisms and Animals.

American Meat Institute Foundation, University of Chicago. B. 8. Schweigert,
Relation of Vitamin B-12 to Nucleic Acid Metabolism,

Ambherst College. G. W. Kidder, Studies on Nucleic Acid and Free Nucleotide
Synthesis in Normal Tissue and in Tumor Tissue, Using Carbon 14.

Ambherst College. H. H. Plough, Genetic Effects of Acute and Chronic Low
Level Irradiation with Cobalt 60.

Arizona, University of. W. H. Fuller and W. T. McGeorge, Utilization of
Phosphorus from Biological Material and Uptake of Strontium by Various Type

~ Crops.

Arizona, University of. E. B. Kurtz, The Synthesis of Fatty Acids in Higher
Plants.

Arkansas, University of. F. E. Clayton, Developmental-Genetic Study of the
Effects of X-ray Irradiation in Drosophila virilis and Bufo valliceps.

Arkansas, University of. P. M. Johnston, The Utilization of Radioisotopes by
Vertebrate Embryos.

Arkansas, University of. Jacob Sacks, Studies on the Phosphorylation Cycle
in the Intact Animal Using Radioactive Phosphorus.

Boyce Thompson Institute (Yonkers, N. Y.). G. L. McNew, Use of Tracer
Labelled Fungicides in Determining the Mechanics of Protecting Plants from
Fungus Diseases.

Brigham Young University (Provo, Utah). A. L. Allen, The Effects of X-Irradia-
tion upon Embryonic Development in the Paradise Fish, Macropodus opercularis.

Brigham Young Unidversity (Provo, Utah). L. P, Vernon, Studies on the Oxygen
Evolving System in Photosynthesis.
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Brown University. M. H. Hatch, Penetration of the Gut Wall by Intestinal
Bacteria after X-irradiation.

Brown University. Walter Kenworthy, Radiation Effects on the Cytoplasm of
Habrobracon Eggs.

California Institute of Technology. G. W. Beadle, The Genetic and Cytological
Effects of High Energy Radiation.

California Institute of Technology. Henry Borsook, The Biological Synthesis of
Protein.

California, University of (Davis). A. C. Anderson and G. H. Hart, The Effect
of Radiation on Work Capacity and Longevity of the Dog.

California, University of (Berkeley). H. A. Barker, W. Z. Hassid and C. C.
Delwiche, Tracer and Enzymatic Studies on the Metabolism of Plants and
Bacteria.

California, University of (Davis). A. S. Crafts, The Use of Radioactive Isotopes
and Other Indicators to Study Absorption and Distribution of Herbicidal
Chemicals in Plants.

California, University of (Berkeley). W. G. Dauben, Mechanism of Biosynthesis
of Polyeyclic Compounds.

California, University of (Berkeley). Louis Jacobson and Roy Overstreet, Study
of the Internal or Metabolic Factors and the External or Environmental Factors
Affecting Ion Absorption by Plants.

California, University of (Berkeley). L. M. Julian, R. W. Brauer, and J. S. Krebs,
Distribution Studies of the Reticuloendothelial System at Various Stages of
Development in Relation to the Problem of the Dissociation of Liver Functions.

California, University of (Davis). Max Kleiber, Intermediary Metabolism of
Organic Compounds and Biological Synthesis in Farm Animals.

California, University of (Berkeley). A. D. McLaren, Investigation of the
Mechanism of the Effect of Ultraviolet Light on Enzymes and Viruses.

California, University of (Berkeley). Roy Overstreet, Study of the Decontamina-
tion of Soils Containing Radioactive Elements and Salts.

California, University of (Davis). A, H. Smith, Radiosensitivity of the Hen’s
Oviduct.

California, University of, at Los Angeles. 8. G. Wildman, The Study of Plant
Virus as Approached by the Study of the Normal Plant Proteins.

Central Michigan College of Education. L. L. Curry, A Proposed Key for the
Classification of the Immature Forms of Tendipedidae (Chironomidae:
Diptera).

Chicago, University of. W. K. Baker, The Genetic Functioning of Heterochro-
matin.

Chicago, University of. Hans Gaffron, Photochemical Reactions of Chlorophyll
and of Related Photoactive Pigments.

Chicago, University of. E. M. K. Geiling, Biosynthesis of Radioactive Drug
Compounds.

Chicago, University of. J. O. Hutchens, The Entropy of Amino Acids and
Proteins.

Chicago, University of. Hans Gaffron, Studies in Photobiochemistry and Bio-
energetic Problems.

Christian Brothers College (Memphis, Tenn.). Edward Doody, Uranium Com-
plexes with Amino Acids and Peptides.

City of Hope Medical Center (Duarte, Calif.). W. D. Kaplan, A. The Effect, upon
the Mutation Rate, of Removal at Time of Irradiation of Peroxides from
Irradiated Germ Cells; B. A Comparison of Patterns of Free Amino Acids and
Other Metabolites in Several Minute Stocks of Drosophila melanogaster at
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Various Stages of Development and the Influence of X-Irradiation upon These
Patterns.

Clemson Agricultural College. J. G. Dinwiddie, Jr., Investigation of the Mode of
Action of Maleic Hydrazide as a Plant Growth Regulator.

Clemsor. Agricultural J. B. Whitney, Jr., Overwintering of Xanthomonas pruni,
The Causal Organism of Bacterial Spot of Peaches.

Colorado, University of. J. W. Marr, Ecology of Selected Stands on the Kast
Slope of the Front Range in Colorado.

Colorado Agricultural and Mechanical College. J. R. Olive, The Potential Pro-
ductivity and Energy Budgets of High Mountain Lakes in North-Central
Colorado.

Columbia University. R. F. Dawson, Pathways of Alkaloid Biosynthesis.

Columbia University. Theodosius Dobzhansky, The Population Genetics of
Species of Drosophila.

Columbia University. L. C. Dunn, Studies of Mutations in Populations of Wild
House Mice.

Columbia University. C. G. King, To Identify Precursors and End-Products
Containing Radio-Carbon, in Studies of the Role of Glucose, Ascorbic Acid,
ete., in Metabolism.,

Columbia University. David Rittenberg, The Activation of Hydrogen by
Biological Catalysts.

Columbia University. J. H. Taylor, Nucleic Acid and Protein Synthesis in
Individual Cells and Chromosomes Studied by Radioactive Tracers and
Autoradiographs.

Columbia University. Stephen Zamenhof, Study of the Action of Radiation on
Deoxypentose Nucleic Acids Having Biological (Transforming) Activity.

Connecticut, University of. A. E. Schwarting, A Study of Alkaloidal Synthesis in
Claviceps purpurea.

Cornell University, New York State Agricultural Experiment Station. John Einset,
The Induction and Testing of Somatic Mutations in Apples, Grapes and Other
Economic Plants.

Cornell University. M. R. Zelle, Cytological and Genetic Studies of Bacteria as
Related to Effects of Radiation,

Delaware, University of. A. M. Clark, The Relation of Genome Number to
Radiosensitivity in Habrobracon.

Duke University. XK. M. Wilbur and Frederick Bernheim, The Effects of Ultra-
violet Light and Gamma Rays on Cell Lipids and the Physiological Action of
Trradiated Lipids.

Emory University. A. V. Beatty, Studies of the Influence of Oxygen Level and
Temperature on the Effects of Yonizing Radiation.

Emory University. R. B. Platt, Long-range Effects of Radiation on Natural
Populations and Communities of the Granite Outerops.

Florida, University of. G. K. Davis, R. L. Shirley and A. Z. Palmer, Concentra-
tion of Mineral Elements in the Fetus and the Relationship to Placental Trans-
fer of These Elements.

Florida, University of. A. T. Wallace and F. H. Hull, Recovery of Radiation
Induced Micromutations in Oats by Recurrent Selections.

Fordham University. L. R. Cerecedo, Fate of Thiamine and Thiamine Analogs
in the Animal Body. Mechanism of Thiamine Inhibition by Thiamine Analogs.

Fordham University. F. ¥, Nord, Hydrolysis and Enzymatic Degradation of
Proteins.

Georgia, University of. E. P. Odum, J. J. Paul and D. C. Scott, A Study of the
Tcological Change on the Atomic Energy Commission Savannah Area Through
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the Use of Indices for Total Community Funection and Measurements of the
Biomass of Key Populations.

Harvard University, Bussey Institution. Xarl Sax, The Biological Effect of Radia-
tion; Effects of Irradiation on Chromosomes.

Hawaii, University of. M. 8. Doty, 1. The Utilization and Evaluation of Isotope
Techniques for the Determination of Algal Productivity in the Tropical Pacific;
2. The Role of Benthic Algae in the Central Pacific.

Hawaii, University of. R. W. Hiatt, Radioisotope Uptake in Marine Organisms
with Special Reference to the Passage of Such Isotopes as are Liberated from
Atomic Weapons through Food Chains Leading to Organisms Utilized as Food
by Man.

Hawaiz, University of—Eniwetok Marine Biology Laboratory. R. W. Hiatt, Tech-
nieal and Administrative Functions of Eniwetok Marine Biological Laboratory
Operation.

Howard University. W. M. Booker, The Relation of Ascorbic Acid to Cholesterol.

Howard University. L. A. Hansborough, The Effect of Labelling the Germ Cells
with Radioactive Isotopes on Fertilization and Development.

Howard University. Nathan Lavenda, The Influence of Radioiodine and Radio-
phosphorus on the Hematopoietic Systems of Leukemically-Resistant and Sus-
ceptible Strains of Mice.

Illinois, University of. 1. C. Gunsalus, Intermediary Metabolism of Carbohy-
drates.

Illinots, Univeérsity of. R. G. Hansen, Utilization of Carbon 14 in Studies of the
Metabolism of Lactose.

Illinois, University of. B. C. Johnson, Nutritional Biochemistry on the Meta-
bolism of Vitamins and Amino Acids.

Illinois, University of. George Wolf, Metabolism of Amino Acids Labeled with
Radioactive Carbon.

Indiana University Foundation. Felix Haurowitz, Biosynthesis and Specificity
of Normal and Immune Proteins.

Indiana University Foundation. H. J. Muller, The Influence of Radiation in
Altering the Incidence of Mutations in Drosophila.

Indiana University Foundation. Roy Repaske, Energy Transport in Bacterial
Cell-Free Extracts.

Indiana University Foundation. 'T. M. Sonneborn, Cellular Heredity in Para-
mecium.

U. 8. Department of Interior, Fish and Wildlife Service, Beaufort, North Carolina.
W. A. Chipman, Accumulation of Fission Products by Marine Fish and Shellfish,

Towa State College of Agriculture and Mechanic Arts. Samuel Aronoff, Plant
Biochemistry of Boron.

Towa State College of Agriculture and Mechanic Arts. P. A. Dahm, A Mode of
Action Study of Radioisotope-Labeled Organic Insecticides with Emphasis on
the Problem of Insecticide Resistance.

Towa State College of Agriculiure and Mechanic Arts. J. W. Gowen and Janice
Stadler, Quantitative Study of Lifetime Sickness and Mortality and Progeny
Effects Resulting from Exposure of Animals to Penetrating Irradiation.

Johns Hopkins University. Robert Ballentine, Cell Membrane Permeability and
Accumulations of Ions,

Johns Hopkins University. B.F, Chow, Purification of Intrinsic Factor in Gastric
Juice.

Johns Hopkins University. Theodore Enns and Francis Chinard, A Study of
Relative Diffusion Rates of Isotopes from Capillaries,

Johns Hopkins University. H. B. Glass, The Action of Radiation and Other
Mutagenic Agents; 1. In Inducing Mutation in Drosophila Females; 2. In
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Controlling the Action of a Specific Gene Responsible for Supporting Uncon-
trolled Growth.

Johns Hopkins University. H. B. Glass, The Effects of Ionizing Radiations on
Geéne and Chromosome Mutation Rates in Normal Human Cells in Tissue
Culture.

Johns Hopkins University. R. M. Herriott, 1. The Transformation of E. coli B
from Virus Sensitive to Virus Resistant or Vice Versa; 2. Chemical and Nu-
tritional Studies of Bacterial Viruses.

Johns Hopkins University. W.D. McElroy and K. J. Monty, Factors Influencing
the Metabolism of Copper and Iron.

Johns Hopkins University. W. D. McElroy, Biochemical Changes Resulting
from Mutations Induced by X-rays, Ultraviolet, and Nitrogen Mustard.

Johns Hopkins University. W. D. McElroy, Symposium on ‘“‘Chemical Basis of
Heredity.”

Johns Hopkins University. C. P. Swanson, Modification by Supplementary
Agents of the Rates of Induced Chromosome and Gene Changes.

Kansas, State College. R. E. Clegg, Phosphoproteing of the Embryonated Egg.

Kansas State College. M. F. Hansen, Mode of Action of Anthelmintics.

Kansas State College. C. C. Roan, Use of Radioactive Tracers in Investigations
of the Mode of Action of Insecticides with Emphasis on Potential Systematic
or Chemotherapeutic Action.

Kansas, University of. C. A, Leone, Immunological Studies of Radiation-Induced
Damage to Biological Systems.

Kent State University, Kent, Ohio. R. W. Dexter, Study of Changes in Certain
Biotic Communities and Animal Populations Through Field Investigations.
Long Island Biological Association, Inc. Milislav Demerec and B. P. Kaufmann
The study of Spontaneous and Induced Genetic Changes in Mammalian Cells

Grown in Tissue Cultures.

Long Island Biological Association, Inc. Bruce Wallace, Adaptive Value of
Experimental Populations Exposed to Radiations.

Longwood College, Farmville, Virginia. R. T. Brumfield, Effects of Radiation on
Root Growth of Higher Plants.

Louisiana State University. H. E. Wheeler, Investigations of the Toxin Theory
of Plant Disease Using Labeled Plant Pathogens.

Marine Biological Laboratory (Woods Hole, Mass.). P. B. Armstrong, Studies
on the Physiology of Marine Organisms Using Radiosotopes.

Marguette University School of Medicine, Michael Laskowski, Nucleolytic
Enzymes.

Marquette University. J. P. O’Brien, Temperature Prevailing During Exposure
as a Modifying Factor in the Dose-Response Relationship of X-rayed Mam-
malian Skin,

Maryland, University of. H. G, Gauch and R. W. Krauss, The Influence of
Inorganie Nutrients on the Translocation of Organic Materials in Plants,

Maryland, University of. J. C. Shaw, Studies on the Physiology and Nutrition
of Lactating Ruminants.

Massachusetts Institute of Technology. B. E. Proctor, Fundamental Studies on
the Effects of Ionizing Radiations on Bacteria.

Massachusetts, University of. P. A. Swanson, Effects of Ultraviolet Radiations
on Phosphate Turnover of Yeast Cells in the Presence of Galactose.

Michigan State University. R. U. Byerrum and C. D. Ball, A Study of Trans-
methylation in Plants Using Carbon 14 as a Tracer.

Michigan State University. J. L. Fairley, The Role of Various Aliphatic Acids in
Pyrimidine Biosynthesis.
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Michigan State University. H. B. Tukey, 1. Absorption and Utilization of Radio-
active Minerals Applied to the Leaves of Plants; 2. The Absorption and Utili-
zation of Ruthenium by Plants; 3. The Leaching of Nutrients from Leaves
of Plants.

Michigan Staie University. L. W. Mericle, Effects of Irradiation on Developing
Plant Embryos.

Michigan, University of. J. V. Neel, Development of Information Concerning
1. Human Mutation Rates; 2. The Accumulation of Deleterious Recessive
Genes in Human Populations; and 3. The Manner of Action of Selective Fac-
tors on Both Contemporary and Primitive Human Populations.

Minnesota, University of. P. D. Boyer, Study of Enzymic Phosphorylation
Reactions with Oxygen 18 and Phosphorus 32.

Minnesota, University of. R. 8. Caldecott, The Genetic Basis and Practical Sig-
nificance of Mutations Induced in Oats 'and Barley with Ionizing Radiations.

Minnesota, University of. J.J. Christensen and E. C. Stakman, Effects of Radio-
active Substances on Plant Pathogens and Other Microorganisms.

Minnesota, University of. W. E. Peterson, et al., Study of Milk Formation by the
Use of Radioactive Carbon Compounds.

Minnesota, University of, Homel Institule. Herman Schlenk, Studies in Lipid
Metabolism by Means of Radioactive Tracers.

Minnesota, University of, Institute of Agriculture. M. O. Schultze, The Cause and
Nature of an Aplastic Anemia of the Bovine.

Mississippi, University of. D. R. Parker, Chromosome Breakage in Oocytes of
Drosophila.

Missouri, University of. H. D. Johnson and H. E. Dale, Determination of
Thyroid Activity in Farm Animals by the Use of Radioactive Tracers.

Missouri, University of. C. W. Turner, Study of the Inheritance of Productive
Processes in Domestic Animals by Endocrine Methods Using Radioactive Iso-
topes as Tracers.

Morehead State College, Morehead, Kentucky. M. B. Heaslip, Germination and
Seedling Growth of Irradiated Seeds of Several Dominant Species of the
United States Deciduous Forest Region.

Nebraska, University of. C. O. Gardner and D. G. Hanway, Evaluation of Effects
of Radiations on Quantitative Characters in Corn, Soybeans, and Other Crops
as Related to Breeding Improved Varieties: 1. Corn Research, 2. Soybean
Research,

Nebraska, University of. F. A, Haskins, Effects of X-rays and Thermal Neutrons
on Plant Metabolism,

Nevada, University of. V. R. Bohman, Range Livestock Production Adjacent to
Nevada Proving Grounds.

New York Medical College. 1. S. Kleiner, Factors Influencing the Solubility of
Heavy Metal Compounds and Their Metabolism.

New York University. B. W. Zweifach and B. P. Sonnenblick, Histochemical
Studies of Metabolic Alterations in Rats Receiving Lethal and Sublethal Doses
of Radiation, with Emphasis on Terminal Vascular Bed.

North Carolina State College of Agriculture and Engineering. N. T. Coleman,
The Environmental Factors Influencing Root Behavior.

North Carolina State College of Agriculture and Engineering. W. C. Gregory,
1. The Comparative Effect of Irradiation Upon Mutation Frequency, Total
Genetic Variance, and Progress from Selection in Different Genotypes of Pea-
nuts and Their Hybrids; 2. The Genetic Characteristics of Radiation Injury
Resistance in Peanuts.

North Carolina State College of Agriculture and Engineering. D. 8. Grosch, The
Genetic and Developmental Effects of Ingested Radioactives in Habrobracon.

\
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North Carolina State College of Agriculture and Engineering. 8. B. Tove, A Study
of the Effect of the Diet on Lipid Metabolism Using Carbon 14.

North Carolina, University of. Maurice Whittinghill, A Study of Genetic Recom-
bination as Influenced by Mutagenic and Nonmutagenic Environmental
Agents.

Northwestern University, Medical School. V. L. Koenig, The Effects of Radiation
on Pure Proteins and Nucleic Acids.

Notre Dame, University of. C. 8. Bachofer, Mechanisms Involved in the Actions
of Radiations on Living Cells.

Oberlin College. G. T. Scott, Studies on the Physiology of Ion Accumulation and
Electrolyte Balance in Living Cells.

Ohio Agricultural Experiment Station. Nicholas Holowaychuk, Detailed Charac-
terization of Soil and Vegetation on Selected Sites to Serve as Basis for Future
Evaluations of Effects of Radioactive Contamination.

Oklahoma Agricultural and Mechanical College. Robert MacVicar, Isotope In-
vestigation of the Mechanism of Nitrate Reduction in Bacteria.

Oklahoma, University of, Research Institute. J. B. Clark, The Cytology and
Genetics of Radiation Resistance in Bacteria.

Oklahoma, University of, Research Institute. S. H. Wender, Studies on the Role
of Certain Polyphenolic Compounds in Plant Metabolism.

Oregon State College. 8. B. Apple, Jr., The Effects of Soil Temperature and
Morphological Age of Plants on the Uptake and Assimilation of Radioactive
Phosphorus.

Oregon State College. J. 8. Butts, The Mode of Action of Labeled 2, 4-Dichloro-
phenoxyacetic Acid and Similar Agents.

Oregon State College. V. H. Cheldelin and B. E. Christensen, Carbohydrate-
Amino Acid Interrelationships, Using Isotopic Tracers.

Oregon State College. B. E. Christensen, Elmer Hansen and C. H. Wang, Inter-
mediary Metabolism of Organic Acids and Proteins in Certain Fruits Using
Isotopic Tracers. '

Oregon, University of. D. L. Jameson, An Investigation of the Population Genet-
ics of the Pacific Tree Frog (Hyla regilla).

Oregon, University of. F. J. Reithel, An Investigation of Lactose Synthesis in
Mammary Gland Homogenates.

Oregon, University of. P. L. Risley and A. L. Soderwall, Effects of Radioisotopes
on Tissue Cells in Vitro.

Pennsylvania State Universily. A. A. Benson, Investigations of Pathways in
Plant Metabolism.

Pennsylvania State University. R. J. Flipse, Pathways of Metabolism in Bovine
Germ Cells.

Pennsylvania, University of. L. V. Heilbrunn, Changes in the Capillary Fragility
and the Colloidal Properties of Blood Following Irradiation.

Pennsylvania, University of. Stuart Mudd, The Internal Organization of Normal
and Phage-Infected Cells as Influenced by Radiation.

Pennsylvania, University of. P. W. Whiting, Mutation Rates in Mormoniella.

Pittsburgh, University of. M. A. Lauffer, Study of the Correlation of Radiation
Effects with Physical and Chemical Changes in Viruses.

Pitisburgh, University of. E. B. Spiess, Genetic Potential of Certain Populations
of Drosophila persimilis from the Sierra Nevada of California.

Puerto Rico, University of, Agricultural Experiment Station. J. A. Bonnet and
A. R. Riera, Radioactive Iron Studies with Soils and Crops of Puerto Rico.
Purdue Research Foundation. Harry Beevers, Carbohydrate Catabolism in

Plants,
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Purdue Research Foundation. A. B, Burdick, Genetic Effects of Thermal Neutron
Irradiation in Homozygous Tomatoes.

Purdue Research Foundation. Henry Koffler and H. A. Garner, Use of Radio-
active Isotopes in Studying Mold Metabolism with Emphasis on the Assimila-
tory Mechanisms of Penicillium Chrysogenum and Other Representative Molds.

Purdue Research Foundation. Henry Koffler and D. M. Powelson, The Physiology
of Hydrogen Bacteria.

Reed College. A. F. Scott and A, H. Livermore, The Effect of Ionizing Radiation
on Biochemical Compounds.

Rice Institute. R. V. Talmage, Endocrine and Metabolic Studies Utilizing Radio-
isotopes and Labeled Hormones.

Rochester General Hospital. H. L. Rosenthal, A Study of the Uptake, Turnover,
and Metabolism of the Chemical Constituents of Bone.

Roscoe B. Jackson Memorial Laboratory. E. L. Green, Quantitative Population
Genetics of Mice under Irradiation.

Roscoe B. Jackson Memorial Laboratory. C. C. Little, Study of Endemic and
Epidemic Diseases in Mice.

Roscoe B. Jackson Memorial Laboratory. Meredith Runner, Physiological Studies
on Induced Congenital Deformities in Mice.

Roscoe B. Jackson Memorial Laboratory. E. S. Russell and W. 8. Murray, The
Maintenance of a Genetically Controlled Colony of Mice to Insure the Availi-
bility of Strains of Known Constitution to Atomic Energy Commission Institu-
tions and Contractors.

Roscoe B. Jackson Memorial Laboratory. E. S. Russell, Attempt to Delineate
Inborn Anemias in Mice.

Rutgers University. J. E. Guneckel, Histological and Physiological Effects of
Irradiation on Plant Tissues.

Rutgers University. L. F. Hough and J. E. Gunckel, Irradiation as an Aid in
Fruit Variety Improvements.

Smithsonian Institution. R. B, Withrow, A Biochemical Investigation of Radiant
Energy as It Affects Photomaturation in Green Plants.

Smithsonian Institution. R. B. Withrow, Specific Biological Indicators of Ioniz-
ing Radiation and The Mechanism of Its Action.

South Carolina, University of. W. E. Hoy, An Ecological Study of the Flora and
Fauna of the Savannah River Plant Area.

South Dakota State College. E. I. Whitehead and O. E. Olson, Metabolism of
Selenium and Radioactive Sulfur in Plants.

Southern California, University of. R. B. Alfin-Slater and A. L. 8. Cheng, Effect
of Radiation on Intestinal Absorption and Metabolism of Fats and Carbo-
hydrates.

Southern California, University of. W. E. Martin, The Action of Ultraviolet
Light on Purine and Protein Metabolism in Echinoderm Embryos.

Southern California, University of. M. G. Morehouse, Study of the Effect of
X-radiation on the Absorption of Glycerides Utilizing Tracer Technique.

Southern Illinots University, Biological Research Laboratory. C. C. Lindegren,
The Effects of X-rays and Ultraviolet Radiations on the Multiple Manifesta-
tions of a Gene Together with Genetical Analysis of the Radiation Induced
Variations and the Effects of Extracts from Unirradiated Cells on the Repair
of the Genotypes of Irradiated Cells.

Southern Research Institute, Birmingham, Alabama. H. E. Skipper, Body Reten-
tion of Carbon 14.

Southern Research Institute, Birmingham, Alabama. H. E. Skipper and L. L.
Bennett, Jr., The Use of Radioactive Isotopes in a Study of the Sites of Inhi-
bition of Polynucleotide Synthesis in Cells Following Exposure to X-Radiation.
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Stanford University—George Vanderbilt Foundation. R. R. Harry, Jr., Marine
Biological Survey of Western Pacific, with Special Emphasis in the Palau
Islands (Survey Area Includes New Guinea Region, Philippine, Caroline and
Marianas Islands).

Stephen F. Austin State College, (Nacogdoches, Tex.). W. H. MecCarley, The
Effect of Radiation on a Natural Population of Peromyscus gossypinus.

Syracuse University. B. 8. Strauss, Carbohydrate Metabolism in Neurospora.

Tennessee, University of. A. W. Jones, A Survey of the Effects of Radiation on
Animals Parasitized with Taenia pisiformis, on the Parasites of the Irradiated
Animals, and on the Parasites per se.

Tennessee, University of. R. E. Shanks, Vegetation Studies Related to Disposal
of Radioactive Wastes.

Texas A & M College, Agricultural Experiment Station. J. L. Liverman, Biosyn-
thesis, Metabolism and Mechanism of Action of Plant Growth Substances.

Texas, University of. W. F. Blair, Direct and Indirect Effects of Radiation on
Genetic Developmental Systems of Vertebrates,

Texas, University of. J. W. Foster, Studies of the Metabolic Processes in Molds
and Fungi with Carbon 14,

Texas, University of. A. R. Schrank, Effects of Various Types of Irradiation on
Growth Responses, Metabolism and Electrical Pattern of the Avena coleoptiles
and Earthworms.

Texas, University of. W. S. Stone, Research on Direct and Indirect Effects of
Radiations on the Genetic Systems of Organisms.

Texas, University of. Orville Wyss, The Genetic and Biochemical Effects of
Radiation on Bacteria.

Utah State Agricultural College. G. W. Cochran, The Use of Radioactive Phos-
phorus, P-32, in Labeling Plant Viruses to Facilitate Their Isolation by Means
of Paper Electrochromatography.

Utah State Agricultural College. L. E. Harris, Effect of Radioactive Elements
and Radiation on' Ewes Maintained on Different Levels of Nutrition.

Utah State Agricultural College. R. L. Smith and R. H. Wiebe, Use of Radio-
isotopes in Studying Lime-Induced Chlorosis.

Utah, University of. J. D. Spikes, Radiation Effects on the Photosynthesis and
Metabolism of Higher Plants.

Vermont, University of, and State Agriculiural College. J. E. Little, Relationship
of the Pyruvate Oxidation System to Growth Stimulation by Antibioties and
Other Compounds.

Virginia Agricultural Experiment Station. K. W. King and W. E. Moore, Kinetic
Studies of the in vitro Metabolism of Uniformly Carbon 14 Labeled Glucose by
Rumen Microorganisms.

Virginia, University of. J. N. Dent, A Study of the Pituitary Glands of Thy-
roidectomized Newts.

. Varginia, University of. W. R. Singleton, Radiation Effects on Growing Plants.
z Washington, State College of. Orlin Biddulph, The Problem of Simultaneous Two
Directional Movement in the Phloem.

Washington, State College of. R. A. Nilan, A Study of Factors Influencing the
Biological Effects of X-rays.

Washington, University of (Seattle). FE. J. Ordal, The Metabolism of Molecular
Hydrogen, Deuterium and Tritium.

Wesleyan University, Middletown, Connecticut. V. W, Cochrane, Respiratory
Pathways in Fungi and Actinomycetes.

Western Biological Laboratories (Culver City, Calif.). B. H. Ershoff, Further
Studies of an Unidentified Factor in Liver which Prolongs Survival of Animals
Administered Multiple Sublethal Doses of X-Irradiation,

411053—57——22
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Western Reserve University. H. G. Wood and L. O. Krampitz, Intermediary
Metabolism of Carbohydrates by Bacteria.

Wisconsin, University of. R. H. Burris, M. J. Johnson and P. W. Wilson, Metab-
olism of Organic Acids in Higher Plants and Microorganisms.

Wisconsin, University of. J. E. Casida, Radiotracer Studies on the Metabolism
of Insecticidal Toxicity.

Wisconsin, University of. D. E. Green, Effect of Radiation on Enzymes in the
Cyclophorase System.

Wisconsin, University of. A. D. Hasler, Radioisotope Exchange Studies in Lakes.

Woods Hole Oceanographic Institution. B. H. Ketchum and V. T. Bowen,
Biological and Chemical Studies of Coastal Plankton Populations.

Worcester Foundation for Experimental Biology. M. C. Chang, Effects of Cobalt
60 Irradiation on Rabbit Eggs in vitro.

Wryoming, University of. Irene Rosenfeld and O. A. Beath, Investigations of the
Interrelationship of Sulfur, Phosphorus, and Caleium in Selenium Metabolism
in Plants and Animals.

Yale University. D. M. Bonner, Relationship of Genes to Biochemical Reactions
in Neurospora.

Yale Universsty. N. H. Giles, Jr., Investigations on the Cytogenetic Effects of
Radiations.

Yale University. N. H. Giles, Radiation Effects on Mammalian Chromosomes in
Tissue Cultures.

Yale University. E. C. Pollard, Irradiation of Viruses and Large Molecules.

Biophysics

Agriculture, U. 8. Department of, Soil Conservation Service. L. T. Alexander, Col-
lection and Preparation of Samples of Soils, Plants, and Animals for Caleium
and Strontium Analyses.

Armour Research Foundation of Illinois Institute of Technology C. R. MeCully,
Efficiency of Scavenging Devices Used in Determining Fallout.

California, University of (Davis). A. C. Anderson, Effects of Strontium 90
Administered During the Growth Period of the Dog.

California, University of, at Los Angeles. Morris Neiberger, Determination of
Suspended Dust Particles by Means of Skylight Polarization.

Chicago, University of. R. E. Zirkle, Proton and Ultraviolet Microbeam.

Columbia University. C. B. Braestrup, Attenuation of Scattered Cobalt 60
Radiation in Lead and Building Materials.

Columbia University, Lamont Geological Observatory. Maurice Ewing, Circula-
tion of the Deep Oceanic Waters.

Columbia University. Gioacchino Failla, Biological Action of Tonizing Radia-
tion. Instrumentation for Research.

Columbia University, Lamont Geological Observatory. J. L. Kulp, Distribution of
Certain Fission Product Activities.

Commerce, U. S. Department of, National Bureau of Standards. R. S. Caswell,
Ion Source and Electron Tube.

Commerce, U. S. Department of, National Bureau of Standards. L. L. Marton,
Scattering of Low Energy Electrons.

Commerce, U. S. Deparimen! of, National Bureaw of Standards. J. W. Motz,
Magnetic Spectrometer.

Commerce, U. 8. Department of, National Bureau of Standards. E. K. Plyler,
Infra Red Measurements.

Commerce, U. S. Department of, National Bureau of Standards. S. W. Raskin,
Assistance to the National Committee of Radiation Protection.
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Washington, University of (Seattle, Wash.). F. I. Badgley, Determination of
Relationships Between Temperature Lapse Rate, Wind Speed and Wind Shear.
(Atmospheric Turbulence Study.)

Woods Hole Oceanographic Institution. A. B. Arons, Studies on the Background
Radiation and Flow of Deep Ocean Currents.

Medicine

Albert Einstein College of Medicine of Yeshiva University, (New York, N. Y.).
I. M. London and B. A, Lowy, The Metabolism of Adenosine Triphosphate
and Related Compounds in the Erythrocyte.

Albert Einstein Medical Center (Philadelphia, Pa.). D. M. Sklaroff, The Uptake
of Radioactive Rubidium (Rb8) by Tumors of the Breast (Benign and Malig-
nant) in Humans.

Albert Einstein Medical Center (Philadelphia, Pa.). Charles Weiss, Comparative
Enzymatic and Biochemical Studies of Animal Skin Which has Been Irradiated
with Alpha and Beta Particles.

Arkansas, University of. H. J. Barnhard, To Investigate, Develop, and Evaluate
Radiosiotopes for Teletherapy.

Arkansas, University of, Medical School. P. L. Day, Studies on the Biochemical
and Nutritional Aspects of X-radiation Injury.

Beth Israel Hospital Assoctation, Inc. (Boston, Mass.). H. L. Blumgart, The
Use of lodine 131 in Treatment of Heart Diseases and Follow-up Studies on
Biological Effects of Radiation.

Boston University School of Medicine. Isaac Asimov, Radiation-Induced Changes
in Nucleic Acids and Their Hydrolysis Produets.

Boston, University School of Medicine. Fabian Lionetti, Enzymology of the
Formed Elements of Human Blood. Dynamies and Biosynthesis of Carbon
Labeled Substrates by Human Leucocytes ¢n vitro.

Boston University, Graduate School. L. C. Wyman, The Effect of Irradiation on
the Growth and Functioning of Transplanted or Regenerated Adrenocortical
Tissue in the Rat.

California, University of—School of Medicine (Berkeley). I. L. Chaikoff, Studies
on the Induction of Thyroid Cancer and on the Nature of Metabolic Blocks
Following Irradiation.

California, University of—School of Medicine (Berkeley). I. L. Chaikoff, Carbo-
hydrate Metabolism as Studied with Carbon 14 Labeled Compounds.

California, University of (Berkeley). Morgan Harris, Growth-Promoting Agents
in Adult Tissues.

Cedars of Lebanon Hospital (Los Angeles). H. L. Jaffe, To Investigate, Develop
and Evaluate Radioisotopes for Teletherapy.

Cedars of Lebanon Hospital (Los Angeles). Harry Sobel, Chemical Studies on
Connective Tissues of Animals Aged Prematurely by Irradiation (Assessment
of Biochemical Age.)

The Chicago Medical School. Philippe Shubik, A Study of the Latent Tumor
Cells as Produced by Chemical Carcinogens.

Chicago, University of. H. 8. Anker, Investigation of the Mechanism of Antibody
Synthesis by the Tracer Technique.

Chicago, University of. E. 8. G. Barron, Studies on the Mechanism of Action of
Tonizing Radiations.

Chicago, University of. P.P. H. DeBruyn, Radiosensitivity of the Lymphocytes.

Chicago, University of. C. P. Miller, Bacteriological Aspects of Radiation Sickness.

Chicago, University of. W. L. Palmer, A Study of the Effect on Gastric Tissues of
Irradiation Therapy in Peptic Ulcer.
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Commerce, U. S. Department of, Nalional Bureau of Standards. Gladys White,
Radiation Data.

Commerce, U. S. Department of, National Bureau of Standards. H. O. Wykoff,
Radiation Shielding Problems.

Commerce, U. S. Department of, Weather Bureau. Harry Wexler, 1. Meteoro-
logical Problems Associated with Dispersal of Atomic Debris; 2. Effect of
Natural and Man-Made Nuclear Radiations on the Weather.

Emory University. H. D. Bruner, Biological Studies on the Distribution of
Radioactive Metals.

General Muills, Inc. (Minneapolis, Minn.). Howard Demorest, Texas Balloon
Flight Operation—Particle Collection Study.

Georgetown University, W. C. Hess and Gilbert Levin, Development of Radio-
isotope Techniques for Counting Bacteria in Water.

Health, Education and Welfare, U. S. Department of, Public Health Service. Estab-
lishment of Radiation Surveillance Network.

Howard University. Herman Branson, Kinetic and Mass Spectrometric Studies
of Biophysical Systems with Radioactive and Stable Isotopes.

Idaho State College. A. E. Taylor, Development of Analytical Methods for the
Determination of Small Amounts of Strontium, Uranium and Fluoride.

Isotopes, Inc. (Westwood, N.J.) H. L. Volehok, Radiostrontium Analysis.

Kansas, University of. F. E. Hoecker, Study of the Deposition and Excretion
of Bone-Seeking Radioisotopes.

Marquette University, School of Medicine. J.F. Kuzma, The Pathological Effects
of Radioactive Isotopes of Calcium and Strontium on Bone and Soft Tissue.
Massachusetts Institute of Technology. R. D. Evans, Radium, and Mesothorium
Poisoning, and Dosimetry and Instrumentation Techniques in Applied Radio-

activity.

Michigan, University of. H. J. Gomberg, High Resolution Detection of Nuclear
Radiations.

Navy, U. 8. Department of, Naval Research Laboraiory. Radioactivity Monitor-
ing Program.

Navy, U. 8. Department of, Office of Naval Research, A. D. Little, Inc. (Cambridge,
Mass.). B. Vonnegut, Studies on the Effects of Natural and Artificial Radio-
activity on the Electrical Properties of the Atmosphere.

Nuclear Science and Engineering Corp. (Pittsburgh, Pa.). R. A. Brightsen,
Radiostrontium Analysis.

Pittsburgh, University of. Herman Cember, Hazard from Inhaled Radioactive
Particulate Matter.

Rheumatic Fever Research Institute (Chicago, I1l.). E. L. Hess, The Separation
and Characterization as Regards Radiation Sensitivity of the Proteins of
Lymphoid Tissue.

Sloan Kettering Institute for Cancer Research, Memorial Center for Cancer and
Allied Diseases. J. S. Laughlin, Equivalence of Absorbed Radiation Energy
and Cavity Ionization.

8t. Procopius College (Lisle, Ill.). W. P, Jesse, Ionization of Gases.

Texas Agricultural and Mechanical Research Foundation. R. G. Bader, A Study
of Some Factors Involved in the Disposal of Radioactive Wastes at Sea.

Utah, University of. T. F. Dougherty, Toxicity Studies of Plutonium and Other
Radioactive Substances in Animals.

Vanderbilt University. J. I. Hopkins, Nuclear Physics Studies on Instrumenta-
tion Problems,

Virginia, University of. Herbert Jonas, Kinetics and Reactivity of Cell Surface
Components as Affected by Ionizing Radiation.
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Chicago, University of. W. H. Taliaferro, The Physiological Factors Involved in
Antibody Synthesis and in the Modification of the Immune Process by X-ir-
radiation.

Chicago, University of. D. W. Talmage, The Effect of Whole Body Ionizing
Radiation on the Quality of Antibody.

Children’s Hospital Society of Los Angeles. Phillip Sturgeon, Iron Storage and
Reutilization.

The Children’s Medical Center (Boston). L. K. Diamond, Study of Hypoplastic
and Aplastic Inborn Anemias in Humans.

The Children’s Medical Center (Boston). Sidney Farber, The Nature of Bleeding
in Panecytopenia with Special Regard for Thrombocytopenia and the Vascular
Defect.

The Children’s Medical Center (Boston). Jacob Furth, The Effect of Irradiation
on Induction of Pituitary Tumors.

Cincinnati, University of—Keitering Laboratory. F. F. Heyroth, Research on the
Biological Effects of Beryllium and Its Compounds.

Colorado, University of. J. K. Aikawa, A Study of the Abnormal Physiology of
Immune Reactions.

Colorado, University of. R. W. Whitehead and R. R. Lanier, A Study of the
Combined Action of Certain Chemical Inhibitors of Metabolism with X-Radia-
tion and Other Ionizing Radiations on the Growth of Certain Trans-
plantable Malignant Tumors.

Columbia University. P. B, Hudson, The Turnover of Specific Proteins, Protein
Fractions, and Nucleic Acids in Normal and Malignant Human Testis and
Kidney.

Columbia University. David Nachmansohn, Effect of Ionizing Radiation on Nerve
Tissue.

Duke University. Philip Handler, Metabolic Studies with Tracer Techniques.

Duke University. J. S. Harris, 1. Metabolism and Physiological Role of Potas-
sium. 2. Metabolism of Renal Insufficiency.

Emory University. A. J. Riopelle, Effect of Radiation on Learned Behavior, Prob-
lem Solving Ability and Neural Mechanisms of Monkeys.

Emory University. H. S. Weens, To Investigate and Evaluate Radioisotopes for
Teletherapy.

Florida, University of. D. S. Anthony, A Study of the Biochemical Results of
Certain Treatments Given Patients Suffering from Phenylphyruvie Acid
Oligophrenia.

Garfield Memorial Hospital (Washington, D.C.). J.C. Bateman, Investigation of
Distribution, Localization and Excretion of Tagged Triethylene Thiophosphor-
amide Following Injection by Various Routes.

Georgia, Medical College of. W. F. Hamilton, Jr., Investigation of the Results of
Treating Crippling Emphysema with Iodine 131.

Georgia, Medical College of. 8. A. Singal, The Effects of Nutritional Deficiencies
on the Synthesis of Phospholipids and Nucleoproteins in the Rat.

Georgetown University School of Medicine. W. C. Hess, Source of the Liver
Glycogen Resulting from the Administration of Cortisone.

Georgetown University School of Medicine. C. A. Hufnagel, W. P. Harvey, and
B. J. Duffy, Jr., Isotopes in Cardiac Disease.

Georgetown University—Chemo-Medical Research Institute. M. X. Sullivan, A
Study of Intermediary Carbohydrate Metabolism by Means of Labeled Com-
pounds.

George Washington University. S. N. Albert, Continuous Blood Volume Recording
with Tracers in Patients under Anesthesia and During Surgery, with Special
Regard to Specific Physiological Conditions.
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George Washington University. L. K. Alpert, The Dose-Incidence Relationship
of Beta Radiation-Induced Skin Cancer in the Rat.

George Washington University. P. K. Smith, Studies of the Effects of Radiation
on the Biosynthesis and Degradation of Nucleoproteins and Its Modification
by Various Agents.

Hahnemann Medical College and Hospital (Philadelphia). J. S. Roth and H. J.
Eichel, The Biochemical Properties of Microsomes and the Effects of Radiation
on Them.

Harvard University, Medical School. E. L. Gasteiger, The Effect of Ionizing
Radiations on Peripheral Nerve.

Harvard University. A. B. Hastings, Factors Affecting Metabolic Pathways.

Harvard University. A. K. Solomon, et al, 1. Use of Isotopic Tracers in Studies
on the Nature of the Cellular Membrane and the Passage of Substances Through
It; 2. Use of Isotopes in Metabolic Studies; 3. The Development of Isotopic
Techniques Applicable to Problems in Biology and Medicine.

Harvard University. Shields Warren, Radiation Effects on the Lung.

Harvard University. P. C. Zamecnik, The Use of Radioactive Isotopes in the
Study of Protein Synthesis.

Health Research, Inc., Roswell Park Memorial Institute (Buffalo, N. Y.). T. C.
Prentice, The Role of Serum Erythropoietic Factor in the Anemia of
Malignancy.

Health Research, Inc., Roswell Park Memorial Institute (Buffalo, N. Y.). David
Pressman, The Localization of Physiologically Active Amounts of Radio-
activity in Human Tumors by Means of Radioactive Antibodies.

Health Research, Inc., Simon Baruch Research Laboratories (Saratoga Springs,
N. Y.). J. M. Reiner, Intracellular Distribution and Enzymatic Function of
Cobalt.

Howard University. E. M. Hawthorne, A Study of the Chronic Hemodynamic
Alterations Induced in Dogs with Various Cardiac Lesions Following Pro-
duction of Experimental Hypertension.

Illinois, University of. P. G. Kruger, Experimental Research on Synthesis of
Boron-Containing Dyes.

Illinois, University of, College of Medicine. Armand Littman, Study on the
Effects of Intragastric Irradiation with Beta Rays from Ruthenium 106-
Rhodium 106 in Patients with Malignant Disease.

Ilinois, University of, College of Medicine. 8. R. Rosenthal, A Reevaluation of
Radiation Injury (B Rays) of the Skin by a Direct Method Approach.

Institute for Cancer Research (Lankenaw Hospital) (Philadelphia). J. A. Stekol,
Metabolic Studies on Ethionine and Derivatives.

Institute for Cancer Research (Lankenau Hospital) (Philadelphia). Sidney Wien-
house, Orgin and Fate of Amino Acids in Plants and Animals.

Towa State College of Agriculture and Mechanic Aris. Henry Gilman, Synthesis
of Organic Compounds.

Towa State College of Agriculture and Mechanic Arts. J. G. Graca, Comparative
Toxicity of Rare Earth Compounds.

Towa, State University of, College of Medicine. T. C. Evans, R. E. Hodges and
J. T. Bradbury, Radioiodine Studies of Fetal and Other Thyroids.

Towa, State University of, College of Medicine. T. C. Evans, and P. J. Leinfelder,
A Quantitative and Morphologic Study of Radiation Induced Cataracts.

The Jefferson Medical College of Philadelphia. Heinrich Brieger, Effects of Radio-
active Particulates in Lung Tissue.

The Jefferson Medical College of Philadelphia. F. W. Sunderman, Metabolic and
Cytologic Changes Induced by Metallic Carbonyls.
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Johns Hopkins University, School of Medicine. C. L. Conley, 1. Absorption,
Utilization, and Excretion of Vitamin B-12; 2. Blood Coagulation, Hemor-
rhagic Disease.

Johns Hopkins University. J. E. Howard, Investigation of the Mechanism of
Bone Deposition and Related Physiological Studies.

Johns Hopkins University. L. S. Maynard, A Study of Metabolism and Active
Transport of Certain Divalent Metals in Tissues and In Isolated Mitochondria,
with Special Attention to the Possible Role of Complexing Agents in These
Processes,

Johns Hopkins University. W. H. Price, The Mechanism of the Activation of
Latent Epidemic Typhus Infections in the Laboratory Animals and In Humans
by Cortisone and X-ray.

Kansas, University of. Max Berenbom, Biochemical Studies into the in wivo
Effects of Radiation on Mammalian Nucleic Acids.

Kansas, University of. F. E. Hoecker, Investigation of Organic Substances
Tagged with Iodine 131 by Human Thyroid Gland in vivo.

Kresge Eye Institute (Detroit). V. E. Kinsey, Effects of Neutrons and Other
Radiations on the Ocular Lens.

Lovelace Foundation for Medical Education and Research (Albuquerque, N. Mez.).
W. R. Lovelace 11, et al, Indirect Blast Injuries.

Massachusetts Eye and Ear Infirmary (Howe Laboratory of Ophthalmology). J. H.
Kinoshita, A Study of the Metabolism of the Ocular Lens with the Use of
Radioactive Compounds.

Massachusetts Eye and Ear Infirmary. William Stone, Jr., Study of the Healing
of Corneal Wounds, with Special Reference to the Plastic Artificial Cornea.
Massachusetts General Hospital. G. L. Brownell, Positron Scanning in Organs

Other than Brain,

Massachusetts General Hospital. Oliver Cope and J. B. Stanbury, Effects of
Radioactive Iodine on Biology of the Thyroid Gland.

Massachusetts General Hospital. H. L. Hardy, Establishment of a Beryllium
Case Registry.

Massachusetts General Hospital. J. B. Stanbury, The Metabolism of Calcium
and Strontium as Disclosed by Tracer Studies on Patients with Thyroid and
Related Diseases.

Massachusetts General Hospital. W. H. Sweet, The Use of Thermal and Epi-
thermal Neutrons in the Treatment of Neoplasms.

Massachusetts General Hospital. W. H. Sweet, External Localization of Brain
Tumors Employing Positron-Emitting Isotopes.

Massachusetts General Hospital. P. C. Zameenik and I. T. Nathanson, A Bio-
chemical Study of the Effects of Radiation on Cells.

Massachusetts Memorial Hospitals. Charles Emerson, Physiological and Thera-
peutic Investigations and Fundamental Blood Studies Using Radioactive
Isotopes.

Meharry Medical College. Horace Goldie, Effect of X and Beta Irradiation on
Free Growth of Malignant Cells and on Organized Malignant Tumors, and
Effect of Pretreatment with Biological and Chemical Agents.

Meharry Medical College. P. T, Hahn, Use of Radioactive Gold in Treatment
of Tumors.

Meharry Medical College. C. W. Johnson, Autoradiographic Study of the Dis-
tribution of Ag! in the Rat Following Administration by Various Routes.

The Methodist Hospital, The Texas Medical Center (Houston). H. C. Allen, Jr.,
A Pilot Study on the External Localization of Intracranial Lesions.

Miami, University of. A. L. Chambers. A Quantitative Study of The Effects of
Radiation on the Blood Capillaries of Normal Animals.
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Miami, University of. S. A. Gunn, A Study of Factors Affecting the Selective
Uptake and Retention of Zine 65 by the Dorsolateral Prostate of the Rat,
and a Study of the Role of Zinc in the Physiology of the Prostate.

Michigan, University of. I. A. Bernstein, Effects of Radiation on the Inter-
mediary Metabolism of Mammalian Skin.

Michigan, University of. A. B. French, Effect of Irradiation on the Pituitary
Adrenal Axis.

Michigan, University of. H. J. Gomberg, Studies with an X-ray Monochromator
and X-ray Irradiation Service Operation,

Michigan, University of. F. J. Hodges and Isadore Lampe, Clinical Evaluation
of Teletherapy.

Michigan, University of. W. J. Nungester, Immunological Study of Tumors.

Michigan, University of. R. L. Potter. The Biological Effects of Radiation.

Minnesota, University of. W. D. Armstrong and W. O. Caster, Effect of Ionizing
Radiation upon Tissue Metabolism.

Minnesota, University of. L. A. French and S. N. Chou, Study of Mechanisms
of Radioactive Isotopic Localization in Tissues of the Central Nervous System.

Minnesota, University of, Medical School. Bruce Jarvis and J. G. Brunson, The
Effects of Gram Negative Bacterial Endotoxin on Irradiated Rabbits.

Minnesota, University of, Medical School. C. W. Lillehei, 1. Investigations Upon
the Simultaneous Determination of Both Red-Cell and Plasma Volume Using a
Single Radio-Tracer Element (Chromium 51); 2. Investigations Upon the Re-
gional Pooling of Blood in Shock Utilizing Tracer Methods; 3. Observations on
Cross Circulation and Irradiation Death.

Minnesota, University of. J. F. Marvin and F. J. Lewis, Toxic Effects of Ir-
radiation.

Minnesota, University of. Samuel Schwartz, Studies on the Relationships of
Porphyrin, Tumors, and X-rays.

Minnesota, University of. C. J. Watson. Investigation of Porphyrin and Bile
Pigment Metabolism.

Montefiore Hospital (Pittsburgh, Pa.). Richard Abrams, Synthesis of Nucleic
Acid Purines in Bone Marrow.

Montefiore Hospital for Chronic Diseases (New York City). Daniel Laszlo,
A Study of the Distribution and Exeretion of Lanthanum and the Rare Earth
Elements.

Montefiore Hospital for Chronic Diseases (New York City). Daniel Laszlo, Dy-
namies of Strontium Distribution in the Body.

Nebraska, University of. W. J. Arnold, Effects of Cranial X-irradiation on
Psychological Processes in Rats.

New England Center Hospital. William Dameshek, Physiopathology of Platelets
and Development of Platelet Substitutes.

New England Deaconess Hospital. S. P. Hicks, The Effects of Ionizing Radiation
on the Developing Mammalian Nervous System.

New England Deaconess Hospital. Shields Warren, Acute and Chronic Radiation
Injury.

New York University, Bellovue Medical Center. Bernard Altshuler, The Distri-
bution and Persistence of Radioactive Aerosols in the Lungs of Animals.

New York University, Bellevue Medical Center. J. M. Converse, The Transfer of
Cellular Antibodies in Relation to the Immunological Aspects of the Homograft
Rejection Reaction.

New York University, Bellevue Medical Center. Marvin Kuschner, Tissue Re-
actions to Intrapulmonary Radiation.

New York University, Bellevue Medical Center. Norton Nelson, Aerosol Retention
Studies.
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New York University, Bellevue Medical Center. Norton Nelson, Immunochemical
Studies on Beryllium.

New York University, Bellevue Medical Center. H. W. Smith, Body Fluid and
Electrolyte Distribution and Collateral Physiological Studies.

New York University, Bellevue Medical Center. Marion B. Sulzberger, Study of
the Biological Effects of Ionizing Radiation (Alpha and Beta) on Human Skin.

New York University Post Graduate Medical School. C.J. Umberger, Determina-
tion of the Variable Concentrations of Trace Elements in Human Tissue and
Body Fluids.

New York, Research Foundation of State University of. J. H. Ferguson and M. F.
Hilfinger, Experimental Transfusion of Bone Marrow into Rabbits after Total
Body Irradiation.

New York, Research Foundation of State University of. Jack Gross, The Meta-
bolism of Radioactive Thyroid Hormones in Tumor Bearing Animals and
Tumor Tissue.

New York, Research Foundation of State University of. Albert Hirschman, Effects
of Irradiation on the Calcifying Mechanisms of Epiphyseal Cartilage.

New York, State University of, Upstate Medical Center. Alfred Farah, Changes in
Protein-Bound Sulfhydryl in Renal Cells Under Varying Experimental Condi-
tions.

North Carolina, University of. B. G. Stall IIT, A Study of Ion Transport
Across Smooth Muscle Cell Membrane.

North Carolina, University of. C. D. Van Cleave, The Double Isotope Effect of
Calcium 45 and Strontium 89 on the Pattern of Distribution in the Body,
Particularly in Bone.

North Dakota, University of. W. E. Cornatzer, A Study of Methionine as a Source
of Methyl and Sulfur in Intermediary Metabolism.

Northwestern University Medical School. Chiadao Chen, Synthesis and Metabolic
Studies of Rings A and/or B Labeled Estradiol and Related Compounds.

Northwestern University Medical School. D. P. Earle, The Effects of Irradiation
on Renal Transport Systems.

Nuclear Science and Engineering Corp. (Pittsburgh). Abraham Edelmann, A
Toxic Substance Produced by Irradiation.

Oklahoma Medical Research Foundation. L. P. Eliel, Characterization of Changes
in the Growth Rate of Human Neoplasms Using Radioactive Isotopes.

Oklahoma Medical Research Foundation. C. D. Kochakian, Metabolism of
Radioactive Sex Hormones.

Oklahoma Medical Research Foundation. C. D. Kochakian, Androgen Regulation
of the Incorporation of Radioactively Labeled Amino Acids into Tissues.

Oregon, University of, Medical School. E. E. Osgood and A. J. Seaman, Studies of
Hemic Effects of Radioisotopes, X-rays and of Adrenocortical Hormones.

Oregon, University of, Medical School. J. T. Van Bruggen, Studies on Lipogenesis.

Parke, Davis and Co. (Detroit). J. K. Weston, Factors Elaborated by Animal
Tissues which Stimulate Rate of Regeneration of Hematopoietic Organs of
Animals Exposed to Total Body Irradiation with Gamma Rays.

Pennsylvania, University of. H. L. Conn, Jr., Kinetics and Mechanisms of Ion
Transfer in the Heart; and, Studies of Altered Cardiovascular Physiology in
Cardiovasgeular Disease States.

Pennsylvania, University of. G. M. Austin, F. C. Grant, An Investigation of the
Use of Sodium 24, in Cerebral Edema, Brain Tumors, and Focal Epileptic
Lesions.

Peter Bent Brigham Hospital (Boston). F. D. Moore, Injury, Wounding and
Convalescence; A Study by Isotopic and Metabolic Methods,
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Philadelphia General Hospital. H. P, Schwarz, The Effect of X-ray Radiation of
the Lipids of the Skin.

Pittsburgh, University of. L. V. Beck, Attempted Modification of Mammalian
Tumor Radiosensitivity with Agents and Procedures Altering Host Sensitivity.

Pittsburgh, University of, School of Medicine. F. J. Dixon, The Study of the
Effects of Radiation on the Immune Response.

The Retina Foundation (Boston). M. A. Jakus, A Comparison of the Fine Strue-
ture of the Normal and the Irradiated Lens.

Rheumatic Fever Research Institute (Chicago). R. W. Schayer, Metabolism of
Biologically Active Amines.

Rochester, University of. G. B. Forbes, Metabolism of Bone Sodium.

Rochester, University of, School of Medicine and Dentistry. L. H. Hempelmann,
Individual Response to Ionizing Radiation in Animals and Patients.

The Saranac Laboratory (Saranac Lake, N. Y.). G. W. H. Schepers, Studies on
the Experimental Pathology and Biochemistry of Pulmonary Granulomatosis.

Seton Hall University (South Orange, N. J.). E. V. Brown, Metabolism of a New
Carcinogen Using Radioactive Carbon.

Sloan Kettering Institute for Cancer Research, Memorial Hospital, (New York
City). C. P. Rhoads, et al., Biological Effects of Radiation, and Related Bio-
Chemical and Physical Studies.

Southern California, University of, School of Medicine. W. E. Goodwin, Intra-
cavitary Application of Beta Sources.

Southern California, University of. P. D. Saltman and E. M. Butt, The Mecha-
nism of Ion Secretion.

Southwestern Medical School, University of Texas (Austin). W. W. Burr, D. 8.
Wiggans and H. W. Rumsfeld, Jr., The Metabolism of Doubly Labeled Serum
Albumin.

Southwest Foundation for Research and Education (San Antonio). N. T. Werthes-
sen, Investigation of the Production and the Possible Isolation of Substances
Capable of Stimulating Recovery from Radiation by Utilizing Techniques of
in vitro Maintenance of Spleen and Other Organs.

Stanford University (Palo Alto, Calif.). H. 8. Kaplan and E. L. Ginzton, Bio-
logical and Medical Investigations with the 70 Mev Linear Electron Accelerator.

St. Louis University. Henry Pinkerton, Study of the Relation of Rickettsial and
Viral Infections to Radiation Injury.

St. Luke’s Hospital (New York City). E. H. Reisner, Jr., Isotopic Labeling of
Blood Platelets.

Tennesse, University of. N. R. DiLuzio, The Response of the Reticulo-Endothelial
System to X-irradiation.

Tennessee, University of. Aaron Ganz, Factors Influencing the Distribution of
Intravenously Administered Radiogold Colloids.

Tennessee, University of. W. M. Hale, A Study of the Effects of Cobalt 60
Gamma Irradiation on Infection and Immunity.

Tennessee, University of. R. E. Koeppe, The Metabolism of Serine in the Intact
Rat.

Tennessee, University of. R. R. Overman, Physiology of Water and Ionic Balance
in Monkeys Subjected to Whole Body Radiation.

Tennessee, University of. R. R. Overman, Protective Action of Bone-Marrow
Perfusates and Thiouronium Compounds in Irradiated Monkeys.

Tennessee, University of. J. D. Perkinson, Jr., Effect of Internal Irradiation on
Cellular Metabolism.

Tennessee, University of. Lester Van Middlesworth, Studies in Iodide Metabolism.

Tennessee, University of. J. L. Wood, The Origin and Fate of Thiocyanate Ion.

Texas Technological College. 8. J. Kaplan, The Effects on Rat Behavior of
Development Aberrations Induced by Ionizing Radiation in utero.
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Texas, University of, M. D. Anderson Hospital and Tumor Institute (Houston).
W. K. Sinclair, Physical and Radiobiological Investigations with 22 Mev X-
rays and Electrons, as Compared with Cobalt 60 and 250Kv X-rays,

Tufts College Medical School. W. C. Moloney and F. H. L. Taylor, Investigation
of Enzymie, Biochemical and Other Cytological Activities of Human Leuko-
cytes.

Tufts College. David Rapport, Study of the Effects of Radiation on Growth.

Tufts College. Richard Wagner, Enzyme Studies on White Blood Cells and Blood
Platelets.

Tulane University of Louistana. R. H. Turner, Physiology of Serum Lipids.

Utah, University of. M. M. Wintrobe and G. E. Cartwright, Metabolism of Trace
Elements in Animals and Man with Special Reference to Their Role in Erythro-
poiesis.

Utah, University of. 8. R. Dickman, The Pathways of Glucose Oxidation in the
Pancreas.

Vanderbilt University, School of Medicine. M. T. Bush, Metabolic Fate of Bar-
bituric Acid Anesthetics with Special Reference to Evipal.

Vanderbilt University, School of Medicine. W. J. Darby, Study of the Absorption
and Metabolism of Lipids and Vitamins and the Alterations which Occur in
Acute Radiation Injury.

' Vanderbilt University. G. W. Meier, Fetal Irradiation and the Patterns of Be-

havior Development.

Virginia, University of, Medical School. C. L. Gernmill, The Metabolic Exchange
of Radioactive Isotopes in Isolated Cell Systems.

Virginia, Medical College of. H.G. Kupfer and N. F. Young, An Investigation of
Certain Tissue Protein Changes in Irradiated Animals.

Wake Forest College—Bowman Gray School of Medicine. Camillo Artom, Forma-
tion of Tissue Phospholipides and Toxicity of Phosphorus 32 as Related to
Dietary Factors.

Washington University (St. Louis, Mo.). David Lipkin, Synthesis of Nucleotides
and Related Compounds.

Washington, University of (Seattle, Wash.). C. A, Finch, Erythropoiesis and Iron
Metabolism.

Washington, University of (Seattle, Wash.). B. W. Gabrio and F, M. Huennekens,
Enzymatic Components and Physiological Function in the Erythrocyte.

Washington, University of (Seattle, Wash.). R. L. Huff, Hemodynamics; Blood
Dynamies as Measured by Simultaneous Multiple Port Scintillation Detection
of Iodine 131 Human Serum Albumin.

Washington, University of (Seattle, Wash.). R.H. Williams and H. H. Tomizawa,
Studies of Isotopically Labeled Hormones.

Wayne University, College of Medicine. J. E. Lofstrom, Studies on the Effects of
Maternally Administered Phosphorus 32 on Foetal and Post-Natal Develop-
ment of the Rat.

Wayne University. J. E. Lofstrom, Evaluation of Radioactive Isotope Gamma
Ray Source for Medical Teletherapy.

Western Reserve University. B. M. Dobyns, A Study of the Physiological Function
and Histological Changes of Thyroids Irradiated with Radioactive Iodine.

Western Reserve University. Hymer Friedell, Investigations of the Biological Ef-
fects of Internally Deposited Radioisotopes and Related Radio-Biology Studies.

Western Reserve University. L. O. Krampitz, Synthesis of Nucleic Acids by
Escherichia coli and Bacteriophage Systems.

Western Reserve University. H. G. Wood, A Study of Intermediary Metabolism
with Isotopically Labeled Compounds in Perfused Organs, Whole Animals,
and Humans.
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West Virginia University, School of Medicine. R. F. Krause, Investigation into
the Uptake of Phosphorus by the Tissues of the Rat as Influenced by Carotene-
Vitamin A Metabolism.

Wisconsin, University of. H. F. Harlow and P. H. Settlage, The Effect of Various
Forms of Irradiation of the Brain on Learned and Unlearned Behavior of
Monkeys and Chimpanzees.

Worcester Foundation for Erperimental Biology (Shrewsbury, Mass.). Gregory
Pincus, Investigation of the Effects of Radiation on the Biosynthesis and
Metabolism of Adrenocortical Steroids.

Yale University, School of Medicine. C. E. Carter, Phosphorylation Mechanisms
in Nucleic Acid Synthesis in Hematopoietic Tissue.

Yale University, School of Medicine. J. W. Hollingsworth, Investigation of Rapid
Freezing of Bone Marrow and Spleen, and Their Radioprotective Value.

Yale University. S. R. Lipsky, The Formation and Utilization of the Saturated
and ‘“‘Essential”’ Fatty Acids in the Biosynthesis of Various Lipids in Man.

. Yerkes Laboratory of Primate Biology, Inc. (Orange Park, Fla.). H. W. Nissen,
Behavioral Effects of Ionizing Radiation on Chimpanzees of Various Ages.

Radiation Instrumentation

Airborne Instruments Laboratory, (Mineola, Long Island, N. Y.). K. C. Speh,
Automatic Scanning of Nuclear Emulsions.

Allen B. DuMont Laboratories, Inc., (Clifton, N. J.). Stanley Koch, Photo-
multiplier Tube Development.

Armour Research Foundation of the Illinois Institute of Technology. Leonard
Reiffel, Detection of Airborne Beryllium Dust.

Army, U. 8. Department of, Corps of Engineers (Fort Belvoir, Va.). N. F. Black-
burn, Program of Research and Development on Scintillation Crystals.

The Borden Company, Philadelphia Research Laboratory. B.D. Halpern, Develop-
ment of Plastic Scintillators.

Levinthal Electronic Products, Inc., (Redwood City, Calif.). W. J. Van Sciver,
Study of Scintillation and Other Related Properties of Sodium Iodide Crystals.

Louisville, University of. R. H. Wiley, Synthesis and Properties of Organic
Scintillators.

National Bureau of Standards, U. 8. Department of Commerce. Scott Smith,
Evaluation and Testing of Radiation Instruments.

National Bureau of Standards, U. S. Department of Commerce. Louis Costrell,
Radiation Monitoring Systems.

National Bureau of Standards, U. S. Department of Commerce. W. A. Wildhack,
Basic Instrumentation Program.

New England Center Hospital, Pratt Diagnostic Clinic. C. V. Robinson, Small GM
and Proportional Counters for Medical Research.

New York University, Washington Square College. M. H. Shamos and 8. Z. Lewin,
Investigation of Certain Physical and Chemical Dosimetric Techniques.

Notre Dame, University of. E. A. Coomes, Fundamental Research on Photo-
emission.

Pilot Chemicals, Inc., (Waltham, Mass.). Mark Hyman, Jr., Research and
Development Work on Plastic Scintillators Containing High Z Materials.

Radio Corporation of America, RCA Laboratories, (Princeton, N. J.). G. A.
Morton, Photomultiplier Tube Research and Development.

St. Procopius College, (Lisle, TN), F. R, Shonka, Special Problems in Nuclear
Instrumentation
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Duke University. E.I. Gray, Radiation Biology Course for High School Teachers.

Harvard University, Graduate School of Educalion. A. K. Solomon and Fletcher
Watson, Intensive Summer Program Devoted to Furthering the Scientifie
Education of High School Teachers with Particular Emphasis on the Use of
Radioactive Materials.

New Mezico, University of. S. D. Aberle and John Harty, Radiation Biology
Course for High School Teachers.

RAW MATERIALS RESEARCH CONTRACTS

Colorado School of Mines Research Foundation. Fred L. Smith, Determine Sol-
vent or Precipitation Reaction of Sufficient Magnitude to Effect Localization
of Uranium Deposits.

Columbia University. H. D. Hassialis, Recovery of Uranium from the Chatta-
nooga Shale.

Dow Chemical Co. W. Kirschkind and R. H. Bailes, Solvent Extraction Tech-
niques for Recovery of Uranium from Ores.

Isotopes, Inc. H. L. Volchok, Development of Radiometric Assaying Method
for Uranium Ores not in Equilibrium.

Minnesota, University of. J. W. Gruner, Mineralogic and Petrographic Nature
and Genesis of Uranium Ores in the Western United States.

Minnesota, University of. Harold W. Mooney, Investigations of Spontaneous
Electrical Potentials as Related to Geophysical Exploration for Uranium.

National Lead Co., Inc. J. S. Breitenstein, Process Development Studies on the
Recovery of Uranium from its Ores.

Nevada, University of. V. E. Scheid, Development Studies on the Beneficiation
of Uranium Ores, and Extractive Metallurgy for Recovery of Uranium from
Ores.

New Mezxico, University of. Dr. Vincent C. Kelley,2 Studies of Regional Frac-
ture Patterns in Relationship to Uranium Deposits of the Colorado Plateau
and Adjacent Areas.

Pennsylvania State University. Harold Wright, Research on Trace Quantities of
Uranium in Sulfides of Veins.

REACTOR DEVELOPMENT RESEARCH CONTRACTS

Arcos Corp. R. D. Thomas, Jr., Welding of Specialized Reactor Materials.

Armour Research Foundation. H. B. Karplus, Measurement of Sound Velocity
in a Liquid Containing Gas Bubbles.

Armour Research Foundation. F. B. Forzel, Study of Reactor Containment.

Army Ordnance Corps. Joe Sperraza, Safety Design Requirements of Reactor
Retaining Structures.

California, University of. Dr. W. J. Kaufman and Dr. Gerhard Klein, Disposal
of Radioactive Wastes into the Ground.

California, University of. R. K. Forster, Study of the Dynamics of Vapor

Bubbles and on Boiling Heat Transfer.

Carnegie Institute of Technology. Robert B. Beckmann, Thermal and Hydraulie
Studies at High Reynolds Numbers.

Columbia University. Charles F. Bonilla, Boiling and Condensing of Liquid
Metals.

2Contract with Dr}Kelley personally.
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Ford Instrument Co. Theodor Jarvis, Application of Digital Techniques to
Reactor Control Systems.

Harvard University. Dr. Leslie Silverman, Air Cleaning Research and Develop-
ment.

Harvard Unaversity. Prof. H. A. Thomas, Jr., Mechanisms of Dilution of Radio-
contaminants in Surface Waterways.

Illinois, University of. Dr. H. F. Johnstone, Investigation of Fundamental
Properties of Aerosols as Related to Air Cleaning.

Johns Hopkins University. Dr. Walter A. Patrick, Separation and Fixation of
Specific Isotopes from Radioactive Wastes.

Johns Hopkins University. Dr. Charles E. Renn, Ultimate Disposal of Radio-
active Wastes to the Natural Environment.

Kentucky, University of. Joseph P. Hammond, Study of Zirconium-base Alloys
for Air Exposure at High Temperature.

Massachusetts Institute of Technology. Dr. Rolf Eliassen, Decontamination of
Radioactive Liquid Wastes.

Michigan, University of. Dr. L. E. Brownell, Industrial Utilization of Fission
Produets.

Minnesota, University of. Herbert S. Isbm, Two-phase Heat Transfer Studies
to Steam-Water Flows.

National Academy of Sciences. Drs. R. J. Russell and W. Thurston, Disposal of
Radioactive Wastes into Surface and Subsurface Geologic Structures.

Naval Bureau of Ordnance. E. C. Noonan, Damage from the Excursion of
Nuclear Reactors.

. Northwestern University. Dr. Carlos G. Bell, Study of Waste Disposal Dilucion
Factors in the Des Plaines River and Chicago Drainage Canal.

Pennsylvania State University. Prof. Joseph Marin, Stresses at Nozzle Connec-
tions of Pressure Vessels.

Purdue Research Foundation. Dr. A. Sesonske, Free Convection and Natural
Circulation Heat Transfer Variables in Ordinary Fluids Containing Volume
Heat Sources.

Rensselaer Polytechnic Institute. Prof. Paul Harteck, Operation of a Modified
Distillation-Diffusion Apparatus in the Separation of Isotopes of Metals and
a Study of the Reaction Rates of Gases Under Pile Irradiation.

Texas, University of. Dr. E. Gloyna, Storage of Radioactive Wastes in Salt
Formations.

Yale University. Prof. R. H. Bretton, Research on Effect of Radiations from
Fission Products, Particularly Gamma Radiation on Chemical Reactions.

U. 8. Bureaw 6f Mines. R. C. Corey, Incineration of Radioactive Wastes. To
Develop a Practical Incinerator for Disposal of Solid Combustible Radioactive
Wastes.

U 8. Weather Bureau. H. A. Thomas, Jr., Research on the Dispersal of Atmos-
pheria Wastes (Which May Be Jof Practical Use in the Location, Design and
Operation of Nuclear Energy Facilities.
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Propuction anp UriLizatioNn Faciuity Licexses AppLieD For AND
IssvED

New applications were received as follows:

Yankee Atomic Electric Company, Boston, Mass., for construction and operation
of a power reactor at a site on the Deerfield River near Rowe, Mass. The pro-
posed facility is a pressurized water reactor and is designed to operate at 134,000
electrical kilowatts. The entire electrical output of this facility will be sold to
12 utilities serving the New England area.

Aerojet-General Nucleonics, San Ramon, Calif., for construction and operation
at its San Ramon site of three 100-milliwatt nuclear reactors for ultimate sale or
lease to properly licensed institutions.

Aerojet-General Nucleonics, San Ramon, Calif., for construction and operation
at its San Ramon site of five additional 100-milliwatt nuclear reactors for ultimate
sale or lease to properly licensed institutions.

Aerojet-General Nucleonics, San Ramon, Calif., for a license to transfer its
AGN-201, Serial #100 reactor to the parent company, Aerojet-General Corp.,
Azusa, Calif. Aerojet-General Corp. in turn applied for a license to acquire,
possess and operate the above-described reactor, with no changes in operating
personnel and no physical transfer of the reactor involved. Aerojet-General Corp.
also applied for a license to transfer the AGN-201, Serial #100 reactor, complete
with core, to the U. 8. Naval Postgraduate School, Monterey, Calif.

Curtiss-Wright Corp., Clifion, N. J., for construction and operation of a 1,000-
kilowatt, light water moderated, pool-type research reactor at Quehanna, Pa.
The facility will be used in research and development work in both military and
civilian applications of atomie energy.

Daystrom, Inc., Elizabeth, N. J., for construction and operation of an
“Argonaut’-type research reactor near Princeton, N. J. This is the prototype
of a reactor which the applicant plans to produce in quantity for sale to licensed
institutions.

General Atomic Division of General Dynamics Corp., San Diego, Calif., for con-
struction and operation of a critical experiment facility at Torrey Pines Mesa
in the city and county of San Diego, Calif. The facility will be used for research
and development leading to the design, construction and operation of a research
reactor by the applicant.

The Qlenn L. Martin Company, Baltimore, Md., for construction and operation
of a critical experiment facility at Middle River, Md. The facility will be used
initially to conduct experiments relating to fuel element assemblies for a
heterogeneous, pressurized water reactor which Glenn L. Martin proposes to
construct.

The National Advisory Commiliee for Aeronautics, Washington, D. C., for
construction and operation of a 60-megawatt research reactor near Sandusky,Ohio.

The U. 8. Naval Poslgraduate School, Monterey, Calif., to acquire and operate
at Monterey the AGN-201, Serial #100 research reactor. The facility will be
used in the school’s program for the education of officers in nuclear engineering
and allied fields.
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In addition to the above, the following applications involving
export transactions were received:

ACF Industries, Inc., New York, N. Y., for an export license to cover shipment
of a 5-megawatt, tank type, heavy water cooled and moderated research reactor
to Comitato Nazionale per le Ricerche Nucleari, Italy.

AMF Atomics, Inc., New York, N. Y., for an export license to cover shipment
of a l-megawatt pool-type research reactor to Laboratorium fur Technische
Physik der Technischen Hochschule Munchen, Munich, Federal Republic of
Germany,

AMF Atomics, Inc., New York, N. Y., for an export license to cover shipment
of a 10-kilowatt light-water moderated pool-type reactor to the Ministry of
Education, Kingdom of the Netherlands. The reactor is to be erected at the
International Exhibition “Het Atoom’’ in Amsterdam under the auspices of the
Laboratorium Voor Chemische Werktuigen der Technische Hogeschool (Delft
Institute of Technology).

Marubeni-Iida Co. (New York), Inc., New York, N. Y., for an export license
to cover shipment of one 50-kilowatt homogeneous solution-type research reactor
(manufactured by Atomics International, a division of North American Aviation
Inc.) to the Japan Atomic Energy Research Institute, Tokyo, Japan., An
export license was issued on November 2, 1956.

The Babcock and Wilcox Company, New York, N. Y., for an export license to
cover shipment of a 5-megawatt, pool-type, light water moderated research
reactor to Conselho Nacional de Pesquisas do Brauzil, for Comissao de Energia
Atomica, University of Sao Paulo, Sao Paulo, Brazil. A notice of proposed
issuance of the export license was published in the Federal Register on January
4, 1957.

Actions on facility license applications were taken as follows:

Power Reactor Development Co., Detroit, Mich., was granted a provisional
construction permit on Aug. 4, 1956, authorizing construction at Lagoona Beach,
Monroe County, Michigan, of a nuclear power reactor having an electrical capacity
of 100,000 kilowatts.

Aerojet-General Nucleonics, San Ramon, Calif., was issued a construction permit
on August 16, 1956, authorizing construction at its San Ramon site of a self-con-
tained nuclear reactor designed to operate at a power level of 100 milliwatts.
On October 9, 1956, AGN was granted a license to operate the completed facility.
AGN was also granted a special nuclear material license allocating 1 kilogram of
uranium 235 contained in uranium enriched to 20 percent in uranium 235 for the
fabrication of core assemblies for the reactor.

AMF Atomics, Inc., New York, N. Y., was advised that a notice of proposed
issuance of construction permit was published in the Federal Register on December
29, 1956. This permit would authorize AMF Atomics to construct in Plains-
boro Township, N. J,, a 5,000-kilowatt, pool-type research reactor for applied
research by a group of industrial firms,

Armour Research Foundation, Chicago, Ill., was issued a facility license, valid
for 10 years from the date of the construction permit issued on March 28, 1955,
authorizing operation of its 50-kilowatt homogeneous research reactor constructed
in Chicago.

Batielle Memorial Institute, Columbus, Ohio, was issued a facility license, valid
for 10 years from the date of the construction permit issued on August 5, 1955,
authorizing operation of its 1000-kilowatt pool research reactor constructed near
West Jefferson, Ohio.
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Naval Research Laboratory, Washington, D. C., was issued a facility license,
valid for 20 years from the date of the construction permit issued on April 29,1955,
authorizing operation of the laboratory research reactor.

Westinghouse Electric Corporation, Pitisburgh, Pa., was advised that a notice
of proposed issuance of construction permit was published in the Federal Register
on January 5, 1957. This permit would authorize Westinghouse to construct
and operate a 20,000-kilowatt engineering test reactor near Yukon, Westmore-
land County, Pa.

411063 —57—23
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Sreciar. NucLEarR MATERIAL LicENses AppLiED For AND IssuED

New applications received and licenses issued are listed below:

Aerojet-General Nucleonics, San Ramon, Calif., applied for and was granted a
license to receive 5 grams of contained uranium 235 in the form of uranyl nitrate
of 80 to 89 percent enrichment, for developing and testing a fission counter to be
used in monitoring the AGN-201 reactor.

Air Force Institute of Technology, Wright Paiierson Air Force Base, Ohio,
applied for and was issued a license to receive and use as calibrating sources in
shielding experimentation 0.024 milligram of plutonium 239.

American Machine and Foundry Co., Advanced Research Dept., Alexandria, Va.,
applied for a license to receive and possess four spent fuel elements from the
Commission’s Materials Testing Reactor for use as gamma radiation sources in
research work.

Applied Radiation Corp., Walnut Creek, Calif., applied for and was issued a
license to receive at any one time up to 400 grams of contained uranium 235 for
radiation processing of reactor core pieces.

Armour Research Foundation of Illinois Institute of Technology, Chicago, Ill.,
applied for and was issued a license to receive 32.1 grams of plutonium contained
in two plutonium-beryllium sources for use in dosimetry studies and as a neutron
source for the licensee’s research reactor.

Atomics International, Canoga Park, Calif., applied for and was granted a
revised license increasing the authorized material from 3.5 grams to 50 grams of
uranium 235 contained in fission counters incorporated in reactors constructed
by North American Aviation, Inc.

Battelle Memorial Institute, Columbus, Ohio, was issued a revised license and
allocation to increase from 3 kilograms to 8 kilograms the quantity of uranium
235 for use in fuel element research and development. The revised license also
authorized receipt of 1.71 grams of uranium 235 contained in a fission chamber
to be used at the Battelle Critical Experiment Laboratory. (Battelle subsequently
requested that its license be amended to authorize possession of up to a total of
150 kilograms of uranium 235 and to authorize BMI to receive, process and
analyze such byproduct and special nuclear material as may be produced by
irradiation of research quantities of source material.)

Boston University, Chemistry Department, Boston, Mass., applied for a license
to receive approximately 2 milligrams of uranium 233 for use in tracer research
work,

Carnegie Institution of Washington was issued a license authorizing possession
and use of 500 milligrams of uranium 235 and 100 micrograms of uranium 233 in
coulomb excitation studies and mineral age investigations.

Continental Oil Co., Ponca City, Okla., applied for and was issued a license to
receive and possess uranium 235 and fission products contained in four spent fuel
rods of the Commission’s Materials Testing Reactor for use in research.

Department of the Navy (Bureau of Ships) was issued a license and allocation to
receive a plutonium-beryllium source (containing up to 4 grams of plutonium) for
use by the Material Laboratory of the New York Naval Shipyard at Brooklyn,
N. Y. in measuring the neutron absorption characteristics of various overlays of
fiberglass and resinous materials.
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Department of the Navy, Bureau of Ships, applied for a license to receive six
plutonium 239 neutron sources for use by its contractor, the Cook Research
Laboratories, Skokie, Ill., in the production of neutron dosimeters,

General Atomic Division of General Dynamics Corp., San Diego, Calif., applied
for and was issued a license to receive 6.1 grams of U-235 contained in three
fission counters to be used in conjunction with the critical assembly facility to be
constructed by the applicant.

General Dynamics Corp., San Diego, Calif., applied for a license to receive
uranium enriched in the isotope uranium 235 to conduct experiments in its
critical experiment facility.

General Electric Co., Atomic Power FEquipment Department, San Jose, Calif.,
applied for and was issued a license to receive at Vallecitos Atomie Laboratory,
for use in a fuel-element development program, 20 pounds of uranium dioxide
containing uranium enriched in uranium 235 (and the byproduct and special
nuclear material produced by irradiation of these materials). The company also
applied for and was issued a license to receive and use uranium enriched in the
isotope uranium 235 for fabrication of fuel elements at its San Jose plant.

General Electric Co., Metallurgical Products Department, Detroit, Mich., applied
for and was issued a license to receive uranium dioxide enriched in uranium 235
for conversion into pellets.

Hercules Powder Co., Wilmington, Del., was issued a license to receive 25 grams
of enriched uranium in the form of uranyl nitrate for chemical research work.

Leland Stanford Junior University, Stanford, Calif., applied for and was issued
a license to receive 80 grams of plutonium contained in five plutonium-beryllium
sources for a subcritical assembly to be used in the nuclear engineering program
of the University.

Magnolia Petroleum Co., Dallas, Tex., applied for and was issued a license to
receive 16 grams of plutonium contained in a plutonium-beryllium source for use
in nuclear research and radioactive well logging.

Mallinckrodt Chemical Works, St. Louis, Mo., was issued a license to receive at
its Hematite, Mo., plant enriched uranium hexafluoride (UF¢) for conversion to
uranium dioxide (UO,).

Glenn L. Martin Co., Baltimore, Md., was issued a revised license and allocation
increasing the quantity of special nuclear material the licensee may receive and
possess from 50 grams to 1.0 kilogram of uranium 235 for fuel element research.

Glenn L. Martin Co. also applied for and was issued a license to receive at its
Middle River, Md. plant 50 kilograms of enriched uranium oxide for fabrication
of fuel elements for a pressurized water reactor.

Metals and Controls Corp., Attleboro, Mass., was issued a revised license author-
izing receipt of up to 61 kilograms of contained uranium 235 for fabrication of
fuel elements.

Leslie E. Johnson of Neutronics Laboratory, Tinley Park, Ill., applied for and
was issued a license to receive and use in the construction of neutron sensitive
devices 10 grams of the uranium 235, 5 grams of uranium 233, and 1 gram of
plutonium nitrate.

_North Carolina State College, Raleigh, N. C., applied for and was issued a license
to possess and use in the measurement of the distribution of indium resonance
neutrons 80 grams of uranium 235.

North Carolina State College also applied for a license to receive 75 grams of
plutonium contained in five plutonium-beryllium sources to be used in the opera-
tion of the suberitical assembly located in the Burlington Nuclear Laboratories
of North Carolina State College.

Nuclear Instrument & Chemical Corp., Chicago, Ill., applied for and was issued
a license to possess, for chemical research work, up to 1 microgram of plutonium
produced by irradiation of enriched uranium oxide-organic slurries.
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Sinclair Research Laboratories, Inc., New York, N. Y., was issued a license to
receive and use as a source of radiation in petroleum research work 800 grams of
uranium 235 contained in four spent fuel elements of the Commission’s Materials
Testing Reactor.

Nuclear Metals, Inc., Cambridge, Mass., applied for a license to receive approx-
imately 2.9 kilograms of uranium 235 in connection with the corrosion testing
of Island PT Type fuel elements.

Owens-Corning Fiberglas Corp., Newark, Ohio, requested a license to receive 100
grams of uranium oxide containing uranium enriched in the isotope uranium
235, 100 grams of thorium oxide and 10 grams of plutonium, for incorporation
into fiber glass for use by Rensselaer Polytechnic Institute in radiation chemistry
research.

Pennsylvania State University, University Park, Pa., applied for and was issued
a license to possess the uranium 233 produced by irradiation of 15 kilograms of
thorium oxide powder in conducting research work.

Stanford Research Institute, Menlo Park, Calif., applied for and was issued a
license to receive at any one time up to 400 grams of uranium 235 for radiation
processing of reactor core pieces.

Sylvania Electric Products, Bayside, N. Y., was issued a license authorizing its
receipt and use of uranium enriched in the isotope uranium 235 in the fabrication
of fuel elements.

The Army Chemical Corps, Army Chemical Center, Md., was issued a revised
license and allocation increasing the quantities of special nuclear material from
40 to 90 grams of plutonium, from 500 to 1500 milligrams of neptunium 235 and
from 150 to 500 grams of uranium metal foil. The revised license also authorized
the licensee to possess the special nuclear and byproduct material produced by
the irradiation of the additional 350 milligrams of normal uranium.

The Babcock and Wilcox Co., New York, N. Y., was issued a revised license and
allocation increasing the quantity of special nuclear material from 50 grams to
125 grams of enriched uranium which the company is authorized to receive for
use in a breeder element test loop. The company was also issued a license to
receive and use enriched uranium at Babcock and Wilcox, Lynehburg, Va., fuel
element fabrication plant. Babcock and Wilcox was also granted a license to
receive at its Alliance, Ohio, Research and Development Center 4.2 kilograms of
enriched uranium for use in fuel element studies.

The University of Arkansas, Dept. of Chemistry, Fayetteville, Ark., applied for
and was issued a license authorizing its receipt of 0.05 gram of uranium 233 for
use as a tracer in research work.

The University of Florida, Gainesville, Fla., applied for and was issued a license
to receive 16 grams of plutonium contained in a plutonium-beryllium source for
a subecritical assembly to be used in a nuclear engineering educational program.

The University of Maryland, College Park, Md., applied for and was issued a
license to receive 32 grams of plutonium contained in two plutonium-beryllium
sources for a subcritical assembly to be used in a nuclear engineering educational
program

The University of Michigan, Department of Physics, Ann Arbor, Mich., applied
for a license to receive up to 60 milligrams of plutonium contained in sources to be
used in spectrometers for the study of nuclear energy levels.

The University of Minnesota, Institute of Technology, Minneapolis, Minn.,
applied for a license to receive four plutonium-beryllium neutron sources for use
in nuclear energy training and education.

The University of Wisconsin, Madison, Wis., applied for a license to receive a
plutonium-beryllium source to be used as a gamma-free neutron source in the
University’s nuclear engineering research program.
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U. 8. Geological Survey, Department of Interior, was issued a license to receive
and use in uranium analyses 10 milligrams of uranium 235.

U. 8. Naval Radiological Defense Laboratory, San Francisco, Calif., was issued
a license to receive and use in research and development work 10 grams of uranium
235, 6 grams of uranium 233, 3 grams of plutonium 239, and small quantities of
special nuclear and byproduct material produced during the in-pile irradiation
of approximately 1 kilogram of source material and 16 grams of special nuclear
material.

Westinghouse Electric Corp. was issued a license to receive at its Forest Hills,
Pa., plant uranium enriched up to 5 per cent in the isotope uranium 235 for use
in the fabrication of fuel elements. Westinghouse subsequently requested and
was granted an amended license authorizing (in addition to the foregoing) receipt
and use of 100 grams of UO; containing uranium enriched. in the isotope U-235,
and the special nuclear material produced during the neutron irradiation of the
UQ; in research and development studies. Westinghouse also was issued a license
to receive at its Blairgville, Pa., plant uranium fully enriched in the isotope
uranium 235 for use in the fabrication of fuel elements. Westinghouse also applied
for and was issued a license to receive at the Westinghouse Reactor Evaluation
Center (WREC) 15 kilograms of uranium 235 contained in fabricated fuel assem-
blies for conducting critical experiments for the Westinghouse Test Reactor.

Westinghouse Electric Corp., Radiation and Nucleonics Laboratory, East Piits-
burgh, Pa., applied for and was issued a license to possess approximately 32
milligrams of uranium 233 and plutonium 239 and byproduct material produced
by irradiation of thorium dioxide slurries and natural or depleted uranium. This
activity relates to research and development work on slurry reactors.

Yale University, Sloane Physics Laboratory, New Haven, Conn., applied for and
was issued a license to receive 80 grams of plutonium contained in 5 plutonium-
beryllium sources to be used in a subcritical assembly for training purposes.
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STATEMENT OF PRESIDENT TO INTERNATIONAL ATomic ENERGY
AceNcy CONFERENCE

STATEMENT BY THE PRESIDENT OF THE UNITED STATES READ AT THE CLOSING
SEssION oF THE CONFERENCE ON THE STATUTE OF THE INTERNATIONAL ATOMIC
ExErcy AgENcY BY LEwis L. STrAUss, CHAIRMAN OF THE Aromic ENERGY
CommissIoN, AT THE UNITED NaTioNs, FRipay MorNING, OcToBER 26, 1956

Mr. President and Delegates to the Conference on the Statute of the International
Atomic Energy Agency:

Almost 3 years have passed since I was honored by an invitation to speak
to the General Assembly of the United Nations. On that occasion, I proposed
in behalf of the United States that atomic power—the greatest force science
ever placed in man’s hand—be put to work for peace.

Specifically, my proposal was: firs!, that governments begin, and continue, to
make from their atomic materials stockpiled for war joint contributions to an
International Agency; and, second, that this Agency be responsible for finding
methods to apply these atomie materials to the needs of agricuiture, medicine,
and other peaceful pursuits of mankind.

The United States then pledged its entire heart and mind to finding how the
miraculous inventiveness of man should be dedicated, not to his death, but
consecrated to his life.

The atom was regarded, in 1953, as a terrible weapon for war. Since the first
explosion in 1945, man had fearfully multiplied its destructiveness. People knew
that a single airgroup could carry a more devastating cargo than all the bombs
that fell on Britain in World War II. Several nations had learned to make
atomic weapons and swiftly transport them across oceans and continents. To
many people the doom of civilization in a nuclear war seemed inevitable, When
they looked ahead, they saw no hope for a peaceful future.

The proposal made in 1953 by the United States offered: for apathy, action;
for despair, hope; for the whirlpool of general war, a channel to the harbor of
future peace.

From the time that proposal was made, I watched with ardent expectation the
outcome of all the work done by the sponsoring powers and the working groups,
and the debates in the General Assembly and at this culminating Conference.
The planning and framing of the International Atomic Energy Agency has re-
quired many months of patience and intelligent effort. These labors have now
been completed by the Conference’s approval of the Statute.

I congratulate the Conference for what it has accomplished. The Statute, and
the International Agency for which it provides, hold out to the world a fresh hope
for peace. ) B

Since the United States made its proposal in 1953, the intensity of the atom’s
destructiveness has again been greatly multiplied. For their own salvation, men
are under a compulsion that must not be denied to turn this furious, mighty
power from the devastation of war to the constructive purposes and practices of
peace.

That is why the world needs fresh hope—a new chance for man working with
man to root out past frustration and past hopelessness.

That is why the United States will never cease from seeking trustworthy agree-
wments under which all nations will cooperate to disarm the atom.
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To spur the coming of such a day, the peace-loving nations have pressed
forward with benign uses of the atom for man’s well-being and welfare. As in-
creased knowledge makes more terrible the atom’s might, it also brings closer the
realization of its potential for good.

Peace can come from nations working together. When they have a common
cause and a common interest, they are drawn together by this bond.

We—as one of the peace-loving nations-—have sought to share our atomiec skills
and materials.

Last February, we offered to make available to friendly nations, for peaceful
use, 20,000 kilograms of nuclear materials—an amount equal to that allocated
for like use within the United States. And we have entered into agreements with
37 nations represented at the Conference—and are negotiating with 14 more—to
cooperate in building in their lands atomiec reactors, of all types and sizes, for
peaceful works.

People have shown their hunger to learn the intricate mysteries of the new
atomic science. We have tried to satisfy that hunger, to break open doors that
sealed off the knowledge they sought—through initiating great scientific congresses
and by providing libraries and training courses and schools. We have been happy
to offer our knowledge of ways to use the atom for peace, of ways to use the atomie
isotope in medical care and cure and in agriculture and industry. Because science
is without boundaries, a common knowledge of the peaceful application of this
new science can help us all to a better understanding of each other.

In all those things that we do as a Government, the United States does not
seek for domination or control or profit. Nor shall we as a Government ever
do so.

It is now for nations assembled at this Conference formally to adopt the Statute.

Here is what I, in behalf of the United States, propose.

First: It shall be my care, when our Congress reassembles, to present the
Statute for official ratification by our Senate in accordance with our Constitution,
and to request appropriate Congressional authority to transfer special nuclear
materials to the International Atomic Energy Agency. I wish my country to
be among the first to recognize by official action what you at this Conference have
accomplished.

Second: To enable the International Atomic Energy Agency—upon its estab-
lishment by appropriate governmental actions—to start atomic research and
power programs without delay, the United States will make available to the
International Agency, on terms to be agreed with the Agency, 5,000 kilograms
of the nuclear fuel uranium 235 from the 20,000 kilograms of such material al-
located last February by the United States for peaceful uses by friendly nations

Third: In addition to the above-mentioned initial 5,000 kilograms of uranium
235, the United States will continue to make available to the International Atomic
Energy Agency nuclear materials that will match in amount the sum of all quan-
tities of such materials made similarly available by all other members of the
International Agency, and on comparable terms, for the period between the
establishment of the Agency and July 1, 1960. The United States will deliver
these nuclear materials to the International Agency as they are required for
Agency-approved projects. )

Assuming that all nations represented at the Conference undertake parallel
steps—within their capabilities—together we can overcome the obstacles that
lie ahead and prove to each other that international controls are not only feasible
but generally acceptable as a way to achieve peace.

The prompt and successful functioning of the Agency can begin to translate
the myriad uses of atomic energy into better living: in our homes, at our work,
during our travel and our rest,
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At present, we see only the first fruits of this atomic growth. Atomic-fueled
plants, which are being planned or built in this and several countries, will in a few
years be producing power for civilian uses: to turn the wheels of factories—to
light the darkness in countless homes.

We will not lead people to expect the advent overnight of an atomie millenium.
In many countries, long and patient scientific experimentation and trial must
precede the generation from atomic sources of electric power that can compete
with that produced by using available coal, oil, gas, or water power. But, in
the meantime, this International Agency will be encouraging those scientific
labors and research to hasten the looked-for day.

The benefits of our daily living which will result from putting the atom to
work for peace—more abundant and cheaper power and light, irrigation of arid
lands, less costly transportation, the opening to industry of territories hitherto
denied—may come to us more slowly than we would wish. But there is some-
thing more important than these material benefits. I mean those highways that
lead to a settled tranquillity among nations.

People have long been seeking a channel for peaceful discussion. The Inter-
national Atomic Energy Agency offers one such channel. During the last 3
years of deliberations upon its establishment and functioning, this channel has
been kept open. It shall be the purpose of the United States to broaden this
channel and to encourage its general use.

Some day, we fervently hope, sanity will overcome man’s propensity to destroy
himself. Then, the world can beat its swords into ploughshares. All nations
can turn their plants that make nuclear fuel to an exclusively civilian use, and
the fuel in their stockpiled nuclear weapons can also be put to work for man’s
health and welfare. In that happy time, the giant of atomic energy can become,
not a frightening image of destructive war, but an obedient servant in a prosperous
and peaceful world.

The real vision of the atomic future rests not in the material abundance which
it should eventually bring for man’s convenience and comfort in living, It
lies in finding at last, through the common use of such abundance, a way to make
the nations of the world friendly neighbors on the same street.



APPENDIX 11

STATEMENTS AND ADDITIONAL MATERIAL Issuep BY WHITE Housk
oN UraniuMm ProGram

Statement by the President

This Nation attaches highest importance to the development of nuclear power
both at home and abroad. We are determined that this product of man’s inven-
tiveness shall be made available to serve the people of the world.

We have taken many actions to this end. We have initiated and actively sup-
ported the formation of an International Atomic Energy Agency, we have nego-
tiated bilateral agreements for cooperation with 37 countries, and we have ex-
pressed our support for European efforts to form an integrated atomic energy
community. On February 22, 1956, I announced that I approved the recom-
mendations of the chairman of the Atomic Energy Commission to make available
20,000 kilograms of uranium 235 for distribution abroad.

Today I have approved further important actions by the United States Atomic
Energy Commission. These actions will set the terms and conditions on which
nuclear fuel will be available under agreements for cooperation. These and other
actions are designed to enable other nationsor groups of nations to have firm as-
surance of the fuel supplies necessary to the continued operation of nuclear power
installations, and thus to facilitate arrangements for financing.

Under these new actions, the United States will make available to other nations
supplies of nuclear fuel at prices identical with those charged by the Atomic
Energy Commission under our domestic nuclear power program.

One of the steps I have approved is an offer to purchase at specified prices
plutonium and uranium 233 produced in reactors abroad that are fueled with
material furnished under our agreements for cooperation. The materials so ac-
quired by the United States will be used solely for peaceful purposes.

Today’s actions, summarized in the attached statement by the Chairman of
the Atomic Energy Commission, will permit closer estimate of net nuclear fuel
costs and will add firmness to the planning now underway in friendly nations for
nuclear power, thereby accelerating their atomic power development.

It will be our policy, of course, to seek to conduct our operations in support
of nuclear power development abroad in consonance with the policy of the Inter-
national Atomic Energy Agency, in whose endeavors we shall take our full part.

We shall strive ceaselessly to attain the day when the uses of the energy of the
atom fulfill mankind’s peaceful purposes.

Statement by Lewris L. Strauss, Chairman, United States Atomic Energy
Commission

With the approval of the President, the Atomic Energy Commission is taking
six additional steps to accelerate the development of nuclear power abroad under
the Atoms for Peace program.

These steps include:

a. Establishment of ¢ schedule of charges for uranium 235 furnished by the
Commission to other nations or groups of nations for use in power or research
reactors under agreements for cooperation. The schedule sets charges for
various degrees of enrichment; for example about $16 per gram of uranium
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235 at 20 percent enrichment. The charges are the same as those made by the

Commission to domestic users,

b. Adoption of a policy under which assurances can be made to nations:with
agreements for cooperation that the Commission—within the limits of the
amounts of material made available from time to time by the President—is
prepared to furnish uranium 235 in specified quantities based on estimated fuel
requirements of a given power installation over a fixed period, beyond the
present term of 10 years. Such commitments would, of course, be subject to
observance of all terms and conditions of the covering agreement for cooperation.
In carrying out this policy, it is recognized, the present term of agreements for
cooperation would require extension.

¢. Establishment of prices to be offered by the Commission for plutonium,
and uranium 233 produced in reactors abroad which are fueled under agree-
ments for cooperation. These prices are the estimated fuel value of these
special nuclear materials when a practicable method of using them for fuel
develops from the research now being carried on. For plutonium metal, it is
$12 per gram; for uranium 233 nitrate, it is $15 per gram of Uranium 233.
Material so acquired by the Commission will be used only for peaceful purposes.

d. Degcision by the Commission that it stands ready to purchase during the
period ending June 30, 1963, at the above mentioned prices, all plutonium
and uranium 233 produced in reactors abroad which are fueled with material
obtained from the United States. Under existing authority in the Atomic
Energy Act of 1954, such purchases will, of course, be made on an annual basis
and subject to the availability of appropriations.

e. The Commission expects to recommend at the forthcoming session of the
Congress legislation to provide authority to the Commission, with the approval
of the President, to establish guaranteed prices for periods not in excess of 7
years for plutonium and uranium 233 which is delivered to the Commission
and which has been produced in reactors abroad fueled with material supplied
by the United States. Such authority will enable the Commission to provide
the same assurance to foreign nuclear power programs that the 7-year guarantee
period for prices under existing law provides to the domestic nuclear power
program.

f. Decision to consider exchange of United States uranium 235 for source
material (for example uranium ore or concentrates) from nations with agree-
ments for cooperation.

The steps taken today will be of material assistance to the foreign nuclear power
program. The information and assurances given are necessary for estimating
cost of power, for justifying the capital required and for assuring operation of
special nuclear power plants over a period of years.

Attached is a summary of the general terms and conditions for governing
international transactions in special nuclear materials under agreements for
cooperation together with general background information of the new actions
approved today. The announcements made today and the attached terms and
conditions apply to agreements for cooperation under the Atoms for Peace
Program.

The policies and undertakings to seek new authority which have today been
approved by the President should substantially promote the advance of the free
world toward abundant nuclear power. The Commission will continue to explore
additional means to encourage the development of nuclear power.

There are obstacles to be overcome. Skilled manpower is presently in serious
shortage. Large capital resources are required. The best technology remains
to be worked out area by area.
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But I am confident that steps being taken in the United States and the progress
being made by our friends abroad, are speeding the day when electrical energy
from the atom will help lighten man’s burden of work and lift the standards of
living of peoples everywhere.

AppITIONAL DETAILS ON AcTioNs FAciLiTaTING PowEr REacTorR DEVELOP-
MENT BY OTHER NATIONS UNDER AGREEMENTS FOR COOPERATION

1. The enriched uranium which will be supplied as needed under the schedule
of charges will be taken from the 20,200 kilograms of uranium 235 made available
by President Eisenhower in 1954, 1955, and 1956 for use in fuel for power and
research reactors abroad and from such additional amounts as may be made
available subsequently. (The 5,000 kilograms for the International Atomic
Energy Agency’s initial operations plus the amounts matching contributions of
other nations also will be drawn from quantities made available by the President.)

2. The new schedule of charges supersedes the charge of $25 per gram of
uranium 235 in uranium enriched to 20 percent announced on August 8,
1955, for the leasing of fuel for research reactors abroad. Under the new sched-
ule, the charge for uranium 235 at 20 percent enrichment will be equivalent to
slightly more than $16 per gram. (The detailed schedule of charges is included
in the attached ‘“General Terms and Conditions.””) The same schedule applies
to the charges for enriched uranium made gvailable to domestic users.

3. The Commission’s newly established prices for plutonium and uranium 233
which it may acquire from foreign reactors operating with fuel obtained from the
United States under agreements for cooperation are based on the estimated value
of these substances as nuclear fuels.

4. The charge of $40 per kilogram for normal uranium metal, and of $28 per
pound for heavy water, as announced at the Geneva Conference on August 8,
1955, remain unchanged. [International Conference on the Peaceful Uses of
Atomic Energy.] Under the new schedule, the charges for uranium 235 range
from an equivalent of $5.62 per gram for 0.72 percent enrichment—fuel barely
enriched over the normal seven-tenths of one percent found in nature—to $17.07
per gram for 90 percent enrichment,

5. The conditions of transfer under the new schedule differ from those prevail-
ing under the ‘““Geneva price.”” While the earlier charge was for uranium as
metal, the new schedule of charges is for uranium hexafluoride (UFg). The
cost of conversion to metal or other forms will be borne by the user.

6. Also, the former charge applied to transactions essentially limited in each
case to six kilograms of uranium 235 contained in uranium with an enrichment
not to exceed 20 percent. At that time, the quantity made available for use
abroad in research reactors was only 200 kilograms of uranium 235.

7. The new schedule of charges applies to transactions of this type as well as
to much larger iransactions with other nations or groups of nations. Economies
will be achieved in preparing and handling large quantities of material. The
schedule applies as well to Commission repurchases of enriched uranium returned
to the Commission from abroad and will also be used in calculating charges to
be applied to leased fuel for use, consumption, and isotopic depletion or dilution.
Appropriate adjustments will be made for processing costs incurred by the Com-
mission in reclaiming the material in the form of UFg.

8. Commitments thus far made to other nations approximate 1,700 kilograms
of uranium 235. The three power reactor agreements recently concluded with
Switzerland, the Netherlands and Australia involve supplying approximately
1,500 kilograms of uranium 235 over the next 10 years.

9. Sale or lease transactions with other nations under the new prices will in-
volve for the most part reactor fuel containing 20 percent uranium 235 or less.
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However, in five agreements concluded so far, relatively small quantities of 90
percent fuel are authorized for use in materials testing reactors. This is the
highest degree of enrichment quoted in the new schedule.

10. In addition to sale or lease of uranium 235, the Commission is now under-
taking, as noted in the announcements, to consider arrangements under which
it would supply uranium 235 in exchange for source material such as uranium ore
or concentrates. The basis for exchange and the quantities involved on each
side would be worked out on a case-by-case basis.

11, The announcements made today and the attached terms and conditions
apply to agreements for cooperation under the Atoms for Peace Program. The
arrangements under which 5,000 kg. ofuranium 235 will be made available to the
IAEA will be agreed with the Agency.

SumMMARY oF GENERAL TERMs AND CoONDITIONS GOVERNING INTERNATIONAL
TRANSACTIONS IN SPECIAL NUCLEAR MATERIALS

1. Agreements for Cooperation.

Special nuclear material may be distributed outside the United States only
pursuant to an agreement for cooperation.

The term of present agreements for cooperation in power reactor technology
and fueling stands at 10 years. However, recognizing that the provision of fuels
must be guaranteed for g longer period in order to facilitate financing and opera-
tion, the Commission will now consider extending agreements beyond 10 years.

I1. Form of Transactions.

In general, special nuclear material distributed abroad under research agree-
ments will be leased and that distributed under power agreements will be sold.
The contract of sale or the lease, as the case may be, will contain terms relating
to delivery, form of material, quantity and price. The pertinent document will
also contain procedures for assaying material and such other provisions as may
be appropriate or necessary in a given case.

II1. Form of Malerial.
All quoted prices relate to enriched uranium as (uranium hexafluoride (UFg)).

1V. Charges.

The charges for uranium in the form of UFg, in the various degrees of enrich-
ment, shall be in accordance with a schedule adopted by the Commission for use
in transactions both at home and abroad. Although these prices are subject to
adjustment, it is the intention of the Commission to maintain them as stable as
possible. The schedules are as follows:
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Weight Official charge Dollars per Weight Official charge Dollars per
fraction dcllars per gram of fraction dollars per gram of
uranium- kilogram of uranium-235 uranium kilogram of uranium-235
235 uranium content 235 uranium content
0. 0072 40. 50 5. 62 . 040 535. 50 13.39
. 0074 42.75 5.78 . 045 616. 50 13.70
.0076 45.25 5.95 . 050 698. 25 13. 96
. 0078 47. 50 6.09 . 060 862. 50 14.38
. 0080 50.00 6.25 .070 1,028.00 14. 68
. 0082 52. 50 6.40 . 080 1,195.00 14,94
. 0084 55. 00 6. 56 . 090 1, 362. 00 15.13
. 0086 57. 50 6. 69 .10 1, 529. 00 15.29
. 0088 60. 00 6.82 .15 2,374.00 15.83
0090 62.75 6. 97 .20 3,223.00 16.12
0092 65. 25 7.09 .25 4,078.00 16.31
0094 67.75 7.21 .30 4,931.00 16. 44
0096 70. 50 7.34 .35 5,793.00 16. 556
0098 73. 00 7.45 .40 6, 654. 00 16. 64
010 75.75 7.58 .45 7,515.00 16.70
011 89. 00 8.09 .50 8,379. 00 16. 76
012 103.00 8.58 .55 9, 245.00 16.81
013 117.00 9.00 . 60 10,111. 00 16. 85
014 131. 25 9.38 . 65 10, 979. 00 16.89
015 145. 50 9.70 .70 11, 850. 00 16. 93
020 220.00 11.00 75 12, 721.00 16. 96
025 297.00 11.88 80 13, 596. 00 17.00
030 375. 50 12,52 85 14,475.00 17.03
035 455.00 13.00 90 15, 361. 00 17.07

The above schedule will also provide the basis for use charges to be applied to
leased fuel, as well as in calculating charges for uranium 235 consumption and
isotopic depletion or dilution in leased fuel, and for any AEC repurchases of
enriched uranium returned from abroad. Appropriate adjustments will be made
for processing costs incurred by the AEC in reclaiming the material in the form
of UF, 6-

The schedule does not include any costs that may be incurred by the Commis-
sion as a result of activities conducted under agreements for cooperation to safe-
guard uranium 235 distributed abroad. If it later becomes necessary to add a
surcharge to the charge schedule on account of such expense, that surcharge will
moderate.

V. “Buy-Back” Prices for Plutonium and Uranium 233.

The following prices shall be applied in any Commission purchases of plutonium
or uranium 233 produced abroad for the period ending June 30, 1963, through the
use of fuel obtained from the Commission under agreements for cooperation:

For plutonium metal—$12/gram.

For uranium 233 nitrate—$15/gram of uranium 233.

The above are based on the estimated values of plutonium and uranium 233 as
reactor fuel. Since, initially, material is expected to be delivered in forms other
than the above, the prices to be paid will be the above, less the cost of conversion
to the specified form. Material so acquired by the Commission from nations with
agreements for cooperation, as noted in today’s announcement, will be used only
for peaceful purposes. To assure this, in any case where such material cannot,
during its reprocessing, be kept separate from material produced in the United
States, an equal amount of United States material will be reserved for peaceful
uses.

VI. Enrichment of Material.

Uranium distributed abroad will be limited to 20 percent enrichment in uranium
235, with the exception that six (6) kilograms of uranium 235 enriched up to 90
percent may be made available for use in materials testing reactors under power
agreements, and gram quantities of uranium enriched above 90 percent in uranium
235 may be made available for research purposes under research or power agree-
ments.
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VIL Quantity.

a. Research agreements:

Generally, up to 6 kilograms of contained uranium 235 will be made available
under research agreements. However, in some cases, the Commission may
increase this amount, by way of amendment to an agreement, up to 12 kilograms.
The reference here is to the amount of material being utilized in reactors within
the cooperating country at any one time. In addition, the Commission will make
available such further quantities as, in its opinion, are necessary to permit the
efficient and continuous operation of the reactor or reactors while replaced fuel
elements are radioactively cooling in the cooperating country or while fuel ele-
ments are in transit.

b. Power agreements:

The amount of material allocated under a power agreement generally refers to
the required operating inventory plus the net amount of uranium 235 to be con-
sumed over the life of the agreement. The amount of uranium enriched in the
isotope uranium 235 in the custody of a cooperating country shall not at any time
be in excess of the amount of material necessary to assure continuous operation
of each defined reactor project undertaken,

VIIL. Reprocessing.

When special nuclear material received by a cooperating country from the
United States requires reprocessing, such reprocessing shall be performed at the
discretion of the Commission in either Commission facilities or facilities acceptable
to the Commission. Cost of such reprocessing will be borne by the users of the
material.

IX. Safeguards and Controls.

All agreements for cooperation contain appropriate safeguards and controls
against diversion of special nuclear material to other than peaceful purposes and
contain all of the guarantees required by Section 123 of the Atomic Energy Act of
1954.1

1 Section 123 reads as follows:
“See. 123. COOPERATION WITH OTHER NATIONS.—No cooperation with any nation or regional
defense organization pursuant to sections 54, 57, 64, 82, 103, 104, or 144 shall be undertaken until—

‘“a, the Commission or, in the case of those agreements for cooperation arranged pursuant to subsection
144D, the Department of Defense has submitted to the President the proposed agreement for cooperation,
together with its recommendation thereon, which proposed agreement shall include (1) the terms, condi-
tions, duration, nature, and scope of the cooperation, (2) a guaranty by the cooperating party that security
safeguards and standards as set forth in the agreement for cooperation will be maintained; (3) a guaranty
by the cooperating party that any material to be transferred pursuant to such agreement will not be used
for atomic weapons, or for research on or development of atomic weapons, or for any other military purpose;
and (4) a guaranty by the cooperating party that any material or any restricted data to be transferred
pursuant to the agreement for cooperation will not be transferred to unauthorized persons or beyond the
jurisdiction of the cooperating party, except as specified in the agreement for cooperation;

“Db. the President has approved and authorized the execution of the proposed agreement for cooperation,
and has made a determination in writing that the performance of the proposed agreement will promote
and will not constitute an unreasonable risk to the common defense and security; and

“c, the proposed agreement for cooperation, together with the approval and the determination of the
President, has been submitted to the Joint Committee and a period of 30 days has elapsed while Congress
is in session (in computing such 30 days, there shall be excluded the days on which either House is not in
session because of an adjournment of more than 3 days).”
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InTERNATIONAL CoMMissioN oN Raproroaicar Prorecrion

Main Commission. Dr. R. Sievert, Institute of Radiophysics, Sweden, chair-
man; Dr. G. Failla, Columbia University, New York, N. Y., vice chairman and
chairman, subcommittee I, Permissible Dose for External Radiation; W. Binks,
Radiological Protection Service, England, secretary; Prof. L. Bugnard, Ministry
of Health, France; Dr. H. Holthusen, Direcktor de Strahleninstitut, Germany;
Prof. J. C. Jacobsen, Radium Centre, Denmark; Dr. R. G. Jaeger, Physikalisch
Technische Bundesanstalt, Germany, chairman, subcommittee ITI, Protection
Against X-rays up to 3 Million Volts and Gamma Rays from Beam Equipment;
Dr. W. V. Mayneord, Royal Marsdon Hospital, England; Dr. K. Z. Morgan,
Oak Ridge National Laboratory, Oak Ridge, Tenn., chairman, subcommittee II,
Permissible Dose for Internal Radiation; Dr. R. 8. Stone, University of California,
San Francisco, Calif.; Dr. L. 8. Taylor, National Bureau of Standards, Depart-
ment of Commerce, Washington, D. C.; Dr. E. A. Watkinson, National Health
& Welfare, Canada; Sir Ernest Rock Carling, Home Office, England, chairman
emeritus.

Subcommittee chairmen. Prof. H. E. Johns, Canada, chairman, subcommittee
IV, Protection Against High Energy X-rays, and Heavy Particles Including
Neutrons and Protons; Dr. Conrad P. Straub, Oak Ridge National Laboratory,
Oak Ridge, Tenn., chairman, subcommittee V, Handling of Radioactive Isotopes
and the Disposal of Radioactive Waste.

Committee members. No. I, Dr. A. R. Gopel-Ayengar, India; Dr. G. Bonnier,
Sweden; Prof. D. G. Catcheside, England; Dr. T. Kemp, Denmark; Or. R. Later-
jet, France; Dr. J. F. Loutit, England; Dr. H. J. Muller, United States; Dr. Jens
Nielsen, Denmark; Prof. R. M. Sievert, Sweden; Prof. R. S. Stone, United States;
Dr. Shields Warren, United States. No. II, Dr. A. M. Brues, United States;
Dr. W. H. Langham, United States; Dr. L. D. Marinelli, United States; Dr. W.
G. Marley, England; Dr. N. K, Nakaidzumi, Japan; Dr. G. J. Neary, England;
Prof. M. N. Pobedinski, Union of Soviet Socialist Republics; Dr. E. E. Pochin,
England; Dr. C. Gordon Stewart, Canada. No. III, E. E. Smith, England;
Dr. 8. Benner, Sweden; Dr. J. Bouchard, Canada; Dr. C. B. Braestrup, United
States; Dr. B. Combee, Netherlands; C. Garrett, Canada; Dr. T. Gauwerky,
Germany; Prof. H. Holthusen, Germany; Dr. P. Ronne-Nielsen, Denmark;
Dr. H. 0. Wyckoff, United States; Dr. J. Zakovsky, Austria; Dr. Zuppinger,
Switzerland. No. IV, Dr. E. E. Pochin, England; Dr. H. P. Jammet, France;
A. W. Kenny, England; Dr. W. G. Marley, England; Dr. C. A. Mawson, Canada;
Prof. Aldo Perussia, Italy; Dr. E. H. Quimby, United States; Dr. F. D. Sowby,
Canada; Dr. F. W, Wester, United States.
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NationaL CoMMITTEE oN RADIATION PROTECTION AND MEASURE-
MENT

Dr. LavristoN S. TAvLoOR, committee chairman; National Bureau of Standards,
Department of Commerce, Washington, D. C.; chairman, subcommittee 10,
Regulations of Radiation Exposure Dose; acting chairman, subcommittee 14,
Permissible Exposure Doses Under Emergency Conditions.

Dr. H. L. AnprEws, U, 8. Public Health Service, Department of Health, Educa-
tion, and Welfare, Washington, D. C.; chairman, subcommittee 7, Monitoring
Methods and Instruments,

E. C. Barnes, Westinghouse Electric Corp., Pittsburgh, Pa.; representing Ameri-
can Industrial Hygiene Association.

A. C. BLackmaN, California Department of Industrial Relations, San Francisco;
representing International Association of Government Labor Officials.

Dr. C. B. BraestrUp, Francis Delafield Hospital, New York, N. Y.; chairman,
subcommittee 9, Protection Against Radiations from Radium, Cobalt 60, and
Cesgium 137, Encapsulated Sources.

Dr. Joax C. BugHER, Rockefeller Foundation, New York, N. Y.; representative
at large.

Dr. RicaarD 8. CHAMBERLAIN, University of Pennsylvania Hospital, Philadelphia,
Pa.; representing the American College of Radiology.

Dr. Wanter D. Cravus, U. S. Atomic Energy Commission, Washington, D. C.

Dr. CrarLEs L. Dunnawm, U. 8. Atomic Energy Commission, Waghington, D. C.;
member of Executive Committee.

Dr. T. P. EBERHARD, representing American Radium Society.

Dr. Giraoccuino Farrna, Columbia University, New York, N. Y.; member of
Executive Committee; chairman, subcommittee 1, Permissible Dose from
External Radiation, and subcommittee M-3, Standards and Measurement of
Absorbed Radiation Dose.

Dr. Pavr C. Hopoees, University of Chicago, Chicago, Ill.; representing the
American Medical Association.

Dr. H. W. KocH, National Bureau of Standards, Department of Commerce,
Waghington, D. C.; chairman, subcommittee 5, Electrons, Gamma Rays and
X-rays over 2 Million Volts.

Dr. W. H. LancuaM, Los Alamos Scientific Laboratory, Los Alamos, N. Mex.,
U. 8. Atomic Energy Commission; chairman, subcommittee M-4, Relative
Biological Effectiveness.

R. M. LEeuavussE, Colonel, U. S. Air Force.

E. A. LopmeLL, Colonel, U. 8. Army.

Dr. W. B. MannN, National Bureau of Standards, Department of Commerce,
Washington, D. C.; chairman, subcommittee M-1, Standards and Measurement
of Radioactivity for Radiological Use.

Dr. G. W. Morean, U. 8. Atomic Energy Commission, Oak Ridge, Tenn.;
chairman, subcommittee 11, Incineration of Radioactive Waste.

Dr. X. Z. MorgaN, Oak Ridge National Laboratory, Oak Ridge, Tenn.; U. 8.
Atomic Energy Commission; representative at large and chairman, subcommit-
tee 2, Permissible Internal Dose.

Dr. R. J. NeLseN, Rockville, Md.; representing American Dental Association.

Dr. R. R. NewELL, Stanford University, San Francisco, Calif.; American Roent-
gen Ray Society. :
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Dr. H. M. PARkER, General Electric Co., Hanford Works, U. 8. Atomic Energy
Commission, Richland, Wash.; chairman, subcommittee 6, Handling of Radio-
active Isotopes and Fission Products.

Dr. E. H. QuiMBy, Columbia University, New York, N. Y.; representing American
Radium Society; chairman, subcommittee 13, Safe Handling of Cadavers
Containing Radioactive Isotopes.

J. A. ReynorLps, Picker X-ray Corp., Cleveland, Ohio; representing National
Electrical Manufacturer Association.

Dr. H. H. Rossi, Columbia University, New York, N. Y.; chairman, subcommittee
4, Heavy Particles (Neutrons, Protons, and Heavier).

Dr. M. D. ScauLTz, Massachusetts General Hospital, Boston, Mass.; representing
American College of Radiology.

Dr. L. S. Skacas, Argonne Cancer Research Hospital, Chicago, Ill,, U. S. Atomic
Energy Commission; chairman, subcommittee 12, Electron Protection.

Dr. J. H. SterNER, Eastman Kodak Co., Rochester, N. Y., representing American
Industrial Hygiene Association.

Dr. R. 8. Stoxg, University of California, San Francisco, Calif.; representing
Radiological Society of North America.

Dr. I. R. TaBersuaw, New York State Department of Labor, New York, N. Y.;
representing International Association of Government Labor Officials.

E. D. Trour, General Electric Co., Milwaukee, Wis.; representing National
Electrical Manufacturer Association.

Dr. SHiELDS WARREN, New England Deaconess Hospital, Boston, Mass.; repre-
sentative at large.

Dr. James L. WeaTHERWAX, Philadelphia, Pa.; representative at large.

8. F. WiLLiams, Captain, U. 8. Navy.

Dr. H. O. Wyckorr, National Bureau of Standards, Department of Commerce,
Washington, D. C.; chairman, subcommittee 3, X-rays Up to 2 Million Volts
and subcommittee M-2, Standards and Measurements of Radiological Exposure
Dose.

S. W. Rasgin (Mrs.), committee secretary; National Bureau of Standards,
Department of Commerce, Washington, D. C.
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TasLeE oF NucLEaR REAcTOR FAcIiLiTiES

The following tabulation includes as reactors all facilities built, building, or
planned in the United States as of December 31, 1956, which are capable of sus-
taining a nuclear chain reaction, with the exception of experiments being conducted
at weapons laboratories. A few of these are for installation in other countries.
Certain experiments relating to military propulsion systems are included in the
statistical summary but are not listed in the tabulation because of their classified
nature.

Start-up dates shown for 1957 or later are estimates based on the best available
information. The dates for non-Commission projects are the estimates announced
by the sponsoring organizations.

Reactors are listed as “being built” category under the following circumstances:

a. Federal Government reactors—when ground is broken, components ordered,

or contract awarded, whichever is first.

b. Non-Federal Government reactors in the United States—when construction

permit is issued by the Commission.

¢. Reactors for foreign locations—when an export license is issued.

Reactors are listed in the “planned’’ category under the following circumstances:

a. Federal Government reactors—when publicly announced or when develop-~

ment work is started.

b. Non-Federal Government reactors in the United States—when license

application is filed with the Commission or public announcement is made,
whichever is first. ’

Listings in the ‘“builder” column refer to the prime contractor in the case of
Federal Government reactors and to the principal manufacturer in other cases.
Builders’ names, abbreviated in the column listing, are given in full in the list
below.

Abbreviation Builder

ACF. .. ACF Industries, Inc.

AGC_ . Aerojet-General Corps.

AGN____ . Aerojet-General Nucleonies, a Division of Aerojet-
General Corp.

ALCO. . Alco Products, Inc., a Subsidiary of American Ma-
chine & Foundry Co.

AMF._ . AMF Atomics, Inc.

ANL . Argonne National Laboratory, University of Chicago,
Contractor.

B&W._ . The Babcock & Wilcox Co.

BAC . ___ Bendix Aviation Corp.

CE_ . Combustion Engineering, Ine.

Convair- - _____.______. Consolidated Vultee Aireraft Corp.

Daystrom_____._________ Daystrom, Inc.

DuPont- . ___ E. I. du Pont de Nemours & Co., Inc.

Fluor- .- The Fluor Corp., Ltd.

Ford Instr___ . _._______ Ford Instrument Co.

F-W_ . Foster Wheeler Corp.

GDC_ .. General Atomic Division of General Dynamics Corp.

GE_______ . __ General Electric Co,
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Abbreviation Builder

HKF_ .. The H. K. Ferguson Co.

KE ... Kaiser Engineers, Division of Henry J. Kaiser Co.

LASL .. Los Alamos Scientific Laboratory, University of Cali-
fornia, Contractor.

Lockheed__..___________ Lockheed Aircraft Corp.

Martin___ . _________ The Glenn L. Martin Co.

Met. Lab_______________ Metallurgical Laboratory, Manhattan Engineer Dis-
trict.

NAA . Atomics International, a Division of North American
Aviation, Ine.

NACA_ . National Advisory Committee for Acronautics

NRL.___ . ___.. Naval Research Laboratory

NDA_ _ .. Nueclear Development Corp. of America

ORNL._ ________ .. ____ Oak Ridge National Laboratory, Union Carbide
Nuclear Co. of Union Carbide & Carbon Corp.,
Contractor.

PPC_ .. Phillips Petroleum Co.

PRDC____ . ___ Power]Reactor Development Co.

P&EW._ . Pratt and Whitney Aireraft Division, United Aircraft
Corp.

West. . ... Westinghouse Electric Corp.

NUCLEAR REACTORS BUILT, BUILDING, OR PLANNED IN THE
UNITED STATES AS OF DECEMBER 31, 1956

Operated, | Operated | Being
later dis- | or licensed | built Plannced | Total
mantled | to operate
A. Low temperature (Not useful for power genera-
n,
1. Research and test reactors—Wholly or pri-
marily for:
a. Research—United States locations.. ... .. 6 14 5 20 45
b. Research—Foreign locations.___ 1 14 16
¢. Personnel training____.__.___________ ) B 1
d. General testing—United States locatiol 1 1 2 4
e. QGeneral testing—Foreign locations. _.__.___|.__________ .t _ | .__..._ 1 1
f. Specialized testing._.. . ___________________f__ . ____. 12 4 3 19
2. Critical experiments and zero power reactors:
a. Unclassified~-United States locations._____ 5 17 6 6 34
b. Unclassified—Foreign locations___.._ .. __ .| . . | .. ... 1 1
¢, Classified—United States locations (not
disted) - oo e 7 4 | 11
3. Production reactors 13 | 13
Total—Low temperature_ _________________ 11 65 22 47 145
B. High temperature power producing reactors
4. Military prototypes and experxments
a. Unclassified 1 3 7 2 13
b. Classified (not listed) ..o || 4 4
5. Full scale military power reactors..___.__..___|...__.___.. 2 8 17 27
6. Civilian power reactor experlments ___________ 5 4 4 5 18
7. Full scale civilian power reactors:
a. AEC power demonstration reactor program. 1 6 7
b. United States locations—other than PDRP 4 6 10
c. Foreign locations.._____ 7 7
Total—High temperature...._....._ 9 24 47 86 °
Grand Total. ... . 17 74 46 94 231




NUCLEAR REACTORS BUILT, BUILDING, OR PLANNED IN THE UNITED STATES AS OF DECEMBER 31, 1956

Name andfor Owner
Operated, Later Dismantled:
Chicago Pile 1 (AEC) ________.___
Chicago Pile 2 (AEC) __________._
Argonne CP-3 (rebuilt as CP-3’)
(AEC).
Argonne CP-3' (AEC).______.___
Low Power Water Boiler (AEC)___
High Power Water Boiler (AEC)._.

Operated or Licensed to Operate:

Oak Ridge X-10 Area Reactor
(AEQ).
Brookhaven Research  Reactor
(AEC).

Low Intensity Test Reactor (AEC) .
Super Power Water Boiler (AEC).
North American Aviation Water
Boiler Neutron Source (AEC).
Livermore Water Boiler (AEC)__.
North Carclina State College
(Raleigh Research Reactor).
Argonne Research Reactor (AEC).
Pennsylvania State University. . -
Aerojet-General Nuecleonies. ...
Armour Research Foundation_____
Battelle Memorial Institute._.-...

A, Low 1emperature (Not Useful for Power Generation)
1. Research and Test Reactors

(a) Wholly or Primarily for Research, U. 8. Locations

Designation Location Builder
CP-1___.._._ Chieago, I__________ Met. Lab__
CP-2.___.__ Argonne Lab___._____ Met. Lab__
CP-3.___.__ weecdo o Met. Lab_.
CP-3'___.... eeedo o ANL______
LOPO___._. Los Alamos.___._.__. LASL.. .
HYPO..____ e O LASL_____
X-10-100._._ Oak Ridge_.._.______ ORNL____
____________ Brookhaven Lab___.__. HKF____.
LITR..._..__ Oak Ridge__——.._____ ORNL.____
SUPO__._._. Los Alamos..__._____ LASL____.
WBNS_._._- Van Nuys, Calif ._____ NAA___ ..
LIWB_._..__ Livermore, Calif._____ NAA___ ..
____________ Raleigh, N. C_._._____ __________
CP-5..__.___ Argonne Lab.________ ANL_____.
____________ University Park, Pa .. __.________
AGN-201_.. San Ramon, Calif____. AGN._____
____________ Chicago, Ill__.____._. NAA_____
____________ West Jefferson, Ohio.. AMF_____

Type

do .o ______

Start-Up

1942
1943
1944

1950
1944
1944

1943

1950

1950
1951
1952

1953
1953

1954
1955
1956
1956

Dismantled

1943
1954
1950

1955
1944
1950

0se
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Naval Research Laboratory. . _____. __.__________ Washington, D. C_.__ NRL___._. _____ doo____.___._ 1956

Omega West Reactor (AEC)_____. ___._.__.____ Los Alamos__._______ LASL____. Tank_ ... ... 1956
Being Built:

Livermore Pool Type Reactor LPTR______ Livermore, Calif______ -w______ Pool.. . _______ 1957
(AEC).

Oak Ridge Research Reactor ORR_______ Oak Ridge_______.___ ORNL.___. Tank___________._ 1957
(AEQC).

Brookhaven  Medical Reactor ____________ Brookhaven Lab_____ Daystrom_ ____do_-...__._.__ 1957
(AEC).

University of Michigan__._.______.. __.________._ Ann Arbor, Mich___.__ B&W.____. Pool .. 1957

Massachusetts Institute of Tech- __________.__ Cambridge, Mass_____ ACF______ Heavy Water...___ 1957
nology.

Planned:

Acrojet-General Nucleonics (8 re- _______._____ San Ramon, Calif_._ .. AGN___._ Homogeneous Solid. 1957
actors).t

Curtiss-Wright Corporation ... __ __________ Quehanna. Pa_..._.__ Daystrom_. Pool___.__________ 1957

Dow Chemical Company '________ ___________. Midland. Miech_._____ __________ Liquid Metal __ __._

Industrial Research Laboratories, __._._______ Plainsboro, N. J__.___ AMF_____ Pool ____ . ___ 1957
Inec.2

The Prosperity Company '~ _____. _.________.. Coral Gables, ¥la___._ ___._.____ eeodoo o ___

University of California (Medical _____.__.____ Los Angeles, Calif_.___ NAA_____ Homogeneous__ .. __
Reactor).!

Gamma Corporation 2_____._.____. __.______.__._ Mansfield, Mass__.___ . _.__.____ ceodo_ .

Stanford Research Institute_____ ____________ Palo Alto, Calif . _____ __________ ..

University of Buffalo?_ _________.. ____________ Buffalo, N. Y..______ AMF_____ Pool. ___.________

University of Washington 2. ___.__. ___.________ Seattle, Wash________ ____._ . o ____

Watertown Arsenal2____________._. __________.. Watertown, Mass_.__ BAC.__.__ ceedon 1958

State College of Washington 1____. _______._____ Pullman, Wash_______ GE_______ weedoo o 1959

University of Virginia___.________ ____________ Charlottesville, Va____ . _________ weo-doo ool

Daystrom Nueclear Division of Day- __.____..____ Near Princeton, N.J._ ______.____ Graphite-water_____ 1957

strom, Ine.!
See footnotes at end of table,
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NUCLEAR REACTORS BUILT, BUILDING, OR PLANNED IN THE UNITED STATES AS OF DECEMBER 31, 1956—Con.
A, Low Temperature (Not Useful for Power Generation)—Continued
1, Research and Test Reactors —Continued

(b) Wholly or Primarily for Research, Foreign Locations

Location Builder Type Start-Up

Operated:

Switzerland (Wurelinger) 3___ e ORNL__.._____ Pool . _._. 1955
Being Built:

Japan (Tokal-mura) . . oo o e NAA .. ____ Homogeneous_._._._____
Planned:

Asian Nuclear Center 2. e e e

Brazil (Sao Paulo) 4. . e B&W_________ Pool_ _ o __ 1957

Denmark (Roskilde) 4. . _ e FP-W_ . .. doo el

Ttaly (near Milan) 2 _ _ o e ACF._________ Heavy Water__.______._ 1958

Japan (Tokail-mura) 2 e AMF________._ Tank_ _ _ ___ _________..

Argentina (Buenos Aires)?__ . _____ . ______ oo GE___.___._._. Pool .

Netherlands 2 _ oo ACF L Tank._ ...

Netherlands (Amsterdam International Exhibit)4_ __ _ __ . ______.__ AMF_.__.____ Pool - .. ___ 1957

Spain (Madrid) 2. __ . . e GE_ .. ... e [ TS

Venezuela (near Caracas) 2. . . o oo m e e e GE_ .. ... (o 1 S

Federal Republic of Germany (Munich) ¢ __ . _______. AMF______.__ _____ do ... 1957

Sweden (Studsvik) 2 _ ..o el ACF_________. Tank_ _ oo

Federal Republic of Germany (Hamburg) 2. _________________________. B&W_ ... Pool ..

Federal Republic of Germany (University of Frankfurt) 2.____._________ NAA ________ Homogeneous_..__.___.

(444
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(¢) Wholly or Primarily for Personnel Training

Name andfor Ouner Designation Location Builder Type Start-Up
Being Built:
Argonne Naught Power Reactor Argonaut.___ Argonne Lab___._______ ANL____._ Graphite_ . _______.____. 1957
(AEC).
(d) Wholly or Primarily for General Testing, United States Locations
Operated:
Materials Testing Reactor (AEC).._. MTR_______ NRTS, Idaho______._._. Fluor_____ Tank. oo ____ 1952
Being Built:
Engineering Test Reactor (AEC)._._.. ETR________ __.___ doo . KE______._ __... s (o T 1957
Planned: ’
National Advisory Committee for NACA-TR._. Sandusky, Ohio__-._..___ NACA__._. ____. doo .. 1959
Aeronautics.!
Westinghouse Testing Reactor1_____ WTR___.___ Westmoreland County, West______ _..___ dO . 1957
Pa.

(e) Wholly or Primarily for General Testing, Foreign Locations

Planned:
Centre d’Etude pour les Applica- BR-IT._____ Mol, Belgium_._.___.____ NDA . i . 1959
tions de I’Energie Nucleaire of
Belgium (CEAN).2

See footnotes at end of table.
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NUCLEAR REACTORS BUILT, BUILDING, OR PLANNED IN THE UNITED STATES AS OF DECEMBER 31, 1956—Con.
A. Low Temperature (Not Useful for Power Generation)— Continued
1. Research and Test Reactors—Continued

(f) Wholly or Primarily for Specialized Testing

Name and/or Owner Designation Location Builder Type Start-Up
Operated:
Savannah River Test Pile 305 (AEC). SR-305_____ Savannah River._______ DuPont_.. Graphite. ... ____.._.___ 1953
Hanford 305 Test Reactor (AEC)_.. HEW-305... Hanford, Wash_________ DuPont___. ___.do_.___.__________ 1944
Process Development Pile (AEC).... PDP._.__.._ Savannah River._ ______ DuPont... Heavy Water__________ 1953
45’ Thermal Test Reactor (AEC).___ SP__________ e—do_ . DuPont._. Graphite_ _.___________ 1953
Thermal Test Reactor (AEC).______ TTR._.____ Hanford, Wash__...____ GE_..___. eeedoo o 1955
Bulk Shield Test Facility (AEC)_.__. BSTF.__.___ Oak Ridge_ ... ____... ORNL._._ Pool ________.________ 1950
Tower Shielding Facility (AEC)_.___ TSF. _______ o doo o ____ ORNL____ ____do.______________. 1954
Special Power Excursion Reactor Test SPERT-1._. NRTS, Idaho_._________ PPC._____ Heterogeneous_ . _..____ 1955
No. 1 (AEQ).
Kinetic Experiment on Water Boilers KEWB-1.__. Santa Susana, Calif_.___ NAA_.__. Homogeneous._________ 1956
No. 1 (AECQ).
Thermal Test Reactor (AEC)...____ TTR_______ Schenectady, N. Y_____ GE__.___. Graphite_ _____________ 1951
Ground Test Reactor (USAF)____.__ GTR__.._._._ Fort Worth, Texas__ . _._ Convair_ .. .. 1953
Aircraft Shield Test Reactor (USAF). ASTR._.__._ eedoo . Convair.__. o 1954
Being Built:
Special Power Excursion Reactor Test SPERT-2.._ NRTS, Idaho.____..__. PPC.._.__ Pressurized Water..__._ 1957
No. 2 (AEQC).
Special Power Excursion Reactor Test SPERT-3.__ ____do._._____________ PPC._._.. SN 1 1957
No. 3 (AEC).
Kinetic Experiment on Water Boilers, KEWB-2___. Santa Susana, Calif_____ NAA_____ Homogeneous__._____.. 1958
No. 2.
Nuclear Engineering Test Reactor NETR._.___. Dayton, Ohio__________ ACKE. o . 1958

(USAPF).
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Planned:

Food Irradiation Reactor (AEC)2%6__ FIR______.__ Stockton, Calif.___.__ .. ___.__.___ Pressurized Water._.____ 1958
Shield Test Reactor (AEC) 8. ______. .. _____. NRTS, Idaho_________. GE____.__ SR« [ TR
Radiation Effects Reactor (USAF).125. RERL______ Marietta, Ga__________ Lockheed_. Pool__________________ 1958

2. Critical Experiment Facilities and Zero Power Reactors 7

(a) U. 8. Locations

Nume andfor Owner Designation Location Builder Type Start-Up  Dismantled
Operated, Later Dismantled:

Zero Power Reactor No. 1 (AEC)_ ZPR-1_____._ Argonne_____________ ANL______ Water_________.___ 1950 1953
Zero Power Reactor No. 2 (AEC). ZPR-2.__._. JEUY U T ANL_..___ Heavy Water._____ 1952 1955
Zero Power Reactor No. 4 (AEC)_. ZPR—4______ ceodoo L. ANL___.___ Light Water.______ 1953 1956
Army Package Power Reactor— APPR-OR_. Oak Ridge.___._______ ORNL____ Pressurized Water__ 1955 1956

Critical (AEC).
X-10 Critical .o _ .. __ X-10-200__. ___.do______________ ORNL.____. Homogeneous.. - - 1946 1948

Operated:

Zero Power Reactor No. 3 (AEC). ZPR-3...__. NRTS, Idaho._______ ANL . _ .. 1955
ORNL Critical Experiment Facility ORNL-1_..__. Oak Ridge-_._________ ORNL.___. o __ ... 1950

No. 1 (AEC).
ORNL Critical Experiment Facility ORNL-2___. ____do_.____________ ORNL__._.. ... 1950

No. 2 (AEQC).
Fast Exponential Experiment FEE________ Argonne____.__._____._ ANL.___ . .. 1954

(AEC).
Physical Constants Test Reactor PCTR______ Hanford, Wash____.__ GE._ o el 1955

(AEC).
PWR Flexible Critical Assembly PWR-FA_... Pittsburgh_ ... _.__.___ West oo e 1954

(AEC).
PWR Mockup (AEC) oo PWR Mock- .80 oo o__. WSt oooce e 1954

up.

See footnotes at end of table.
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NUCLEAR REACTORS BUILT, BUILDING, OR PLANNED IN THE UNITED STATES AS OF DECEMBER 31, 1956—Con.

A. Low Temperature (Not Useful for Power Generation)—Continued

2. Critical Experiment Facilities and Zero Power Reactors ?—Continued

Name andfor Owner

Two Region Critical Experiment
(AEQ).

Preliminary Pile Assembly (AEC)5_

Spare Plate Critical Assembly
(AEQ).

Danger Coefficient Test Facility
(AEC).

Flexible
(AEQ).

Flexible Critical Experiment
(AEQ).

Evendale Critical Experiment Fa-
cility (USAF).

APPR Criticality Assembly (AEC) -

Reactivity Measurement Facility
(AEC).

Zero Power Reactor No. 5 (AEC)_

Plastic Reactor (SAR)

Being Built:

Evendale Critical Experiment Fa-
cility No. 2 (USAF).

CANEL Nuclear Physics Labora-
tory (USAF).

Babeock & Wilcox Co..._____.____

(a) U. 8. Locations—Continued

Designation

GEANP-2__

CANEL~1_._

Location

Pittsburgh___________

Schenectady - _ ...

Pittsburgh__.___

Schenectady - _

Windsor, Conn_______

Evendale, Ohio

Schenectady_ __

NRTS, Idaho_____.___

Argonne Lab_________

Evendale, Ohio

Middletown, Conn____

Lynchburg, Va____.__

Builder

9g€
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DAatrteile VieIoridal 1ustltuie . . - o DIV1I1I™UA aa YYEsL Jeuersuil, Villv_ - m - e —————— =
General Electric Co__ ..ol e Near Livermore, Calif. GE._____. _..__._._._._.
Nuclear Development Corporation NDA-CX_... Pawling, N. Y_______ NDA. . .
of America.
Planned: .
Low Power Test Facility (AEC) 2. LPTF___.___ NRTS, Idaho___._____ GE_ ... ...
Zero Power Reactor No. 6 (AEC). ZPR-6.__._. Argonne_.___.___.___ ANL_ ... o .._.
Lockheed Aireraft Co.'2.__ . ___. ______._____ Palo Alto, Calif . __.___ _______ ... eo_o_._
Westinghouse Electric Corpora- ______._____ Westmoreland County, West______ _____________
tion.! 2 Pa.
The Glenn L. Martin Co.l2.______ ______..____ Middle River, Md._.._. Martin__.._ _________._._
General Atomic Division of General __._________ San Diego, Calif.__.__ GDC_ .. e __
Dynamics Corp.?
(b) Foreign Locations
Planned:
Denmark 2_ . e Roskilde, Denmark_.. NAA____. ____________.
3. Production Reactors—all owned by AEC
Designation Builder Type
Operated:
B Reactor___ . ____._._____.__. DuPont. oL Graphite_ ..
D Reactor-o. oo DuPont.___ . ST s ' YOOI
F Reactor_ .. oo oo DuPont_ . S« [+ M
CReactor.__._.______________ GE. . S o (s N,
DR Reactor. - . .. GE . e JR« I
H Reactor-_ oo GE._ .. @0
KE Reactor. . _._______.______ GE_ . ceen@O o
KW Reactor.__ .. ___ .. __.._ GE_ e RS« (o S
R Reactor. . oo DuPont. e Heavy Water- ... _.....
PResctor-. .. DuPont. oo . ST« I T
K Reactor.___ . _ DuPont._ ..o . ST o Y
L Reactor e DuPont._ o SR« [ T
CReactor. ... DuPont_ . ... S . ' T

See footnotes at end of table.

Location

Hanford, Wash.

Do.

Do.

Do.

Do.

Do.

Do.

Do.
Savannah River, 8. C,

Do.

Do.

Do.

Do.
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NUCLEAR REACTORS BUILT, BUILDING, OR PLANNED IN THE UNITED STATES AS OF DECEMBER 31, 1956—Con.

4a

Name
Operated, Later Dismantled:
Aircraft Reactor Experiment
Operated:
Submarine Thermal Reactor, Mark
L
Submarine Intermediate Reactor,
Mark A.
Heat Transfer Reactor Experiment
No. 1.
Being Built:
Army Package Power Reactor No. 1.
Large Ship Reactor Prototype (2
reactors).
Submarine Advanced Reactor.____
Heat Transfer Reactor Experiment
No. 2.
Small Submarine Reactor Proto-
type.
Aircraft Reactor Test
Planned:
Argonne Low Power Reactor . ___
Gas Cooled Reactor Experiment 2__

8¢¢€

B. High Femperature Power Producing Reactors
. Military Prototypes and Experiments—all owned by AEC

Designation Locaticn Builder Type Start-Up

ARE_.______ Oak Ridge.____.____.. ORNL. . e rcaecaee

SIW. ... NRTS, Idaho__....__. West._____ Pressurized Water_ . ___.... 1953

S1G._._____ West Milton, N. Y_.. GE__.____ Sodium.- o - oo 1955

HTRE-1..__ NRTS, Idaho_..___. GE oo e 1956 %
2

APPR-1__.. Fort Belvoir, Va_____ Alco._._.. Pressurized Water....._._.__ 1957 S

AW ... NRTS, Idaho..__..- West. ... T - o

$3G. . ... West Milton, N. Y_._ GE______. o0 .

HTRE-2..__ Lockland, Ohio.__.____ GE o e caemeeee

S1C . Windsor, Conn_._.___ CE_______ Pressurized Water_ __..__._._

ART. ___._._ Oak Ridge.._______... OBRNL._ o e

ALPR.__.__ NRTS, Idaho_.__.___ ANL_____. Boiling Water_.___.__.______

GCRE__.... __... do_ce o AGC..._. Gas Cooled_ - _ ...



5. Full Scale Military Power (all owned by Federal Government)

Type of Use Designation Designer Type Start-Up
Operated:
Submarine USS Newufelus______ . ____________.____ SSN571_______ West______ Pressurized Water__________ 1955
Seawolf . ____ L ____. SSN675_______ GE...___. Sodium_ - _________________ 1956
Being Built:
Submarine Skate. . . ___ . ________________ ________ SSN578__ .. __ West______ Pressurized Water___._._____
Swordfish__ __ . ____ . ____ SSN579. ____._ West______ eeedo_ ..
Sargo_ - SN5683_ . _____ West______ eodoo L
Seadragon_ _ ___________________________ SSN584___.___ West______ Y o U S
Skipjack_ . . S8N585._____. West______ ceedoo .
Submarine (2 reactors) Triton_.____________________ SSN586_ _ _____ GE_______ e do o ____
Submarine Haltbut. .. ___ . ___._ SSN587_ ___.__ West______ ceodoo .
Planned:
Army Package Power Reactor (Alaska)?_ _ . ___.__.___ APPR-1a_____ Alco.._ ... S« 1o T
6 Submarines 2_ ..ot e West_.____ oo
Guided Missile Cruiser (2 reactors) 2____.______.___. CLGN________ West_..___ cendo o L__
Aireraft Carrier (8 reactors) 2___ __ . . ____________ CVAN)___.__ West______ ce—do_ .
6. Civilian Power Reactor Experiments—all owned by AEC
Name Designation Location Type Builder (EII:g.wIi’rw) Start-Up  Dismantled
Operated, Later Dismantled:
Boiling Reactor Experiment BORAX-1__. NRTS, Idaho.__. Boiling Water._._. ANL____ Noelec... 1953 1954
No. 1.
Boiling Reactor Experiment BORAX-2__. NRTS, Idaho..__ ___.__. dooeoo._ ANL____ _._.do..-. 1954 1955
No.2(modifiedtoBORAX-3).
Los Alamos Fast Reactor_____ Clementine.. Los Alamos_.___. Liquid Metal___. LASL_.. .___.do.__.. 1946 1953
Homogeneous Reactor Experi- HRE-1______ Oak Ridge_-__._. Aqueous Homo- ORNL_. 140_.._____ 1952 1954
ment No. 1. geneous.
Boiling Reactor Experiment BORAX-3.__ NRTS, Idaho._.. Boiling Water_.__._. ANL___. 3,400.___. 1955 1956

No.3 (modified toBORAX-4).
See footnotes at end of table.
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NUCLEAR REACTORS BUILT, BUILDING, OR PLANNED IN THE UNITED STATES AS OF DECEMBER 81, 1956—Con.

B. High Temperature Power Producing Reactors—Continued

6. Civilian Power Reactor Experiments—all owned by AEC—Continued

Name
Operated:
Los Alamos Power Reactor Ex-
periment No. 1.
Experimental Breeder Reactor
No. 1.

Boiling Reactor Experiment

No. 4.
Experimental Boiling Water
Reactor.

Being Built:

Los Alamos Power Reactor Ex-
periment No. 2.

Sodium Reactor Experiment. -

Organic Moderated Reactor
Experiment.

Homogeneous Reactor Experi-
ment No. 2.

Planned:
Los Alamos Molten Plutonium
. Reactor Expt.?
Experimental Breeder Reactor
No. 2.2
Liquid Metal Fuel Reactor Ex-
periment.2

Degignation

LAPRE-1.._

Location

Los Alamos_ ...

NRTS, Idaho____

Los Alamos

Santa Susana__..
NRTS, Idaho____

Oak Ridge__..__.

Type

Aqueous Homo-
geneous.
Fast Breeder___._

Aqueous Homo-
geneous.

Sodium Graphite.

Organic Moder-
ated.

Aqueous Homo-
geneous.

Fast Molten
Plutonium.
Fast Breeder.____

Liquid Metal...__

Builder
LASL___
ANL____
ANL_.__

ANL._._

LASL___

NAA__.
NAA___

ORNL_.

LASL___
ANL.__.

B&W.___

Power
(Elec. Kw)

No elec....

No elec___.

300-1,000 -

Noelec.__.
15,000 - - -

Unde-

termined.

Start-Up  Dismantled

1956

1951

1957

1957
1957

1957

1958

1959

1960

09¢€
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Argonne Boiling Reactor Fa- ARBOR.___. NRTS, Idaho__.. Boiling Water_... ________ No elec... 1959
cility.

Plutonium Recycle Reactor PURRE_____ Hanford_________ Heavy Water._._.. GE_.__._ _.____.___ __.._._
Experiment.

7a. Full Scale Civilian Power Reactors (AEC Power Demonstration Reactor Program)

Name andfor Owner Location Builder Type Power (Elec. Kw) Start-Up

Being Built:

Power Reactor Development Co. Inc.  Monroe, Mich_ .. .. PRDC._____ Fast Breeder....____. 100, 000 1960
Planned:

Yankee Atomic Electric Co29_______ Rowe, Mass. .. __._ West___._._. Pressurized Water.... 134,000 1960

Consumers Public Power District 2 5. Beatrice, Nebr_____ NAA_______ Sodium Graphite____. 75,000 1960

Rural Cooperative Power Associa- Elk River, Minn... AMF_______ Boiling Water_.. ____ 22,000 1960

tion.2 1®
Wolverine Electric Cooperative 1210 _  Hersey, Mich______ F-W_______. Aqueous Homogeneous . 10,000 1959
Chugach Electric Association, Inc., Anchorage, Alaska.. NDA_.____. Sodium, Heavy Water- 10,000 1962

and Nuclear Development Corp.
of America.? 8
City of Piqua, Ohio 25_____________ Piqua, Ohio________ NAA..__._. Organic Moderated. -_ 12,500 1960

See footnotes at end of table.
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NUCLEAR REACTORS BUILT, BUILDING, OR PLANNED IN THE UNITED STATES AS OF DECEMBER 31. 1956—Con.
B. High Temperature Power Producing Reactors—Continued

7b. Full Scale Civilian Power Reactors, U. 8. Locations (other than Power Demonstration Program)

Name andjor Owner Designation Location Builder Type (Ellzg.wl?w) Slari-up
Being Built:
General Electric Co. and Pacific _______. Near Livermore, Calif_.. GE_____ Boiling Water_.__.____ 3,000 1958
Gas & Electric Co.
AEC and Duquesne Light Co. PWR__._ Shippingport, Pa_______ West.__. Pressurized Water__._ 60,000 1957
(AEQ).
Commonwealth Edison Co. (Nu- ____.___ Dresden, IN_______.____ GE____.. Boiling Water_.._____ 180,000 1960
clear Power Group).
Consolidated Edison Co. of ________ Indian Point, N, Y_____ B&W___ Pressurized Water____ 250,000 1960
New York.
Planned:
Pennsylvania Power & Light ________ Eastern Pennsylvania_.. West.___ Aqueous Homogeneous. 150,000 1962
Co.2
Nuclear Merchant Ship Reac- MSR_.. Shipboard_.___________ B&W___ Pressurized Water___._ 16,400 1960
tor.2 ¢ (AEC).
Florida Power Corp., Florida Florida.. o ot e 200,000 1962

Power & Light Co., and
Tampa Electric Co.2
New England Eleetric Co.2_ - - o oot et e 200,000 1964
Carolina-Virginia Nueclear Power L o e e cmien e
Associates, Inc.?

c9¢
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7c. Full Scale Civilian Power Reactors, Foreign Locations

Power
Location Owner Builder Type (Elec. Kw)
Planned:

Belgium2 ______.______ ... __ Syndicate d’Etude de ’Engerie Nucleaire.. West______ Pressurized Water____ 11, 500
Dominican Republic28_______ Dominican Republie__.___._____________ Martin. ... _._.do.___._________ 12, 000
Latin America (Brazil) 23________ American & Foreign Power Company. ___ GE____.__ Boiling Water________ 10, 000
Latin America (Cuba) 218________ do . GE_._._.___ e doo oo 10, 000
Latin America (Mexico?) 28 _ B« o NAA ____ Organic Moderated.__ 10, 000
Philippines (Manila) 218__________ General Public Utilities Corp. oo o i oo e
Ttaly (Milan)®_____________  ____ Edison Volta__._.______________________ West______ Pressurized Water____ 134, 000

! License application received by AEC.
2 Publicly snnounced.

3 Geneva Conference Reactor which is being rebuilt at Wurelinger, Switzerland.

¢ Export license application received by AEC.

5 AEC contract negotiations authorized.

8 Authorized by Congress.

7 Critical experiments at Los Alamos and other weapons sites not included.
8 Formerly located at Sacandago, N, Y.

® Contract awarded by AEC.
t' i Olf total thermal output of 73.3 Mw., 58 Mw. is to be nuclear and 15.3 conven-
ional.
1t Of total thermal output of 38 Mw, 31 Mw is to be nuclear and 7 Mw conventional.
12 140,000 electrical kw nuclear; 110,000 kw conventional.
13 Bilateral agreements for cooperation prerequisite to supplying these reactors have
not been executed.
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UNITED STATES
ATOMIC ENERGY COMMISSION
WASHINGTON 25, D. C.

October 18, 1956
MEMORANDUM TO THE COMMISSIONERS

Transmitted herewith is the unclassified financial report of the
Atomic Energy Commission for fiscal year 1956. It contains financial
statements which set forth the financial position of AEC at June 30,
1956, the results of operations for fiscal year 1956, and other informa-
tion of general use to the Commission.

The financial statements are similar to those of industrial firms
in form and content and are derived from the accounts maintained
directly by AEC and cost-type contractors who have established
cost and accounting systems for their AEC operations. The
accounts are audited by the AEC audit staff,

Consistent with accepted commercial accounting principles, costs
and income are recorded on an accrual basis and financial control is
maintained over all inventories and other assets of the Commission,

W

Dox S. Burrows,

Controller.
Honorable Lewis L. Strauss, Chairman.
Commissioner THomas E. MURRAY.
Commissioner WiLLarp F. Lissy.
Commissioner JoEN voN NEUMANN.
Commissioner HaroLp S. VANCE.
367
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FINANCIAL SUMMARY—FISCAL YEAR 1956

Operations

Because of the rapid expansion by AEC, private industry and
other nations in nearly every field of atomic energy from basic research
to planning for and constructing full scale power reactors, AEC
operating costs increased 25 percent in fiscal year 1956 to $1.6 billion.
The chart, “costs of operations,” shows the portion of costs related
to the various AEC activities.

COST OF OPERATIONS
FISCAL YEAR 1956

$1.6 BILLION

PRODUCTION OF
SPECIAL NUCLEAR MATERIALS

$729 MILLION

WEAPONS
DEVELOPMENT
AND FABRICATION SOURCE

$281 MILLION MATERIALS
$281 MILLION

REACTOR DEVELOPMENT -
$177 MILLION

ADMINISTRATIVE, COMMUNITY,
AND ALL OTHER - NET -
$59 MILLION

RESEARCH IN CHEMISTRY, METAL-
— LURGY AND PHYSICS -
$51 MILLION

|__ RESEARCH IN CANCER, MEDICINE AND
BIOLOGY - $30 MILLION
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370 APPENDIX 15

The increased emphasis placed on the development of reactors for
use in the generation of electric power and the propulsion of aircraft,
ships and submarines brought the costs of AEC work in this field up
48 percent over 1955, to $177 million for fiscal year 1956.

The cost of uranium and other source materials purchased, the
production of enriched uranium, plutonium and other special materials
and weapons development and fabrication increased 24 percent over
1955 to $1.3 billion in fiscal year 1956.

The cost of research in cancer, medicine, biology, chemistry,
metallurgy and other studies of the nature and behavior of the
atom and its multiple possibilities of improving the standard of
living throughout the world increased 11 percent to $81 million in
fiscal year 1956.

Sale of nuclear materials, heavy water and income from other
gources increased to $15 million in fiscal year 1956 from $6 million
in 1955.

Significant developments during fiscal year 1956 included increased
participation by private industry in financing plants which will
process nuclear materials and use atomic energy. This participation
is particularly apparent in planning plants for generation of electric
power with nuclear energy and in the construction of plants to extract
uranium concentrates from ores.

In fiscal year 1956 the Commission also extended its domestic
uranium procurement program from April 1, 1962 through December
31, 1966. The new program, under stipulated counditions, provides
a guaranteed market of $8 a pound for uranium concentrates produced
by domestic mills from domestic ores.

Charges for materials- sold or leased and prices to be paid for
certain products produced by private reactors were established.

Plant

The cost of AEC-owned production plants, research laboratories
and other facilities existing at June 30, 1956 amounted to $6.5 billion,
nearly 50 percent of the appropriated funds spent by AEC and its
Predecessor organizations for the atomic energy program. The chart
“Investment in Plant’’, shows the increase in these facilities over the
past seven years. The principal additions to completed plant during
the year included gaseous diffusion facilities at Portsmouth, Ohio, and
production reactor facilities at Hanford, Washington. Expenditures
for plant and equipment decreased 64 percent to $302 million in fiscal
year 1956 from $843 million in fiscal year 1955. Construction work
in progress at the end of the year decreased, 61 percent to $247 million
at June 30, 1956 from $629 million at June 30, 1955. A major por-
tion of the construction in progress at June 30, 1956 was in the pro-
duection reactor areas at the Hanford and Savannah River plants, at



FINANCIAL REPORT FOR FISCAL YEAR 1956 371

BILLIONS OQF DOLLARS

CONSTRUCTION
IN PROGRESS

COMPLETED 2

FY 1950 FY 1950 FY 1952 FY 1953 FY 1954 FY 1955 FY 1956

the feed materials plants in Fernald, Ohio, and St. Louis, Missouri,
and at the gaseous diffusion plants.

Changes in the investment in plant and equipment during fiscal
year 1956 were as follows:

INVESTMENT IN PLANT
(in thousands)

Construction in
Completed Plant Progress Total

Investment—July 1, 1955_ _ . ______.. $5, 858, 349  $628, 952 $6, 487, 301
Construction costs incurred during the

year_ . .. __ — 301, 682 301, 682
Facilities completed during the year_ _ 683, 610 (683, 610) —
Plant retirements_._________._______. (29, 309) — (29, 309)
Transfers to other Federal agencies_ _ _ (46, 613) — (46, 613)
Investment—June 30, 1956_ _________ $6, 466, 037  $247,024  $6, 713, 061

The investment in the various types of facilities at June 30,1956
is shown on page 372.
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INVESTMENT IN PLANT AND EQUIPMENT
June 30 1956

(in thousands)

Completed  Construction Percent
Plant in Progress Total of Total
Production facilities:
Raw materials_ _______________ $6, 565  $2, 268 $8, 833 0.1
Feed materials_ . ______________ 220, 839 43, 602 264, 441 4.0
Gaseous diffusion plants________ 2,284,172 31,242 2,315,414 34.5
Production reactors and separa-
tion areas_ - _______.________ 1,511,079 61,738 1,572,817 23.4
Weapons_ ... __________._.___. 489, 957 21, 690 511, 647 7.6
Other. .. .. ______ 737,522 27,654 765,176 11.4
Total produetion. ... _____ 5,250,134 188,194 5,438,328 81.0
Research facilities:
Laboratories. - ____________.__ 472, 684 8, 321 481, 005 7.2
Reactors___________________.__ 101, 364 29, 578 130, 942 1.9
Accelerators. - - ___.___________ 44, 847 8, 584 53, 431 . 8
Other___._____________._ _____. 97, 215 8, 672 105, 887 1.6
Total research_____.__________ 716,110 55,155 771,265 11. 5
Communities__.____________.____..__ 299, 292 3, 317 302, 609 4.5
Other.._ . _____ 200, 501 358 200, 859 3.0
0

Total .. _______._______. $6, 466, 037 $247, 024 $6, 713, 061 $100.

Inventories

For security reasons the assets shown in this report do not include
substantial inventories of certain products. The inventories shown
in the following table increased to $1.6 billion at June 30, 1956 from
$1.3 billion at June 30, 1955 or $265 million.

June 86, 1966 June 80, 1956 Increase
(in thousands)

Production inventories in process________ $1, 236, 359 $1, 061, 383 $174, 976
Source and special nuclear research mate-

rial . 189, 743 143, 612 46, 131
Source and special nuclear materialsleased. 666 — 666
Special reactor material . _ ______________ 45, 074 16, 689 28, 385
Other special materials___._____________ 18, 391 11, 296 7, 095
Stores .- . 83, 384 75, 578 7, 806

$1, 573, 617 81, 308, 5568 $265, 059

Production inventories in process include uranium and other mate-
rials in the process of refinement and manufacture of special nuclear
materials and weapons. Source and special nuclear research material
includes uranium, thorium, plutonium and other products used in
research and development activities. A large portion of these inven-
tories is nuclear materials that could be used for peaceful purposes,



UNITED STATES ATOMIC ENERGY COMMISSION SUMMARY OF FINANCIAL DATA

Cost of operations *

Procurement and production of nuclear
materials . PP

Weapons development and fabrication
Development of nuclear reactors

Research in chemistry, metallurgy and
physics . . . . .. ... ...

Research in cancer, medicine and biology .
Community operations—net
Administrative expenses
Other expenses and income—net
Plant construction costs incurred during the
year . . P
Total AEC assets, excluding inventories of
certain products, at June 30 . . . . .
Completed plant at June 30 .
Production plants
Research facilities
Communities
Other

Plant construction in progress at June 30 .

Appropriations received
Operations

Plant and equipment

Number of employees
AEC employees .
Operating contractor employees .

Construction contractor employees

+ Includes depreciation.

(4 thousands of dollars)

19566 1956 1964

1863

1952

1951

1950

. 81,607,973 81,289,535 $1,039,178 $ 004,596 $ 684,181 § 404,638 $ 414,766

* Includes transfer to operations of $571 million appropriated in prior yesrs as plant and equiptment funds.

1,009,918 782,031 552,528 400,408 278,256 188,312 168, 544
280,765 250,706 251,066 257,888 220,228 163,644 111,970

176, 961 119, 404 99,715 104, 492 64, 884 44,472 31,530
51,282 43,898 43,148 42, 452 36, 147 31, 595 31,197

30, 126 29, 144 27,237 26, 728 25,234 21, 866 18, 673

8, 954 10,321 11,822 15,157 16,363 17,322 19,895

38,195 34, 027 34,671 35, 514 31,432 24, 541 22, 868
11,772 11, 004 18, 990 21, 957 2,637 2, 886 10, 089

.3 301,682 § 842,504 $1,215 141 $1,125,579 1,082,174 $ 450,192 $ 256,126
$8, 602,519 $9,139,219 $8,051,800 $8,577,007 34,602,584 $3,680,333 $2, 216,487
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6,583 6,013 6,123 6,894 6, 662 5, 646 4,941
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UNITED STATES ATOMIC ENERGY COMMISSION
COMPARATIVE BALANCE SHEET

ASSETS June 80, 1966  June 30, 1955
(in thousands)
Cash:
In U. 8. Treasury_ .. . __.___._____ 31, 409, 115  $2, 215, 329
With integrated contractors_____.___.__________ 23, 204 31, 949
1,432,319 2,247, 278
Working capital advances:
With other Federal agencies_ .. . _____________ 75,277 99, 773
With nonintegrated contractors. . ____________ . 5,514 4,418

80, 791 104, 191

Accounts receivable:
From other Federal agencies_ . ________________ 2, 007 1, 182
Other, less allowance for uncollectible accounts of
$129 thousand in 1956 and $192 thousand in

1955 . L ____ 12, 994 9, 483
15, 001 10, 665
Inventories:

Production inventoriesin process____.__________ 1, 236, 359 1, 061, 383

Source and special nuclear material at research
installations. . ____ . _______.__________ 189, 743 143, 612
Source and special nuclear materials leased______ . 666 —

Stores, less allowance for loss of $10,635 thousand
in 1956 and $9,929 thousandin 1955 __ ________ 83, 384 75, 578
Special reactor material . _ _ . __________________ 45, 074 16, 689
Other special materials_______________________ 18, 391 11, 296

1,573,617 1, 308, 558

Plant:
Completed plant and equipment_____.._________ 6, 466, 037 5, 858, 349
Less—Accumulated depreciation____ _______ 1,269,719 1, 069, 620
5,196, 318 4, 788, 729
Construction work in progress_________________ 247, 024 628, 952
5, 443,342 5, 417, 681
Collateral funds and other deposits. . ____ . 25, 016 29, 352
Prepayments and deferred charges. __________._____ 32, 433 21, 494

Total assets_._____________________________ $8, 602, 519  $9, 139, 219

NOTES TO THE BALANCE SHEET

1. For security reasons inventories of certain products are not included in assets in this report.

2. The balance sheet does not include 64,751,316 troy ounces of silver loaned to AEC by the Treasurer of the
United States for use as electrical conductors in plants, Based on market quotations at June 30, 1956, this
silver had a value of $59 million.

3. In addition to the Habilities shown on the balance sheet, AEC had at June 30, 1956:

a. contingent liabilities for claims against the Federai Government or AEC cortractors of approximately
$33 million;
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LIABILITIES AND AEC EQUITY
June 80, 1966  June 80, 1965

Liabilities: (in thousands)
Accounts payable and accrued expenses:
To other Federal agencies_ . . _ _____ . ______ $21, 313 $24, 192
Other_________ .. 198, 826 210, 653

220, 139 234, 845

Working fund advances from other Federal

agencies_ . __ .. _____ . ____._______.______ 51, 792 57,017
Funds held forothers________ ________________ 7, 041 6, 997
Deferred eredits_________ . ___ . _____ 726 353

Total liabilities . _____ . . ______ .. ____ 279, 698 299, 212

AEC Equity, July 1________________ _ .. _ ____ 8, 840, 007 8, 652, 224
Additions:
Appropriated funds—mnet_ . _______________ 834, 227 1, 209, 860
Nonreimbursable transfers from other Fed-
eral agencies_ __________ e 36, 779 3, 002

871,006 1,212, 862

Deductions:
Net cost of operations and adjustments to
costs of prior years_ . _ __._____________. 1, 558, 194 1, 276, 280
Less—change in inventories of research
materials, work in process and ma-
terials leased_ . _ ... ________________ 221, 773 293, 893

1, 336, 421 982, 387

Nonreimbursable transfers to other Federal
agencies_ _____.____________________.___ 42, 589 29, 454
Fundsreturned to U. 8. Treasury._ . ______ 9, 182 13, 238

1,388,192 1,025,079

AEC Equity, June 30_______ ... ____________.__._ 8,322,821 8 840, 007

Total liabilities and AEC equity__..___.______ $8, 602, 519 §9, 139, 219

b. contingent liabilities as guarantor on loans under the Defense Production Act of 1950 to the extent of
$10 million;

¢. commitments for vacation pay of AEC and contractor employees of $14 million; and

d. commitments applicable to future periods represented by unpaid obligations of $719 million.

4, The AEC has guaranteed minimum prices through December 1966 for domestic uranjum ores and
concentrates. In addition, bonuses are payable under certaln specified circumstances to stimulate the
discovery of new uranium sources. The AEC also has long-term commitments for the purchase of foreign
ores, the development of foreign ore sources, and the return of residues of foreign ores processed in
this country.
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UNITED STATES ATOMIC ENERGY COMMISSION
COMPARATIVE STATEMENT OF OPERATIONS

Fivcal year ended Fiscal year ended
June 30, 1956 June 80, 1955

Production costs: (in thousands)
Procurement and production of source and special
nuclear materials_ _____ . ___________________ $1, 009, 918  §782, 031
Weapons development and fabrication_ . . ______ 280, 765 259, 706

1,290,683 1 041,737

Research expenses:

Development of nuclear reactors__.______.._____ 176, 961 119, 404
Chemistry metallurgy and physies_ . ._._____. 51, 282 43, 898
Cancer medicine and biology. ... ... ____.__ 30, 126 29, 144
Voeational and educational training_____.__._____ 1,702 1, 382

260,071 1983, 828

Community operations:
Expenses. . . oo eo_. 29, 417 31,918
Less—Revenues_. .. __ . _______.________ 20, 463 21, 597

8, 954 10, 321

AEC administrative expenses. _ . ___._._.__.__._.___. 38, 195 34, 027
Security investigations. __________________________ 7, 526 9, 817
Cost of materials sold and other expeuses._____.____ 17, 151 5, 488
Less—Income:
Sales of source and special nuclear materials_ _ . _ 3,295 997
Sales of heavy water__ . _________ . __________. 5, 059 —
Sales of isotopes. - ... ___________._____ 2, 297 1, 692
Miscellaneous. - - - .- ... 3, 956 2, 994
14, 607 5, 683
Net cost of operations_._._ . ________________ 1, 607,973 1,289, 535
Credits applicable to prior years’ costs—mnet_..______ (49, 779) (13, 255)

Net cost of operations—Iless credits applicable to
prior years’ eosts_ .. ___________________ 81, 558, 194 $1, 276, 280

Nore.—Costs of operations shown in this statement represent costs incurred for procurement and pro-
duetion of source and special nuclear materials and weapons parts and assemblies. Net cost of operations
includes depreciation of $260 million in 1956 and $237 million in 1955.



AUDITOR’S REPORT

We have examined the balance sheet of the Atomic Energy Commis-
sion as at June 30, 1956 and the accompanying statement of opera-
tions for the fiscal year then ended.

These statements are a consolidation of financial statements of the
ten AEC Operations Offices, the Washington Office, and their inte-
grated contractors. In the AEC-wide audit examination thereof, the
systems of control and related procedures affecting the principal
activities including the accounting systems of the AEC and its
integrated contractors were reviewed, and without performing detailed
audits of transactions, examinations or tests of the accounting records
and supporting evidence were made by methods and to the extent
contemplated by the AEC internal audit program and considered
necessary in the circumstances. However, the audit program did not
provide for nor did the audits include the verification of quantities
and values of production inventories in process, and source and
special nuclear research materials.

Subject to the qualification noted in the preceding paragraph, and
based upon the opinions furnished by the Chief Auditor of each
Operations Office, it is my opinion that the balance sheet and accom-
panying statement of operations, together with the notes thereto,
fairly present the assets, liabilities and equity of the Atomic Energy
Commission as at June 30, 1956 and the operating costs for the fiscal
year then ended, in conformity with applicable AEC policies, con-
tractual provisions, and generally accepted accounting principles.

(Fhot) y Sl d

Assistant Controller for Auditing.
SEPTEMBER 1956.
377



SOURCE AND USE OF AEC FUNDS

(on millions)

Fiscal Figcal
year year
1956 1965
Cash balance, July 1. . .____._ $2, 215 $2, 897
Funds provided by: .
Congressional appropriations—net . _____ e 834 1,210
Working fund advances_ ... .___ . ____________________ 44 9
Community revenues. - ____ ____________ . _____.___._ 20 22
Decreases in working capital ____________ . — 26
Othersources... __ . . ... ___. 61 19
Total available. .. __.____ . __________________ 3,174 4,183
Funds used for:
Operations:
Procurement and production of source and special
nuclear materials_ _______________________. .. .._ 824 620 .
Weapons development and fabrieation_ _ . _ . __ .. - 247 228
Development of nuclear reactors_._. . R - 159 101
Chemistry, metallurgy and physies___. . ______ ___ 47 38
Cancer, medicine and biology . ______ .. . . . 28 27
Vocational and educational training . - Ll 2 1
Community expense_ ____._______ I B 18 19
AEC administrative expense .. ____. .. ____________ 37 33
Security investigations_ .. ______ . ____. 8 10
1,370 1,077
Plant and equipment_________________... .. . .. SR 300 836
Work forothers_______________________ . ______.___..__ 54 40
Increases in working capital_.__ .. ____ - 30 —
Funds returned to U. 8. Treasury . _ . ____ . __________.__ 9 13
Otheruses_. ________ ... 2 2
Total used. .- ____ L _____. 1,765 1,968
Cash balance, June 30.__________________________________. $1, 409 82, 215

378
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U. S. GOVERNMENT INVESTMENT IN THE ATOMIC
ENERGY PROGRAM

From June 1940 through June 1956

Appropriation payments net of reimbursement: (,-,’,4 ,’,Z‘,-‘,’l:;'f,@
National Defense Research Couneil . ________ .. _______ %0. 5
Office of Scientific Research and Development.___. ____ 14. 6
War Department (including Manhattan Engineer Dis-
frict):
Fiscal year 1943____________________ . _____. 77.1
Fiscal year 1944.____ . _____ . _____________ 730. 3
Fiscal year 1945___ ______________ . ___________ 858. 6
Fiscal year 1946_____________ _________________ 366. 3
Fiscal year 1947—part. - _____ . ______________ 186. 0
$2, 233. 4
Atomic Energy Commission:
Fiscal year 1947—part. ________________________ 146. 1
Fiscal year 1948______ __ _______ .  _ ________ 477. 6
Fiscal year 1949___ ____ __________ ____________. 627. 3
Fiscal year 1950_______________________ PR 534. 3
Fiscal year 195Y ____ ___ ____________ . ___. 920. 5
Fiscal year 1952_______________________________ 1, 669. 4
Fiscal year 1953__ __ __ . ________._. 1,812.7
Fiscal year 1954 _____________________ 1,930. 5
Fiscal year 1955________ el 1,861. 9
Fiseal year 1956_____ __ ___________ .. __________ 1,633. 5
11,613. %
Total payments—Net_____ __ . ____ 13, 847. 2
Unexpended balance of appropriations, June 30, 1956._.___________ 1, 355. 4
Total appropriated funds_____________________________ 15, 202, 8
Less:
Collections paid to U. 8. Treasury___.____.___________ 52. 6
Property and services transferred to other Federal agen-
cies without reimbursement, net of such transfers re-
ceived from other Federal agencies_________________ 32. 4
85.0
Total investment through June 80, 1956_._____________. 15,117. 6
Less:
Cost of operations including depreciation and obsolescence from
June 1940 thiough June 30, 1956 ________________________._. 6, 794. 8

AEC equity at June 30, 1956 . _ o .. $8, 322. 8
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SALES AND SERVICES

Sale and Lease of Source and-Special Nuclear Materials

AEC has established prices for the sale or lease of source and special
nuclear materials for use in the generation of electric power and for
research and other purposes. Through June 30, 1956 applications
have been approved and commitments made to furnish approximately
$200 million worth of special nuclear materials over the next 40 years.

Since AEC retains title to special nuclear materials, such material is.
leased rather than sold. The lessee is required to pay a use-charge of
four percent per annum and the established price for the quantity of
material consumed. To encourage the development of a nuclear power
industry, contracts executed under the power reactor demonstration
program have waived this use-charge for a period of five years. At
June 30, 1956, $666 thousand worth of material was under lease to
licensees. In fiscal year 1956 sales of source materials to other
countries totaled $2.6 million and sales to domestic organizations
totaled $652 thousand.

Nuclear fuels are also committed to the military services for propul-
sion of submarines, ships, electric power and other uses. Under an
agreement with the services AEC provides the initial fuel requirements
for these reactors without charge and is to be reimbursed for fuel con-
sumed and for the cost of recovery of fissionable material from spent
cores.

Sales of Heavy Water

The first sales of heavy water to aid foreign nations and domestic
industrial and research organizations in developing peacetime uses of
atomic energy were made in fiscal year 1956. The price established
by AEC for the sale of heavy water is $28 a pound. Sales consum-
mated during fiscal year 1956 were as follows:

United Kingdom of Great Britajin. .. ______________ $1, 849, 714
Canada__ .. .. ... 1, 693, 860
India__ . o ____.. 1,177, 391
France_ _ __ . _ o _____ 308, 549
Belgium. _____. . L _._. 151
Domestic organizations. . ____ 29, 286

Total o __ . _____. £5, 058, 951

Isotopes

During fiscal year 1956, 13,035 shipments of radioisotopes were
made to users in all forty-eight states of the United States and the
District of Columbia, as well as Alaska, Hawaii, Panama, Puerto Rico,
and numerous foreign countries, compared with 12,775 shipments
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during fiscal year 1955. The AEC furnishes isotopes to qualified
users for biomedical research, including research in medical therapy
and diagrams, and for agricultural research, at 20 percent of the
established price.

In fiscal year 1956, 375 shipments of stable isotopes were made for
use in physical, biological and medical research.

The following table shows costs of production of isotopes, sales and
other isotope distribution costs during fiscal years 1956 and 1955:

Fiscal year Fiscal year
956 1956

(in thousands)
Cost of production___________________________ $2,776 $2, 041
Sales. __ . __ . _ .. 2,297 1,692
Discounts allowed_ _ ____ . _________ . _________ 220 244
Used for AEC programs_________________._____ 167 38

Irradiation Services

Occasionally industrial and research organizations need irradiated
materials in forms and quantities not normally available. In such
cases, irradiations are performed on special target materials. Gener-
ally, this includes the irradiation of such items as gears, piston rings,
seeds, etc., and, in some cases, the irradiation of special chemical
compounds.

Charges amounting to $458 thousand were made by AEC during
fiscal year 1956 for 488 of these irradiation services. The charges
include a share of the reactor operating cost, special processing, special
handling, or any other special services directly related to the requested
service.

Vocational and Educational Training

AEC sponsors training for scientists, engineers and others who will
be engaged in the development of peaceful uses of atomic energy.
The training is conducted through the Oak Ridge School of Reactor
Technology and the Oak Ridge Institute of Nuclear Studies at Oak
Ridge, Tennessee, the International School of Nuclear Science and
Engineering at Argonne National Laboratory, Lemont, Illinois, and the
Life Science Fellowship Program. A portion of the training is con-
ducted at state universities and colleges. The courses provide train-
ing in reactor technology, the use and handling of radioisotopes, and
in life sciences related to hazards resulting from exposure to radio-
active materials.

In fiscal year 1956 the cost of this training totaled $1.7 million.
Tuition fees from students sponsored by industrial firms and foreign
countries totaled $187 thousand.
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Other Services

The Commission also charges for security investigations, use of
Commission-owned facilities and equipment, and other services per-
formed for private individuals or organizations. Charges during fiscal
year 1956 for security investigations and the use of AEC-owned
facilities and equipment totaled $152 thousand and $242 thousand,
respectively. Charges for miscellaneous other services performed
during 1956 totaled $166 thousand.

NUCLEAR POWER REACTORS

Experimental Power Reactors

The cost of development and construction of experimental power
reactors increased to $51.6 million in fiscal year 1956 from $28.4
million in fiscal year 1955, an increase of 82 percent. The rate of
acceleration of developing these reactors is shown by the following
table:

Research and
Develop-

Fiscal year Total ment Construction
(in millions)

1956 . $51.6  $42.2 $9. 4
1956 L ___. 28. 4 26. 3 2.1
1954 _ L 18. 9 18. 9 —
1963 ... 10. 1 10. 0 .1
1952 _ L 6.3 59 .4
1950 L ___ 51 3.2 1.9
1948-50_ . 3.1 2.2 .9

Total o _ .. ____. $123.5 $108. 7 $14. 8

The investment by AEC in research, development and construction
on each type of reactor is as follows:

DEVELOPMENT AND CONSTRUCTION OF EXPERIMENTAL POWER
REACTORS (tn millions)

Fiscal year 1956 Cumulative from July 1, 1947
Develop-  Construc- Develop- Construc-
Total ment tion Total ment tion

Pressurized Water___ . __ $22.3 $15.2 $7.1 $41.4 $33.1 $8. 3
Boiling Water__________ 5.3 4.7 .6 14.6 13.9 .7
Sodium Graphite.______ 50 5.0 —_ 10.0 10.0 —
Fast Power Breeder_____ 6. 2 4.7 1.5 22. 5 17.7 4.8
Homogeneous._.____._. 10. 8 10. 7 .1 33.0 32.1 .9
Liquid Metal Fuel.___.. 1.6 1.6 — 1.6 1.6 —
Organic Moderator_ . ___ 4 .3 .1 4 .3 .1

Total . . .________ $51.6 $42.2 © $9.4 $123.5 $108. 7 $14. 8
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The pressurized water reactor now under construction at Shipping-
port, Pennsylvania is the first of the above reactor types that will
produce large quantities of electric power. The Duquesne Light
Company is building the electric generation portion of the plant at
an estimated cost of $10 million and is contributing $5 million to
AEC toward the cost of development and construction of the reactor
portion of the plant. The Westinghouse Electric Corporation is
building the reactor under a cost-type contract with AEC and is
contributing $500 thousand to the project. It is estimated that
construction of the reactor portion of the plant will cost approximately
$45 million, with AEC contributing $39.5 million and the two com-
panies a total of $5.5 million. It is expected the plant will begin
producing electric power in the latter part of 1957. For steam
supplied to the turbine generators from the nuclear portion of the
plant, the Duquesne Light Company will pay AEC at the rate of 8
mills per kilowatt hour for the net electrical output of the generators.

The experimental boiling water reactor under construction at Argonne
National Laboratory, Lemont, Illinois is expected to be in operation
by February of 1957 with an output of 5,000 kilowatts of electricity.
Construction costs for a building to house the reactor are estimated
at $1.0 million. Cumulative research and development costs from
1953 total $13.9 million of which $1.9 million was spent on fabrication
of the experiment.

The experimental sodium graphate reactor at Santa Susana, California
is expected to be in operation early in 1957. It is estimated the cost
of this reactor will total $17.3 million, of which approximately $14.5
million will be borne by AEC and $2.8 million by North American
Aviation, Inc. The Southern California Edison Company will
install a turbine-generator plant, electrical equipment and heat
exchangers and will pay AEC 45 cents per million BTU for the heat
used to generate electricity.

Construction of the fast power breeder reactor at the National Reactor
Testing Station, Arco, Idaho, is expected to start in July of 1957,
Beginning of operations is expected late in 1959 with gross electrical
output rated at 20,000 kilowatts. Construction costs of this experi-
mental reactor are estimated at $15.3 million.

Construction of the experimental homogeneous reactor at Qak Ridge
National Laboratory, Oak Ridge, Tennessee was completed in April
1956. Tests are now being conducted and the reactor is expected
to become critical in November 1956. Costs through June 30, 1956
totaled $32.1 million for research and development on this type of
reactor and $.9 million for construction.

In addition to the five types of power reactors listed above, the
Commission is planning work on four new types. In the latter part
of fiscal year 1956 the Commission executed a contract with North

41105357

27
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American Aviation, Inc., for work on an organic-moderated reactor
experiment. Estimated cost of the initial phase of this project is
$1.8 million of which $750 thousand will be furnished by North
American Aviation, Inc. Through June 30, 1956 development and
construction costs of work on the organic-moderated reactor totaled
$.4 million. Research and development costs on the liquid metal
fuel reactor totaled $1.6 million through June 30, 1956. Contracts
are being negotiated for work on the liquid metal fuel reactor experi-
ment and a gas-cooled reactor experiment. In fiscal year 1957 work
will be done at Hanford on the experimental plutonium recycle
reactor.

Power Demonstration Program

Under the Power Demonstration Reactor Program, a contract
has been executed with the Yankee Atomic Electric Company for
construction of a power reactor estimated to cost $39.5 million, and
five other industry proposals with a potential investment by industry
of more than $100 million are under consideration.

Army Power Reactors

The army package power reactor under construction at Fort
Belvoir, Virginia is scheduled for operation in early 1957. The reactor
is intended to produce 1,825 kilowatts of electricity. Development
and construction cost of this project are expected to total $4.9 million,
$3.3 million to be provided by AEC and $1.6 million by the Depart-
ment of the Army. Through June 30, 1956 development costs
totaled $1.2 million and construction costs $.3 million.

A smaller army power reactor, the Argonne Low Power Reactor,
scheduled to produce approximately 200 kilowatts of electricity, will
be ‘constructed at the National Reactor Testing Station in Idaho.
Construction costs of this project are extimated at $1.2 million.
Through June 30, 1956 development costs totaled $.2 million.

Reactor Technology

The technology of building nuclear reactors for generation of
electric power is also benefited by research directed primarily toward
the development of nuclear-powered aircraft, ships, and submarines.
The table on page 385 summarizes AEC research and construction
costs related primarily to the development of reactors.
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Research and

development Construction
1958 1956 1956 1966
(in millions)

Experimental Power Reactors_ . _______________ o $42.2 $26.3 $9.4 $2.
Army Power Reactors____ __________________. , .9 .6 .3 —
Aircraft Reactors________ . ___. ______ . ___._ 49.6 22.6 2.4 3.3
Naval Propulsion Reactors._._.____ . _ 40.9 26.8 9.8 12.9
Special Classified Projects__ . ___ . __ ___ § 6.7 6.3 .1 —
Operation of Service Facilities.____ . _.__.___ . __ _ 55 4.7 11 5.7
General __ ___ _ _ ___________________. _. L 13. 2 126 9.7 7.0
Special nuclear materials consumed__ . _. . _ _____ 4.1 2.1 — —
Depreciation of Facilities. ___ . _______ _ _____ 13.9 17.4 — —

Total

AIRCRAFT REACTORS

Aircraft reactor development costs increased to $49.6 million in
fiscal year 1956, or 119 percent from $22.6 million in fiscal year 1955.
Construction costs during fiscal year 1956 totaled $2.4 million as
compared with $3.3 million in fiscal year 1955, a decrease of 27 percent.

Cumulative costs incurred from 1950 through June 30, 1956 in the
development and construction of aircraft reactors totaled $138
million, as shown in the following table:

Research and Construc-
Fiscal year Total development tion
(in millions)
1966 . $52. 0 $49. 6 $2. 4
1956 . _ 25. 9 22. 6 3.3
1954 .. B 22.0 14. 6 7.4
1953 . - 20. 2 17.1 3.1
1962 . ___. _ 11.0 10. 6 .4
1960 . 55 56 —
1950 . ___ _ 1.4 1.4 —
Total .. ___ . __________._ ~ $138.0 $121. 4 $16. 6

" NAVAL PROPULSION REACTORS

The Naval Propulsion Reactor Program consists of the development
of specific reactors for naval propulsion plants, research effort to
evaluate new concepts that may produce higher performance and
special purpose power plants for naval vessels, and the support and
operation of a testing facility which will contribute to the technology
of all water-cooled reactor plants. This program continues to be
recognized as an important accelerating influence in the practical
development of nuclear plants for peaceful uses of atomic energy.

Naval reactor development costs increased to $40.9 million in fiscal
year 1956, or 53 percent from $26.8 million during fiscal year 1955.
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Construction costs during fiscal year 1956 totaled $9.8 million as
compared with $12.9 million in fiscal year 1955, a decrease of 24
percent.

Cumulative costs incurred from 1948 through June 30, 1956 in
the development and construction of naval reactors totaled $273.3
million as shown in the following table:

Research and  Construc-

Fiscal year Total development tion
(in millions)

1956 - .. $50. 7 $40. 9 $9. 8
1955 L .. 39.7 26. 8 12. 9
1954 .. 49.0 24. 9 24. 1
1958 .. 57. 3 32. 9 24. 4
1952 .. 38.0 26. 1 11. 9
1951 . 29. 8 22. 2 7.6
1948-50_ _ . . _o__. 8.8 8.7 .1

Total. - .- ____. '$273.3 $182. 5 $90. 8

INTERNATIONAL COOPERATION

The International Conference on the Peaceful Uses of Atomic
Energy at Geneva, Switzerland in August of 1955, was among the
significant developments in fiscal year 1956 under the President’s
Atoms-for-Peace program. Costs in connection with the International
Conference at Geneva amounted to $1.5 million which included instal-
lation, transportation and operation of a demonstration reactor;
salaries, wages, and travel of security personnel; travel of other AEC
employees to and from the conference; and cost of exhibits, films,
pamphlets, and other materials procured specifically for use at the
conference. The principal AEC exhibit was a pool type research
reactor built at Oak Ridge, Tennessee, and transported to Geneva.
The reactor was later sold to Switzerland for $180,000.

The United States has concluded negotiations for 39 Agreements for
Cooperation with foreign nations which relate to the development of
programs in the field of nuclear energy. Negotiations are in progress
with 12 additional countries. In fiscal year 1957, the United States
plans to grant $5,500,000 to foreign nations under existing agreements
for cooperation to assist them in the construction of research reactors.
Maximum aid of $350,000 is to be given each recipieat nation from
Mutual Security Program Funds provided through the Atomic
Energy Commission. Through June 30, 1956, commitments were
given to four nations for grants upon completion of their reactors, as
shown on page 387.
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United States Total esti-

Country Type of reactor contribution maled cost |
Spain . . . . . . .. 3 Megawatt Pool $350, 000 $977, 000
Brazil . . . . . . .. 5 Megawatt Pool 350, 000 1, 000, 000
Netherlands. . . . . . 20 Megawatt Pool 350, 000 1, 600, 000
Denmark . . . . . . . 5 Megawatt Pool 350, 000 1, 485, 000

In fiscal year 1956 the Commission approved sales of 129 tons of
heavy water to six foreign nations for use as a moderator and coolant
in reactors for developing peaceful uses of the atom. Sales consum-
mated during the year totaled 90 tons at a total price of $5 million.

PROCUREMENT OF SOURCE MATERIALS

The cost of uranium and other source materials procured during the
fiscal year 1956 amounted to $266 million. These materials were
procured from sources in the United States, Australia, Belgian Congo,
Canada, Portugal and South Africa. AEC exploration costs amounted
to $9.4 million in fiscal year 1956 or 26 percent less than 1955 and 28
percent less than 1954. This reduction resulted principally from
industry participation in physical exploration for uranium. The
Commission has virtually eliminated this type of effort from its pro-
gram. Bonus incentive payments for new ore production increased
to $2.2 million in fiscal year 1956 from $1.7 million in fiscal. year 1955.

At June 30, 1956 there were ten privately owned-and-opersted
uranium ore processing mills in operation in the United States and
thirteen additional mills were either under construction or in the plan-
ning stage. Private industry performs all of the domestic uranium
mining and milling operations in the United States, with the exception
of one AEC-owned mill at Monticello, Utah. The operators of
uranium ore processing mills sell concentrates to the AEC under
fixed-price contracts. The magnitude of uranium ore milling industry
is indicated in the table on page 388.
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Estimated private
investment

Operators Location (in thousands)
Mills in operation at June 30, 1956:
Climax Uranium Co.. . . . . . Grand Junection, Colo. . . . $3, 088
Vitro Uranium Co.. . . . . . . Salt Lake City, Utah. . . . 2, 500
Union Carbide Nuclear Co. . . . Uravan, Colorado . . . . . 5, 000
Union Carbide Nuclear Co. . . . Rifle, Colorado . . . . . . 1, 600
Vanadium Corp. of America. . . Naturita, Colorado. . . . . 1, 000
Vanadium Corp. of America. . . Durango, Colorado. . . . . 813
Kerr-McGee Oil Industries, Inc. .  Shiprock, NN M . . . . . . 3, 161
The Anaconda Company . . . . Bluewater, N. M. . . . . . 19, 358
Rare Metals Corp . . . . . . . Tuba City, Ariz . . . . . . 3, 600
Trace Elements Corp. . . . . . Maybell, Colorado . . . . . 400
Mills on which contracts were executed at June 30, 1956:
Uranium Reduction Co. . . . . Moab, Utah. . . . . . . . 8, 250
Mines Development Co. . . . . Edgemont, S.D. . . . . . 1, 900
Continental Uranium Co . . . . La8al, Utah . . . . . . . 1, 250
Atomic Fuels Extraction . . . . Bedrock, Colo. . . . . . . 2,072
Union Carbide Nuclear Co . . . Rifle, Colo. . . . . . . . . 8, 500
Contracts for uranium concentrates under consideration. . . . . . . 36, 333
Total. . . . . « . . « v ¢ ¢ v o o e e e e e e e e e $98, 825

The AEC owns a number of ore buying stations on and near the
Colorado plateau, a pilot plant at Grand Junction, Colorado, an ore
processing mill at Monticello, Utah, and handling, storage, sampling
and assaying facilities at Grand Junction, Colorado. The investment
in plant and equipment in these facilities at June 30, 1956 totaled
$5.9 million.

In fiscal year 1956 AEC spent $3.4 million in its process development
efforts. Information gained from this development effort and from
operation of the pilot plant at Grand Junction, Colorado is available
to commercial operators of ore processing plants. The process im-
provements developed have resulted in substantial savings to the
government by enabling the commission to negotiate lower concentrate
prices with new mills.

PRODUCTION OF NUCLEAR MATERIALS
Feed Materials

AEC plants for the production of feed materials for reactor and
gaseous diffusion plant operations are located at St. Louis, Missouri,
and Fernald, Ohio. The St. Louis facility, operated by Mallinckrodt
Chemical Works, produces high purity uranium metal in ingot form
from uranium concentrates. The Fernald facility, operated by Na-
tional Lead Company of Ohio, performs the same operations as the
St. Louis plant plus the rolling and machining of fuels for production
reactor operations. A third plant to produce high purity uranium
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ingots now under construction at Weldon Spring, Missouri, will also
be operated by Mallinckrodt Chemical Works. Plants for the pro-
duction of uranium hexafluoride from high purity uranium oxide are
located at Oak Ridge, Tenn. and Paducah, Ky., and are operated by
Union Carbide Nuclear Company. An additional plant for the pro-
duction of uranium hexafluoride is under construction at Portsmouth,
Ohio, and will be operated by Goodyear Atomic Corporation. The
estimated investment at the Weldon Spring site upon completion is
$41.7 million, and at the Portsmouth plant is $11.4 million. The
investment in plant and equipment at existing sites is shown in the
following table:

Plant at June 30
1956 1965
(in millions)

Fernald, Ohio__._.._____ . _____________ $91. 8 $86. 4
Richland, Washington______________________ 35.7 35.3
Aiken, South Carolina_. e e 31.0 30. 5
Paducah, Kentueky.. __.__ . 20. 8 19. 5
St. Louis, Missouri______. _________________ 20. 3 18. 3
Oak Ridge, Tennessee______ el 11. 4 9.8
Niagara Falls, New York. . ____________.____ 8.0 8.0
Hicksville, New York ... _______ . ___.___ 18 1.6
Total. _ - . _. $220.8  $209. 4

Enriched Uranium

Enriched uranium is produced in the gaseous diffusion plants at
Oak Ridge, Tennessee and Paducah, Kentucky, operated by Union
Carbide Nuclear Company and at Portsmouth, Ohio, operated by
Goodyear Atomic Corporation.

Plant at June 30
1956 1955
(in millions)
Oak Ridge, Tenn. - ... .o _____._____ $828.4 $827.6
Padueah, Ky _____ . __ ... 733. 2 731. 1
Portsmouth, Ohio_ _. _ ______ . _____ ... ___ 722. 6 473. 3
Total _ _ . .. $2,284. 2 $2,032. 0

Consumption of electric power in these plants amounts to approxi-
mately one-ténth of the electric power produced by all the electric
* utility companies in the United States. Principal sources of power
and its unit costs per kilowatt-hour are shown below:

Average cost

Power Source (mills per kwh)
Electric Energy Ine__ . ___ ... ____._ - 3.93
Tennessee Valley Authority—Padueah___ .. . .. __ __ 4. 03
Tennessee Valley Authority—QOak Ridge. ___ .. __ . 4. 06
Ohio Valley Electric Co__._.______ ... ____ 4. 18

AEC—Oak Ridge—K-25__ ____ . . ___._._.._.___ 4. 74
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Plutontum and Other Reactor Products

Plutonium and other reactor products are produced at the Hanford
works, operated by General Electric Company, and at the Savannah
River plant, operated by E. I. du Pont de Nemours and Company,
Inc. The products of these facilities are principally for weapons use.
The facilities at these locations include reactors and plants for chemical
separation and processing of products. Shown below is the invest-

ment in plant and equipment for these facilities:
June 80, 1956

‘ (in millions)

Savannah Riverplant______ _.___ .__ e $802. 4
Hanford works_ - - __ . __ . __.__ 708. 6
Total .. . $1, 511. 0

HEAVY WATER PRODUCTION

AEC has two large-scale heavy water production plants, the Dana,
Indiana plant and the Savannah River, South Carolina plant, having
capital costs of $100 million and $164 million, respectively.

These plants were built in order to obtain the quantities of heavy
water required for the Savannah River Reactors. In so doing, AEC
achieved cost reductions that permit the sale of heavy water at $28
per pound, less than half the cost of heavy water from other known
sources.

WEAPONS DEVELOPMENT AND FABRICATION

The costs of manufacturing weapons, the development, design and
testing of new weapons types, and the maintenance of stockpiled
weapons in a state of constant readiness increased to $280.8 million
in fiscal year 1956 from $259.7 million in fiscal year 1955.

RESEARCH LABORATORIES

The search for knowledge of the atom, its peaceful applications,
and its effects on humans, plants, animals and materials, is carried
out in AEC laboratories operated by industrial concerns and univer-
sities and by contracts for work in research facilities owned by these
organizations. The table on page 391 shows the investment in
major AEC laboratories.
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June 30, 1866
(in thousands)

Los Alamos Laboratory, Los Alamos, New Mexico._____.__________ 8121, 973
Argonne National Laboratory, Lemont, Illinois___ .. _._______._ __ 80, 762
Knolls Atomic Power Laboratory, Schenectady, N. Y________._. _. 66, 487
Oak Ridge National Laboratory, Oak Ridge, Tennessee. . . _. . . __ 63, 978
Brookhaven National Laboratory, Long Island, N. Y__._._____. s 57, 746
University of California Radiation Laboratory, Livermore and

Berkeley, California______ .. _________ . _____________ 52, 166

Research conducted at the laboratories benefits all AEC activities,
including the development of nuclear reactors, research in chemistry,
metallurgy, physics, cancer, medicine, biology, weapons development,
the development of improved methods of manufacturing nuclear
materials, the development and production of radioisotopes and
stable isotopes, and research in other peaceful and military applica-
tions of atomic energy.

The laboratories are equipped with research reactors, accelerators,
and other research devices and precision instruments necessary in
nuclear research. At June 30, 1956, AEC’s investment in research
reactors and accelerators totaled $101.4 million and $44.8 million,
respectively.

In addition to the research conducted at AEC owned installations,
AEC spent $18.6 million in fiscal year 1956 for more than 800 off-site
research contracts conducted by contractors in their own facilities.
These contractors include nearly every research organization and
major college and university in the country.

The costs of research in chemistry, metallurgy, physics, cancer,
medicine and biology are set forth below. Research costs related
to reactor development and other AEC functions are included with
the activities discussed in other sections of this report.

RESEARCH IN CHEMISTRY, METALLURGY AND PHYSICS
Fiscal Fiscal

year 1956 year 1956
(in thousands)
Chemistry.._______ . _______________ $16,925  $15, 097
Metallurgy - - - L __ 4, 826 4, 540
Physies_ _ . ____ . ___ 24, 095 19, 417
Special nuclear materials produced_ _ _ ____ (193) (285)
Depreciation of facilities___._____________ 5, 629 5, 129

Total . . $51,282  $43, 898
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RESEARCH IN CANCER, MEDICINE AND BIOLOGY

Fiscal Fiscal
year 1956 year 1966
(in thousands)

Cancer—_ ___ o ________ $3, 109 $2, 110
Medicine. ... 8, 776 7, 591
Biology .- .. - _.__ 10, 302 11, 458
Biophysies... - . ______ 3, 159 2, 929
Dosimetry and instrumentation_ . ______ 2, 229 2, 287
Special nuclear materials produced.-_______ (83) (119)
Depreciation of facilities_________________ 2, 634 2, 888

Total o .. $30, 126  $29, 144

COMMUNITIES
Results of Operations

The net cost of operating AEC communities, totaled $9.0 million in
fiscal year 1956 compared with $10.3 million in fiscal year 1955. The
following table shows the results of operations of the communities for
fiscal years 1956 and 1955:

Richland,
' Los Ala-
Oak Ridge, Washing-
Summary Total Tennessee _ ton mos, New  Other

Expenses: (in millions)  Mei0
Munieipal . .. ____ . ____. $7.0 $3. 6 $2.1 $1.2 $0.1
Real Estate.. ... _______________ 58 2.3 1.9 1.3 .3
Utilities- - . 2.2 .8 7 .7 —
Hospital . __ . ___.__ 2.7 1.2 8 .7 —

Total - . __ 17.7 7.9 5.5 3.9 .4

Depreciation. .. ____ . ___________ 11. 8 4.9 3.6 2.9 .4

Total cost_ - __.__ 29. 5 12. 8 9.1 6.8 8

LessrevenuesS.._.___ . _______.__._._._._ 20. 5 9.0 6.5 4.5 5

Net cost fiscal year 1956 __________ $90 $3.8 $2.6 $2.3 $.3

Net cost fiscal year 1955________._____ $10. 3 $3.8 $2. 5 $3.9 ¢$.1

Investment in Facilities

AEC’s investment in completed community facilities at June 30,
1956, was as follows:

Accumu-
lated De-
Community Cost preciation Net
(in millions)

Oak Ridge___ ... _________..____ $121.0 $48. 6 $72.4
Riehland_ .. _.___ .. ____ ... ____.__ . 102. 9 320 70.9
Los Alamos_.._ .. ____________________ 66. 7 14.2 52.5
Other— . ... 8 7 2.0 6.7

Total . . -a.. $299.3  $96. 8 $202. 5
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During the fiscal year community plant additions totaled $3.0
million. Of this amount, $2.0 million represented construction of
permanent-type housing at Los Alamos, New Mexico. Construction
work in progress relating to community facilities at June 30, 1956
amounted to $3.3 million.

Community Disposal

In 1955 Congress authorized the sale to occupants or other interested
parties of the houses, apartments and business buildings in the Qak
Ridge, Tennessee, and Richland, Washington communities. The Act
also provides for transferring the municipal facilities and utilities to
the city governments or for selling them to other organizations. In
February of 1956 the President issued an executive order making the
Administrator, Housing and Home Finance Agency, responsible under
the Act of 1955 for sales and financing.

The Federal Housing Administration has completed appraisal of all
real property to be offered for sale and the appraised value of each
property offered was posted in each community.

In fiscal year 1956 costs to AEC of the community disposal program
were as follows:

Richland, Qak Ridge,
Washing- Tennessee

Total ton
(in thousands)

Appraisal expenses_ ..o coeo o ___ $445 $182  $263

Classification and plotting of property._ . 173 59 114

Other sales expenses_ - .. _______._.___ 56 23 33
Assistance in organizing and establish-

ment of local government__________. 55 21 34

Total .. .. $729 $285 $444

A total of 116 individual residential lots at Oak Ridge have been
sold, with proceeds totaling $97 thousand. Completing a program
started several years ago, 38 church sites have been sold at Oak Ridge,
and 15 at Richland.

GUARANTEED LOANS

The outstanding balance of loans made by the Export-Import Bank
to South African uranium producers amounted to $100 million at
June 30, 1956. The maximum additional credit available to bor-
rowers under approved guarantees at June 30, 1956, was $5 million.
Since the inception of these guarantees in 1952 the Export-Import
Bank has disbursed $106 million to 27 borrowers. AEC has guaran-
teed the entire balance of the loans and has earned guarantee fees
totaling $1.1 million. Guarantee fees earned during fiscal year 1956
totaled $645 thousand.
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The outstanding balance of loans to AEC contractors made by
commercial banking institutions and guaranteed by AEC under the
V-Loan program amounted to $10 million at June 30, 1956. Of this
amount $9.5 million or an average of 92 percent was guaranteed by
AEC. The maximum additional credit available to borrowers under
approved guarantees at June 30, 1956, totaled $16 thousand. Since
the beginning of these guarantees in 1951 the lending institutions have
disbursed $33 million to 15 borrowers and have received repayments
aggregating $23 million, including payment in full by 12 borrowers.
AEC has earned guarantee fees totaling $205 thousand and has paid
the lending institutions loan service charges totaling $8 thousand.
Guarantee fees earned during fiscal year 1956 totaled $130 thousand.

At the end of the year all loans were current. Since the beginning
of these guarantees AEC has not been called upon to disburse any
funds under the terms of the guarantees.

AEC ADMINISTRATIVE EXPENSES

Direct AEC costs of general management, executive direction, ad-
ministration of contracts, and supporting administrative services,
increased 12 percent to $38.2 million during fiscal year 1956 from $34
million in fiscal year 1955.

- Administrative expenses compared to the total cost of operations
continued to decrease. They amounted to 2.4 percent of operating
costs during fiscal year 1956 as compared to 2.6 percent in fiscal year
1955 and 3.4 percent in fiscal year 1954.

Administrative expenses for fiscal years 1956 and 1955 were as

follows:
Fiscal year Fiscal year
1956 1965

(in millions)

Salaries_ _ . _ . e $28. 3 $26. 1
Travel . __ ___ . ____ L7 1.4
Other___ . _____ ___ ... 71 55
Depreciation_ . ______ . __________________._ 1.1 L0

Total .____ e $38. 2 $34.0
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SCHEDULE OF PLANT AND EQUIPMENT

June 30, 1956
(in thousands)

Location
California:
University of California, Livermore
and Berkeley___ . _______________
Sandia Corporation, Salton Sea_____.
Colorado:
Dow Chemical Company, Rocky
Flats, Denver__.._______________
Luecius Pitkin, Inc., Grand Junction.._
Walker-Lybarger Construction Com-
pany, Grand Junction__.._________
1llinois:
Argonne National Laboratory, Le-

University of Chicago (Cancer Re-
search Hospital), Chicago__.______.

Indiana:
E. 1. du Pont de Nemours and Com-
pany, Ine., Dana_______ . _______

Idaho:
National Reactor Testing Station,
© Arco:
Argonne National Laboratory._ .
General Electric Company______
Phillips Petroleum Company.____
Westinghouse Electric Company -
Towa:

Towa State College, Ames__._.____._
Mason and Hanger (Iowa Ordnance
Plant), Burlington.______________
Kentucky:
Union Carbide Nuclear Company,
Paducah..._____________________
Missouri:
Bendix Aviation Corporation, Kansas
(0317 2
Mallinckrodt Chemical Works, St.

Nevada:
Reynolds Electrical and Engineering
Co., Inc.,, Mercury.__.______.____
New Mexico:
Albuquerque:
ACPF Industries, Inc. . ... _____
Sandia Corporation_______.____
Los Alamos:
Los Alamos Medical Center, Inc.
University of California_._ ____.
The Zia Company. __..____. L

Completed
plant

$52, 166
6, 324

14, 785
1, 999

4, 684

80, 762

4,176

100, 401

1,114
9, 641
74, 741
15, 173
6, 518

25, 397
754, 104

14, 040
20, 525
12,103
7, 354
53, 300
2,911

121, 973
118, 642

Construction
in progress

$4, 311

8, 666

747

4, 386

10, 015

153

23, 502

481

268
361

2, 309
1,998

395

Total

$56, 477
6, 324

53, 451
2, 000

5, 431

85, 148

4,176

100, 401

1,114
9, 641
84, 176
16, 635
6, 578

25, 458

764, 119

14, 193
44,027
12, 584
7, 622
53, 661
2,911

124, 282
120, 640
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SCHEDULE OF PLANT AND EQUIPMENT—Continued

Location
New York:
ACF Industries, Inc., Buffalo_ . _____
Brookhaven National Laboratory, Up-
ton, Long Island_ . ________.______
Hooker Electrochemical Company,
Niagara Falls_ ___.__________.___
Knolls Atomic Power Laboratory,
Schenectady . - .- __._____
University of Rochester, Rochester. ..
Ohio:
General Electric Company, Lockland _
Goodyear Atomic Corporation, Ports-

Monsanto Chemical Company, Mi-
amisburg__ . ____ ...
National Lead Company of Ohio,
Cineinnati__ .. .. ________
Pennsylvania:
Westinghouse Electric Corp., Pitts-

South Carolina:
E. I. du Pont de Nemours and Com-
pany, Inc., Aiken_____.___________
Tennessee:
Oak Ridge:
American Industrial Transport,

Management Services, Inc. ...
Oak Ridge Hospital, Inc._______
QOak Ridge Institute of Nuclear

Oak Ridge National Laboratory_
Union Carbide Nuclear Com-
pany—K-25_ _ ...
Union Carbide Nuclear Com-

Texas:
Procter and Gamble Defense Corpo-
ration, Amarillo.__._____________

Utah:
National Lead Company, Ine., Monti-

Washington:

General Electric Company, Richland.
Marshall Islands:

Holmes and Narver, Inc., Eniwetok. _
Allother_ . ___ . ...

Completed
plant

$5, 107
57,746
7, 982

66, 487
2, 428

5, 637
722, 989
26, 240

92, 193

23, 601

1, 137, 002

1,337
10, 995
110, 395
1, 401

2,102
63, 978

836, 431

440, 329

18, 632

4,248
1, 007, 987

24, 672
263, 285

Construction
in progress

$173

4, 617

4, 502

21, 392
720

11, 766

11, 086

48, 721

1, 244

25
4, 591
4, 530

2, 982

97

14
36, 364

690
25, 285

Total

$5, 280
62, 363
7, 982

70, 989
2, 429

5, 641
744, 381
26, 960

103, 959

34, 687

1,185,723

1, 337
10, 999
111, 639
1, 401

2,127
68, 569

840, 961

443, 311

18, 729

4, 262
1, 044, 351

25, 362
288, 570

$6, 466, 037 $247, 024 $6, 713, 061
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